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ABSTRACT

The taxa within the family Tsaganomyidae are systematically redefined. Cyclomyluslohensis
is a valid taxon. It is generically different from Tsaganomys in both tooth and skull mor-
phology, including having lower crowned cheek teeth with closed roots, more prominent lophs
and cusps on occlusal surfaces, a reduced dentine part, different microstructure of the incisor
enamel, as well as other features. Two new species, C. intermedius and C. biforatus, are
included in the genus Cyclomylus, mainly based on differences in crown height and root
number. The strongly hypsodont tsaganomyids can be separated into two genera: Tsaganomys
and a new genus, Coelodontomys, based on differences in cheek tooth morphology and rela-
tions of cheek teeth with incisors. As a result, Tsaganomyidae includes three genera and five
species: Tsaganomys altaicus, Cyclomylus lohensis, C. intermedius, C. biforatus and Coelo-
dontomys asiaticus. Tsaganomys is the sister group to Cyclomylus plus Coel odontomys.

Cyclomylus lohensis, the most primitive species, made its first appearance in early early
Oligocene; C. intermedius also then but slightly later. Cyclomylus biforatus and Coel odontomys
asiaticus are restricted to late early Oligocene. Tsaganomys altaicus made its first occurrence
in late early Oligocene and survived to early late Oligocene (or possibly earliest Miocene),
by which time Cyclomylus and Coelodontomys had already become extinct.

The Tsaganomyidae differ from Hystricognathi and Ctenodactyloidea in lacking the derived
features of the two latter groups, such as hystricomorphous skull, large and deep pterygoid fossa,
well-developed lower masseteric crest, fused malleus and incus, large and anteriorly expanded
malleus head, proximal fusion of tibia and fibula, and large hypocone on upper cheek teeth. The
autapomorphic features of the Tsaganomyidae are extremely enlarged temporal fossa, prominent
sagittal and occipital crests, robust and strongly laterally convex zygomatic arch with well-
developed jugal meeting premaxilla, high ascending ramus with high coronoid process, and
triangularly convex surface of condyloid process. The angular process in the tsaganomyids is
large and strongly flared, which is so different from the typical hystricognathous lower jaw that
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it is called tsaganomys-type hystricognathous mandible in this paper. The Tsaganomyidae presum-
ably have unelongated masseter and pterygoid muscles but well-developed temporal muscle and
steplike occlusal surface of the cheek tooth row. These features may be associated with crushing
and transverse chewing. Obvioudly, the Tsaganomyidae evolved in a direction fairly distinct from

both the Ctenodactyloidea and Hystricognathi.

INTRODUCTION

The Tsaganomyidae are a group of Oli-
gocene rodents endemic to Asia. They are
fossorial rodents with a protrogomorphous
skull, derived hystricognathous lower jaw,
strong incisors, and cylindrical, unilaterally
hypsodont cheek teeth, in which the occlusal
pattern is lost early in wear. Their fossils are
widely found and have been considered high-
ly instructive in geologica age determination
(Teilhard de Chardin, 1926; Bohlin, 1937;
Kowalski, 1974; Wang et al., 1981; Bryant
and McKenna, 1995). However, because the
taxa within the family remain so far inade-
quately defined, their classification is in a
rather chaotic state, and, consequently, their
geological distribution is poorly understood.

Matthew and Granger (1923) described
two genera and species, Tsaganomys altaicus
and Cyclomylus Iohensis, based on the ma-
terial from the Hsanda Gol Formation of
Mongolia. Later the two taxa were reported
from Nei Mongol, Gansu, and Ningxia prov-
inces of China (Teilhard de Chardin, 1926;
Bohlin, 1937; Young and Chow, 1956).
Vinogradov and Gambaryan (1952) de-
scribed two new species of a new genus:
Pseudotsaganomys turgaicus and P. mongo-
licus from Mongolia and Kazakhstan. Shev-
yreva (1972) established two new taxa: Se-
pulkomys eboretus and Beatomus bisus from
Mongolia. Kowalski (1974) considered
Shevyreva's two taxa as synonyms of Cyclo-
mylus lohensis and Tsaganomys altaicus re-
spectively. Meanwhile Kowalski created a
new species of Cyclomylus, C. minutus,
which was relocated to Tsaganomys by
Huang (1993). Shevyreva (1994) added two
new species, Beatomus gloriadel and Cyclo-
mylus mashkovae from Kazakhstan. Recently
Bryant and McKenna (1995) lumped all the
above- mentioned genera and species into a
single genus and species, Tsaganomys altai-
cus.

A careful comparison of the materia of
the Tsaganomyidae from the Hsanda Gol

Formation, Mongolia, in the collection of the
American Museum of Natural History
(AMNH), with that from China, housed in
the Institute of Vertebrate Paleontology and
Paleoanthropology, Chinese Academy of
Sciences (IVPP), especially the holotypes of
Tsaganomys altaicus and Cyclomylus lohen-
sis, shows that Cyclomylus can be readily
distinguished from Tsaganomys in tooth
morphology and relations of cheek teeth to
incisors. Cyclomylus is not only a valid ge-
nus but also includes three species, C. loh-
ensis and two new species. C. biforatus and
C. intermedius. Among the strongly hypso-
dont forms, there are two taxa: Tsaganomys
and a new genus, Coelodontomys. Altogether
the Tsaganomyidae comprise three genera
and five species. The geological distribution
of these taxa is clarified. A detailed analysis
of the characters of the skull and lower jaw
reveals that the Tsaganomyidae represent an
independent lineage, having no clear affinity
to Hystricognathi, Ctenodactyloidea, or Cy-
lindrodontidae.

MATERIALS AND METHODS

The materials studied here include (1)
specimens from Saint Jacques of Hanggin
Qi, Qianlishan District and other localities of
Otog Qi, and Alex Zuogi of Nei Mongol,
Halyuan and Guyuan of Ningxia, and Lan-
zhou and Danghe of Gansu, all in China, col-
lected by the Sino-Soviet Expedition (1959)
and other teams from IVPP in 1977-1997;
(2) specimens collected from the Hsanda Gol
Formation, Mongolia, by the Asiatic Expe-
dition in 1922 and 1925, housed in AMNH
and IVPP; and (3) specimens described by
Bohlin (1937), Young and Chow (1956) and
Huang (1993) and a cast of the skull with
mandible described by Teilhard de Chardin
(1926). Because the differences among the
species of Cyclomylus are mainly based on
root number, and | was not able to examine
every specimen of the large collection in the
AMNH during my stay there, only a few
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Fig. 1. Tsaganomyid cheek teeth showing reference points for measurements, A, B. Lateral view of
cheek teeth. A. p4. B. Other cheek teeth except p4. C—E. Occlusal view of cheek teeth. C. Upper cheek
teeth. D, E. Lower cheek teeth. D. Less worn. E. More worn. Abbreviations are: h, enamel height; hi,
enamel height on lingual side of upper teeth (buccal side of lower teeth); h2, on buccal side of upper
teeth (lingual side of lower teeth); h3, enamel height between two roots on anterobuccal side on p4; L,

Length; and W, width.

specimens, in which the roots are exposed,
are discussed in this paper. Remarks on fos-
sils from other parts of Asia are based on the
literature. Because the differences among the
genera and species of the Tsaganomyidae are
mainly in the tooth structure and roots, and
it is sometimes hard to identify these differ-
ences based on the figures and simple de-
scription, in some cases | refrain from com-
menting on the specimens in the literature.

Only the cheek teeth for which the posi-
tion in the jaw was known were measured
with calipers, and their statistics were cal-
culated. Of the large collection of Coelodon-
tomys housed in the AMNH, only a few
specimens were measured in this paper. The
measurements taken are illustrated in figure 1.

The terminology of the cusps and lophs
used in this study mainly follows Wood and
Wilson (1936) and that of the masseteric
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muscles follows Woods (1972). The bio-
stratigraphic zonation of the Oligocene pro-
posed by Wang (1997a, 1997b) is adopted
here.

ABBREVIATIONS

Repositories or Localities

AMNH American Museum of Natural History,
New York

GL Prefix to localities of Gansu Museum,

Lanzhou

Institute of Vertebrate of Paleontology

and Paleoanthropology, Chinese Acade-

my of Sciences, Beijing

IVPP  Prefix to localities of Institute of Verte-

Loc. brate of Paleontology and Paleoanthro-
pology, Chinese Academy of Sciences,
Beijing

IVPP V Prefix to catalog number of vertebrate
fossils of Institute of Vertebrate of Pa-
leontology and Paleoanthropology, Chi-
nese Academy of Sciences, Beijing

IVPP

K Institute of Zoology, National Academy
of Sciences of the Republic of Kazakh-
stan, Almaty

LDV  Vertebrate Section, Department of Ge-

ology, Lanzhou University, Lanzhou

MNHN Museum National de Histoire Naturelle,
Paris

PIN Paleontological Institute, Academy of
Sciences of former USSR, Moscow

Sh Shargaltein Gol, Gansu

W Wu-tao-ya-yu, Gansu

Microstructure of the Incisor Enamel

HSB  Hunter-Schreger band
PE portio externa

Pl portio interna

EDJ enamel—dental junction

Tables of measurements of the dentition (mm)

L length

W  width

hl enamel height on lingual side of upper
cheek teeth (buccal side of lower cheek
teeth)

h2 enamel height on buccal side of upper
cheek teeth (lingual side of lower cheek
teeth)

h3  shortest enamel height between two roots
on anterobuccal side of p4

H1 height difference between buccal and lin-
gual enamels of atooth (= h1—-h2)
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H2 height difference between the buccal enam-
el (hl) and shortest enamel between two
roots (h3) on p4

Satistical Treatment

N number of specimens
Min minimum

Max maximum

Aver average
S standard derivation
\Y/ variance

SYSTEMATICS
Tsaganomyidae Matthew and Granger, 1923

Tyre GENus: Tsaganomys Matthew and
Granger, 1923.

INCLUDED GENERA: Cyclomylus Matthew
and Granger, 1923, and Coel odontomys, new
genus.

RaNGe: Oligocene and possible earliest
Miocene of China, Mongolia, and Kazakh-
stan.

EMENDED DiAGNOsSIS: Fossorial rodents
close to Marmota in size; skull protrogo-
morphous, massive and low; sagittal and oc-
cipital crests prominent; orbit very small;
temporal fossa very large; occiput sloping
forward, very wide; braincase nearly trian-
gular in shape, with narrow postorbital con-
striction; strong zygomatic arches almost
forming a circle; anterior end of zygoma
formed by broad vertical maxillary and ju-
ga; small ova infraorbital foramen; jugal
extending mediodorsally to meet the premax-
illary; bulla flattened anteriorly, heavily sep-
tate; malleus and incus not fused; internal ca-
rotid artery system absent; mandible hystri-
cognathous with large, flared angular process
and high coronoid process;, mental foramen
anterior to p4; dental formula 1013/1013; in-
cisors procumbent, with flat labial surface;
upper incisor extending back into orbit, with
posterior end of alveolus forming a bulge on
side wall of maxillae, ending laterodorsal to
M1-2; lower incisor extending back to and
beneath condyle; incisor enamel multiserial;
cheek teeth cylindrical, unilaterally hypso-
dont, four crested without hypocone; occlu-
sal surface of cheek tooth row steplike; oc-
clusal pattern lost very early in wear, becom-
ing a concave surface bordered by higher
margins.
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Discussion: The tsaganomyids were first
named as a subfamily, Tsaganomyinae, of
Bathyergidae, by Matthew and Granger
(1923) to include two genera and species,
Tsaganomys altaicus and Cyclomylus lohen-
sis, which was followed by Teilhard de Char-
din and Leroy (1942). Landry (1957) ar-
ranged the tsaganomyids in the subfamily
Bathyerginae of the Bathyergidae. However,
Teilhard de Chardin (1926) thought they rep-
resented a special family, a viewpoint ne-
glected for a long time. Patterson and Wood
(1982) formally raised the tsaganomyids to a
family rank to include Tsaganomys, Cyclo-
mylus, and perhaps Pseudotsaganomys, Se-
pulkomys, and Beatomus. Other authors con-
sidered them cylindrodonts (Wood, 1937,
1955, 1974; Wilson, 1949; Simpson, 1945;
Schaub, 1958, Vinogradov and Gambaryan,
1952; Mellett, 1968; Shevyreva, 1972,
1974a, 1974b, 1994; Kowalski, 1974;
Huang, 1993). | agree with Teilhard de Char-
din (1926) and Patterson and Wood (1982)
that the Tsaganomyidae warrant family rank.

Tsaganomys Matthew and Granger, 1923

Tsaganomys Matthew and Granger, 1923 (par-
tim): 2. Bryant and McKenna, 1995 (partim):
5-16. McKenna and Bell, 1997 (partim): 191.

Beatomus Shevyreva, 1972: 143.

TvypPe SpeciES: Tsaganomys altaicus Mat-
thew and Granger, 1923.

GeoLocIcAL RANGE: Late early Oligocene
to early late Oligocene, possible early Mio-
cene.

GEOGRAPHIC DistrIBUTION: Nei Mongol,
Gansu, Ningxia provinces of China; Valley
of Lakes of Mongolia; and Kazakhstan.

EMENDED DiagNosis: Medium- to large-
sized tsaganomyids; nasal-frontal suture
more anterior in position than is premaxil-
lary-frontal suture; left and right antepre-
molar crests curved and uniting before reach-
ing incisive foramen; premaxillary-maxillary
suture intersecting merged antepremolar
crest; infraorbital foramen oval, with major
axis nearly horizontal, almost parallel with
anterior margin of ventral surface of anterior
zygomatic root; angle between dorsal margin
of posterior part of upper incisor aveolus
and occlusal surface of cheek teeth near 40°;
nearly straight P4 extending medially to up-
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per incisor; molars extending high into orbit,
passing by medially to upper incisor; lower
cheek teeth concave anterolingually and ex-
tending buccally to lower incisor; cheek teeth
strongly unilaterally hypsodont, having short
conic pulp cavity with pointed apex, ratio of
dentine part to pulp cavity high, enamel on
occlusal surface very thin, cusps and lophs
very low and weak, no core present after be-
ing worn; lower cheek teeth with nearly
transversely stretched external valley; nearly
square p4 with low metalophid I, long me-
talophid 11, subequal metaconid and proto-
conid; incisor enamel having thin PE with no
inclined prisms and Pl with 20—30° inclined
HSB of 5-7 prisms.

Tsaganomys altaicus Matthew and Granger,
1923

Figures 2-12, 13A, 14; table 1

Tsaganomys altaicus Matthew and Granger, 1923
(partim): 2—4, figs. 1 (partim), 2 (partim). Teil-
hard de Chardin, 1926: 29, 30, fig. 16C; pl. IV,
figs. 4—6. Bohlin, 1937: 4648, figs. 110-123.
Vinogradov and Gambaryan, 1952 (partim): 23,
24. Méellett, 1968 (partim): 6, 10. Qiu and Gu,
1988: 207, 212. Huang, 1993: 38-39, pl. II,
figs. 1, 2. Bryant and McKenna, 1995 (partim):
5-16, fig. 9.

Cyclomylus lohensis Matthew and Granger, 1923
(partim): 5. Kowalski, 1974 (partim): 158.

Tsaganomys sp. Teilhard de Chardin 1926: 30,
figs. 16A, B; pl. 1V, fig. 7. Wang et al., 1981:
27-30. Emry et al., 1998 (partim): 308-310,
fig. 8A.

Beatomus bisus Shevyreva, 1972: 143, 144, fig.
6; 1974a: 51-53, figs. 1d, €, 2, 3.

Tsaganomys minutus. Huang, 1993: 39—-42, pl. |1,
figs. 3-5.

Beatomus gloriadei Shevyreva, 1994: 112, figs.
1a, b. NEW SYNONYMY.

Hovrotype: A skull and lower jaw (AMNH
19019) from the Hsanda Gol Formation, red
strata, Loh, Tsagan Nor basin, Mongolia
Figured by Matthew and Granger, 1923: figs.
1 (partim) and 2 (partim).

ParATYPES: AMNH 19020 and 19037.

ReEFeErRRED SPECIMENS. VPP V 10410.1—
18, V 10411, V 10411.1-9, V 11388-V
11426, V 11539-11542, VV 11825, V 11826;
LDV 860911.1-14; Sh 1; W 25; MNHN
1924—4; AMNH 19039, 19097, 21634,
26185, 56650, 81223A, 81249, 81261,
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Fig. 2. Skull of Tsaganomys altaicus (IVPP V 11390). A. Dorsal view. B. Ventral view. Scale = 3

cm.

81269, 81356, 81357, 81360, 81364, 81390,
81392, 81464, 81465, 81474, 81480, 81483,
8148681490, 81991, 82126, 82178, 82262,
82265, 82273, 82289, 82292, 83510, 83516,
83519, 83520, 83522, 8352583528, 83533,
83535, 83539, 83540, 83555, 83558, 83566,
83571, 83573, 83574, 83576, 83584, 83586,
83590, 84328, 84332, 84352, 84513, 84517,
85184, 8519185193, 85195-85204, 85234—
85238, 85240, 85250, 85251, 85253, 85257,
85258, 85261, 85264, 85265, 85271, 85273,
85275, 85276, 85282, 85283, 85285, 85286,
85291, 85302, 85309, 85541, 85784, 85786,
85787, 85789-85791, 85793-85800; PIN
475/1899, 475/1980, 475/115, 475/553, 475/
363, 2979/909, and K35(15)/424.

GeoLoaIcAL RANGE: Late early Oligocene
(upper member of Wulanbulage Formation,
upper part of Ulantatal Formation, Qing-
shuiying Formation, Hsanda Gol Formation,
yellow sandstone and lower part of red mud-
stone of lower member of Xianshuihe For-
mation, and Buran Formation), early late Oli-
gocene and early Miocene (?) (red mudstone
in Gaolanshan).

GEOGRAPHIC DISTRIBUTION: Saint Jacques

(IVPP Locs. 77045 [V 11388], 77046 [V
11389], 77046 [red bed 11, V11390], 77046.2
[V 11391], 77046 [white bed I, V 11392],
77046.3 [V 11393], 77046.5 [V 11394],
77047 [V 11395], 77048.2 [V 11396],
77049.2 [V 11397], 77049.8 [V 11398],
78020 [V 11399], and other localities [V
11400-11403]) of Hanggin Qi; Tuolimiao (V
11404) of Bulunmiao and Qianlishan District
(IVPP Locs. near 78016 [V 11405], 78018
[upper part, V 11406], 78018 [V 11407],
78018 [79] [V 11408] 78019 [V 11409],
79015 [V 11410]) of Otog Qi; and Ulantata
(V 10410, V 10411, V 11411-11414) and
Huhetaolegai (1VPP Locs. 94003 [V 11415],
94003-2 [V 11416]) of Alxa Zuogi in Nei
Mongol; Yuanjiawowo (IVPP Locs. 92012-
1A [V 11421], 92013-1 [V 11422], 92013-2
[V 11423]) of Haiyuan, and Sikouzi (V
11424) of Guyuan, Ningxia; Lanzhou (GL
Locs. 9005 [V 11417], 9006 [V 11418],
9016 [V 11419], 9016B [V 11420], 9707A
[V 11539], 9707C [V 11540], 9707D [V
11541], 9711 [V 11542], 9712 [V 11825],
9715 [V 11826]; the Gaolanshan [LDV
860911]); Shargaltein Gol (Sh 1) and Wu-
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Fig. 3. Skull of Tsaganomys altaicus (IVPP V 11390). A. Anterior view. B. Dorsal view. C. Ventral
view. Abbreviations are: aal, anterior aar fissure; aasc, anterior opening of the alisphenoid canal; b,
bulla; bo, basioccipital; bs, basisphenoid; eam, external auditory meatus; f, frontal; gf, glenoid fossa of
squamosal; in, incisive foramen; iof, infraorbital foramen; j, jugal; |, lachrymal; m, maxillary; mstp,
mastoid process; na, nasal; p, parietal; pasc, posterior opening of the alisphenoid canal; pl, palatine;

pm, premaxillary; pop, postorbital process; sq, squamosal.

tao-yayu (W 25) of Danhe in Gansu; and
other locality (V 11426) of China; Hsanda
Gol, Loh of Tsagan Nor Basin, Mongolia (V
11425, PIN 475/1899, 475/1980, 475/115,
475/553, 475/363, and other specimens in
AMNH); and Chaybulak-Dzhamangora wa-
tershed (PIN 2979/909) and K15, Podoro-
zhinik, Zaysan Basin, Kazakhstan (K35[15]/
424).

EMENDED DiaGNosIs: As for the genus.

DescripTiOoN: The skull was described by
Bryant and McKenna (1995). However, the
description was based on the specimens rep-
resenting Tsaganomys, Cyclomylus, and Coe-

lodontomys. The complementary description
given below deals mainly with the differenc-
es of Tsaganomys from the other two genera
and some additional characters, mainly based
on the holotype (AMNH 19019), IVPP V
10411 and V 11390, and MNHN 1924-4.

In genera the shape of the skull is much
like those of fossorial rodents in having a
low lateral profile, narrow rostrum, broad
cranial region, and an occiput sloping ante-
riorly. The rostrum is about two-fifths of the
total length of the skull.

DorsaL View: The skull is triangular in
shape with a narrow anterior end. The ros-
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trum is dlightly reduced anteriorly in width.
The long nasals taper posteriorly in their pos-
terior part and meet the frontal at about the
level of the anterior margin of the orbit. The
nasal-frontal suture is concave posteriorly.
The dorsal process of the premaxillary is
wide and extends more posteriorly than does
the nasal. The premaxillary-frontal suture is
slightly more posteriorly located than is the
nasal-frontal suture and is almost parallel to
the anterior part of the sagittal crest. The dor-
sal part of the lachrymal islarge, round, with
a narrow posterior process, and inserts
among the jugal, premaxillary, and frontal.
The very small orbit is posterior to the jugal
and lateral to the lachrymal. The narrowest
part of the skull is across the postorbital con-
striction rather than the interorbital constric-
tion as described by Bryant and McKenna
(1995). The dorsal part of the frontal is very
short and wide. The parietals are long, as
long as the combined length of the nasal and
frontal, and roughly hexagonal in outline,
with an M-shaped frontal-parietal suture. The
temporal surface of the squamosal is large,
with a well-developed zygomatic process
uniting with the jugal. One of the particular
features is that the tempora fossae are tre-
mendous. The prominent sagittal crest starts
from a pronounced anterior process on the
anterolateral corner of the frontal and ex-
tends posteromedially as a curved crest. Near
the frontal-parietal suture the two crests unite
with each other to form a single longitudinal
crest that joins with a strong occipital crest.
The anterior process of the sagittal crest (the
antorbital crest of Bryant and McKenna,
1995) is, in fact, located dorsomedia to the
orbit, rather than anterior to it. Like the su-
praorbital swelling in Paramys, the anterior
process of the sagittal crest appears to be ho-
mologous to the postorbital process of the
Sciuridae, as suggested by Wood (1962: 16).
The well-developed zygomatic arches are
strongly convex outwards.

VENTRAL VIEW: The diastema between in-
cisor and P4 is very long, nearly half the
basal length of the skull. The incisive fora-
men is very small and narrow and located
near the midpoint of the diastema. The crest,
running from the alveolus of P4 to the inci-
sive foramen, is called antepremolar crest
here and may mark the lateral margin of the

NO. 3317

palate. It is concave laterally and well de-
veloped, and it sometimes forms high bony
plates. Left and right antepremolar crests
merge into one longitudinal crest near the
midpoint between P4 and incisive foramen.
The premaxillary-maxillary suture crosses
the merged crest. There are distinct fossae
lateral to the crests. The zygomatic process
of the maxillary extends laterally anterior to
P4 and forms the lower branch of the anterior
root of the zygomatic arch. On the ventral
surface there are wide rough areas for an-
choring the masseter muscles. The two cheek
tooth rows are very short in comparison with
the skull and parallel to each other. The pal-
ate between them is concave transversely,
with alongitudinal crest extending along the
palatine suture to separate the palate into two
longitudinal grooves. The posterior palatine
foramina are opposite M2. The maxillary-
palatine sutures are nearly M-shaped, with a
V-shaped anterior part at the posterior end of
the posterior palatine foramina and two lat-
eral parts running along the lingual side of
M2-3 and then turning laterally behind M3.
There is a pair of distinct posterior maxillary
foramina posteromedial to M3. The choana
opens at the level of posterior border of M3.
The very small, shallow pterygoid fossa is
not perforated; it is situated far behind the
anterior border of the choana. The bulla is
oval in shape and dightly inflated, with os-
sified external auditory meatus extending lat-
eraly. The blunt mastoid process protrudes
posterolaterally. The broad, short glenoid
fossa consists of the zygomatic processes of
squamosal and jugal. The postglenoid fora-
men is large.

ANTERIOR VIEW: The nostril is very small.
The infraorbital foramen is small, oval, fac-
ing anteriorly and slightly ventrally, and with
no evidence of passage for the masseter onto
the rostrum. The major axis of the infraor-
bital foramen is strongly inclined and usually
nearly horizontal, amost parallel to the an-
terior margin of the ventral surface of the
maxillary. As described by Bryant and Mc-
Kenna, the anterior zygomatic root is ex-
panded to a wide, thin plate and consists of
zygomatic processes of maxillary and jugal.
The anterior part of the jugal expands to
meet the lachrymal and premaxillary, ex-
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Fig. 4. Ventra view of skull of Tsaganomys altaicus (AMNH 19019, holotype) (in stereo). Scale

=1cm.

cluding the contact between the maxillary
and the lachrymal.

LATERAL VIEw: The nostril is retracted.
The anterior ends of the nasals are much
more posteriorly located than those of the
premaxillae. The anterior process of the tem-
poral crest is anterior to the P4. The pocket
formed by jugal, lachrymal, and maxillary is
here interpreted as the eye socket rather than
the origin of the masseter muscle (as sug-
gested by Bryant and McKenna, 1995) be-
cause there is no scar for any muscle, and,
to the contrary, there is a nasolachrymal fo-
ramen in it. As so interpreted, the orbit must
be very small, and the orbital crest isformed
by the jugal and lachrymal. In the orbit the
orbital wing of the lachrymal extends rather
widely. Just behind the orbital crest there is
a crest extending posteroventally to the eth-
moid foramen. It may form the anteroventral
margin of the temporal fossa. The very
strong upper incisor is procumbent, extends
back into orbital area, forming a bulge on the
lateral side of maxillary, and ends lateral to
M1-2. The angle between the dorsal surface
of the posterior part of the upper incisor al-
veolus and the occlusal surface of the upper

cheek teeth is near 40°. The occlusal surface
of the cheek tooth row is steplike: the pos-
terior edge of the preceding tooth is slightly
lower than the anterior edge of the succeed-
ing one.

As described by Bryant and McKenna
(1995), the upper molar alveoli extend into
the orbital area medial to the upper incisor.
However, the alveolus of P4 reaches the me-
dial side of the upper incisor only and does
not extend into the orbital area

ManpiBLE: The mandible has been de-
scribed by Bryant and McKenna (1995) in
detail. A few additions are given below. The
diastema is long, and the mental foramen is
located anterior to P4. The coronoid process
is high. The condyloid process is well de-
veloped, with a wide, triangularly convex ar-
ticular surface, and without postcondyle ex-
pansion. The masseteric fossa is large and
deep, with more or less distinct masseteric
crests. There is a small fossa situated below
ml-2 and anterior to the masseteric fossa
On the lingual side of the ascending ramus
no distinct mandibular foramen is visible.
The medial surface of the angular process is
separated by a longitudinal crest into two
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Fig. 5. Skull and lower jaw of Tsaganomys altaicus (IVPP V 11390). A. Right lateral view of skull.
B. Left lower jaw. B1. Occlusal view. B2. Buccal view. Scale = 3 cm.

parts: a large fossa above and a narrow flat
one along the lower margin. The upper fossa
may be for the insertion of the internal pter-
ygoid muscle and the lower plate for the su-
perficial masseter muscle, pars reflexus. The
lower cheek teeth are concave anterolingual -
ly and extend buccal to the lower incisor al-
veolus. As in the upper cheek teeth, the oc-
clusal surface of the lower cheek teeth row
is also steplike, but the posterior edge of the
preceding tooth is higher than the anterior
edge of the succeeding one.

DenTiTiON: The cheek teeth are all cylin-
drical in form, strongly unilaterally hypso-
dont, and with an open root. The occlusal
surface is covered by very thin enamel when

unworn. The occlusal pattern is only very
weakly expressed and is lost very early with
wear. Then the occlusal surface becomes
smooth, concave with higher margin, but
without core on it. The enamel covers the
anterior and lingual walls on the uppers and
the buccal and posterior walls on the lowers.
The uncovered part of the tooth may repre-
sent part of the root. The dentine between the
occlusal surface and the top of the pulp cav-
ity is called the dentine part here. It is high
and probably grows continuously during the
lifetime. The pulp cavity is relatively short
and has a pointed apex. The ratio of the den-
tine part to the pulp cavity is high.

I have not yet seen any upper cheek tooth
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Fig. 6. Skull and lower jaw of Tsaganomys altaicus (IVPP V 11390). A. Left lateral view at skull.
B. Left lower jaw. B1. Occlusal view. B2. Buccal view.

with the occlusal pattern well preserved, but
| have found some unworn lower cheek
teeth. AMNH 82289 preserves a dightly
worn p4. In AMNH 83510 an erupting p4
was found under dp4, which was removed
(figs. 11, 12). The unworn p4 is nearly
square in occlusal view and its trigonid is
slightly narrower and higher than the talonid.
Very thin enamel covers the occlusal surface
and all side walls but extends only a short
distance downward on the anterolingual wall.
The occlusal pattern is very shallow, with
very weak cusps and lophids. The nearly
equal protoconid and metaconid are separat-
ed by relatively long metalophid Il. The me-
talophid | islow and weak. Behind the meta-
conid there is a crest or cusp, which may be
the metastylid. No distinct hypolophid is

seen; there is a string of tiny cusps instead.
The posterolophid is complete and reaches
the metastylid to close the talonid basin. No
distinct entoconid and hypoconulid are visi-
ble. The prominent, but not hypertrophied,
hypoconid extends anterobuccally. The ec-
tolophid is straight. The hypoflexid (= ex-
ternal valley) is shallow and slightly oblique
in posterolingual direction. On IVPP V
11402 the m3 is erupting. It is oval in occlu-
sal view. Asin p4 the protoconid, metaconid,
and metalophid Il are distinct, but the meta-
lophid | is weaker. The entoconid is devel-
oped. The hypolophid is complete and low
and joins the hypoconid. The hypoconid is
close to the protoconid in position, and the
hypoflexid is shallower and more anteriorly
located.
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Fig. 7. Upper jaws of Tsaganomys altaicus showing the relation between 12 and upper cheek teeth.
A. Right upper jaw with part of 12 and P4A-M2 (IVPP V 11415). A1l. Buccal view. A2. Anterior view.
B. Right upper jaw with 12 and P4A-M3 (AMNH 85273). B1. Buccal view. B2. Anterior view. B3.
Occlusal view. B4. Lingual view.
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Fig. 8. Left lower jaw of Tsaganomys altaicus (AMNH 19019, holotype). A. Occlusal view (in

stereo). B. Lateral view. Scale = 1 cm.

The incisors are approximately triangular
in cross section, with around lingual top, an
amost right buccomedial angle, and aflat or
slightly convex labial side. The enamel cov-
ers the labial side and nearly one-fourth of
the medial and external sides. On the surface
of the enamel of the labial side, the longi-

tudinal ridges are usually distinct but some-
times weak or even absent. The upper incisor
is dlightly thinner in labiolingual direction
then is the lower one. The enamel has mul-
tiserial microstructure. In the lower incisor,
the PE is very thin, about 10% of the total
thickness of the enamel (170-185um). The
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Fig. 9. Lower jaws of Tsaganomys altaicus showing the relation between i2 and lower cheek teeth.
A. Right lower jaw with i2 and p4—m3 (IVPP V 11417.1). A1l. Occlusal view. A2. Buccal view. A3.
Ventral view. A4. Anterior view. B. Anterior view of left lower jaw with p4—m2 (AMNH 82273).
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Fig. 10. Cheek teeth of Tsaganomys altaicus
A. Cheek tooth of IVPPV 11389.3. Al. Occlusal
view. A2. Anterobuccal view. A3. Posterolingual
view. B. Longitudinal section of cheek tooth
(IVPP V 11409.1) showing dentine part (d) and
pulp cavity (p).

prisms of the PE are almost vertical to the
surface of the enamel. The HSB of the Pl is
composed of 5-7 prisms and has about 20—
30° inclination.

DIMENSIONS: See table 1.

Discussion: Based on holotypes, Mat-
thew and Granger (1923) rightly distin-
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guished Tsaganomys altaicus from Cyclo-
mylus lohensis. However, they misidenti-
fied the other specimens. The paratypes
designated by them include, in fact, two
different genera: Tsaganomys and a new
genus, Coelodontomys (see below). Their
line drawings illustrating the reconstructed
skull of T. altaicus were based on speci-
mens belonging to different genera (Mat-
thew and Granger, 1923: figs. 1-3). This
may be one of the factors that led to great
confusion in the later classification of the
Tsaganomyidae.

One of the main problems confounding
classification is cheek tooth morphology. Be-
cause the enamel is very thin on the occlusal
surface of the cheek teeth and the cusps and
lophs are very weakly expressed, the occlu-
sal pattern is easily worn away. When worn
the cheek teeth become cylindrical and uni-
laterally hypsodont, and have smooth, con-
cave occlusa surfaces. Superficially there
seems to be no difference among the teeth.
Careful observation reveals that among the
paratypes listed by Matthew and Granger
(1923) there are two different kinds of hyp-
sodont teeth: one has a well-developed den-

Fig. 11. Occlusal view of right lower jaw with p4—m3 of Tsaganomys altaicus (AMNH 83510) (in

stereo); Scale = 5 mm.
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Fig. 12. Occlusal view of cheek teeth of Tsaganomys altaicus. A. Right p4-m3 of AMNH 83510.
B. Right dp4-m3 of IVPP V 11402. C. Right p4 of AMNH 82289.

tine part composed of primary dentine, a
short conical pulp cavity with pointed apex,
and a high ratio of dentine part to pulp cav-
ity; the other one shows opposite trends. In
addition, the skulls that bear these two kinds
of teeth differ in morphology (see table 6).
The former is typical of Tsaganomys, but the
latter represents a new taxon (Coelodonto-
mys). Shevyreva (1972) rightly distinguished
two kinds of teeth among the strongly hyp-
sodont cheek teeth. Unfortunately, however,
she referred them incorrectly and named a
new genus and species, Beatomus bisus,
without figuring the holotype. According to
her description and figures of the other spec-
imens (Shevyreva, 1972: fig. 6; 1974a: figs.
1d, e, 2, 3). Beatomus bisus shows typical
Tsaganomys tooth morphology. On the other
hand, her Tsaganomys is quite different from
the holotype of Tsaganomys altaicus but
similar to Coelodontomys. It seems that Bea-
tomus bisus is a junior synonym of Tsagan-
omys altaicus.

Kowalski (1974) described Cyclomylus
minutus from Khatan Khayrkhan, Mongolia.
Huang (1993) relocated this species into Tsa-
ganonys. Bryant and McKenna (1995) con-
sidered T. minutus as a synonym of T. altai-

cus. | have not seen Kowalski's holotype,
and | am not certain whether it is a Tsagan-
omys. However, | observed Huang's speci-
mens from Ulantatal area, Nei Mongol, Chi-
na. They are typica of Tsaganomys. The
measurements of the Ulantatal specimensin-
dicate that they are within the range of Tsa-
ganomys altaicus. The measurements of the
cheek teeth of Tsaganomys show no obvious
size groupings among the specimens (fig.
14). The available material indicated that
young individuals are small and some cheek
teeth show a size increase from top to base.
| agree with Bryant and McKenna (1995)
that T. minutus of Hung (1993) is a junior
synonym of T. altaicus. The cheek teeth of
T. altaicus all have open roots at all stages
of wear.

Tsaganomys sp. of Teilhard de Chardin
(1926) from Saint Jacques, Nei Mongol, Chi-
na, referred to Cyclomylus lohensis by Ko-
walski (1974: 158) is T. altaicus, as well.

Among the specimens of ‘‘Tsaganomys
and/or Cyclomylus’ from the Buran Forma-
tion in Zaysan Basin, Kazakhstan, listed by
Emry et al. (1998), only K35(15)/424 belongs
to T. altaicus (Emry et al., 1998: fig. 8A).

Emry and Korth (1996) considered Mo-
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Fig. 13.

Microstructures of longitudinal sections of lower incisors of tsaganomyids. A. Tsaganomys

altaicus. B. Cyclomylus lohensis. C. Coelodontomys asiaticus, new genus and species. Scale = 20 pm.

rosomys Shevyreva (1972) a synonym of
Tsaganomys. It seems that Morosomys rep-
resents a taxon distinct from Tsaganomys in
having brachydont cheek teeth and other fea-
tures.

Wang et al. (1981) listed Tsaganomys sp.
from the Yikebulage Formation based on one

specimen, IVPPV 11405. Checking the orig-
inal label | found that VV 11405 was collected
from the upper member of the Wulanbulage
Formation near 1VPP Loc. 78016 rather than
in Loc. 78016 of the Yikebulage Formation.
Thus, Tsaganomys does not occur in the Yik-
ebulage Formation.
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TABLE 1
M easur ements (mm) of Cheek Teeth
of Tsaganomys altaicus

Tooth N Min Max  Aver S A%

P4-M3, L 29 1155 2140 16.68 3.01 9.07
MI1-3,L 43 895 1758 1297 2.15 4.61

P4,L 34 230 480 3.23 0.65 0.43
P4, W 34 308 726 5.01 1.08 1.16
M1, L 47 250 525 391 0.62 0.39
M1, W 46 422 762 6.02 0.87 0.76
M2, L 46 275 530 3582 0.59 0.34
M2, W 45 398 8.00 5.89 0.89 0.80
M3, L 46 250 534 380 0.68 0.46
M3, W 46 342 7.56 535 091 0.83

p4-m3, L 60 1120 22.81 17.29 2.45 6.00
ml-3, L 74 7.85 17.86 13.02 2.13 4.53

p4,L 82 212 500 3.77 0.59 0.35
p4, W 82 302 787 560 0.99 0.98
ml, L 109 213 506 3.90 0.69 0.47
ml, W 109 272 824 580 0.98 0.96
m2, L 105 1.90 520 373 0.67 0.44
m2, W 105 242 737 545 0.95 0.89
m3, L 78 1.83 426 313 0.52 0.27
m3, W 78 244 710 4.56 0.90 0.80

Cyclomylus Matthew and Granger, 1923

Cyclomylus Matthew and Granger, 1923:5.

Pseudotsaganomys Vinogradov and Gambaryan,
1952:18.

Sepulkomys Shevyreva, 1972:139.

Tsaganomys, Bryant and McKenna, 1995 (par-
tim): 5-16. McKenna and Bell, 1997 (partim):
191.

Tvpe Species: Cyclomylus lohensis Mat-
thew and Granger, 1923.

INCLUDED SpeciEs: Cyclomylus intermedius,
new species, and C. biforatus, new species.

GeoLoaIcAL RaNGE: Early Oligocene.

GEOGRAPHIC DisTtrRIBUTION: North China,
Mongolia, and Kazakhstan.

EMENDED DiaGNosis: Small- to medium-
sized tsaganomyids; antepremolar crest ab-
sent, small oval infraorbital foramen with
nearly vertical mgjor axis, almost perpendic-
ular to anterior margin of ventral surface of
anterior zygomatic root; P4 growing from
below upper incisor capsule, p4 from above
lower incisor; cheek teeth unilaterally hyp-
sodont with closed roots, short dentine part

NO. 3317

and long pulp cavity with a flat or concave
top, with core showing on worn occlusal sur-
face; on unworn or glightly worn occlusal
surface, cusps and lophs prominent, four
lophs, enamel relatively thick, with cement
on walls; lower cheek teeth with distinct me-
talophid I, hypertrophic hypoconid and pos-
terolingually oblique external valley; p4 oval
in occlusal view, with narrow trigonid, meta-
conid more developed than protoconid, and
no metalophid I.

DiscussioN: Matthew and Granger (1923)
distinguished Cyclomylus from Tsaganomys
based on its smaller size and less hypsodont
cheek teeth that have closed roots. Vinogra-
dov and Gambaryan (1952) described a new
genus, Pseudotsaganomys, based on material
from Kazakhstan and Mongolia. They men-
tioned that Pseudotsaganomys differed from
Tsaganomys in having closed roots and from
Cyclomylus in having a broad skull and lack-
ing dP3. However, the holotype of Cyclo-
mylus lohensis (AMNH 19096) is crushed
laterally and has no dP3. It is difficult to
know whether dP3 is present or not based on
the adult specimen. It seems there is no sig-
nificant difference between Pseudotsagano-
mys and Cyclomylus.

Shevyreva (1972) described a new genus,
Sepulkomys, from Hsanda Gol, Mongolia.
She considered the presence of a P3 as afea
ture distinctive from the other tsaganomyids.
| agree with Bryant and McKenna (1995)
that the holotype of Sepulkomys eboretus
(PIN 475-50) is ayoung individual, in which
the teeth that Shevyrevainterpreted as p3 and
p4 are really dP3 and dP4. Thus Sepulkomys
is similar to Cyclomylus in dental formula.
According to her figure (Shevyreva, 1972:
fig. 4), it isidentical with Cyclomylus in oc-
clusal pattern. It appears that Pseudotsagan-
omys and Sepulkomys are junior synonyms
of Cyclomylus.

Cyclomylus lohensis Matthew and Granger,
1923

Figures 13B, 15-19; table 2

Cyclomylus lohensis Matthew and Granger, 1923
(partim): 5.

Pseudotsaganomys turgaicus Vinogradov and
Gambaryan, 1952: 20-22, figs. 7—10. NEW SYN-
ONYMY.



2001

Cyclomylus mashkovae Shevyreva, 1994: 112, fig.
1c, d, e, f. NEW SYNONYMY.

Tsaganomys altaicus (partim), Bryant and Mc-
Kenna, 1995: 5-16, fig. 10B. NEW SYNONYMY.

HoLotypre: A skull, badly preserved
(AMNH 19096), from Hsanda Gol Forma-
tion, lower red strata, Loh, Tsagan Nor Ba-
sin, Mongolia.

ReFerRReD SPECIMENS: VPP V' 11456—
11467, V 11543; AMNH 84545; PIN 1401-
178, 478-3, 478-13, 1442-95, 414-m/47-1,
2979/912, 2979/910 and 2979/1342.

GeoLoaIcAL RaNGE: Early Oligocene (Wu-
lanbulage Formation, Hsanda Gol Formation,
and Buran Formation).

GEOGRAPHIC DisTRIBUTION: Qianlishan
District (IVPP Locs. 79010 [V 11457],
79015 [IVPP V 11458], 79016 [V 11459],
other locality [V 11456]) and Saint Jacques
(IVPP Locs. 77045 [V 11460], 77049 [V
11461], 77049.2 [V 11462], 77049.5 [V
11463], 77049.7 [V 11464], 77049.8 [V
11465], 77050.b [V 11466] and 78020 [V
11467]), Nei Mongol, China; Tsagan Nor
Basin (V 11543 and other specimens in
AMNH), Mongolia; and Chelkar-Teniz,
Chaybulak-Dzhamangora watershed and Tur-
gai, Kazakhstan.

EMENDED DiacNosis: Single infraorbital
foramen; upper cheek teeth growing from be-
low posterior part of upper incisor and lower
cheek teeth from above lower incisor; cheek
teeth relatively low unilaterally hypsodont,
low height difference between enamel on
sides of teeth, with rather thick enamel and
relatively well-developed cusps and lophs;
upper cheek teeth with three closed roots;
lowers with two; fourth premolar larger than
molars; lower incisor having relatively thin
enamel, with relatively thick PE, nearly 40%
of total thickness of enamel, and with nearly
30° inclination of prisms, and Pl having near-
ly 30° inclined HSB including 3—4 prisms.

DescripTiON: The infraorbital foramen is
small and oval and its vertical major axisis
amost perpendicular to the anterior margin
of the ventral surface of the anterior zygo-
matic root. The temporal fossae are large.
The sagittal crest is distinct with a prominent
anterior process. The upper incisor extends
to above M1-2. The angle between the dor-
sal surface of the posterior part of the upper
incisor aveolus and the occlusal surface of

WANG:TSAGANOMYIDAE OF ASIA 19

the cheek teeth is near 60°. P4 is ventral to
the upper incisor. Because the skull of the
holotype is crushed laterally, it is not clear
whether the antepremolar crest is present or
not. The mandible is similar to that of Tsa-
ganomys. It is hystricognathous. The mental
foramen is below the posterior part of the
diastema. The masseteric fossa is large and
reaches below m2. The lower masseteric
crest isweak and almost parallel to the lower
margin of the angular process. There is a
small, distinct fossa before the masseteric
fossa. On the lingual side of the large angular
process the fossa for the pterygoid muscle is
large and deep. The lower incisor extends be-
low the lower cheek teeth and ends in the
condyloid process.

The cheek teeth are relatively low, unilat-
erally hypsodont. On the upper cheek teeth
the lingual crown is higher than the buccal
one, whereas on the lower teeth the poster-
obuccal crown is higher than anterolingual
one. In young individuals when the cheek
teeth are not worn the root is open. However,
in those teeth that are slightly worn but still
preserve the occlusal pattern, the roots are
closed (AMNH 19096, 85545; IVPP V
11456, 11457, 11460). The upper molars
have three closed roots: alarge root lingually
and two small roots buccally. The lower
cheek teeth have two: a small anterior and a
large posterior root. The interval of eruption
of the cheek teeth is rather short. While the
first and second molars still retain the occlu-
sal pattern, both the third molar and fourth
premolar erupt. Thus, when the individual is
young (IVPP V 11543, AMNH 19096 and
84545), the occlusal pattern can be seen on
the whole cheek tooth row from the fourth
premolar to third molar at the same time.

On the occlusal surface the enamel is rel-
atively thick. The cheek teeth are tetral opho-
dont. The relatively well-developed occlusal
pattern, high crests and deep basins, can last
a long time during wear. However, the pat-
tern does not extend so deep as in other hyp-
sodont forms, such as Ctenodactylinae and
Arvicolidae. When heavily worn the occlusal
pattern is lost and the occlusal surface of the
cheek teeth is smooth, concave, usually with
a core of secondary dentine, and bordered by
a higher margin. The core is generally simi-
lar to the occlusal form of the teeth in con-
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Fig. 14. Denta measurements of Tsaganomys altaicus specimens. A, B. Histograms of measure-
ments of length of cheek tooth rows. C, D. Histograms of measurements of length of molar rows. E—
L. Scatterplot of measurements of length and width of cheek teeth. Solid squares represent the holotype
(AMNH 19019), and open circles represent other specimens.
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Fig. 15. Ventral view of skull of Cyclomylus lohensis (AMNH 19096, holotype) (in stereo). Scale

=1cm.

tour and dlightly higher than the dentine
around it. The dentine part is rather short in
height. The pulp cavity is deep, with a flat
or concave top and side walls parallel to the
side walls of the tooth. The primary dentine
seems to stop growing early. As the primary
dentine is worn away, the secondary dentine
is deposited, always forming a core.

On upper cheek teeth the four transverse
lophs are amost equally developed. The pro-
toloph and metaloph are nearly paralle to
each other and join with the large protocone
with wear. The anteroloph and posteroloph
are convergent toward the protocone and
form a continuous crescentic crest. Three
buccal transverse valleys are deep and
dammed by a dlightly higher buccal edge,
forming closed basins with wear. On more
worn teeth the middle valley is the longest
and the posterior one is the smallest (M1 of
AMNH 84545). On dlightly worn or unworn

teeth, the posterior valley is large and sepa-
rated by a longitudinal crest into two basins;
the buccal one is deeper than the lingual one
(M2 of AMNH 84545). On M3 of AMNH
84545 there are some accessory cusps and
lophs in the posterior valley.

The p4 is quite different from that of Tsa-
ganonys. It is ova in occlusal view and
longer than wide and has a small, narrow tri-
gonid. The metaconid and protoconid are
prominent and close to each other. The me-
tastylid is distinct. The metalophid Il is short
and low. The metalophid | is absent. The tri-
gonid basin is small and open anteriorly. The
talonid is much wider than the trigonid. The
entoconid is prominent and separated from
the metaconid by a notch. The hypertrophic
hypoconid is the largest of the main cusps
and extends anterobuccally. The posterolo-
phid is well developed and reaches the en-
toconid. The top of the entoconid is separat-
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Fig. 16. Cyclomylus lohensis. A. Skull of AMNH 19096 (holotype). Al. Ventral view. A2. Right
lateral view. A3. Anterior view. B. Anterior view of transverse section along p4 of right lower jaw
(IVPP V 11458) showing the relation between p4 (alveolus) and i2.

ed from the posterolophid by a shalow broad. The hypoflexid is strongly oblique
groove. The straight ectolophid joins the pro- posterolingually and persists longer with
toconid with the hypoconid or hypolophid. wear than do other valleys.

The hypolophid is slender, low, and complete The lower molars are four crested. Unlike
or incomplete. The lingual middle valley is  p4 the metalophid | and Il are better devel-



Fig. 17. Cheek teeth of Cyclomylus lohensis.
A. Right M1/2 (IVPP V 11457). Al. Posterior
view. A2. Buccal view. A3. Anterior view. A4.
Occlusal view. B. Occlusal view of right P4-M3
of AMNH 19096 (holotype). See figure 10 for
abbreviations.

oped and long. The prominent protoconid
and metaconid are subequal and separated
widely. The trigonid basin is a large, oval,
closed basin. The hypolophid is slender and
usually complete. No distinct entoconid is
seen. The hypertrophic hypoconid isthe larg-
est cusp and extends anterobuccaly. The
posterolophid is well developed. In the lin-
gua valleys the middle valley is the largest
and opens lingually. The posterior valley is
a closed basin. The hypoflexid is oblique
posterolingually and remains later with wear
than do the lingual valleys.

The Dp4 is molariform and similar to low-
er molars, except that it is longer in propor-
tion and there is a prominent anteroconid.

As in Tsaganomys altaicus, the incisor is
nearly triangular in cross section and with or
without longitudinal ridges on the labial sur-
face of the enamel. The enamel has a multi-
serial microstructure. However, as described
by Martin (1992), and unlike Tsaganomys al-
taicus, the enamel is rather thin. The total
enamel thickness is only about 80um. How-
ever, the PE is relatively thick, near 40% of
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the total enamel thickness, and the prisms of
the PE have an inclination of near 30°. The
HSB, composed of 3—4 prisms, have an in-
clination of near 30° relative to the EDJ.

DiMENSIONS: See table 2.

DiscussioN: Matthew and Granger (1923)
briefly described Cyclomyluslohensisin their
diagnosis without giving figures and meas-
urements. This has led to great confusion in
the classification of the tsaganomyids. Some
paleontologists have expressed their uncer-
tainty about their identification of the tsagan-
omyids (Vinogradov and Gambaryan, 1952;
Kowalski, 1974). It is difficult for me to
comment on the specimens of these paleon-
tologists as no figures and plates are given
or the specimens or casts are unavailable for
personal observation.

Bryant and McKenna (1995) considered
Cyclomylus lohensis as a junior synonym of
Tsaganomys altaicus. A closer comparison
of the two holotypes and other specimens re-
veals that Cylomylus lohensis differs from
Tsaganomys altaicus in some skull and tooth
morphology.

First, Matthew and Granger (1923: 3-5)
mentioned that in T. altaicus the cheek teeth
were very hypsodont, continuously growing,
and without closed roots at any observed
stage of wear; and in C. lohensis the cheek
teeth were less hypsodont and the roots
closed when fully grown. In the holotype of
T. altaicus (AMNH 19019) the cheek teeth
have lost their occlusal pattern, but the enam-
el still extends to the base and the roots are
still open. In contrast, in the holotype of C.
lohensis (AMNH 19096) the upper cheek
teeth have three closed roots, a large lingual
one and two small buccal ones, and their oc-
clusal surfaces more or less retain lophs and
valleys. Obvioudly, the difference in crown
height of the two taxais not age related. Cor-
respondingly, in hypsodont Tsaganomys the
upper cheek teeth extend medial to the pos-
terior part of the upper incisor and the lower
cheek teeth buccal to the lower incisor,
whereas in less hypsodont Cyclomylus loh-
ensis the uppers grow from below the upper
incisor and the lowers from above the lower
incisor.

Second, in T. altaicus the dentine part of
the cheek teeth is much more developed, the
pulp cavity is relatively short and with a
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pointed apex, and the ratio of the height of
the dentine part of pulp cavity of the check
teeth is much higher than that in Cyclomylus,
for which the dentine part is much shorter
than the pulp cavity. In addition, the pulp
cavity in Cyclomylus has a flat or concave
top with sides nearly parallel to the sidewalls
of the crown (figs. 10, 17).

Third, the cheek teeth of Tsaganomys have
much thinner enamel on the occlusal surface,
much weaker expression of the cusps and
lophs, and no hypertrophied hypoconid. Af-
ter being worn, the occlusal surface is con-
cave and smooth, without a core of second-
ary dentine in Tsaganomys, whereas in Cy-
clomylus there is a core on the surface. In
addition, in Tsaganomys p4 is nearly square
in occlusal view and has a low metalophid I,
along metalophid 11, and a wide trigonid. In
Cyclomylus the p4 is oval and longer than
wide, lacks a metalophid I, but has a weak,
short metalophid Il and a very narrow tri-
gonid basin.

Fourth, in Tsaganomys the major axis of
the oval infraorbital foramen is nearly hori-
zontal and almost parallel to anterior margin
of the ventral surface of the anterior zygo-
matic root, whereasin Cyclomylusit is nearly
vertical and almost perpendicular to the an-
terior margin of the ventral surface of the
anterior zygomatic root.

Fifth, the microstructure of the incisor
enamel in the two forms differs, although both
have multiseria microstructure. In Tsagano-
mys the PE is relatively thin, its ratio to total
enamel thickness is very low, its prisms have
no inclination, and its HSB include more
prisms but with less inclination. In Cyclomylus
the PE is relatively thick, both the HSB and
prisms of PE are inclined nearly at 30° with
the EDJ, and the HSB include fewer prisms.

The above arguments seem convincing
enough to validate Cyclomylus lohensis as a
separate taxon.

Pseudotsaganomys turgaicus Vinogradov
and Gambaryan (1952) is identical with Cy-
clomylus lohensis in cheek tooth morpholo-
gy. Its cheek teeth are lower crowned, cov-
ered by thicker enamel, with closed roots,
more prominent cusps and lophs, and hyper-
trophied hypoconid. Pseudotsaganomys tur-
gaicus may be a junior synonym of C. loh-
ensis. Possibly P. mongolicusis aso ajunior
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synonym of C. lohensis, judging by the au-
thors' original description. However, the au-
thors did not figure any teeth, and | am un-
certain about the status of P. mongolicus.
Likewise, Cyclomylus mashkovae Shevyreva
(1994) from Kazakhstan is likely a junior
synonym of C. Iohensis, based on the iden-
tical cheek tooth morphology.

Cyclomylus intermedius, new species
Figures 20-23; table 3

Cyclomylus lohensis, Young and Chow, 1956:
448, 449, fig. 1. Shevyreva, 1974b: 52-56, figs.
1la, b. NEW SYNONYMY.

Tsaganomys altaicus (partim), Bryant and Mc-
Kenna, 1995: 5-16, fig. 11C. NEW SYNONYMY.

HoLotypre: A right lower jaw with i2, p4—
m3 (IVPP V 823), from Qingshuiying For-
mation, Qingshuiying, Lingwu, Ningxia,
China, figured by Young and Chow, 1956:
fig. 1.

REFERRED SPECIMENS. VPP V 11453—
11455; AMNH 81235, 82183, 85543; PIN
475-3883 and 475.

GeoLoaicaL RaNGE: Early Oligocene (Wu-
lanbulage Formation, Qingshuiying Forma-
tion and Hsanda Gol Formation).

GEOGRAPHIC DisTRIBUTION: Qingshuiying,
Lingwu of Ningxia, Saint Jacques (IVPP
Loc. 77046 [IVPP V 11453]) and Qianlishan
District (IVPP Locs. 78018 [V 11454] and
79011 [11455]) of Nei Mongol, China; and
Tsagan Nor Basin, Mongolia.

DiacgNosis: Moderately unilaterally hyp-
sodont Cyclomylus, height difference be-
tween shortest and highest enamel on walls
of each cheek tooth is large, lower molars
growing buccal to lower incisor, fourth pre-
molar larger than molarsin size, upper cheek
teeth with three closed roots, and lowerswith
two.

ETymoLogy: Intermedius, Latin, interme-
diate.

DescripTiON: The mental foramen is an-
terior to p4. The p4 extends above lower in-
cisor, but molars are slightly buccal to lower
incisor. The lower incisor is triangular in
cross section with a flat labial side. The
enamel is thin, and the labial surface has no
longitudinal ridge.

Cheek teeth are moderately unilaterally
hypsodont and more or less covered by ce-
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Fig. 18. Occlusal view of left lower jaw with i2, p4A—m3 of Cyclomylus lohensis (IVPP V 11543)

(in stereo). Scale = 5 mm.

ment. The crown is higher than that of C.
lohensis and lower than in C. biforatus. The
interval of the eruption of the cheek teeth is
longer than in C. lohensis. By the time of
eruption of the third molar and fourth pre-
molar, the occlusal pattern of the first and

second molars have been worn away. The
dentine part is very low. The pulp cavity is
well developed and nearly cylindrical, with
its side walls parallel to the side walls of the
tooth, a nearly flat or concave top, and a
dlightly constricted base.
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Fig. 19. Cyclomylus lohensis A. Occlusal view of left p4—m3 (IVPP V 11543). B. Left lower jaw
with i2, p4—m3 (IVPP V 11456). B1. Occlusa view. B2. Buccal view. B3. Posterior view showing the
relation between i2 and m3.
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Fig. 20. Right lower jaw with i2, p4—-m3 of Cyclomylus intermedius, new species (IVPP V 823,
holotype). A. Occlusal view. B. Buccal view. C. Anterior view showing the relation between i2 and p4.

In most of the upper cheek teeth the oc-
clusal surface is concave, with a more or
less clearly expressed secondary dentine
core in the center. The core is usually oval.
On one slightly worn M1/2 (= M1 or M2,
IVPPV 11454.1) the occlusal patternisdis-

Fig. 21.
dius, new species. A. Right M1/2 (IVPP V
11454.1). Al. Buccal view. A2. Occlusal view. B.
Right M1/2 (IVPP V 11454.3). B1. Posterior
view. B2. Buccal view. B3. Occlusal view. See
figure 10 for abbreviations.

Cheek teeth of Cyclomylus interme-

cernible: four lophs and three valleys (fig.
21A). The anterior valley is almost worn
out, leaving only a small oval depression.
The middle valley is the deepest and large
and extends into the pulp cavity. The pos-
terior valley is partly preserved. The proto-
cone is large and separated from the lingual
part of the posteroloph by a small groove.
The dentine part is about 2 mm in height
(from occlusal surface to top of pulp cavity).
Asin C. lohensis the upper cheek teeth have
three closed roots, one large lingual and two
small buccal ones.

The lower cheek teeth are oval in occlusal
view and have two closed roots: a small an-
terior one and a large posterior one. The p4
is larger than lower molars, with a larger an-
terior root. The occlusal surface has adistinct
core when worn, with its shape depending on
the stage of wear. It is usually oval in shape.
On worn p4 of IVPP V 823, it is crescent.
On unworn or slightly worn cheek teeth the
occlusal pattern can be preserved.

The p4 is ova in occlusal view, with a
very narrow anterior part and a broad pos-
terior part. As in Cyclomylus lohensis, the
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Fig. 22. Occlusal view of lower jaw of Cyclomylus intermedius, new species (in stereo). A. Left
lower jaw with i2, m1-3 (IVPP V 11455). B. Left lower jaw with p4—m3 (AMNH 85543). Scale = 5

mm.

protoconid and metaconid are close to each
other and united by a very short metalophid
II. Thetrigonid basin is avery narrow fissure
opening anteriorly. The metalophid | is ab-

sent. The hypertrophic hypoconid extends
anterobuccally. The ectolophid is low and
short. The short hypolophid is complete and
joins the hypoconid. The strong posterolo-
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Fig. 23. Occlusal view of cheek teeth of Cy-
clomylus intermedius, new species. A. ml-3
(IVPP V 11455). B. pA—m3 (AMNH 85543).

phid is separated from the large entoconid by
a shallow notch. The middle valley opens
lingually. The posterior valley is broad and
holds accessory crests in it. The hypoflexid
is oblique posterolingually.

In IVPP V 11455 the occlusal surface of
m1l is amost totally obliterated, that of the
m2 is partly preserved: four transverse lo-
phids and three valleys. The anterior valley
is vestigial, the middle one is long trans-
versely and open lingually, and the posterior
one is a round basin. The hypoconid is hy-
pertrophic and extends anteriorly. The hy-
poflexid shifts anteriorly and is strongly
oblique posterolingually.

The m3 is similar to p4, but the trigonid
is wider and has a distinct metalophid | and
longer, prominent metalophid 11. The proto-
conid and metaconid are of nearly equal size.
The trigonid basin is wide and closed. The
hypolophid may be complete or incomplete.
The middle valley is open lingualy until
worn heavily. The closed posterior valley is
about the same size asthe middle valley. The
hypoconid does not extend as anteriorly as
in p4. The hypoflexid is slightly oblique and
does not shift much anteriorly.

The lower incisor is triangular in cross
section and has a flat labial side. The enamel
is thin, and the labia surface has distinct or
indistinct longitudinal ridges.

DiMENSIONS: Upper cheek teeth (L X W X
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H1[= hl — h2], in mm): M1/2 (V 11454.1),
41 X ? X ? (h1 = 11.1); LML2 (V
11453.6), 3.14 X 3.3 X 88 (= 9.8 — 1);
RM3 (V 11454.2), 3.95 X 4.1 X 9.85 (10.25
— 0.4); and LM3 (V 11454.3), 3.73 X 4.1 X
10.96 (= 11.46 — 0.5). See table 3 for lower
cheek teeth.

ComPARISON: Cyclomylus intermedius is
an intermediate form between C. lohensis
and C. biforatus in tooth morphology. It dif-
fers from C. biforatus in having a single in-
fraorbital foramen, three roots on upper
teeth, and two roots on lowers. The crown is
higher than in C. lohensis. The height differ-
ence of the enamel is larger than in C. loh-
ensis, nearly twice that of the latter. For ex-
ample, in C. intermedius the height differ-
ence on p4 is 11.34 mm, whereas in C. loh-
ensis it varies from 4 mm to 6.4 mm (see
tables 2 and 3). In addition, the lower molars
extend buccal to lower incisor, whereasin C.
lohensis they are above the lower incisor.
The eruption intervals of the cheek teeth are
longer than in C. lohensis.

Cyclomylus biforatus, new species
Figures 24-27; table 4

HoLoTtyre: An incomplete skull (IVPP V
11442), from IVPP Loc. 77046, Saint
Jacques, Nei Mongol, China.

REFERRED SPECIMENS. IVPP V 11441,
11443-11452.

GeoLocIcAL RANGE: Late early Oligocene
(upper member of Wulanbulage Formation).

GEOGRAPHIC DISTRIBUTION: Saint Jacques
(IVPP Locs. 77045 [V 11441], 77046 [V
11442, 11443], 77046 [white bed 1] [V
11444], 77047 [V 11445], 77049.2 [V
11446], 77049.3 [V 11447] and other locality
[V 11448]) and Qianlishan District (IVPP
Locs. 78018 [79] [V 11449], 78018 [upper
part] [V 11450], 78019 [V 11451] and 79016
[V 11452]), Nei Mongol, China.

DiaGNosis: Infraorbital foramen is sepa-
rated into two foramina; cheek teeth high
crowned with great unilateral hypsodonty
and with only one main, closed root and
without small roots, M1-2 originate medial
to upper incisor.

ETtymoLoGy: Biforatus, Latin, double
holes. The name indicates that the infraor-
bital foramen into two foramina
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TABLE 3
M easur ements (mm) of Lower Cheek Teeth
of Cyclomylus intermedius, new species

rvpp IVPPV 11455 AMNH

Tooth V 823* Left Right 81235 82183 85543
p4-m3,L  18.00 18.15 17.56 14.60
ml-3,L 13.60 11.84 1200 1296 11.40
p4, L 5.34 555 496 372
p4, W 4.96 485 440 3.66
p4, hl 14.80 14.90
p4, h2 0.40
p4, h3 3.40 3.00
p4, H1 14.50
p4, H2 11.40 1190 11.20
ml, L 380 3.50 485 420
ml, W 590  4.50 372 390 334
m2, L 395 375 372 580 467 376
m2, W 520 430 4.20 416 433 335
m3, L 374 342 465 436 375
m3, W 486 370 372 380 3.18
m3, hl 6.60 10.00  7.55
m3, h2 1.10
m3, H1 8.90
* Holotype.

DescriPTION: The rostrum is slender and
long. The anterior end of the zygomatic arch
is formed by a broad vertical maxillary root.
On the ventral side there is a scar for the
masseteric muscle. The infraorbital foramen
is small and oval in shape. The major axisis
nearly vertica and perpendicular to the an-
terior margin of the ventral surface of the
anterior zygomatic root. One of the particular
features is that the infraorbital foramen is
separated by a small bony plate into two fo-
ramina. Between P4 and the incisive foramen
no indication of antepremolar crest is pre-
sent. The two cheek tooth rows are nearly
paralel to each other. The upper incisor ex-
tends lateral to M1-2. The P4 grows from
below the posterior part of the upper incisor
alveolus, and the M1-2 grow medial to the
upper incisor. The lower cheek teeth grow
from above the lower incisor.

The cheek teeth are highly crowned with
great unilateral hypsodonty and have only
one main closed root and thick cement on
walls. The occlusal surface is oval in shape,
having a core when worn. As in other Cy-
clomylus, the dentine part is very short and
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the pulp cavity is well developed, cylindrical
in form, and with a flat or concave top.

In this species only the upper incisor is
known. As in other tsaganomyids, it is tri-
angular in cross section. Its labial surface is
flat with longitudinal ridges.

DIMENSIONS: See table 4.

ComPARISON: Cyclomylus biforatus differs
from C. lohensis and C. intermedius in infra-
orbital foramen being separated into two fo-
ramina and cheek teeth being higher crowned
and having only one closed root.

Coelodontomys, new genus

Tsaganomys Matthew and Granger, 1923 (partim).
Vinogradov and Gambaryan, 1952 (partim).
Shevyreva, 1974a. Bryant and McKenna, 1995
(partim). McKenna and Bell, 1997 (partim).
Cyclomylus Matthew and Granger, 1923 (partim).

NEW SYNONYMY.

TvyPe Seecies: Coelodontomys asiaticus,
new and only known species.

GeoLoGICAL RANGE: late early Oligocene.

GEOGRAPHIC DisTtrRIBUTION: North China,
Mongolia, and Kazakhstan.

ErymoLocy: Coelodontomys, Greek; koil-
os, hollow; odontos, tooth; and mys, mouse.
The name indicates that the cheek teeth have
developed pulp cavity.

DiacNnosis: Medium-sized tsaganomyid,
nasal extending slightly posteriorly, with na-
sal-frontal suture in one line with premaxil-
lary-frontal suture; small oval infraorbital fo-
ramen with nearly vertical major axis, almost
perpendicular to anterior margin of ventral
surface of anterior zygomatic root; left and
right antepremolar crests convergent forward
but not merging; premaxillary-maxillary su-
ture intersects the two antepremolar crests;
angle between dorsal surface of posterior
part of upper incisor alveolus and occlusal
surface of cheek teeth near 60°; P4 concave
buccally, passing by ventral and reaching
buccal side of upper incisor; upper molars
extending to orbital region passing by upper
incisor on the medial side; lower cheek teeth
concave medially or anteromedialy; p4 ex-
tends from above lower incisor, but lower
molars buccal to lower incisor; cheek teeth
strongly unilarterally hypsodont, with open
roots, very short dentine part, well-devel oped
cylindrical pulp cavity, and covered by ce-
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ment; enamel on occlusal surface dlightly
thick, occlusal pattern lost early and usually
with core when worn; lower cheek teeth with
hypertrophic hypoconid, oval p4 with narrow
trigonid; PE of lower incisor enamel thin,
with near 30° inclined prisms, HSB inclined
at nearly 30° and composed of 4-5 prisms.

Coelodontomys asiaticus, new genus and
species
Figures 13C, 28-31; table 5.

Tsaganomys altaicus Matthew and Granger, 1923
(partim): 2—4, figs. 1 (partim), 2 (partim), 3, 4A.
Vinogradov and Gambaryan, 1952 (partim): 23,
24. Bryant and McKenna, 1995 (partim): 5-16,
figs. 3 (partim), 4, 5, 10A, 11A. Shevyreva,
1974a: 46, figs. 1v, g, 6, 7, 8. NEW SYNONYMY.

Cyclomylus lohensis Matthew and Granger, 1923
(partim): 5. NEW SYNONYMY.

Tsaganomys sp. Emry et al. 1998: 308-310, fig.
8B. NEW SYNONYMY.

HoLoTtyPe: A nearly complete skull
(AMNH 21675), from Hsanda Gol Forma-
tion, Field. no. 531, Grand Canyon, north of
Tsagan Nor, Mongolia, figured by Bryant and
McKenna, 1995: figure 4. (Note that this fig-
ure is actual size. The scale is incorrect.)

REFERRED SPECIMENS: IVPP V 11427—
11440; AMNH 19021-19025, 19028, 19029,
19033-19035, 19038, 19099, 21659, 21676—
21678, 21691, 22085, 56625, 81219, 81221,
81222, 81235, 81273, 81335, 81347, 81396,
81397, 81468, 81469, 81472, 81482, 81484,
81485, 81990A, 81993, 81995-81998, 82251,
82255, 82266, 82271, 82278-82281, 82284,
82400, 83502-83504, 83506, 83507, 83521,
83541, 83548-83554, 83556, 83557, 83559—
83561, 83565, 83579, 83583, 83589, 83599,
8360183604, 8361183614, 8361683620,
83625, 83627, 83628, 83630—83632, 83635,
83642, 83645, 83648, 8432984331, 84333—
84340, 84342, 84344-84346, 84497-84500,
84502-84504, 84506, 84507, 84509, 84511,
84512, 84514, 84515, 84518-84521, 84523,
84526, 84535, 84546, 85183, 85185-85188,
85194, 85239, 85242, 85244, 85245, 85248,
85254, 85259, 85262, 85267—85269, 85274,
85277-85281, 85287, 85318, 85538, 85544,
85738, 85741, 85743, 85745; PIN 475-3878,
47540; and K35(15)/425.

GeoLocIcAL RANGE: Late early Oligocene
(upper member of Wulanbulage Formation,
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upper part of Ulantatal Formation, Hsanda
Gol Formation and Buran Formation).

GEOGRAPHIC DISTRIBUTION: Saint Jacques
(IVPP Locs. 77045 [IVPP V 11427], 77046
[V 11428], 77047 [V 11429], 77049 [V
11430, V 11431], 77049.1 [V 11432],
77049.2 [V 11433], 77049.3 [V 11434],
77049.7 [V 11435], 78020 [V 11436]), Qian-
lishan District (IVPP Loc. 78018: V 11437),
Ulantatal (V 11438) of Nei Mongol, Ching;
Grand Canyon and other localities of Tsagan
Nor Basin, Mongolia (V 11439, V 11440,
and other specimens in AMNH); and K15,
Podorpzhnik, Zaysan Basin, Kazakhstan
[K35(15)/425].

DiaGNosis: As for genus.

ErymoLogy: Asiaticus, Latin, Asian.

DescripTION: Bryant and McKenna (1995)
carefully described Tsaganomys altaicus but,
unfortunately, based their description on a
mixture of specimens, some of which are re-
ferred to Tsaganomys (AMNH 19037), Cy-
clomylus (AMNH 81927, 82183, 84545), and
others to Coelodontomys (AMNH 21675,
19021, and 19023), respectively, in the pre-
sent paper. Their description of the skull is
mainly based on AMNH 21675 and 19021.
These two specimens are now referred to
Coelodontomys asiaticus, of which AMNH
21675 is the holotype. To some extent, what
they described is the skull of Coelodontomys.
A few additional remarks are given below.

Taken as a whole, the skull of Coelodon-
tomysis similar to that of Tsaganomys. How-
ever, there are some important differences
between them. In Coelodontomys the range
of variation in size is not as large as in Tsa-
ganomys. It is usually medium sized. The na-
sals extend more posteriorly than in Tsagan-
omys. The nasal-frontal suture is nearly
straight or convex posteriorly and almost in
one line with the premaxillary-frontal suture.
As in Tsaganomys the temporal fossae are
large and the distinct temporal crests arise
from the prominent anterior process medial
to the orbit and turn posteromedialy to
merge into the sagittal crest, which, in turn,
meets the occipital crest. On the dorsal view
the narrowest part of the skull isin the post-
orbital constriction area rather than in the in-
terobital constriction. The strong zygoma is
much arched outward.

The antepremolar crests from P4 to the in-
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Fig. 24. Ventral view of skull of Cyclomylus biforatus, new species (IVPP V 11442, holotype) (in

stereo). Scale = 1 cm.

cisive foramen are nearly straight, are con-
vergent toward the incisive foramen, but do
not merge. The premaxillary-maxillary su-
ture crosses the two crests. In anterior view
the small oval infraorbital foramen is slightly
inclined, with a nearly vertica mgor axis
that is amost perpendicular to the anterior
margin of the ventral surface of the anterior
zygomatic root. The pterygoid fossais small,
shallow, and not perforated.

As in Tsaganomys the pocket formed by
lachrymal, jugal, and maxillary isinterpreted
here as the eye socket. The orbit is very
small. The procumbent upper incisor extends
backward to the buccal side of the M1-2.
The dorsal line of the posterior part of the
upper incisor aveolus and the occlusal sur-

face of the upper cheek teeth form an angle
of nearly 60°, which is larger than in Tsa-
ganomys. The upper molars extend to the or-
bital area, passing by the medial side of the
upper incisor. Unlike in Tsaganomys, how-
ever, P4 is strongly concave buccally, pass-
ing ventrally to reach the buccal side of the
upper incisor (fig. 28).

The mandible is similar to that to Tsagan-
omys, and the lower cheek teeth are concave
lingually or anterolingually. The lower mo-
lars originate buccal to the lower incisor.
However, p4 grows from above the lower in-
cisor, which is similar to that of Cyclomylus
but different from that of Tsaganomys.

The cheek teeth, asin Tsaganomys, are cy-
lindrical, strongly unilaterally hypsodont,
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Fig. 25. Skull of Cyclomylus biforatus, new species (IVPP V 11442, holotype). A. Anterior view.

B. Left lateral view. C. Ventral view.

and with open roots. The enamel, extending
from occlusal surface to the base, covers the
anterolingual side on the upper cheek teeth
but the posterobuccal side on the lowers.
There is always cement covering the side

walls. On the occlusal surface the enamel is
thicker than in Tsaganomys but thinner than
in Cyclomylus. With wear the occlusal pat-
tern is lost early; the occlusal surface be-
comes smooth and concave and usually has
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Fig. 26. Occlusal view of cheek teeth of Cy-
clomylus biforatus, new species A. Left PA-M3
(IVPP V 11442, holotype). B. Left m1-3 (IVPP
V 11447).

a core, which is glightly convex and usually
similar to the contour of the tooth in shape.
Different from Tsaganomys but similar to
Cyclomylus, the dentine part is very short in
height and the pulp cavity is well developed.
The ratio of the dentine part to the pulp cav-
ity is very small, even smaller than in Cyclo-
mylus. The primary dentine seems to stop
growing early. As the primary dentine is
worn away, the void is replaced by the sec-
ondary dentine, which forms a core. The
pulp cavity is usualy cylindrical in shape,
with its walls parallel to those of the tooth
and with a flat or concave top.

The occlusal pattern is more similar to that
of Cyclomylus than Tsaganomys. It is weaker
than in the former, with more slender crests
and shallower valleys. The cheek teeth are
four crested. The p4 is oval in occlusal view,
with a very narrow trigonid. The protoconid
and metaconid are close to each other, and
the metalophid Il is very short. The metalo-
phid | is absent. The trigonid basin forms a
very narrow fissure opening anteriorly. The
hypertrophic hypoconid is the largest of the
main cusps, extending anterobuccally. The
hypolophid is weak. The molars are similar
to p4 but with a wider trigonid.

As in Tsaganomys, the incisors are trian-

Fig. 27. Cheek teeth of Cyclomylus biforatus,
new species. A. Left upper molar (IVPP V
11443.1). A1. Occlusal view. A2. Posterior view.
A3. Buccal view. B. Bucca view of logitudinal
section of right upper molar (IVPP V 11443.2).
See figure 10 for abbreviations.

gular in cross section, with distinct or indis-
tinct longitudinal ridges on the labial surface.
The incisor enamel is multiserial with rela-
tively thin PE; its ratio to total enamel thick-
ness is near 17%. Its total enamel thickness
is near 110-139um, thinner than in Tsagan-
omys. The HSB is composed of 4-5 prisms
and has 25-30° inclination. The inclination
of the prisms of PE is near 30°.

DIMENSIONS: See table 5.

Discussion: While describing Tsagano-

TABLE 4
M easur ements (mm) of Cheek Teeth
of Cyclomylus biforatus, new species

IVPP V 11442 VPP
Tooth Left Right Tooth V 11447

P4-M3, L 14.60 13.35 ml-3,L 1530
M1-3, L 11.00 10.20 ml, L 4.80
P4, L 3.45 3.40 ml, W 6.00
P4, W 4.28 4.20 m2, L 5.20
M1, L 295 2.95 m2, W 6.00
M1, W 4.14 4.20 m3, L 4.84
M2, L 3.30 3.30 m3, W 5.34
M2, W 4.37 4.12

M3,L 4.05 4.05

M3, W 4.07 3.96
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Fig. 28. Coelodontomys asiaticus, new genus and species, showing the relations between incisors
and cheek teeth. A. Left upper jaw with 12, PA-M2 (AMNH 85277). A1l. Medial view. A2. Anterior
view. A3. Buccal view. B. Anterior view of transverse section across p4 of right lower jaw (IVPP V
11434). C. Right lower jaw with i2, pA—m3 (AMNH 83521). C1. Buccal view. C2. Anterior view.
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Fig. 29. Coelodontomys asiaticus, new genus and species A. Occlusal view of left lower jaw with
p4—m3 (AMNH 84344). B. Occlusal view of upper jaw with left and right P4A-M3 (AMNH 83541) (in

stereo). Scale = 1 cm.

mys altaicus, Matthew and Granger (1923)
mixed the specimens presently referable to
both Tsaganomys altaicus and Coel odonto-
mys asiaticus. Of their paratypes only
AMNH 19020 and 19037 belong to T. al-
taicus. The other specimens, including
AMNH 19029, 19033, and 19038 (I have
not seen AMNH 19030), belong to Coelo-
dontomys asiaticus. Figure 1 of Matthew
and Granger (1923) is a reconstructed skull
based on both T. altaicus (holotype, AMNH
19019) and C. asiaticus (AMNH 19021 and
19033). Their figures 3 and 4 showed the

specimens belonging to C. asiaticus. As
mentioned above, Shevyreva (1972, 1974a)
distinguished two forms among the strong
hypsodont tsaganomyids. Unfortunately
Beatomus bisus is a synonym of Tsagano-
mys altaicus, and her Tsaganomys altaicus
is actually Coelodontomys asiaticus. Bryant
and McKenna (1995) lumped all the known
tsaganomyid taxa into one species Tsagan-
omys altaicus. However, Coelodontomys is
generically different not only from Cyclo-
mylus but also from Tsaganomys. The dif-
ferences are listed in the table 6.
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Fig. 30. Coelodontomys asiaticus, new genus and species. A. Occlusal view of right P4-M3 (AMNH
83541). B. Left lower jaw with i2, p4A—m3 (AMNH 84344). B1. Occlusal view. B2. Buccal view. B3.

Posterior view.

DISCUSSION

THE STRUCTURE OF CHEEK TEETH OF THE
TSAGANOMYIDAE

The cheek teeth of the Tsaganomyidae are
al unilaterally hypsodont, and the occlusal pat-
tern is lost early in wear. However, the tooth
structure of Tsaganomys is quite different from
that of Cyclomylus and Coelodontomys. In
Tsaganomys the dentine part is well developed,
aways deeper than the pulp cavity in height.
The primary dentine grew continuousy with
the growth of the tooth. With wear, the occlusal
surface became smooth, lacking a core of sec-
ondary dentine. Therefore, it is made totally of
primary dentine. In Cyclomylus and Coelodon-
tomys the dentine part is short, but the pulp

cavity iswell developed and high. As the tooth
aged, it does not seem the primary dentine
grew continuoudy as in Tsaganomys, but the
pulp cavity grew higher and higher and the
tooth walls became thin. This kind of tooth
seems physicaly weak, even if it is very high
crowned. When considerably worn, the short
primary dentine in the center of the tooth was
lost, and the pulp cavity became uncovered on
the occlusal surface so that a hole can be seen
extending from the surface to the pulp cavity
in some teeth. To reinforce the tooth secondary
dentine filled this hole, forming a core.

P3 Or dP3 oF TSAGANOMYIDAE

In the diagnosis of Tsaganomys, Matthew
and Granger (1923: 2—4) mentioned that the
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Fig. 31. Cheek teeth of Coelodontomys asiaticus, new genus and species. A. Right upper molar
(IVPPV 11428). Al. Occlusal view. A2. Anterior view. A3. Buccal view. A4. Posterior view. B. Buccal
view of longitudinal section of cheek tooth (IVPP V 11433). Abreviation as in figure 10.

TABLE 5
M easurements (mm) of Cheek Teeth
of Coelodontomys asiaticus, new genus and species

Tooth N Min Max Aver S v
P4-M3,L 19 1530 2446 1870 244 594
M1-3,L 20 11.68 20.03 1420 212 448
P4, L 19 324 520 403 061 037
P4, W 19 330 6.15 489 097 094
M1, L 21 312 5.46 397 057 032
M1, W 20 410 734 565 073 054
M2, L 21 366 494 430 039 0.15
M2, W 21 440  6.60 556 066 043
M3, L 19 374 6.10 463 065 043
M3, W 19 340  6.40 479 085 072
p4—m3, L 10 1605 2507 20.14 292 8.53
ml-3,L 11 1190 18.83 1498 212 451
p4, L 12 4.06 5.50 457 048 023
p4, W 12 4,63 6.57 555 077 0.60
ml, L 13 3.46 5.60 423 067 046
ml, W 13 490 7.17 597 077 059
m2, L 12 378 5.50 424 054 029
m2, W 12 450 6.14 532 057 033
m3, L 10 335 434 369 032 010
m3, W 10 420 595 488 0.64 041

dental formula of the cheek teeth was 4/4 and
dP3 and dP4 were present. In the diagnosis
of Cyclomylus lohensis they stated (1923: 5),
“The permanent premolar is preceded by a
minute, simple dP3 and a large round mo-
lariform dP4, as in Tsaganomys.” Obviously
they thought that in both Tsaganomys and
Cyclomylus two upper deciduous teeth, dP3
and dP4, were replaced by only one premo-
lar, P4, and P3 was never present. In his di-
agnosis of the Tsaganomyinae Wood (1974:
50) mentioned ““milk teeth dP3—4/dp4; per-
manent cheek teeth reduced to P4/p4, M1-3/
m1-3).” Later, however, misinterpretations
of dP3 as P3 by some paleontologists have
led the classification of the tsaganomyids
into confusion. Shevyreva (1972) considered
the presence of P3 one of the main features
of her new genus, Sepulkomys, because she
thought dP3 and dP4 of PIN 475-50 as P3
and P4. Kowalski (1974: 159) even thought
that Cyclomylus lohensis had a P3. This was
accepted as the main feature of Cyclomylus
lohensis distinct from Tsaganomys by Huang
(1993). Bryant and McKenna (1995: 8) men-
tioned that ‘‘the tooth in question is actually
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Comparison of Characters among 'I-I'—gSaLnEor?wys Cyclomylus, and Coelodontomys
Character Tsaganomys Cyclomylus | Coelodontomys
Nasal—frontal suture More anterior to pre- Nearly in one line with pre-
maxillary-frontal suture maxillary—frontal suture
Left and right antepremolar Curved and merge into one Absent Nearly straight, convergent

crests

before reaching incisive
foramen

anteriorly, but not merging
into one

Major axis of infraorbital
foramen

Nearly horizontal, almost
parallel with ventral surface
of anterior zygomatic root

Nearly vertical, almost
perpendicular to ventral
surface of anterior zygo-
matic root

Nearly vertical, almost
perpendicular to ventral
surface of anterior
zygomatic root

Angle between dorsal
margin of posterior part of
12 alveolus and occlusal
surface of cheek teeth

Near 40°

Near 60°

Near 60°

Relation between P4 and 12

P4 extends medial to 12

P4 extends below 12

P4 extends buccoventral
to 12

Relation between p4 and i2

p4 grows buccal to i2

p4 grows above i2

p4 grows above 12

Cheek teeth

Strongly unilaterally hypso-
dont, with open roots

Unilaterally hypsodont,
with closed roots

Strongly unilaterally hypso-
dont, with open roots

Dentine part

Well developed

Reduced

Reduced

Pulp cavity

Relatively short, nearly
conic, with pointed apex

Well developed, nearly
conic, decreased to base,
with flat or concave top

Well developed, nearly
cylindrical, with flat or
concave top

Enamel on occlusal surface Very thin Thick Thin
Occlusal pattern Very weak Prominent Distinct
Core Absent Present Present

Lower cheek teeth

Concave anterolingually

Slightly concave lingually

Concave lingually or

anterolingually
Hypoconid Not hypertrophic Hypertrophic Hypertrophic
Hypoflexid Nearly transverse Oblique Oblique

p4 on occlusal view

Nearly square, with wide
trigonid

Oval, with very narrow
trigonid

Oval, with very narrow
trigonid

Protoconid and metaconid
on p4

Separated widely by
long metalophid II

Close to each other, with
short metalophid 11

Close to each other, with
short metalophid IT

Metalophid I of p4 Present but low Absent Absent

Trigonid basin of p4 Wide and short Narrow Very narrow fissure
Total enamel thickness of i2 170-185 pm Near 80 pm 110-139 pm
PE/total enamel thickness Near 10% Near 40% Near 17%

of i2

Inclination of prisms of 0° Near 30° Near 30°

PE of i2

Inclination of HSB 20-30° Near 30° 25-30°

Number of prisms per HSB 5-7 34 4-5
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a dP3 that is lost early in life and not re-
placed.” They came to the same conclusion
as Matthew and Granger (1923). As far as |
know the specimens, which preserved dP3
(see Bryant and McKenna: 19, table 2), be-
long to either Cyclomylus or Coelodontomys.
So far no specimen of Tsaganomys altaicus
preserving dP3 has ever been found. In Cy-
clomylus and Coelodontomys dP3 occurred
but it was lost early in life and was not re-
placed, whereas in Tsaganomys it is uncer-
tain whether dP3 was present or not.

ANALYSIS OF SOME FEATURES OF SKULL AND
MANDIBLE OF THE TSAGANOMYIDAE

Vinogradov and Gambaryan (1952) ana-
lyzed the masticator muscle and the muscle
of the anterior limb of the tsaganomyids.
Some supplementary analysisis given below.
The Tsaganomyidae have many particular
features, which can indicate something about
their ecology and relationships with other ro-
dents. These features are

(1) protrogomorphous skull with small in-
fraorbital foramen, which is not the passage
for the masseter muscle;

(2) temporal fossa tremendous, sagittal
and occipital crests very prominent, with
pronounced anterior process;

(3) zygomatic arch very robust and strong-
ly flared lateraly, with rough area for mas-
seteric muscle on the ventral surface;

(4) jugal enlarged and extending anteriorly
to meet the premaxillg;

(5) pterygoid fossa small, shallow, not per-
forated;

(6) glenoid fossa broad, short, and shal-
low;

(7) hystricognathous mandible with large,
flared, but not very much posteriorly extend-
ed angular process,

(8) coronoid process high;

(9) condyloid process with wide, short, tri-
angularly convex articular surface;

(10) postcondyle expansion absent;

(11) masseteric fossa large and deep, with
weak upper and lower masseteric crests;

(12) small fossa present anterior to the
masseteric fossa;

(13) lower margin of angular process is
rough;

(14) distinct longitudinal crest separating
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medial fossa from flat lower part on the lin-
gual side of angular process,

(15) occlusal surface of cheek tooth row
with steplike profile; and

(16) cheek teeth cylindrical, unilaterally
hypsodont, with occlusal pattern lost early in
wear, and the worn occlusal surface concave
bordered by high margin.

Among these features, character (2) and
(8) indicate that the tsaganomyid temporal
muscle was voluminous. The anterior pro-
cess of the sagittal crest is interpreted as the
anterior origin of the temporal muscle. It is
situated anterior to P4 in position, and a dis-
tinct anteroventral crest is present postero-
medial to the orbit. These features indicate
that the temporal muscle had a well-devel-
oped orbital part in the tsaganomyids. The
primary function of this muscle was to close
the jaw. This voluminous temporal muscle
may have been correlated with the special-
ized mode of life in the tsaganomyids, char-
acterized by digging and crushing rather than
by propalinally chewing food.

Probably the extremely large temporal
muscle needed a very large space. Therefore
the zygoma forms a strong laterally convex
arch. To strengthen the zygoma the jugal is
enlarged and extends anteriorly to meet the
premaxillary. Corresponding to the strongly
laterally convex zygoma, the angular process
of the lower jaw becomes very large and
flared. This is apparently associated with the
strongly convex zygoma.

Character (1) indicates that the masseter
muscle did not pass through the infraorbital
foramen. The small pocket formed by the ju-
ga, lachrymal, and maxillary is the eye
socket rather than a depression for the at-
tachment of the anterior part of the masseter
muscle. As in other protrogomorphs, the
masseter medialis of the Tsaganomyidae was
not elongate forward and its origin did not
shift forward. It may have originated from
the medial side of zygoma and inserted on
the masseteric fossa of the lower jaw. It was
strong and pulled the lower jaw in amost a
vertical direction. Generally, the horizontally
lying posterior part of masseter lateralis pro-
fundus is often associated with the posterior
expansion of the mandible (= postcondyloid
process) (Woods, 1972). However, character
(10) indicates that the masseter lateralis in
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the tsaganomyids was not as elongated and
did not lie as horizontally as in hystrico-
morphs but was short, strong, and mainly
vertically directed.

As in the Hystricognathi there is a groove
between the angular process and the lower
incisor alveolus for the masseter superficialis
in the Tsaganomyidae. However, character
(14) indicates that the groove was restricted
by a distinct longitudinal crest, which may
represent the upper margin of the insertion
of the pars reflexa of the superficial masseter.
As so interpreted, the insertion of this part of
masseter muscle was low and restricted on
the flat lower part and rough ventral margin
of the angular process.

According to Woods (1972) the elongated
and horizontally lying masseteric muscle is
an important component of the propalinal
masticatory apparatus of the rodents. Its
function is to force the lower jaw anteriorly
in propainal chewing. In the tsaganomyids
the main function of the masseter muscle was
nearly vertical, and the muscles were mainly
associated with crushing and transversely
chewing rather than with anteroposterior
movement of the lower jaw.

The pterygoid muscles are important com-
ponents of the rodent jaw musculature. To
accommodate the propalinal movement the
pterygoid muscles increase in length and lie
in a more horizontal plane. This is accom-
plished by the movement of the origin of the
internal pterygoid muscle deep into the pter-
ygoid fossa, through movement of the inser-
tion of the internal pterygoid muscle distally
onto the posteriorly extended angle of the
mandible, and by movement of the insertion
of external pterygoid muscle onto the post-
condyloid process. As a result, the pterygoid
fossa becomes enlarged or even open into the
orbit or braincase, and a prominent postcon-
dyloid process is present. In the tsagano-
myids, however, characters (5), (10) and (13)
indicate that as in other protrogomorphs their
pterygoid muscles did not increase in length
and did not lie horizontally (Wood, 1965).
Obviously the main function of these mus-
clesin the tsaganomyids was to pull the low-
er jaw mediad and serve a transverse motion
in chewing food.

In rodents a greater anteroposterior shift of
the lower jaw is alowed by the elongation
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of the glenoid fossa and condyloid process
in an anteroposterior direction. However, the
condition of the tsaganomyids is contrary
(see characters [6] and [9]). This indicates
that the mouth of the animal could open very
widely and the mandible could move rather
freely in different directions, but the propal-
inal movement was limited.

The flathess of the worn cheek tooth sur-
face in many rodents is an indication that the
animal chews propalinally. In the tsagano-
myids the steplike occlusal surface of the
cheek tooth row, character (15), obviously
hindered the propalinal chewing of the lower
jaw when the upper and lower cheek teeth
came into contact.

It seems that the tsaganomyids were adapt-
ed for a fossorial mode of life. They had a
low, broad skull with a narrow rostrum and
strong and procumbent incisors and could
open their mouth widely. The well-devel-
oped temporal muscle and the short, verti-
caly oriented masseter and pterygoid mus-
cles could close the mouth quickly. They
may have dug with their lower jaw and
crushed and chewed food transversely rather
than propalinaly. In addition, their tooth
morphology (character [16]) is similar to
some of the edentates. Possibly they had sim-
ilar feeding habits, adapted to feed on insects
and worms.

PHYLOGENETIC RELATIONSHIPS AMONG THE
GENERA OF THE TSAGANOMYIDAE

The Tsaganomyidae comprises five spe-
cies in three genera. Among the genera, Cy-
clomylus seems the most primitive. Tsagan-
omys and Coelodontomys, sharing high-
crowned, unilaterally hypsodont cheek teeth,
have been confused for a long time. How-
ever, tooth structure, occlusal pattern, and the
relation between the incisor and the forth
premolar are quite different between them.
On the contrary, Cyclomylus and Coelodon-
tomys have a closer relationships than either
do with Tsaganomys. They share such de-
rived features as an infraorbital foramen with
a nearly vertica major axis, a larger angle
between the dorsal surface of the posterior
part of upper incisor alveolus and the occlu-
sal surface of the cheek teeth, cheek teeth
having a reduced dentine part, a well-devel-
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oped pulp cavity, a secondary dentine core,
and incisor enamel having inclined prisms of
PE. Although the cheek teeth of Tsaganomys
and Coelodontomys have a similar evolution-
ary tendency, becoming strongly unilaterally
hypsodont, their evolutionary direction is
quite different. In Tsaganomys the dentine
grows continuously with tooth growth and
the premolar growth mimics that of the mo-
lars. P4 reaches the medial side of 12 and p4
extends to buccal side of i2 as do the lower
molars. In Coelodontomys, when cheek teeth
grow the pulp cavity grows but the dentine
part stops growing. The premolars proceed
in adifferent path from the molars: P4 passes
by the ventral side of 12, reaches the buccal
side of 12, and is separated from the upper
molars by the posterior part of the upper in-
cisor, and p4 extends to dorsal side of the
incisors, not to the buccal side as do the low-
er molars. Obviously, Tsaganomys and Coe-
lodontomys represent two different lineages
initially. The cylindrical, strongly unilaterally
hypsodont cheek teeth common to both Tsa-
ganomys and Coelodontomys are the result
of parallel evolution. Therefore, Coelodon-
tomys and Cyclomylus may form a sister
group to Tsaganomys. Within Cyclomylus, C.
lohensisis the most primitive species, where-
as C. biforatus is the most advanced, with C.
intermedius lying in between.

BIOSTRATIGRAPHIC DISTRIBUTION OF THE
TSAGANOMYIDAE

The Tsaganomyidae ranged through avery
short geological time in central Asia (from
early Oligocene through early late Oligo-
cene, perhaps to early Miocene). They are
index fossils for the Asian Oligocene. With
their relationships now resolved, the geolog-
ical range of the genera and species of the
Tsaganomyidae becomes clear (fig. 32). The
most primitive taxon, Cyclomylus lohensis,
appeared in the early early Oligocene. Cyclo-
mylus intermedius made its first appearance
in early early Oligocene as well but may be
dightly later than C. lohensis. Cyclomylus
lohensis made its first appearance in the 13th
level of the Wulanbulage Formation (IVPP
Loc. 79010 and the 4th level of section
XIIH), whereas C. intermedius appears in
the 16th level, just below the boundary of
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the upper and lower members of Wulanbu-
lage Formation. Cyclomylus biforatus and
Coelodontomys asiaticus were restricted to
late early Oligocene. Tsaganomys altaicus
made its first appearance in late early Oli-
gocene. By the early late Oligocene Cyclo-
mylus and Coelodontomys were extinct, and
only Tsaganomys survived. The cheek tooth
structure may be one of the major reasons
why Tsaganomys survived longer than did
Coelodontomys and Cyclomylus. The cheek
teeth of Tsaganomys were stronger than
those of Coelodontomys and Cyclomylus and
could have lasted longer in life.

RELATIONSHIPS OF TSAGANOMYIDAE WITH
OTHER RODENTS

The relationships of the Tsaganomyidae
with other rodents have long posed a puz-
zling problem. There have been four differ-
ent hypotheses: (1) the tsaganomyids were an
Asian ancestor of the bathyergids, without
relation to cylindrodontids (Matthew and
Granger, 1923; Landry, 1957); (2) the tsa-
ganomyids were derived from the cylindro-
dontids, and the relation with bathyergids is
obscure (Burke, 1935, 1936; Wood, 1937,
1970, 1974); (3) the bathyergids originated
from the tsaganomyids, which, in turn, were
derived from Asian cylindrodontids (Wood,
1980, 1985; Patterson and Wood, 1982); and
(4) Tsaganomys and Hystricognathi form a
sister group to the Ctenodactylidae (Bryant
and McKenna, 1995).

RELATIONSHIP BETWEEN THE TSAGANOMYI-
DAE AND BATHYERGIDAE: Matthew and
Granger (1923) considered the tsaganomyids
as the fossil record of the Bathyergidae and
put them in a separate subfamily of the Bath-
yergidae. They suggested that Tsaganomys
might be the Asiatic ancestor of the Bath-
yergidae. Landry (1957) agreed with them
and further thought the tsaganomyids to be
more closely related to bathyergids and put
them in the Bathyerginae with Bathyergus.
The main similarities he mentioned between
these taxa are protrogomorphy, hystricogna-
thy, and hypsodonty. However, Landry
(1957: 73) was very careful when he said,
“* Tsaganomys should be reexamined to see if
the pterygoid fossa communicates with the
orbit in this genus. Itsincisors should be sec-
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Fig. 32. Biochronologic distribution of the Tsaganomyidae.

tioned to check the pattern of the enamel
prisms, and, if necessary, its tympanic bullae
should be opened to see whether the malleus
and incus are fused.” Now it is evident that
in the tsaganomyids the pterygoid fossa is
small and not open into the orbit, and the
malleus and incus are not fused. These de-
rived traits of Bathyergidae are absent in Tsa-
ganomyidae. In addition, the Tsaganomyidae
have more different derived features than the
Bathyergidae, including horizontal position
of fenestra ovalis, partly covered stepedial
muscle origin, as well as other features (see
Parent, 1993, and Bryant and McKenna,
1995: table 4). The protrogomorphy of the
Bathyergidae has been showed to be second-
ary (Maier and Schrenk, 1987). Obviously
the tsaganomyids and bathyergids do not
have a close relationship.

RELATIONSHIP BETWEEN THE TSAGANOMYI-
DAE AND CYLINDRODONTIDAE: Burke (1935,
1936) first pointed out the possible relation-
ship between the tsaganomyids and Ardyno-
mys. Wood (1937, 1970, 1974, 1980) agreed
with Burke that the tsaganomyids were de-
rived from Ardynomys and formally put the
tsaganomyids in the Cylindrodontidae. This
viewpoint was widely accepted (Simpson,
1945; Vinogradov and Gambaryan, 1952;

Mellett, 1968; Shevyreva, 1971, 1972, 1974a,
1974b, 1994; Kowalski, 1974; Huang, 1993).
The similarities of the skull between the two
taxa were listed as follows: an antorbital crest,
widely expanded zygomatic region, oval in-
fraorbital foramen, and the extension of the
base of the incisor into the orbit (Burke, 1936,
Wood, 1970, 1974). Bryant and McKenna
(1995) analyzed the similarities and differenc-
es between the two taxa in more detail. | agree
with them that the similarities mentioned
above are superficial or plesiomorphous. The
occlusal pattern of the cheek teeth of the Tsa
ganomyidae is strikingly similar to that of
some cylindrodonts. However, the microstruc-
ture of the incisor of the Tsaganomyidae is
different from that of the Cylindrodontidae. In
the Tsaganomyidae it is multiserial, whereas
in the Cylindrodontidae (Cylindrodon and Ar-
dynomys) it is uniserial (Wahlert, 1968: 15;
Martin, 1992: 43). According to presently
available data, the Tsaganomyidae and Cylin-
drodontidae developed in different directions.

RELATIONSHIPS AMONG THE TSAGANOMYI-
DAE, HYSTRICOGNATHI, AND CTENODACTYLO-
IDEA: Bryant and McKenna (1995) suggested
that the Ctenodactylidae is the sister taxon to
the Hystricognathiformes, including Tsagan-
omys and Hystricognathi. They stated that
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““in addition to the morphological characters
from our analysis, this relationship is sup-
ported by embryological (Luckett, 1985), re-
productive and chromosomal (George,
1985), and dental characters (Hussain et al.,
1978; Jaeger et a., 1985; Flynn et a.,
1986).” (Bryant and McKenna, 1995: 34).

It is necessary to point out that the analysis
of the authors mentioned above on the rela-
tionship of the Ctenodactylidae with the Hys-
tricognathi did not include the tsaganomyids.
Luckett (1985: 269) pointed out the difficul-
ties involved in corroborating any hypoth-
eses for the affinities of Sciuridae, Aplodon-
tidae, Castoridae, Anomaluridae, Pedetidae,
and Ctenodactylidae with either of Hystri-
cognathi and Myomorpha, based on the
available developmental data. Wang (1997b)
stated that the evidence from the fossils is
not enough to support the sister group hy-
pothesis of the Ctenodactyloidea with the
Hystricognathi. The dental characters used in
the works of some authors (Hussain et al.,
1978, Jaeger et al., 1985, and Flynn et al.,
1986) were based on isolated cheek teeth of
the Chapattimyidae and Protophiomys,
whose status is still problematic. In addition,
al the other ctenodactyloids have a sciuro-
gnathous mandible, and we have not seen
any material in the Ctenodactyloidea show-
ing the change from the sciurognathy to hys-
tricognathy.

No matter whether the relationship be-
tween the ctenodactyloids and the Hystrico-
gnathi is as close as hypothesized by the au-
thors mentioned above, it is difficult to cor-
roborate the affinities of the Tsaganomyidae
with these two taxa because the Tsagano-
myidae lack the derived features common to
these taxa, including hystricomorphous skull,
large and deep pterygoid fossa, well-devel-
oped lower masseteric crest, fused malleus
and incus, large and anteriorly expanded
malleus head, proximal fusion of the tibia
and fibula, and large hypocone on the upper
cheek teeth. On the other hand, the Tsagan-
omyidae have derived features of their own
(autapomorphies), such as voluminous tem-
poral fossa, prominent sagittal and occipital
crests, robust and strongly convex laterally
zygomatic arch with well-developed jugdl,
which meets the premaxillary to form a plate
with the lachrymal, high ascending ramus
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with high coronoid process, triangularly con-
vex surface of condyloid process, and ab-
sence of a hypocone on upper cheek teeth.
The Tsaganomyidae also have short masseter
and pterygoid muscles, well-developed tem-
poral muscle, and steplike occlusal surface of
the cheek tooth row. These features of the
Tsaganomyidae can be associated with crush-
ing and chewing food transversely. On the
contrary, in the Hystricognathi and the Cten-
odactyloidea the masseter and pterygoid
muscles are elongated and the temporal mus-
cleis very much reduced. These features are
associated with propalinal chewing (Landry,
1957; Woods, 1972). Obviously the Tsagan-
omyidae evolved in an evolutionary direction
distinct from both the Ctenodactyloidea and
Hystricognathi.

The sister group hypothesis of the Tsagan-
omyidae with the Hystricognathi suggested
by Bryant and McKenna (1995) was based
on such derived features as hystricognathous
mandible, reduced lachrymal, and multiserial
enamel microstructure. As mentioned above
the orbital wing of the lachrymal of the Tsa-
ganomyidae is wide. As for the multiserial
enamel, it evidently evolved at least twicein
the Ctenodactyloidea (Martin, 1992), and in
the Tsaganomyidae the enamel structure of
Cyclomylus represents a primitive stage of
the multiserial structure. Possibly the multi-
serial enamel microstructure arose indepen-
dently in the Tsaganomyidae and the Hystri-
cognathi.

The hystricognathous lower jaw is an im-
portant character for classification in Roden-
tia. Although the tsaganomyids and Hystri-
cognathi share the hystricognathous mandi-
ble, the two taxa are different in the form of
the angular process. In the Hystricognathi the
lower masseteric crest is well developed, the
coronoid process is reduced, the condyloid
process is narrow and long, the postcondy-
loid process is usually present, and the an-
gular process usually extends posteriorly
with the insertion of pars reflexa of the su-
perficial masseter high up near and posterior
to the condyle (Woods, 1972: 124). All these
features of the Hystricognathi are associated
with propalinal chewing (Woods, 1972; Lan-
dry, 1957).

However, the characters in the tsagano-
myids are different: the angular process is
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large, strongly flared, and extends ventrally
rather than posteriorly; the lower masseteric
crest is weak; the coronoid process is high;
the articular surface of the condyloid process
is wide, triangularly convex, and without
postcondyloid process; and the insertion of
pars reflexa of masseter superficialis is low.
The Tsaganomyidae did not develop propal -
inal chewing but mainly crushed and chewed
food transversely. Obviously the laterally
flared angular process in the Tsaganomyidae
is due to the strongly laterally convex zy-
goma forced by the strong temporal muscle.
Therefore, the origin of the hystricognathous
mandible of the Tsaganomyidae is indepen-
dent from the typical hystricognathous man-
dible of the Hystricognathi. For simplicity’s
sake, | tentatively call it tsaganomyid-type
hystricognathous mandible.

It seems that the Tsaganomyidae represent
a quite independent lineage. Up to now no
other rodents have been shown to have a
close relationship with it. Thus, | temporarily
consider the Tsaganomyidae as Rodentia in-
certae sedis.

CONCLUSIONS

(1) Cyclomylus lohensis is not a junior
synonym of Tsaganomys altaicus but a valid
genus and species. The concept of Tsagan-
omys altaicus of some authors includes at
least two taxa: Tsaganomys altaicus and
Coelodontomys asiaticus, new genus and
species. Altogether the Tsaganomyidae com-
prises three genera and five species: Tsagan-
omys altaicus, Cyclomylus lohensis, C. inter-
medius, new species, C. biforatus new spe-
cies, and Coelodontomys asiaticus, new ge-
nus and species.

(2) Among the Tsaganomyidae Cyclomy-
lus lohensis is the most primitive genus and
species. Cyclomylus and Coel odontomys rep-
resent one lineage and form a sister group to
Tsaganomys.

(3) The Tsaganomyidae are suggested to
have had a fossorial habit with a diet of in-
sects and worms. The mandible of the Tsa-
ganomyidae has a large flared angular pro-
cess. It is associated with crushing and chew-
ing food transversely and represents a special
type of mandible distinct from the typical
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hystricognathous mandible of the Hystrico-
gnathi.

(4) Biostratigraphic distribution of the Tsa-
ganomyidae shows that Cyclomylus lohensis
appeared earliest in the early early Oligo-
cene. Cyclomylus intermedius appeared in
early early Oligocene but a little later than
C. lohensis. Cyclomylus biforatus and Coel-
odontomys asiaticus were limited to the late
early Oligocene. Tsaganomys altaicus ap-
peared also in late early Oligocene, but sur-
vived into the early late Oligocene (perhaps
into early Miocene). After that the Tsagano-
myidae disappeared in Asia.

(5) The Tsaganomyidae represent a special
independent evolutionary group in the Ro-
dentia and have nothing to do with other
known rodents based on the present available
data.
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