49 % a4 oE HE s Y o R pp.393 —405

2011 410 A VERTEBRATA PALASIATICA figs.1 -3

MEEBRAMEPFHHNEEXRTER
RESHH RS

Olivier MARIDET' 2 2! #  #!
RiRA REFE F &Y

(1 FEBEBE MDY S AU, B RGP E A= Jbat  100044)
(2 EEES B WMENE LI RFEY R LI PA 15705)
(3 SEE [ ALY Ay 10024)

FEE IR T BTSN R Z i S B 2 R R B AT & BRI G . MBERE TR KR4
BRI LS, T R AR A T 21,9 ~ 21,16 Ma Z Ji] o 3X 2124 A 1k 0 AR T B IX AR ol 6
e g sk MORAT UE AR F : 95 AR & B (GBTFl) Democricetodon sui sp. nov. FIAR
A BRARER Democricetodon? sp., ZAEFFEMRD AR UMER 425, 5 R PHH M
BRI b A B e i vty £ B Spanocricetodon R 1) F BT W48 22 B, 75 ER A iy £ BRUZ: v STl IXCigft
FIRHE ™A, 2L 3R (1977) BT SURIR T & BN — A %8 , 5 Democricetodon F1 Pri-
mus JEA BT XA ; LLRTIE ARG & & B SRR 280 9 A AR . 95 By & Bl S ] — M X
Mo 1Y Eucricetodon aff. E. caducus JEAS BB RTR , F BT AT REAS BRI T2 X 19 11 3
206 B, MR 2 AR

RABIA  MERE R A R R it SN, REB WA, i, o R

FEESEE.0915. 873 CEAFRIRM. A XEHE.1000 —3118(2011)04 —0393 — 13

EARLIEST OCCURRENCE OF DEMOCRICETODON IN CHINA,
IN THE EARLY MIOCENE OF THE JUNGGAR BASIN ( XINJIANG) ,
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Abstract New Democricetodon fossils from the Early Miocene of the Junggar Basin ( northern Xinjiang,
China) are described. The specimens come from two localities within the Suosuoquan Formation, which
have been dated by magnetostratigraphy to between 21.9 and 21. 16 Ma ( Aquitanian). This record of
Democricetodon is the oldest so far known in Central and Eastern Asia. Two species are recognized: De-
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mocricetodon sui sp. nov. and Democricetodon? sp. The second species is based on few specimens, in-
sufficient for secure taxonomic identification. Comparisons with other Early Miocene cricetids and re-
examination of the type species of Spanocricetodon confirm that D. sui is characteristic of the Xiejian
age in Central Asia. Our comparisons also confirm that the genus Spanocricetodon sensu lato Li (1977)
is valid and clearly differs from Democricetodon and Primus, and show that some species that have pre-
viously been assigned to Spanocricetodon actually belong to other genera. The clear differences between
D. sui and Eucricetodon aff. E. caducus from the Late Oligocene of the same region indicate that D.
sui is unlikely to have originated from the Paleogene cricetids in the region, but probably represents a
species that immigrated to Central Asia.

Key words Junggar Basin, China; Xiejian age, Early Miocene; Suosuoquan Formation; Rodentia,
Cricetidae

1 Introduction

1.1 Geological and temporal framework

The term “Suosuoquan Formation” was first used by Pei et al. (1963) , and later cited by
others (Peng, 1975; Tong et al., 1989, 1990; Wu et al., 1998; Ye et al., 2000, 2001a,b;
Ye et al., 2003). This formation is predominantly composed of aeolian sediments, intercalated
with occasional layers of fluvial sandstone (Sun et al., 2010). In the northern Junggar Basin,
the Suosuoquan Fm. overlies the Tieersihabahe Formation. As demonstrated by Meng et al.
(2006) , the base of the Suosuoquan Fm. coincides with the end of the Oligocene. At most lo-
calities the top of the formation is eroded and the Halamagai Fm. disconformably overlies the
Suosuoquan Fm.

Some of the cricetid specimens studied here come from the XJ 99005 section (46°39.415° N,
88°20.623’E) , correlated to the Suosuoquan Assemblage Zone II-III (Meng et al., 2006). Others
come from the locality XJ 200205 within the Tieersihabahe section (46°39.906° N, 88°28.436’E),
correlated to the Suosuoquan Assemblage Zone I1I (Meng et al., 2006). Both assemblages have been
recognized by Meng et al. (2006) as characteristic of the Xiejian age. The estimated age of both
zones ranges from 21.9 to 21. 16 Ma based on magnetostratigraphic correlations, dates that fall with-
in the Aquitanian Stage/Age based on the calibrated time scale of Gradstein et al. (2004) and can
be correlated to the European biozone MN2 according to the biochronological unit calibration of Sen

(1997) and Steininger (1999).

1.2 Materials and methods

All specimens are deposited in the collections of the Institute of Vertebrate Paleontology
and Paleoanthropology, CAS. They are catalogued under the numbers IVPP V 17683.1-14 and
V 17684. 1-4(Table 1).

The specimens were observed and measured under a binocular Olympus SZX7 microscope,
allowing measurements to be taken to a precision of 0. 01 millimeters. The terminology used to
describe molars is taken from Maridet et al. (2009 ), which was in turn modified from
Freudenthal (1988). The classification used follows the one proposed by Mein and Freudenthal
(1971).
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Table 1 List of the specimens described in this study, including
their origin, identification, and measurements

Section Loc.ation in Species  Specimen Length Width Specimen Year 'Uf Comments
section (m) (mm) (mm) number sampling
1.5~2.0 D. sui Left M1 0.89 V 17683. 1 2002 Anterior part lost
2.5~3.0 D. 7 sp.  Left M1 1.59 1.09 V 17684.1 2002
D. sui  Left M1 1.51 1.02 V 17683.6 2000
D. sui  Left M1 1.44 0.98 V 17683.4 2002
D. sui  Left M2 1.17 1.03 V 17683.2 1999
4.0 ~4.5, D. sui  Left ml 1.31 0.91 V 17683.3 1999
>-1,6.7 D. sui  Left ml 1.30 0.86 V 17683.7 2000
D. sui  Right ml 1.28 0.81 V 17683.8 2000
XJ 99005 D. sui  Right m2 1.07 0.88 V 17683.5 2002
D. 7 sp.  Right m2 1.21 1.02 V 17684.2 2002
D. sui  Left M1 1.49 1.00 V 17683.9 2002
D. sui  Left ml 1.20 0.80 V 17683. 10 2002 Holotype
7 D. sui  Left ml 1.22 0.82 V 17683. 11 2002
D. sui  Right m2 1.15 0.89 V 17683.12 2002
10.5 D. sui  Right M1 V 17683.13 2002 Half posterior part lost
16.5 D. 7 sp.  Left ml 1.43 0.88 V 17684.3 2002
19.5 D. sui Left ml V 17683. 14 2002 Strongly worn
68 D. ? sp. Right maxilla V 17684.4 2002 Fragment
Ticersihabahe M1 1.57 1.03 tooth row preserved
M2 1.24 1.09
M3 0.86 0.93

2 Systematic paleontology

Rodentia Bowdich, 1821
Cricetidae Fischer de Waldheim, 1817
Cricetinae Stehlin & Schaub, 1951
Democricetodon Fahlbusch, 1964

Democricetodon sui sp. nov.
(Fig. 1A-F and 2A-G)

19997 Democricetodon sp. Hock et al., p. 119, fig.21/4
2003 Democricetodon sp. Ye et al., p.579, fig.21.5-d,e
2006 Democricetodon sp. Meng et al., p.213, 229

Holotype Left ml, IVPP V 17683. 10 (Fig.2A).

Hypodigm V 17683.1-14, see Table 1.

Type locality XJ 99005 from the Junggar Basin ( Xinjiang, China) , Suosuoquan Assem-
blage Zone Il and III. The holotype was collected at 7.5 m in the section ( see Meng et al.,
2006 ).

Etymology Species name after Mr. Jianfeng Su, who helped us greatly in collecting fos-
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sils during our Xinjiang fieldwork.

Diagnosis Small cricetine with low-crowned teeth and gracile cusps. The anterocone and
anteroconid of the first molar are undivided. In M1, the protolophule is usually single but an in-
complete anterior one can also be present, whereas the anterior protolophule is the better deve-
loped of the two in M2. The mesoloph is located posteriorly in the mesosinus, closer to the
metacone, and the metalophule is slightly oblique and anteriorly connected in M1 and M2. In
contrast, the mesolophid of each lower molar is anteriorly located in the mesosinusid, and in ml
the anterior part of the mesosinusid is often higher than the posterior part. In lower molars, the
metaconid and entoconid are anteriorly located relative to the protoconid and hypoconid, respec-
tively. The metalophulid and the hypolophulid are almost transverse ; the metalophulid joins the
middle of the anterolophulid and the hypolophulid joins the ectolophid between the apex of the
curve and the hypoconid. A small but clearly developed mesoconid is often present at this junc-
tion of the hypolophulid and the ectolophid. The ectomesolophid, starting from the mesoconid,
can be either present or absent.

Differential diagnosis Among Chinese species, D. sui differs from D. lindsayi Qiu,
1996 in being smaller and having an undivided anterocone, from D. tongi Qiu, 1996 in lacking
a posteriorly connected metalophule in M1, and from D. suensis Qiu, 2010 in being smaller and
lacking a posteriorly connected metalophule in M1. It differs from the small European species
D. gracilis Fahlbush, 1964 and D. franconicus Fahlbush, 1966 mainly in having an anteriorly
connected metalophule in M1, from D. anatolicus Theocharopoulos, 2000 in being slightly lar-
ger and in seldom having a posterior paracone spur in M1 and M2, in having a poorly developed
anterior protolophule in M1, and a small mesoconid in m1, and from D. doukasi Theocharopou-
los, 2000 in being slightly smaller, in lacking a well developed anterior protolophule, and in
lacking variability in the anterior connection of the metalophule in M1.

D. sui also differs from all known species of Karydomys Theocharopoulos, 2000 in being
much smaller and having gracile cusps, and from all known species of Megacricetodon Fahl-
bush, 1964 in having a less anteroposteriorly elongated shape, an undivided anterocone and an-
teroconid, and a slightly curved ectolophid in ml that gives the sinusoid a rounded shape
(whereas the shape of the ectolophid is more angular in Megacricetodon) .

D. sui differs from Primus microps de Bruijn et al., 1981 in being larger and in having
variably long mesolophids and a connection between the posterior protolophule and entoloph of
M1 (whereas the posterior protolophule is connected to the protocone in P. microps). It con-
trasts with Spanocricetodon kanii de Bruijn et al., 1981 in being smaller, in having variably long
mesolophids in the lower molars, and in that hypoconid of m2 lacks a posterior arm.

The differences that separate D. sui from Spanocricetodon ningensis Li, 1977 and the other
species of Spanocricetodon 1i, 1977 are discussed below.

Size of teeth The size of each specimen is given in Table 1, and measurements for the
population are summarized in Table 2. The specimens were from different levels of the XJ 99005
section (see Table 1). So far the sample is too small to allow testing for significant changes in

size along the XJ 99005 section.

Table 2 Measurements of Democricetodon sui sp. nov. from XJ 99005 (mm)

Tooth Length Width
N Range Mean N Range Mean
Ml 3 1.44 ~1.50 1.48 4 0.89 ~1.02 0.97
M2 1 1.24 1 1.09
ml 5 1.20 ~1.31 1.26 5 0.80 ~0.91 0.84

m2 2 1.07 ~1.15 1.11 2 0.88 ~0.89 0.88
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Upper dentition The anterocone of the M1 is large and undivided, and often more de-
veloped labially than lingually. The anterolophule usually joins the lingual part of the antero-
cone. The lingual and labial anterolophs are both long, but the latter one is usually thinner.
The paracone is distant from the anterocone, forming a large labial anterosinus. The protolo-
phule always joins the posterior area of the protocone, and is either transverse or slightly ob-
lique. The anterior protolophule is present in some specimens (2/5), but it is always incom-
plete or weakly developed compared to the posterior one. One tooth has a small posterior spur
starting from the paracone and oriented toward the labial border (Fig. 1E). The entoloph is
slightly curved, and gives the lingual sinus a rounded shape. The mesoloph can be short or long
enough to join the labial border; it is always posteriorly located in the mesosinus, close to the
metacone. Both anterior cingula are well developed, and one tooth shows a small style on the

Fig. 1  Upper cheek teeth of Democricetodon sui sp. nov. from XJ 99005 locality ( A-F) , Democricetodon? sp.
from XJ 99005 locality (G) , and Democricetodon? sp. from XJ 200205 locality (H)
A. left M1 (V 17683.4); B. left M1 (V 17683.9); C. left M1 (V 17683.6); D. left M1 (V 17683.1);
E. right M1 (V 17683.13); F. left M2 (V 17683.2); G. left M1 (V 17684.1); H. fragmentary maxilla
with MI-M3 (V 17684.4)
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labial one. The metalophule is anteriorly oriented, connected either to the hypocone or anterior-
ly to the hypocone. Each M1 has three roots.

The M2 is slightly longer than wide, the anterior part being slightly wider than the posterior
part. Both anterolophs are equally long, and curved to delimit large anterosinuses. Two protolo-
phules are present, the anterior one being more developed than the posterior one. The mesoloph
is short, and as in the M1 it is posteriorly located in the mesosinus. The metalophule is anteri-
orly connected. Each M2 has three roots.

Lower dentition The ml has an elongated shape, with its posterior part slightly wider
than its anterior part. The anteroconid is small and simple. In lateral view it is lower than the
four other main cusps. The labial and lingual anterolophids are equally long. The metaconid is
clearly anteriorly located compared to the protoconid; the metalophulid is transverse and joins
the middle of the anterolophulid. The distance between the anterior cusps and the posterior ones
is long, resulting in a large sinusid and mesosinusid. The ectolophid is long and thin, and is
curved toward the mesosinusid in the middle of the tooth. There is at most one mesolophid, and
this structure may be long (2/6), weak (1/6) or absent (3/6). When present, it starts from
the ectolophid between the apex of its curve and the protoconid, and is consequently closer to
the metaconid than the entoconid. It is noteworthy that in all available examples of the m1, the
anterior part of the mesosinusid, located between the protoconid and the metaconid, forms a
“plateau” higher than the rest of the mesosinusid. In this area, one tooth shows a bulge of en-
amel , starting from the protoconid and reaching the posterior side of the metaconid, which could
be interpreted as a vestigial protoconid hind arm (Fig.2A). The entoconid is anteriorly located
compared to the hypoconid. The ectolophid is slightly curved, and gives the labial sinusid a
rounded shape. The hypolophulid is either transverse or slightly anteriorly arched; it joins the
ectolophid between the apex of its curve and the hypoconid. Several mls (4/6) have a small
mesoconid located at this junction point of the hypolophulid and the ectolophid. One tooth also
has a short ectomesolophid arising from this mesoconid. The lingual posterolophid is always long
and distant from the entoconid, delimiting a large posterosinusid. The labial posterolophid is
absent except for one tooth, this tooth possesses a bulge borne by the lingual posterolophid that
gives rise to a short but well-formed labial posterolophid.

The m2 has a sub-rectangular shape ,and is equally wide anteriorly and posteriorly. The la-
bial anterolophulid is longer than the lingual one, delimiting a large labial anterosinus. As in
the m1, the metaconid and entoconid are anteriorly located with respect to the protoconid and
hypoconid respectively ; the metalophulid and the hypolophulid are transverse, respectively join-
ing the anterolophulid and the ectolophid. The mesolophid is short but well developed. The lin-
gual posterolophid is long, delimiting a large posterosinusid, and as in ml it bears a bulge at its
labial extremity. The m2s have two roots.

Discussion The association of the following features confirms that the specimens de-
scribed in this paper are attributable to the genus Democricetodon ; the gracile cusps, the well
developed but undivided anterocone on M1, the slightly curved entoloph and ectolophid, the
rounded aspect of the sinus and sinusid, the presence of mesolophids, the undivided antero-
conid and the generally small size.

Hock et al. (1999 119, fig.21/4) figured an M1 of Democricetodon sp. from the begin-
ning of the Miocene of Central Mongolia. This tooth resembles the M1 of D. sui in size, and
also in having a large and undivided anterocone, a posterior protolophule and an anterior meta-
lophule. Consequently, the specimen could belong to D. sui, but a more detailed comparison
including more specimens from Central Mongolia will be necessary to confirm this tentative con-
clusion.

Democricetodon sui shares with D. anatolicus Theocharopoulos, 2000 and D. doukast
Theocharopoulos, 2000 ( Early Miocene of Greece and Turkey: MN1-3) the following associa-
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tion of characters: an undivided anterocone, a strong posterior protolophule of the M1, a double
protolophule of the M2 with the anterior one more developed, and an anteriorly connected meta-
lophule on both M1 and M2. It is noteworthy that the species Spanocricetodon kanii de Bruijn et
al., 1981 also displays a similar association of characters (see comparison with the genus Span-
ocricetodon bellow). D. gracilis Fahlsbusch, 1964 and D. franconicus Fahlbusch, 1966 (late
Early Miocene of Europe: MN4) also share some common features with D. sui, such as a
weakly-developed or absent anterior protolophule in M1, a well-developed anterior protolophule
and an anteriorly connected metalophule in M2. These taxa also resemble D. sui in that the me-
solophid of m1 is often weakly developed or absent.

Fig.2 Lower cheek teeth of Democricetodon sui sp. nov. ( A-G) and Democricetodon? sp. (H-I) from
XJ 99005 locality
A. left ml (type specimen; V 17683.10); B. left m1 (V 17683.3); C. left ml (V 17683.11) ; D. left ml
(V17683.7); E. right ml (V 17683.8); F. right m2 (V 17683.5); G. right m2 (V 17683.12) ; H. left
ml (V 17684.3); 1. right m2 (V 17684.2)

The similarity of D. sui to the two Anatolian and Greek species D. anatolicus and D.
doukasi suggests that the three species are quite closely related, which would imply a rapid dis-
persion and diversification of the genus in Eurasia around the Oligocene-Miocene boundary.

Only one species of cricetid, Eucricetodon aff. E. caducus, is known from the Late Oligo-
cene of the Junggar Basin ( Maridet et al., 2009). In the regional fossil record, this species
does not survive beyond the Oligocene-Miocene boundary, and Democricetodon sui is the first
cricetid to replace it in the Early Miocene. This raises the question of whether or not D. sui
could have evolved from Eucricetodon aff. E. caducus. The size of the teeth and the develop-
ment of the crests usually show a lot of variability and evolve at independent rates in the evolu-
tionary history of cricetid rodents. One main difference in the lower teeth between D. sui and
Eucricetodon aff. E. caducus is the location of the mesoconid, which is usually a character
showing little variability. The ml mesoconid of E. aff. E. caducus is located in the middle of
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the ectolophid, where the mesolophid and the ectomesolophid start (as is also the case in other
Paleogene cricetids). In D. sui, in contrast, the mesoconid is located at the junction of the hy-
polophulid and the ectolophid, which is also the starting point of the ectomesolophid, but poste-
rior to the apex of the ectolophid’s curve and to the mesolophid (as can be observed in some
Late Oligocene and Early Miocene dipodids such as Heterosminthus and Litodonomys). This one
observation is not enough to infer the origin of Democricetodon, but highlights the fact that the
relationship between Paleogene and early Neogene cricetids is not clear. However, the idea that
the first Neogene small cricetids (such as Democricetodon, Primus and Spanocricetodon) could
have evolved from another family of myomorph rodents, for instance dipodids, has to be pro-
posed as a new alternative hypothesis. Such a hypothesis carries one major implication, namely
that all the Paleogene rodents currently considered to be cricetids would really constitute a total-
ly different clade from that containing Neogene cricetids and their extant relatives. In other
words, the so-called “Paleogene cricetids” would not be actual cricetids at all. Regarding this
implication, it is noteworthy that the possibility that the traditional Family Cricetidae ( compri-
sing all extant, Neogene and Paleogene species) might constitute a paraphyletic group has al-
ready been proposed by Flynn (2009) in his tentative phylogeny of muroid rodents, in which
the “Paleogene cricetids” (including Cricetops, Pseudocricetodon, Eumys and Eucricetodon )
are clearly more primitive and very distant from Neogene cricetids ( especially the cricetines De-
mocricetodon and Megacricetodon ). Future discoveries in the Late Oligocene-Early Miocene of
Asia will definitely be crucial in testing competing hypotheses about the origin of modern crice-
tids.

Democricetodon? sp.
(Fig. 1G-H and 2H-1)

Specimens [VPP V 17684.1-4, see Table 1.

Locality Specimens are sampled at 4.0 ~4.5 m and 16.5 m in the section XJ 99005
and XJ 200205, 68 m in the Tieersihabahe section, from the Junggar Basin Suosuoquan Assemb-
lage Zone II and III (see Meng et al., 2006).

Size of teeth Slightly larger than in D. sui, see Table 1.

Upper dentition The M1 is morphologically very similar to that of D. sui. However the
cusps present a more massive aspect and the anterior lobe is wider. One tooth has an incom-
plete, posteriorly oriented metalophule.

The M2 also has massive cusps. The posterior spur of the paracone of M2 joins the labial
cingulum, and the mesoloph also reaches this cingulum to form a style.

The M3 is short and rounded due to reduction of the posterior part of the tooth: the hypo-
cone is clearly smaller than the protocone and is elongated, almost forming a lingual posterolo-
ph. The metacone is indistinguishable from the labial posteroloph. As for the M2, hoth antero-
lophs are long and curved. The tooth has only one oblique protolophule, which is connected
very anteriorly to the base of the anterolophs. The mesosinus is large and appears to lack an axi-
oloph, mesoloph or metalophule, but a short spur that extends from the hypocone and curves to-
ward the labial border might in fact represent an incomplete metalophule.

Lower dentition The lower teeth also show more massive cusps, compared to those of
D. sui.

The ml is more elongated, with a long mesolophid merging with the lingual cingulum. In
addition to the mesolophid, a weakly developed spur that may represent a vestigial protoconid
hind arm extends from the protoconid ( Fig. 2H). In other respects the ml is morphologically
similar to that of D. sui.

The m2 has a long lingual posterolophid that delimits a large posterosinusid, and bears at
its labial extremity a bulge from which extends a weakly developed labial posterolophid.

Discussion The D. ? sp. specimens described in this paper are quite similar in morpholo-
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gy to specimens of D. sut, indicating that they are closely related to D. sui and may share a
common ancestor with this taxon. In this study they are distinguished from D. sui mainly on the
basis of the massive aspect of the cusps, the wider anterocone of the M1 and the elongated
shape of the ml. They are also somewhat larger. The massive aspect of the cusps, the wide an-
terocone of the M1, the double protolophule of the M2 (‘the anterior one being stronger) , the
anteriorly connected metalophule in M2 and the reduced M3 are points of resemblance to
Karydomys dzerzhinskii Kordikova & de Bruijn, 2001 and K. debruijni Maridet et al., in press.
Pending the discovery of more material, however, we provisionally identify these specimens as
belonging to Democricetodon because of their relatively small size. However we do not exclude
the hypothesis that Karydomys from the late Early Miocene of Central Asia ( Kordikova and de
Bruijn, 2001 ; Maridet et al., in press) could be closely related.

However, thesmall number of available specimens and our limited knowledge of the varia-
tion in both species preclude a rigorous test of whether a significant difference in size exists.
More material will be necessary in the future to confirm the taxonomic identity of these speci-
mens.

3 Comparison with Spanocricetodon Li, 1977
D. sut and Spanocricetodon ningensis are both Early Miocene Chinese species and are rela-

tively similar in size, justifying a detailed comparison between the two. Accordingly, we have
re-examined the type specimen of the genus Spanocricetodon Li, 1977 (IVPP V 4342; Fig.3)

5mm

1T mm

Fig.3 Type specimen of Spanocricetodon ningensis Li, 1977 : right mandible with complete m1-m3 (V 4342)
A. occlusal view; B. labial view; C. tooth row in occlusal view; f. m. mental foramen
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from the Lower Dongxuanguan deposits of Fangshan. Our new measurements of the teeth are:
ml = 1.499 mmx1.07 mm; m2 = 1.24 mm x1.12 mm; m3 = 1.09 mm x0.93 mm. The
mandible shows many cracks and has been protected with a layer of glue that makes details of
tooth morphology difficult to observe. However, our observations confirm the diagnostic charac-
ters identified by Li (1977) for Spanocricetodon ningensis: absence of mesolophids; strongly
curved ectolophids and oblique sinusids; no protoconid hind arm or ectomesolophid; very ante-
riorly connected hypolophulid reaching middle of ectolophid in m2, whereas metalophulid is
transverse ; and short m3 with centrally located hypolophulid. In addition, as also observed in
Spanocricetodon janvieri Mein & Ginsburg, 1997, the cuspids of the lower molars are located
closer to the borders of the tooth than in other cricetids (i. e. the metaconid and entoconid are
more lingually located, and the protoconid is more labially located). The morphology of the
mandible generally conforms to the description given by Li (1977), although the area of the
mental foramen is broken. Its opening might be slightly more anterior than Li (1977) indica-
ted, below the front of the anteroconid.

D. sui clearly differs from S. ningensis in having a longer anterolophulid and larger antero-
sinusids in ml, and in that m2 of D. sui has non-oblique sinusids, longitudinal ectolophulids
and long mesolophids. Based on the new measurements of the type specimen of S. ningensis,
the ml is less elongated in this taxon than in the Democricetodon material described above ( ratio
L/W =1. 39 for Spanocricetodon ningensis; between 1.43 and 1. 59 for Democricetodon sui;
1. 61 for Democricetodon? sp. ).

As stated by de Bruijn et al. (1981) the mesolophid is usually a rather variable structure
among cricetid rodents, and consequently might not be a reliable diagnostic feature for a genus.
On the one hand, this observation led de Bruijn et al. (1981) to question the validity of the
genus Spanocricetodon , but on the other hand the same authors considered the absence of meso-
lophids to be a reliable diagnostic feature for the genus Primus de Bruijn et al., 1981 and the
species Spanocricetodon lii de Bruijn et al., 1981. From our point of view, the fact that the vari-
ability of this character is unknown in the type species of Spanocricetodon compels us to accept
it as a diagnostic feature until more material is found, keeping in mind that total absence of me-
solophids in the lower tooth row is rare among cricetids. Moreover, the other morphological
characteristics previously listed also confirm that Spanocricetodon is a valid genus. However, we
believe that confusion has arisen because not all species that have been assigned to Spanocrice-
todon over the years actually belong to this genus.

The morphological features of the species S. lii de Bruijn et al., 1981, including lack of
mesolophids, shortness of m3 and presence of a very anteriorly connected hypolophulid in m2,
do fit the diagnosis of the genus Spanocricetodon. Similarly, the lower molar of S. janvieri Mein
& Ginsburg, 1997 is comparable to the type specimen of Spanocricetodon in lacking mesolophid
and in that the cusps lie close to the borders of the tooth.

In contrast, Spanocricetodon sinuosus Theocharopoulos, 2000 is characterized by a clearly
developed protoconid hind arm and mesolophid, the presence of an ectomesolophid, a nearly
transverse orientation of the hypolophulid of m2, and a relatively elongated m3. This species
must belong to a genus other than Spanocricetodon, or may require a new genus of its own. S.
kanii also clearly differs from the type species of Spanocricetodon in having mesolophids on m2
and m3, a more elongated m1 and m3 (mean /W length ratio =1.48 for ml ), a short hypo-
conid hind arm and a transverse hypolophulid on m2. As previously discussed, the similarities
among D. sui, S. kanii, D. anatolicus and D. doukasi suggest that the species S. kanii should
probably be reassigned to the genus Democricetodon. It is noteworthy that the emended diagnosis
of Spanocricetodon proposed by de Bruijn et al. (1981) is partially based on S. kanii and might
therefore be too broad. For instance the cingulum on the anterior face of the anterocone (ob-
served in S. kanii but not S. lit) is presented as a diagnostic character in the emended diagno-
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sis, but has been in fact observed in Democricetodon affinis (Schaub, 1925) and Democricetodon
gaillardi (Schaub, 1925) , as noted by Maridet (2003) and Maridet and Sen (in press).

In the future, a revision of the genus Spanocricetodon will certainly be necessary in order to
understand the emergence and diversification of Neogene cricetids. Within Asia, the genus
Spanocricetodon sensu Li, 1977 has so far been recognized in the Early Miocene of Jiangsu
Province (Fangshan; Spanocricetodon ningensis Li et al., 1977), in Thailand (Li Mae Long:
Spanocricetodon janvieri Mein & Ginsburg, 1997) , and in Pakistan ( Murree Formation: Span-
ocricetodon it de Bruijn et al., 1981). Consequently, the genus Spanocricetodon seems to be
restricted to southern and south-eastern parts of Asia.

4 Conclusions

Two species of Democricetodon have been identified in the Early Miocene of the Junggar
Basin, and represent the oldest examples of Democricetodon known from central and eastern
Asia. D. anatolicus from Turkey is older if the biochronological age estimate proposed by Theo-
charopoulos (2000) is correct. The discovery of Democricetodon in the Early Miocene of Central
Asia, nonetheless, challenges the hypothesis of Theocharopoulos (2000) that Democricetodon
originated in Anatolia.

By morphology and size, D. sui is typical of the Xiejian age as defined by Meng et al.
(2006) in the Junggar Basin. A specimen of Democricetodon sp. figured by Hock et al.
(1999. 119, fig.21/4), also from the beginning of the Miocene ( Biozone “D” from Central
Mongolia ; Daxner-Hock and Badamgarav, 2007 ) , shows a similar morphology and similar size.
If it is later confirmed that this specimen belongs to the same species, the known distribution of
D. sui will then be broad enough to allow biochronological correlations with the Xiejian age in
Central Asia. This would support the choice of D. sui as a defining taxon for the lower boundary
of the Xiejian age (Meng et al., in prep. ).

The second species is represented by few specimens, and is only differentiated from D. sui
by its slightly larger size and more massive morphology. It is at the moment not possible to defi-
nitely state whether these specimens really belong to a second species, which might have
evolved from a common ancestor with D. sui, or whether the range of variation in size and mor-
phology present in D. sui has been underestimated and should include these specimens.

The morphological similarities noticed between D. sui and the earliest Democricetodon spe-
cies of Europe and Anatolia imply that this genus spread quickly across Eurasia soon after its
appearance. The abundant samples collected in the Late Oligocene of the Junggar Basin ( Ye et
al., 2003 ; Maridet et al., 2009) indicate that the presence of Democricetodon in this region be-
fore the Miocene is unlikely. The morphology of D. sui is different in many respects from that of
Eucricetodon aff. E. caducus from the Late Oligocene of the same basin. In particular, the lo-
cation of the mesoconid in the first lower molar of D. sui differs from that seen in E. aff. E. ca-
ducus and all Paleogene cricetids. This difference indicates that D. sui is likely an immigrant
species in Central Asia, and also emphasizes the fact that the relationship of Paleogene cricetids
to Democricetodon (and to the other early Neogene cricetines Primus, Spanocricetodon and
Megacricetodon) remains unclear. At present, all Paleogene and Neogene cricetids are usually
considered to belong to a single clade of myomorph rodents. As regards this assumption, the
differences observed between D. sui and the Paleogene cricetids, in addition to observations
from another recent study (Flynn, 2009) , call for an alternative hypothesis concerning the ori-
gin of at least some Neogene cricetids.
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