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PARARHIZOMYS (RODENTIA, MAMMALIA) FROM THE LATE
MIOCENE OF BAOGEDA ULA, CENTRAL NEI MONGOL

LI Qiang
(' Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences
Beijing 100044 ligiang@ ivpp. ac. cn )

Abstract New material of Pararhizomys from the Late Miocene Baogeda Ula Formation of central Nei
Mongol are described, which is referred to P. hipparionum Teilhard de Chardin & Young, 1931 based
on the size, morphology and dentine tract height of teeth. Pararhizomys are scarcely known from the area
around the Mongolian Plateau chronologically from the early Late Miocene throughout Middle Pliocene.
The genus is similar to Brachyrhizomys, Rhizomys and Tachyoryctoides in having a simple dental
pattern, but can be distinguished from them by its absence of mesoloph(id)s and having only 2-3 reen-
trants on the molars. For expediently judging and comparing of this genus with others, an “H” index
has been set for measuring the height of dentine tract of molars, and the lower incisor of P. hipparionum
from Baogeda Ula was sectioned to observe the enamel microstructure. The dentine tract of Pararhizomys
seems to have the gradually heightening and undulating tendency in its evolution, as the same in siph-
neids and arvicolids. The enamel microstructure of lower incisor of P. hipparionum is remarkably differ-
ent from those of the rhizomyines Brachyrhizomys and Rhizomys and tachyoryctoidid Tachyoryctoides by
the very thick inner portion of enamel and arrangement of prisms and interprismatic matrix. According to
the morphology of cheek teeth and enamel microstructure of incisor, it seems that Pararhizomys could
not be included in Rhizomyidae, and possibly represents a separate lineage. Pararhizomys and Tachyo-
ryctoides , restricted biogeographically within the Palaearctic Region appears to be adapted for temper-
ate, arid and steppe environment, whereas Brachyrhizomys and Rhizomys are the typical factors of the
Oriental Realm, living in a warmer, more humid and forested environment.

Key words Nei Mongol, Late Miocene, Baogeda Ula Formation, Pararhizomys hipparionum, enamel
microstructure,, biogeography

The genus Pararhizomys is a group of muroid rodents with lophodont and hypsodont cheek
teeth. There are usually three or two transverse reentrants and no mesoloph(id) on the teeth.
Only two species, Pararhizomys hipparionum Teilhard de Chardin & Young, 1931 and P.
ginensis Zhang et al., 2005, thus far have been attributed to this genus. P. hipparionum are
known from Loc. 10, Chenggiangpao and Lamagou, Fugu County, Qin’ an and Linxia, Gansu
Province, Gaotege, Nei Mongol and Altan Teli, Mongolia, while P. ginensis is only known
from Lantian, Shaanxi Province (Teilhard de Chardin, 1926; Teilard de Chardin and Young,
1931; Teilhard de Chardin and Leroy, 1942; Kowalski, 1969; Deng, 2004; Zhang et al.,
2005). Scattered material of this animal was also reported from the Qaidam Basin ( Qiu and Li,
2008). In brief, this genus was restricted geographically in northern China, and chronological-
ly from the early Late Miocene throughout Middle Pliocene (Fig.1). In recent years, some new
material of Pararhizomys was collected from Baogeda Ula in central Nei Mongol (Inner Mongo-
lia) (Qiu et al., 2006). This paper describes the material from Baogeda Ula and discusses the
possible family assignment of the genus based on its teeth morphology and incisor enamel micro-
structure.

The described fossils were collected from two sites, IMO702(44°08'19.3"N, 114°35'39.3"E) ,
about 6 km northeast of Baogeda Ula Sumu, Abaga Qi, and IM0703 (44°09'51.5"N, 114°35’
50.0"E), ~2.8 km north from IM0702 ( Fig. 2). Association with the remains is Hipparion
fauna from the middle part of the Baogeda Ula Formation, which is at least 70 m thickness in
average (BGMRNMAR, 1991; Qiu and Wang, 1999; Qiu et al., 2006; Tseng and Wang,
2007 ). Sediments of this formation consist predominantly of a series of grayish green and brown
yellow silty mudstones and muddy siltstones, and are capped by a layer of basalt dated to (7. 11
+0.48) Ma (Luo and Chen, 1990).
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Fig. 1  Geographical distribution of the Pararhizomys
1. Fugu, Shaanxi; 2. Gaotege, Nei Mongol; 3. Altan Teli, Mongolia; 4. Linxia, Gansu; 5. Qin’ an,
Gansu; 6. Lantian, Shaanxi; 7. Shengou, Qinghai; 8. Baogeda Ula, Nei Mongol
filled circle, Miocene; square, Pliocene
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Fig.2  Geographic location of the fossil site Baogeda Ula in central Nei Mongol

Similar to that of other hypsodont rodents such as arvicolids ( Repenning, 2003 ) and siph-
neids (Zheng et al., 2004 ) , the “dentine tract” ( =DT, Repenning, 2003 ) is a potentially im-
portant character in Pararhizomys. In the evolution of these hypsodont rodents, DT becomes
gradually heightened. To measure the relative heights of the dentine tracts on the cheek teeth of
Pararhizomys , here the author sets an index H, which is defined as the vertical distance be-
tween the lines that go through the bottom of the deepest reentrant and the top of DT, respec-
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tively, and that parallels the occlusal line
from the lateral sides (Fig.3). // 7 W\\
Teeth were measured with a Wild / \

l

LNH
|

[
LAH
]

Heerbrugg microscope to the nearest
0.01 mm.

Terms for enamel microstructure ( ci-
ted from Martin 1993; Koenigswald and
Sander, 1997 and Koenigswald, 2004 ) .
EDJ, enamel-dentine junction; HSB,
Hunter-Schreger bands; IPM, interprisma-

tic matrix; PE, outer portion of enamel; L

PI, inner portion of enamel.
IVPP, Institute of Vertebrate Paleon-
tology and Paleoanthropology, Chinese

Fig.3 Measurement indexes of the height of the
“dentine tract”

L. maximal occlusal length; W. maximal occlusal

Academy of Sciences; V, prefix to vertebrate width; LNH. lingual DT height; LAH.

fossils of IVPP; OV, prefix to specimens in labial DT height

the recent vertebrates collection of IVPP;

IM, Inner Mongolia ( Nei Mongol) , prefix to the field numbers of IVPP; Z. Pal., Institute of
Systematic Zoology, Polish Academy of Sciences, Krakow, Poland.

Superfamily Muroidea Illiger, 1811
Family incertae sedis
Pararhizomys Teilhard de Chardin & Young, 1931

Pararhizomys hipparionum Teilhard de Chardin & Young, 1931
(Figs.4-6)

2006 Pararhizomys sp. Qiu et al., p. 181, appendix

Material and measurement Nineteen specimens: IMO702, a broken mandible with m1-3
(V 16306.1), 2 fragments of I (V 16306.2-3), 2 fragments of i (V 16306.4-5), 1 left M1
(V 16306.6), 1 right MI(V 16306.7) , 4 left M2(V 16306.8-11), 1 left M3(V 16306.12), 1
right m1(V 16306. 13), 1 rihgt m2 (V 16306. 14), 1 left talus (V 16306. 15), 3 metatarsals
(V 16306.16-18). V 16306.1-8 and V 16306. 15-18 possibly belong to the same individual ;
IM0703, 1 right M2(V 16307 ) ( Measurements see Table 1).

Table 1 Measurements of cheek teeth of Pararhizomys hipparionum from Baogeda Ula (mm)

locality inventory No. molars L W LNH LAH
IM0702 V 16306. 6 LM1 4.25 3.50 — 1.10
V 16306.7 RM1 4.20 3.45 — 0.80
V 16306. 8 LM2 3.00 3.30 — 0.75
V 16306.9 LM2 3.10 3.75 — —
V 16306. 10 LM2 2.85 3.00 — —
V 16306. 11 LM2 2.65 3.10 — —
IM0703 V 16307 RM2 2.95 3.30 1.70 1.25
IM0702 V 16306. 12 LM3 2.00 2.45 0.20 0
V 16306. 1 Lml 3.90 3.20 1.00 1.70
Lm2 3.50 3.70 0.95 —
Lm3 3.10 3.15 0.25 —
V 16306. 13 Rml 3.60 3.00 1.00 —
V 16306. 14 Rm2 3.25 3.60 0.90 1.40
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Description Mandible is robust, preserved the middle portion ( Fig.4). The diastema is
steeply concave and ~4.92 mm in length. The depth between alveolar line and the bottom of
the diastema is 2. 90 mm. The elliptic and anterior-ventrally opened mental foramen is located
beneath the anterior wall of the ml. The height between the mental foramen and the alveolar
line is 6. 80 mm. The superior crest and inferior masseteric crest converge anteriorly in the
shape of a “V”, with the latter being stronger than the former. The apex of the masseteric
crests reaches the level of the posterior root of m1 and is obviously higher than the mental fora-
men. The ascending ramus begins laterally from the labial side of m2. The foramen mandibulae
is elliptic and situated between the ascending ramus and the dentition. The incisor root cavity
curves anterior-lingually and crosses through between the anterior and posterior rootlets of m3.

A3

Fig.4 Mandible and dentition of V 16306. 1
Al. occlusal view; A2. labial view; A3. lingual view, A1-3 are in the same scale;
B. occlusal view of dentition

Dentition; The length of m1-m3 is 10.4 mm. In occlusal view, the dentition curves postero-
lingually. The molars are anteriorly oblique and moderately worn. The ml —m2 have three
open reentrants, but m3 has only two. There is no cement in the reentrants. The lingual reen-
trants are deeper than the labial ones. The occlusal outline of ml is oval shaped. The inflated
metaconid on the ml fuses with anteroconid and forms a converse C type loph as the cap of the
tooth. The occlusal surface of the protoconid is nearly worn into a square. The protosinusid is
transverse and short, and less than half width of the crown. The mesosinusid extends trans-
versely to the ordinate axis of the tooth and then curves strongly anteriorly to end in the same
level as the protosinusid. The sinusid extends transversely about one third of the occlusal sur-
face then curves postero-lingually and exceeds the ordinate axis. The morphology of m2 is simi-
lar to that of m1, except for its wider anterior part with rounder protoconid, and the protosinusid
and sinusid extending more antero-lingually and transversely, respectively. The m3 is the smal-
lest one with a simple S-shaped occlusal pattern. The lingual dentine tracts are uplifting and un-
dulated from rearward to foreside. The LNHs from ml to m3 are 1.0 mm, 0.95 mm and 0. 25
mm, respectively.

Incisors are isolated and damaged. They are triangular in section (Fig.5). It is difficult to
distinguish the upper incisors from the lower one. Differences of the degree of curvature and the
lengths of the worn facets between upper and lower incisors is assumed and potentially used to
distinguish them. Provided the incisor curves into a simple circle, the radius of curvature
should just be the radius of the circle. Using a kind of new digital viewer—Aigo GE-5( Beijing
Huaqi Information Digital Technology Co., Ltd (aigo) ), we can expediently choose three ran-
dom dots on the dorsal surface and figure out the radius of circle by its accessory software. Inci-
sors preserved on two extant Rhizomys skulls have been measured together with the fossil inci-
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sors to show the metrical differences between the upper incisors and lower ones (Table 2). The
measurements show that in the same individual of Rhizomys, the length of worn facet and the ra-
dius of curvature of upper incisors are remarkably shorter than those of the lower ones. Howev-
er, the width of worn facet and the depth of the upper incisor approximate those of the lower
ones. Based on the obvious different lengths of worn facet and the radiuses of curvature,
V 16306.2 and V 16306. 3 should be attributed to upper incisors, and V 16306. 4 and
V 16306.5 to lower ones. Besides the metric differences mentioned above, a weak ridge is
developed only on the dorsal surface of the upper incisors, whereas smooth in the lower ones.
Furthermore, the enamel layers wrap around the sides of the tooth to a larger extent on the lower
incisors compared to the uppers.

Table 2 Measurements of incisors of Pararhizomys hipparionum and extant Rhizomys (mm)

. . . Depth Length Width Radius

Species Specimens Incisors L
of incisor of worn facet of worn facet of curvature

left 5.80 8.40 5.50 12.91

R;.lizom.ys oV 1077 UPPET pight 5.70 8.84 5.10 14.30

sinensis lower left 6.20 12.50 5.30 23.14

right 6.30 12.00 — 27.76

left 5.00 6.40 4.64 16. 81

) upper right 5.10 6.60 4.60 19.39

Rhizomys sp- OV 1055 | left 5.20 9.60 4.30 33.52

M gt 5.40 9.90 4.50 28.67

V 16306.2 left 4.30 7.20 3.50 12.50

Pararhizomys Vv 16306.3 PP ight 4.26 7.36 3.60 12.79

hipparionum V 16306. 4 7 left — — 3.40 21.51

V 16306.5 lower bt 4.40 9.00 3.54 22.59

c2 C3 C4

Fig.5 Incisors of Pararhizomys hipparionum from Baogeda Ula
A left I, V 16306.2; B. right I, V 16306.3; C. right i, V 16306.5

1. medial view; 2. ventral view; 3. worn facet; 4. lateral view

Seven isolated upper molars are in the collection. All the upper molars are obviously re-
curved in lateral view. There is no cement in the reentrants.
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Mls have oval occlusal outline. A lingual and two labial reentrants form a “®” occlusal
pattern. The sinus and parasinus are directed forwards and alternately arranged, reaching about
half width of the tooth. The mesosinus extends transversely to the occlusal ordinate axis then
bends backwards. The entire mesosinus occupies about two-thirds of the width of the crown. In
the lingual side of V 16306.7, a small conule is developed at the bottom of sinus. Due to the
erosion, the LNHs of the two Mls are unrecognized, while the LAHs on V 16306. 6 and
V 16306.7 are measured 1. 10 mm and 0. 80 mm, respectively. Mls have two flat and wide
roots. A small rootlet can be seen in the lingual side of V 16306.6, while this rootlet is fused
into the posterior rootlet on V 16306.7(Fig.6).

Two M2s, V 16306.8 and V 16307 are well preserved. The occlusal pattern is a very sim-
ple “S” type. On V 16306. 8, a distinct small nodule is present at the edge of the valleys, and
the dentine tract rises sharply to join to the nodule on lingual side but does not reach on labial
side. The LAH of V 16306.8 is 0.75 mm. V 16307 lacks a small nodule, and its dentine tract
is relatively smooth. The LNH and LAH of the tooth are 1.70 mm and 1.25 mm, respectively.
Two rooted.

A LAL

Bl B2 B3

hact
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Fig.6  Cheek teeth of Pararhizomys hipparionum from Baogeda Ula
A. V 16306.7, right M1; B. V 16306.6, left M1; C. V 16307, right M2; D. V 16306.8, left M2;
E. V 16306.12, left M3; F. V 16306. 13, right m1; G. V 16306. 14, right m2

1. occlusal view; 2. lingual view; 3. labial view

M3 is slightly worn. The occlusal pattern is similar to that of M2, but the posterior portion
is laterally pinched, and the ridge between anterior and poster loph is weak and the lateral reen-
trants are relatively oppositely arranged. The LNH measures 0.20 mm, while the LAH is zero.
Two rooted.
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The size, morphology and worn degree of the isolated ml are very similar to that of the ml
in the mandible. Its LNH is 1.0 mm. The isolated m2(V 16306. 14) agrees with the m2 in the
mandible in size and morphology, except for its more antero-lingually directed protosinusid. The
dentine tract is jagged lingually, while gently descending from front to back labially.

Comparisons and discussion According to the characters of absent mesoloph (id) and
having less 2-3 reentrants on molars, the material from Baogeda Ula belongs to the genus Pa-
rarhizomys. In size, the Nei Mongol taxon is closest to P. hipparionum from Altan Teli and
type-locality at Fugu, but distinctly larger than the P. hipparionum (V 14179) from Qin’ an
and P. ginensis (V 14177.1-2) from Lantian. However, it is slightly smaller than the indeter-
minate species from Shengou (Table 3; Fig. 7).

Table 3 Teeth measurements for Pararhizomys (mm)

M1 M2 M3 ml m2 m3
L W L W L W L w L w L W

Species

P. hipparionum

Loc. 10 Fugu holotype 3.7 2.45 3.5 3.45 2.55 2.95

Gaotege 3.0 3.5
Altan Teli 4.4 3.6 3.0 3.3 24 25 38 32 33 36 30 29
Lamagou (V 14178) 3.75 3.0 2.7 3.1 2.4 2.5
Qin’ an (V 14179) 3.3 2.85 3.4 3.4 2.95 2.85
Shengou (V 15468) 3.65 3.85

4.20 3.45 2.65 3.0 3.6 3.0 3.25 3.6
Baogeda Ula ~4.25-3.50~3.10~3.75 >0 2% 39 35 .35 .37 31 3D

P. qinensis

Lantian (V 14177.1-2) 3.3 2.5 2.4 2.5

No distinct morphological differences among the teeth from Baogeda Ula and other localities
can be detected. Minor difference is the existence of a small tubercle on the bottom of the sinus
in some M1 and M2s from Baogeda Ula (Fig.6). The Baogeda Ula Pararhizomys differs from
the P. sp. from Shengou in having a narrow m2 with less transverse reentrants.

The heights of dentine tracts on the teeth from Baogeda Ula are close to those of P. hippa-
rionum from all the known localities except Qin’ an, but distinctly smaller than those of P.
hipparionum from Qin’ an and P. qinensis from Lantian. The Pararhizomys from Gaotege is
higher crowned, on which the labial dentine tract is uplifted to the bottom of valley.

Considering all of above features, the material from Baogeda Ula can be referred to P.
hipparionum. Based on the small size and larger dentine tract height of teeth, “P. hippario-
num” from Qin’ an seems to be possibly not suitable referred to this species.

The earliest Pararhizomys was P. ginensis found from lower part of Bahe Formation, Lan-
tian, considered to be around 10 Ma based on commensal fossil mammals and paleomagnetic re-
sults ( Zhang et al., 2002; Qiu et al., 2003 ; Kaakinen and Lunkka, 2003). P. sp. from
Shengou was found in coexsistence with Lophocricetus, Protalactaga, Myocricetodon, Huerzele-
rimys and Ochotonoma , which is very close to but slightly younger than the fauna of the lower
part of Bahe Formation. The age of Shengou fauna was contributed to early Late Miocene around
9 Ma (Qiu and Li, 2008 ). The site of the maxilla V 14178 of P. hipparionum from Lamagou,
Fugu was dated about 8 Ma in Xue et al. (1995). The lower jaw V 14179 of P. hipparionum
was found at about 9 m level in the first section of Qin’ an, which was paleomagnetically dated
at about 7 Ma (Guo et al., 2002). The new material of P. hipparionum from Baogeda Ula co-
occurred with Hyaenictitherium , Hipparion, Lophocricetus, Paralactaga, Dipus, Kowalskia , Mi-
crotoscoptes , Hansdebruynia, Abudhabia and Prosiphneus, which was suggested an MN 12
equivalence of the late Baodean ( Qiu et al., 2006). The basalt capped section of Baogeda Ula
Formation was once dated at (7.11+0.48) Ma ( Luo and Chen, 1990). The recent K-Ar tes-
ting results of the basalt measured by the State Key Laboratory of Earthquake Dynamics, Institu-
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Fig.7 Log ratio diagram comparing the lower teeth of Pararhizomys hipparionum C/90 ( holotype )
from type locality, Chenggiangpu, Fugu (filled circle, as standard), Z. Pal. No. MgM-V/65 from Altan
Teli, Mongolia (open circle), V 14179 from Qin’ an, Gansu (square) and V 16306. 1 from Baogeda Ula,

Nei Mongol ( triangle )

Measurement data of Z. Pal. No. MgM-V/65 from Altan Teli was cited from Kowalski (1969)

te of Geology, China Earthquake Administration (SKLED) ranges (6.8+0.2) ~ (6.3+0.2)
Ma. Thus the fossil level should be at least older than 6.3 Ma. The holotype of P. hipparionum
was collected from Loc. 10, Fugu, which age is still uncertain. According to the greater size
and uplifted dentine tract, its age seems to be between of those of Qin’ an and Baogeda Ula.
Gaotege is the only Pliocene locality producing Pararhizomys. Judged from the fauna composi-

tion and paleomagnetic data (Li et al., 2003 ; Xu et al., 2007) , the fossil level should be about

4.2 Ma in age.

The depth and direction of reentrants on molars of Pararhizomys is changeable with the
wear of teeth. Dentine tract is an important character for the Neogene hypsodont teeth of ro-
dents, such as arvicolids and siphneids. It is usually unbent and far away from the valleys in
brachydont teeth, but undulant and close or exceeding the bottom of valleys in hypsodont teeth.
The uplifting and undulating of dentine tract also could be observed in Pararhizomys ( Table 4
Fig.8) , but could not be observed in Brachyrhizomys, Rhizomys and Tachyoryctoides.

Table 4 Dentine tract measurements for Pararhizomys (mm)
Species M1 M2 M3 ml m2 m3
P LNH LAH LNH LAH ILNH LAH LNH LAH LNH LAH LNH LAH
P. hipparionum 0.75 0.90
Baogeda Ula 1.10 1.70 ~1.25 0.20 O 1.00 ~0.95 1.40 0.25
Loc. 10 Fugu holotype 0.90 0.80 0.30
Lamagou (V 14178) 1.25 0.70 1.15 0.85 0.85 0.55
Qin’an (V 14179) 1.30 1.50 0.45
P. ginensis
Lantian (V 14177, 1-2) 1.40 1.25 1.50 1.50
P. sp.
Shengou (V 15468) 0.80 1.15
P. sp. 0

Gaotege
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In early Late Miocene, the teeth of P. ginensis are small in size with relatively smooth den-
tine tract. A little later, P. hipparionum occurred in late Late Miocene with large size, high
crown and dentine tract undulating teeth. In Middle Pliocene, tooth of Pararhizomys shows the
higher crown, on which the dentine tract is uplifting to the level of the bottom of valley. Fig. 8

shows a possible tendency of increasing size and heightening dentine tract ( equal increasing of
the height of teeth crown) in Pararhizomys.
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Fig. 8 Evolutionary tendency of the molars of Pararhizomys showing heightening of dentine tracts
X-axis, lingual and labial heights of dentine tracts of lower and upper molars, respectively; Y-axis
estimated ages of localities yielding Pararhizomys
Teeth outlines of P. sp. from Shengou and Gaotege are reversed

Enamel microstructure of lower incisor The material chosen for the investigation and

comparison of enamel microstructure are listed in Table 5. All the four specimens are isolated
lower incisors because the associated skulls and mandibles are rare.
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Table 5 Pararhizomys hipparionum and relevant rodent lower incisors examined

Taxon Locality Age
Pararhizomys hipparionum Baogeda Ula, Nei Mongol Late Miocene
Rhizomys sp. Baotanshi, Damiao, Wushan, Sichuan Middle Pleistocene *
Brachyrhizomys sp. Lufeng, Yunnan Late Miocene ™"
Tachyoryctoides sp. Aoerban, Nei Mongol Early Miocene """

* cited from Zheng (1993); #3* cited from Qi (1986); *#*# cited from Wang et al. (2009).

Specimens were imbedded in artificial resin, and then sectioned longitudinally and trans-
versely. After abrading and polishing, they were etched for 35 ~45 seconds with 0. 1 mol phos-
phoric acid. After rinsing and drying, the specimens were coated with gold and examined with a
scanning electronic microscope (JSM-6100).

The lower incisor of Pararhizomys hipparionum from Baogeda Ula is subtriangular in cross
section, with a slightly flat lingual side. The ventral surface of incisor is flat and smooth, and
has no groove or ridge (Fig.9).

Fig.9 Cross sections showing the outline of lower incisors

A. Pararhizomys hipparionum , Baogeda Ula; B. Brachyrhizomys sp., Lufeng; C. Rhizomys sp., Wushan;
D. Tachyoryctoides sp., Aoerban

Observed both from longitudinal and cross sections ( Fig. 10, 11), the total enamel thick-
ness is ~ 190 wm in P. hipparionum , while ~246 pm in Rhizomys, ~269 pm in Brachyrhizo-
mys and ~246 pm in Tachyoryctoides, respectively. The outer portion of enamel (PE) of P.
hipparionum is very thin with only ~36 pm in thickness, and the ratio of PE/PI is about 3/13.
On the contrary, PE of the other three is relatively thicker, and their ratios of PE/PI are about
1.1/1 in Rhizomys, 1.06/1 in Brachyrhizomys and 3/5 in Tachyoryctoides, respectively.

In the four specimens, their “Schmelzmuster” of incisor enamel is all uniserial HSB
( Hunter-Schreger bands) type. In the longitudinal section, the structure of “basal ring of la-
mellar enamel (BRLE)” ( Koenigswald and Sander, 1997) is not present in P. hipparionum ,
but distinctly developed in Rhizomy, Brachyrhizomys and Tachyoryctoides. In the longitudinal
sections, two parallel layers of prisms form the planar thick PI of P. hipparionum, while per-
pendicular prisms form the three-dimensional thin PI of the other three specimens (Fig. 12).
Prisms of adjacent layers of PE in Rhizomys and Brachyrhizomys are decussating with an angle of
about 90°, while parallel and oblique about 45° relative to the EDJ in Tachyoryctoides and par-
allel and vertical to the EDJ in Pararhizomys, respectively. In the PI of cross section, two par-
allel layers of prisms are decussating with an angle of about 90° in Rhizomys and Brachyrhizo-
mys, while only one layer vertical to the cross section and oblique to the EDJ is present in Pa-
rarhizomys and one layer of robust, parallel and oblique prisms is present in Tachyoryctoides. In
cross section, prisms of PE in Rhizomys, Brachyrhizomys and Tachyoryctoides are present in net
style, whereas in Pararhizomys they are parallel each other and vertical to the EDJ (Fig. 12).
Compared with that of Pararhizomys, the enamel microstructure of the lower incisor of Tachyo-
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ryctoides is rather close to those of Rhizomys and Brachyrhizomys.

Fig. 10 Longitudinal sections of lower incisors
A. Rhizomys sp. from Wushan; B. Brachyrhizomys sp. from Lufeng; C. Pararhizomys hipparionum from
Baogeda Ula; D. Tachyoryctoides sp. from Aoerban

Biochronology and biogeography of Pararhizomys Brachyrhizomys was regarded as the
direct ancestor of extant Rhizomys, and found from Late Miocene Siwalik south of Himalaya
Mountain and southern China to Pliocene Yushe of northern China ( Flynn, 1982, 1993; Qi,
1986 ). Based on the morphology of teeth and masseteric crests of mandible, Flynn (1993) re-
ferred Brachyrhizomys as a subgenus of Rhizomys under family Rhizomidae. Thus the broad
sense genus Rhizomys possibly survive from early Late Miocene to today. The arrangement of
prisms and interprismatic matrix in both longitudinal and cross sections of Rhizomys is similar to
that of Brachyrhizomys, which possibly indicates a close phylogenetic relationship between
them.

All the known localities of Pararhizomys are restricted in the Palaearctic region, while
those of Brachyrhizomys and Rhizomys are mainly in the Oriental area. Judged from the co-oc-
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100 pm

Fig. 11  Cross sections of lower incisors
A. Rhizomys sp. from Wushan; B. Brachyrhizomys sp. from Lufeng; C. Pararhizomys hipparionum from
Baogeda Ula; D. Tachyoryctoides sp. from Aoerban

Fig. 12 Schematic drawings of the different types of Schmelzmuster in Rhizominae
Brachyrhizomys and Rhizomys (A) , Pararhizomys (B) and Tachyoryctoides (C)

curred taxa, Brachyrhizomys should be adapted to a warm, humid and forest environment, simi-
lar to the extant Rhizomys. However, Pararhizomys was usually found along with jumping mice,
jerboas, gerbils, pikas and zokors, reflecting a temperate and arid steppe environment. The
differences of incisor enamel microstructure among Pararhizomys , Brachyrhizomys and Rhizomys
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may also be interpreted as their different adaptation of foods and environments.

Family attribution The genus Pararhizomys was firstly attributed to the superfamily of
“Myoidea” and postulated to be a rhizomyid ( Teilhard and Young, 1931). Young and Liu
(1950) assigned Pararhizomys and Brachyrhizomys as “ Brachyrhizomys group” under family
Rhizomyidae, and considered Tachyoryctoides as a possible ancestor of the family Rhizomyidae.
Kowalski (1969) also referred Pararhizomys in Rhizomyidae on the basis of the skull and jaws
from Altan Teli. Compared with skulls and teeth of Tachyoryctoididae, Siphneinae, Spalacidae
and Rhizomyidae, however, Zhang et al. (2005) recognized that Pararhizomys could not be at-
tributed to any family or subfamily aforementioned, and considered that Pararhizomys are not
closely related to modern rhizomyines. They referred Pararhizomys under an unrecognized fami-
ly.

Although Pararhizomys shares certain similarities in morphology of cheek teeth with
Brachyrhizomys , Rhizomys and Tachyoryctoides , it differs from these genera in having a simpler
dental pattern. Molars in Pararhizomys are distinct hypsodont with only 2 -3 reentrants, and
lack mesoloph (id) s, whereas those of Brachyrhizomys, Rhizomys and Tachyoryctoides are
brachydont or semi-hypsodont with developed mesoloph(id)s and at least 3 reentrants. Further-
more, the enamel microstructure of lower incisor of Pararhizomys has very thick Pl and remark-
ably different arrangement of prisms. Pararhizomys had a distinctly different biogeographical
distribution compared with rhizomyids Brachyrhizomys and Rhizomys. All of these issues indi-
cate Pararhizomys possibly represent a separate lineage of muroids, probably derived from
Tachyoryctoides-like taxa and differentiated from the modern rhizomyines before early Late Mio-
cene. The confirmation and recognition of the precise attribution of Pararhizomys at the family
level is still relying on more specimens to be discovered.
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