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Abstract The Nihewan Basin has been well known for its Cezonoic fossiliferous fluvio-
lacustrine deposits and paleolithic sites for almost a century. There have been considerable
research efforts devoted to the understanding of the geology, chronology, and stratigraphy of this
complex of sedimentary body. The current fundamental problem lies in the chronological aspect
of the Nihewan Beds. Arvicolinae and Myospalacinae are two groups of rodents characterized
by rapid evolutionary rates and quantifiable evolutionary trends, and hence particularly helpful
in Late Cenozoic biostratigraphic correlations. Therefore, we briefly describe three new species
of Arvicolinae and two new species of Myospalacinae that mainly came from the selected
sections in the Nihewan Basin. Hopefully, they would contribute towards the establishment of the
biostratigraphic framework of the Nihewan Basin and provide new evidence on the chronological

understanding of the Nihewan Beds from an evolutionary point of view.
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1  Introduction

The Nihewan Basin has been well known for its Late Cenozoic fossiliferous fluvio-
lacustrine deposits and paleolithic sites for almost a century. There have been considerable
research efforts devoted to the understanding of the geology, chronology, and stratigraphy
of this complex of sedimentary body. The fundamental problem that currently hinders our
understanding of this important region lies in the chronological aspect of the Nihewan
Beds. There are consistently conflicts between the biostratigraphic correlations and

magnetostragraphical dating results, and consequently the chronological restriction and
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subdivision of the lithologic body are still open to further investigation. We have been
working towards establishing a biostratigraphic framework of the Nihewan Beds by collecting
micromammal fossils from selected sections in the basin for over three decades (Zheng and
Cai, 1991; Zhang et al., 2003; Cai et al., 2004, 2007, 2013; Zheng et al., 2006; Li et al.,
2008). Five new species of Arvicolinae and Myospalacinae are briefly described here while
taking into consideration their importance in the biostratigraphic correlation. The materials
of the new species were collected by Zheng and his colleagues from ten localities; eight of
which, including all the type localities, belong to the selected sections mentioned above in the
Nihewan Basin. These are Hougou (Li et al., 2008), Laowogou (Zhang et al., 2003; Cai et al.,
2004), Nangou (Li et al., 2008), Yuanzigou (Li et al., 2008), Donggou (Zheng et al., 2006),
Niutoushan (Cai et al., 2007), Jiangjungou (Li et al., 2008), and Danangou (Zheng and Cai,
1991; Cai et al., 2004). Some referred materials of Borsodia prechinensis sp. nov. are from
Wenwanggou, Lingtai, Gansu Province (Zhang et al., 2011). One referred partial cranium of
Pliosiphneus puluensis sp. nov. is from the Yushe Basin, but further details about its locality
and horizon are unknown.

The descriptive terminology and measuring methods for the dental morphology of the
Arvicolinae are based on previously published literatures (occlusal morphology and measuring
methods: Tesakov, 2004; enumeration and measuring methods of isthmuses (Is): Kawamura,
1988; SDQ (Schmelzband Differenzierungs Quotient): Heinrich, 1990; parameter E, E,,
and E,: van de Weerd, 1976; sinuous line, HH-Index, PAA-Index, and PA-Index: Carls and
Rabeder, 1988) and those for the dental and cranial morphology of Myospalacinae are after
Liu et al. (2014) and Zheng (1994).

2 Systematic description

Cricetidae Rochebrune, 1883
Arvicolinae Gray, 1821
Mimomys Forsyth Major, 1902
Mimomys nihewanensis sp. nov.
(Figs. 1, 2)
Mimomys stehlini, Mimomys orientalis Cai et al., 2004, table 2
Mimomys sp., Mimomys sp. 2 Li et al., 2008, tables 1, 4—6
Mimomys sp. Zheng et al., 2006, table 2; Cai et al., 2007, table 1; Cai et al., 2013, figs. 8.2, 8.4—6
Mimomys sp. 2 Cai et al., 2013, fig. 8.2

Holotype A right m1 (IVPPV 23157.9).

Paratypes A left and a right mandible with m1, six left and ten right m1, six left and six
right m2, a left and five right m3, nine left and 15 right M1, six left and nine right M2, five left
and six right M3 (V 23157.1-8, 10-87).

Type locality and horizon Layer 4 of Hougou section near Qijiazhuang village, Xinbao
Town, Yangyuan County, Hebei Province; Daodi Formation of Upper Pliocene (correlated to

the Mazegou Formation in Yushe Basin).



310 Vertebrata PalAsiatica, Vol. 57, No. 4

Etymology The name refers to the Nihewan Basin, where the fossil materials
representing the new species were collected.

Referred localities and materials Laowogou section near Daodi village, Xinao Town,
Yangyuan County, Hebei Province: Layer 3 (~3.08 Ma, Cai et al., 2013), seven right m1, two
left and two right m2, three left and four right m3, three left and four right M1, five left and
two right M2, four left and six right M3 (V 23155.1-42); Layer 9 (~3.04 Ma, Cai et al., 2013),
a left mandible with m1-2, a left mandible with m1-3, six left and four right m1, two left and
five right m2, three left and two right m3, a left and four right M1, a left and four right M2, a
left and two right M3 (V 23155.43-79); Layer 11 (~2.89 Ma, Cai et al., 2013), a left and eight
right m1, six left and three right m2, five left and four right m3, three left and five right M1,
eight left and six right M2, seven left and seven right M3 (V 23160.1-63). Nangou section
near Hongya village, Xinbao Town, Yangyuan County, Hebei Province: Layer 1, two left and
three right m1, three left and a right m2, five left and three right m3, four left and a right M1,
three left and eight right M2, six left and three right M3 (V 23162.1—-42); Layer 4, a left and a
right mandible with m1—2, a right mandible with m1, eight left and six right m1, four left and
three right m2, two left and five right m3, seven left and seven right M1, fifteen left and ten
right M2, twelve left and ten right M3 (V 23162.43—134); Layer 6, a left and two right m1, a
right m2, three left and three right M1, three right M2 (V 23162.135—147). Hougou section
near Qijiazhuang village, Xinbao Town, Yangyuan County, Hebei Province: Layer 2, a left m1
(V 23157.98); Layer 5, a right m1, two left m2, a left and a right M1, a right M2, four right M3
(V 23157.88—-97). Yuanzigou village, Xinbao Town, Yangyuan County, Hebei Province: Layer
2, a left and a right m1, a right m2, a left and a right M1, a right M2 (V 23158.1-6); Layer 4, a
left and two right M1, a left M2 (V 23158.7-10). Donggou section near Qianjiashawa village,
Huashaoying Town, Yangyuan County, Hebei Province: Layer 2, three left and nine right m1,
five left and seven right m2, four left and eight right m3, six left and seven right M1, four left
and nine right M2, ten left and five right M3 (V 23159.3—79); Layer 4 (>2.6 Ma, Cai et al.,
2013), a left m3, a right M3 (V 23159.1-2). Niutoushan section near Pulu village, Baishuiquan
Town, Yuxian County, Hebei Province: Layer 6, a left and two right m2, two right m3, two left
M1, two right M2, two left and a right M3 (V 23161.1-12) and two left and seven right ml, a
left and seven right m2, a left and four right m3, three left and four right M1, four left and three
right M2, two left and two right M3 (V 23161.13-52, collected by Baoquan Cai in 1980s);
Layer 9, a left mandible with m1, a right mandible with m2—3, two left and two right m1, a
right m2, two right M1, three left and three right M2 (V 23156.1-15) and four left and three
right m1, a left and four right m2, three left and two right m3, four left and two right M1, six
right M2, three right M3 (V 23156.16—47, collected by Baoquan Cai in 1980s). Jiangjungou
section, Beishuiquan Town, Yuxian County, Hebei Province: Layer 1, a left mandible with m2,
aright m1, two left and three right m2, a right m3, two left and a right M1, three left M2, a left
and two right M3 (V 23153.1-17).

Age of referred localities Late Pliocene (~3.08—2.89 Ma, Cai et al., 2013).

Measurements See Tables 1-3.
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Table 1 Average width and rate of closedness of isthmuses and SDQ on m1 of related arvicoline species”

from China
Species average width (mm)|rate of closedness (%)2) min./mean|max., n
n Is 1 Is2 Is3 Is 4 Is5 Is6 Is7 SDQ

Borsodia chinensis 26 0.04[100 0.05]81.0 0.04[100 0.05/100 0.21|0 0.22]0 0.41]0  53[67|85, 21
B. prechinensis sp. nov. 1 0.07]100 0.08/100 0.07]100 0.07|{100 0.17]0 0.29]0  na 91191191, 1
B. mengensis 5 0.05/100 0.10[80.0 0.07]100 0.0780.0 0.25/0 0.31|0 0.40/0  101|115]122,5
Mimomys nihewanensis sp. nov. 58|55 0.06192.5 0.15/0  0.0961.7 0.08|63.6 0.36/0 0.47/0  na 112]138[168, 43
M. orientalis 41|19 0.06/100 0.13]26.3 0.10/47.4 0.07|194.7 0.30/0 0.41]5.3 0.45/0  113|132[157,21

Pitymys simplicidens sp. nov. 1 0.03]100 0.03]100 0.03]100 0.03[100 0.16/0 0.08/100 0.22|/0  62/62/62, 1

Notes: Is. isthmus (Kawamura, 1988); SDQ. Schmelzband Differenzierungs Quotient (Heinrich, 1990). 1) See Table
2 for details of examined specimens. 2) The isthmus is closed when its breadth < 0.1 mm, and open when its breadth = 0.1
mm.

Diagnosis In terms of average length of m1, Mimomys nihewanensis sp. nov. (2.80 mm)
is similar in size to M. orientalis (2.78 mm), but its Is 1—4 are less closed (completely closed
on 92.5%, 0%, 61.7%, and 63.6% of specimens, respectively) than the latter (completely
closed on 100%, 26.3%, 47.4%, and 94.7% of specimens, respectively) (Table 1); SDQ, is 138,
greater than that of the latter (132) (Table 1); the average HH-index is 0.81, less than that of
the latter (1.20); means of parameter E, E, and E, are 1.81, 1.63, and 0.78, respectively, which
are also smaller than those of the latter (2.17, 2.02, 1.14, respectively) (Table 2); the percentage
of 3-rooted M2s is 96.2%, higher than the latter (66.7%); the percentage of 3-rooted M3 (84.2%)
is also higher than the latter (46.2%) (Table 3); means of PAA-Index and PA-Index are 1.20
and 1.17, respectively, smaller than those of M. orientalis (1.49 and 1.41, respectively) (Table
2). Little cementum is deposited in re-entrant angles, differing from M. bilikeensis and M.
teilhardi.

Description Medium-sized. Molars relatively low crowned, with little cementum
deposited in re-entrant angles.

The average length of m1 is 2.80 mm (Table 2). Anterior to PL, there exist three
alternating triangles and a complicated ACC composed of AC2, PF, MR, IF, and EI. They, as
a whole, form five LSAs, four LRAs, four BSAs and three BRAs altogether (Figs. 1A—A2,
2A—A2). An oval-shaped EI is usually formed during the early wear of the tooth and lasts for
a long time. MR and PF are distinct and extend to the base of the crown. Is 1, Is 3 and Is 4 are
closed on 92.5%, 61.7% and 63.6% of all the examined mls, respectively (Table 1). SDQ, is
138 (Table 1). The average HH-Index is 0.81, and the average parameter E, E,, and E, are 1.81,
1.63, and 0.78, respectively (Table 2).

The average length of m2 is 1.82 mm. Anterior to PL, there exist two pairs of slightly
alternating triangles. Is 1 and Is 3 are generally closed, whereas Is 2 and Is 4 are always open
(Figs. 1B—B2, 2B—B2). The average HH-Index is 0.67 (Table 2).

The average length of m3 is 1.58 mm. The morphology of its occlusal surface is generally
similar to that of m2, but markedly shrinks in length and width (Figs. 1C—C2, 2C—C2). The
average HH-Index is 0.27 (Table 2).

The average length of M1 is 2.45 mm. Posterior to AL, there exist four alternating

triangles. It has three roots, with the third root situated lingually between the anterior and
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posterior root (Figs. 1D—D2, 2D—D2). The average PAA-Index is 1.20, and the average PA-
Index is 1.17 (Table 2).

The average length of M2 is 1.90 mm. The morphology of the occlusal surface is
generally similar to the part of M1 posterior to AL (Figs. 1E-E2, 2E—E2). 96.2% (75 out of 78
specimens) of all the examined M2s have 3 roots. The average PA-Index is 0.65 (Table 2).

The average length of M3 is 1.81 mm. The morphology of its occlusal surface is more
complicated than that of M2, with three salient angles and two re-entrant angles on each side
(Figs. 1F—F2, 2F—F2). The lingual posterior re-entrant angle (LRA3) is very deep, and a
circular EI is usually formed after wear. 84.2% of M3s (64 out of 76 specimens) have three
roots, and 15.8% of M3s have two roots. The average PA-Index is 0.39 (Table 2).

Comparisons and discussion In terms of ml average length, Mimomys nihewanensis
sp. nov. (2.80 mm) is strikingly smaller than M. banchiaonicus (3.90 mm), and M. peii (3.64
mm), but larger than M. bilikeensis (2.46 mm), and M. teilhardi (2.55 mm), while most similar
to M. orientalis (Gaotege: 2.87 mm; Danangou: 2.73 mm) and M. youhenicus (2.81 mm)
(Table 2). The average values of E, E,, and E, of m1 of M. nihewanensis (1.81, 1.63, and 0.78,
respectively) are greater than those of M. bilikeensis (0.70, 0.50, 0.19), and M. teilhardi (0.99,
0.92, 0.49), but smaller than those of M. youhenicus (3.30, 2.95, 2.35), M. gansunicus (>3.33,
>3.20, >3.17), and M. orientalis (Gaotege: 2.52, 2.45, 1.27; Danangou: 2.05, 1.87, 1.01).
The average m1 HH-Index of the new species (0.81) lies between M. teilhardi (0.46) and M.
orientalis (Gaotege: 1.27; Danangou: 1.16). The proportion of 3-rooted M2 for M. nihewanensis
is 96.2%, closer to that of M. orientalis from Gaotege (75.0%), much higher than that of M.
orientalis from Danangou (61.5%). The proportion of 3-rooted M3 for the new species is
84.2%, similar to that of M. orientalis from Danangou (83.3%), much higher than that of M.
orientalis from Gaotege (14.3%) and that of M. teilhardi from Gaotege (5.9%) (Table 3). The
reason that M. teilhardi has a very low proportion of 3-rooted M3 is probably because of the
misidentification of quite a number of M3s that may actually belong to Germanomys.

Mimomys nihewanensis is smaller in size than M. stehlini Kormos, 1931 from Europe (length
of ml: 3.07 mm), and more primitive than the latter because of smaller parameters of enamel free
area on buccal side of m1, but more derived than the latter because of the cementum deposited in
re-entrant angles of its molars. The contradiction probably results from the lack of a form at the
similar evolutionary stage to M. nihewanensis in Europe.

All the materials referred to the new species indicate that little cementum is deposited
in the re-entrant angles of the molars, which is consistent with the occurrence of Mimomys
orientalis in the overlying strata of the same basin, so M. nihewanensis is most likely directly
ancestral to M. orientalis. Most of the Gaotege specimens referred to M. orientalis don’t have
cementum (Qiu and Li, 2016), which seems inconsistent with the general evolutionary trend
of increasing deposition of cementum from none to abundant along different lineages. This
phenomenon may be explained by the different ecology of the two areas: the altitude and
latitude of the Nihewan Basin are relatively low, so the vegetation is better developed because
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of the higher temperatures and humidity, which also caused better development of cementum
in M. orientalis; in contrast, the altitude and latitude of Gaotege are relatively high, so the
vegetation is less developed because of the lower temperatures and humidity, which caused

less developed cementum in M. orientalis.

Fig. 1 Selected molars of Mimomys nihewanensis sp. nov. from Hougou section near Qijiazhuang village,
Yangyuan County, Hebei Province
A—A2.right m1 (IVPP V 23157.9, holotype), B—B2. right m2 (V 23157.25), C—C2. right m3 (V 23157.32),
D-D2. left M1 (V 23157.38), E-E2. left M2 (V 23157.61), F-F2. left M3 (V 23157.76);
A-F. occlusal view, A1-F1. buccal view, A2—F2. lingual view

Fig. 2 Selected molars of Mimomys nihewanensis sp. nov. from Laowogou section near Daodi village,
Yangyuan County, Hebei Province
A—A2.right m1 (IVPP V 23160.2), B-B2. right m2 (V 23160.16), C—C2. right m3 (V 23160.24),
D-D2. left M1 (V 23160.28), E-E2. left M2 (V 23160.36), F-F2. left M3 (V 23160.50); A—F. occlusal view,
A1-F1. buccal view, A2—F2. lingual view
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Table 3 Proportions of 2- and 3-rooted M2 and M3 in four Mimomys species from China

Species Locality M2 (nf%) M3 (nf%)

3-rooted 2-rooted 3-rooted 2-rooted

M. bilikeensis Bilike 15/100 0|0 11]68.8 51313
M. teilhardi Gaotege 64[100 0|0 2|5.9 32(94.1
M. orientalis Gaotege 12|75 4125 1/14.3 6/85.7
Danangou 16/61.5 10[38.5 5/83.3 1116.7

combined 28|66.7 14(33.3 6/46.2 7153.9

M. nihewanensis sp. nov. Laowogou etc 75|96.2 313.9 64/84.2 12/15.8

All the other localities of Mimomys nihewanensis are probably older than Laowogou (3.08
Ma) but should be no older than the horizon of Gaotege yielding M. teilhardi (4.2 Ma).
Pitymys McMurtrie, 1831
Pitymys simplicidens sp. nov.
(Fig. 3)
Pitymys cf. hintoni Zheng and Cai, 1991, figs. 4, 4-5; Cai et al., 2004, table 2
Pitymys hintoni Min et al., 2006, p. 104

Holotype A right mandible with il and m1 (Geological Museum of China, GMC
V 2056.1).

Paratype A right ml lacking PL (GMC V 2056.2).

Type locality and horizon Layer 13 (Equivalent to Do-6 of Zheng and Cai, 1991)
of Danangou section near Dongyaozitou village, Baishuiquan Town, Yuxian County, Hebei
Province, Lower Pleistocene (~1.44 Ma, Cai et al., 2013).

Etymology Derived from Latin words simplex and dens, meaning “simple” and “tooth”,
respectively, to indicate the simplified morphology of AC2 on m1 of the new species, without
trace of additional RA (or SA).

Referred localities and materials Danangou section near Dongyaozitou village,
Baishuiquan Town, Yuxian County, Hebei Province: Layer 12
(~1.49 Ma, Cai et al., 2013), a left m1 (IVPP V 23224).

Age of referred localities Early Pleistocene (~1.49 Ma,

Cai et al., 2013).

Measurements See Tables 1-2.

Diagnosis Small-sized (length of m1: 2.36 mm); AC2 of
ml short and simple, without trace of LRAS and BRA4; Is 1-4
and Is 6 are closed, whereas Is 5 and Is7 are open; the value of
SDQ, is 62, so the differentiation of enamel is negative type.

1 mm
Description TI1-T3 of m1 are separated from each

Fig. 3 Pitymys simplicidens sp.
nov. (right m1, GMC V 2056.1,
holotype) from Danangou section

extra RA or SA; Is 1-4 and Is 6 are closed, whereas Is 5 and near Dongyaozitou village,
Is 7 are not; the value of SDQ, is 62, indicative of negative ~ Yuxian County, Hebei Province

differentiation; m1 has five LSAs and four BSAs, and four (After Zheng and Cai, 1991)

other, while T4 and T5 are confluent with each other, and form
a thombus; AC2 is simple and oval-shaped, without trace of
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LRAs and three BRAs; cementum is abundant in all re-entrant angles.

Comparisons The rhombus-forming confluent T4 and TS and completely closed Is
6 are consistent with the dental morphology of Pitymys. P. hintoni Kretzoi, 1941 from the
locality Betfia-5 of Biharian age, Romania also has rhombus-forming confluent T4 and T5,
and closed Is 6, but LRAS is distinctly developed on the lingual side of AC2. P. gregaloides
Hinton, 1923 from the Upper Freshwater Bed of West Runton, England also has a faint BRA4
developed besides LRAS, so AC2 is elongated. The extant Blyth’s mountain vole P. leucurus
(Blyth, 1863), Sikkim mountain vole P. sikimensis (Hodgson, 1849), Irene’s mountain vole P,
irene (Thomas, 1911), and Juniper mountain vole P. juldaschi (Severzov, 1879) are radically
different from the new species by having common or similar characters on ml, that BRA3
is broader and shallower than LRAS, and relatively posteriorly located, and that Is 6 is not
closed. In addition, the new species is clearly smaller than the extant species. Based on the
measurements of m1—3 length of Luo et al. (2000), except for P. irene, the mls of all the other
extant species mentioned above are estimated to be equal to or greater than 3 mm.

Discussion With the exception of the fact that the dentine area between AC2 and T5
is closed, the occlusal morphology of Pitymys simplicidens sp. nov. is remarkably similar to
Allophaiomys deucalion, which may prove that the new species is the direct descendant of the
latter. However, P. simplicidens. is unlikely the ancestor of the extant species of Pifymys, because
the closed Is 6 on the m1 of the new species indicates that it lies at the end of an evolutionary
lineage, and it has not been found anywhere else other than in the Nihewan Basin.

The “Pitymys hintoni” reported by Min et al. (2006) from Taiergou west section near
Xiaodukou village, Huashaoying Town, Yangyuan County reported by Min et al. (2006) should
be a synonym of the new species, so it could be taken as evidence that the species was widely
distributed in the Nihewan Basin.

Borsodia Janossy & van der Meulen, 1975
Borsodia prechinensis sp. nov.
(Fig. 4)
Borsodia sp., B. chinensis (partim) Zheng et al., 2006, table 2
Borsodia n. sp. Zheng and Zhang, 2000, fig. 2; Zheng and Zhang, 2001, fig. 3
Borsodia sp. Zhang et al., 2011, fig. 3A-F
Arvicolinae gen. et sp. indet. Zhang et al., 2011, fig. 3K-L

Holotype A leftml (IVPPV 23164.1).

Paratypes A left m1, a right m3, two right M1, a right M3 (V 23164.2—6).

Type locality and horizon Layer 11 of Donggou section near Qianjiashawa village,
Huashaoying Town, Yangyuan County, Hebei Province, Lower Pleistocene (<2.6 Ma, Cai et
al., 2013).

Etymology pre-, Latin, meaning “before”, to indicate the new species chronologically
predates Borsodia chinensis.

Referred locality and materials Donggou section near Qianjiashawa village,
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Huashaoying Town, Yangyuan County, Hebei Province: Layer 4 (>2.6 Ma, Cai et al., 2013),
a right m2 (IVPP V 23147.1); Layer 7 (>2.6 Ma), a right m1, a left m3, two right M1, a right
M2 (V 23147.2—6). Niutoushan section near Pulu village, Beishuiquan Town, Yuxian County,
Hebei Province: Layer 15, a left and three right m1, a left and a right m2, two left M1, three
left and a right M2 (V 23147.39-50). Wenwanggou section near Leijiahe village, Lingtai
County, Gansu Province: Layer WL11-7 (~3.5-3.41 Ma, Zheng and Zhang, 2000), a right M3
(V 18079.1); Layer WL11-5, a left m1 (V 18081.1); Layer WL11-3 (~3.45 Ma, Zheng and
Zhang, 2000), a right M3 (V 18079.2); Layer WL11-1, a right m3 (V 18079.3); Layer WL10-
11, a broken left M3 (V 18079.4); Layer WL10-10 (~3.33 Ma, Zheng and Zhang, 2000), a left
M3 (V 18079.5); Layer WL10-8, a broken right M3 (V 18079.6); Layer WL10 (~3.41-3.25 Ma,
Zheng and Zhang, 2000), two left M3, two right m2, a broken left m3 (V 18079.7—11); Layer
WL 8 (~3.15 Ma, Zheng and Zhang, 2000), a right M3, a broken right m1, a broken right m3
(V 18079.12—14), a left m1 (V 18081.2); Layer WL 3 (~2.16 Ma, Zheng and Zhang, 2000), a
broken right m1, a broken left m2 (V 18079.15-16).

Age of referred localities Late Pliocene—Early Pleistocene (~3.5-2.2 Ma, Cai et al.,
2013; Zheng and Zhang, 2000).

Measurements See Tables 1-2.

Diagnosis Similar to Borsodia chinensis in size, but LRA2 on upper molars is narrow
and not Lagurus-type. AC of m1 is short, and bends buccally to a lesser extent, and MR is
developed on some specimens. HH-index of m1 (=3.67) and PAA-index (5.42) and PA-index
(4.62) of M1 are distinctly smaller than B. chinensis (>5.35, >5.04, and >6.05, respectively),
but greater than B. mengensis (1.18, 0.90, and 0.67, respectively) (Table 2). Is 1-4 of m1 are
100% closed, the same as B. chinensis, but higher than B. mengensis; SDQ, (91) indicative
of the same negative differentiation as B. chinensis. Is 1 and Is 3 of M1 (average length: 2.10
mm) are closed, and Is 2 and Is 4 are not, which is similar to B. mengensis, but different from B.
chinensis with closed Is 1—4.

Description Root development of molars occurs relatively early, and no cementum
deposited in the re-entrant angles.

On ml, there exist three closed and alternating triangles and 1 three-lobed ACC anterior
to PL. Is 1—4 are closed, while Is 5—6 are open. There are five LSAs and four BSAs, and four
LRAs and three BRAs. On some specimens, the vestige of MR exists on the anterior wall of
BSA3. AC is relatively short, and does not bend buccally, and the front of which lacks enamel.
The posterior edge of the tooth is flat or slightly concave anteriorly. HH-Index=3.67 (Hsd =
2.27, Hsld=2.87).

On m2, four triangles exist anterior to PL. Is 1 and Is 3 are closed, whereas Is 2 and Is 4 are
open, resulting in two rhombic transverse dentine zones. HH-Index > 3.62 (Hsd > 2.3, Hsld > 2.80).

The m3 is similar to m2 in occlusal morphology, but shorter and narrower. HH-Index
averaged 1.93 (Hsd = 1.50, Hsld = 1.33).

M1 (average length: 2.10 mm) has four triangles posterior to AL. Is 1 and Is 3 are more
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closed than Is 2 and Is 4. 3-rooted. PAA-index = 5.42 (Prs = 3.40, As = 3.13, Asl = 2.83), PA-
Index = 4.62.

M2 has three triangles posterior to AL, and 2 LSAs, 1 LRA and 3 BSAs, 2 BRAs. Prs is
greater than 2.2. 2-rooted.

On M3, the three BRAs are shallower than the two LRAs, and the three BSAs are weaker
than the two LSAs. PL is relatively broad and long. PA-Index = 3.03 (Prs = 2.00, As = 2.27).
2-rooted.

Comparisons The HH-Index for the lower molars and the PA-Index for the upper
molars of Borsodia prechinensis sp. nov. are indicative of its intermediate stage of evolution
between B. mengensis and B. chinensis, but closer to the latter (Table 2), which means the new
species is much more derived than B. mengensis, but slightly more primitive than B. chinensis.

The morphology of molars of the new species is different from B. chinensis in: AC of m1
does not bend buccally, and retains a vestigial MR on some specimens; re-entrant angles and
salient angles on both buccal and lingual side are more pronounced; LRA2 on M1 and M2 is
narrow and V-shaped, but not broad and U-shaped.

Discussion The two mls from Layer WL11-5 of Wenwanggou section, Lingtai County,
Gansu Province were all referred to as Arvicolinae gen. et sp. indet. (Zhang et al., 2011:fig.
3K-L), but both of them were thought to be with little cementum in the re-entrant angles.
However, except for the existence of cementum, their occlusal morphology is consistent with
that of the new species in such characters as the AC not bending buccally, vestigial Mimomys-
ridge, etc. So, the existence of cementum is most likely not true. Here we refer all the
specimens of Borsodia sp. (Zhang et al., 2011:fig. 3A—F) and Arvicolinae gen. et sp. indet. of
the same authors to the new species.

Based on the distribution of small mammals in the Donggou section (Zheng et al., 2006)

A2
Y Cl C C2
Y ~

1 mm 1mm

Bl B B2 for laterval view for occlusal view
% DI D D2
% e
Fig. 4 Selected molars of Borsodia prechinensis sp. nov. from Donggou section near Qianjiashawa village,
Yangyuan County, Hebei Province

A—A2. right m1 (IVPP V 23164.1, holotype), B—B2. right M1 (V 23164.4), C—C2. left M3 (V 23164.6),
D—D2. right m3 (V 23164.3); A—D. occlusal view, A1-D1. buccal view, A2—-D2. lingual view
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and earlier paleomagnetic dating data (Yang et al., 1996; Yuan et al., 1996; Zhu et al., 2001),
the boundary between Pliocene and Pleistocene was determined to be between L8 and L9 in
the Donggou section, which is indicative of the diachronism of Borsodia prechinensis sp. nov.
Similarly, in the Wengwanggou section, the boundary between Pliocene and Pleistocene was
determined between WL7 and WL6, where the new species is also diachronous (Zheng and
Zhang, 2000, 2001).

Myospalacinae Lilljeborg, 1866
Pliosiphneus Zheng, 1994
Pliosiphneus daodiensis sp. nov.
(Fig. 5)
Pliosiphneus sp. Cai et al., 2004, table 2

Holotype A right m1 of an adult individual (IVPP V 15475).

Type locality and horizon Layer 3 (red clay) of Laowogou section near Daodi village,
Yangyuan County, Heibei Province (Upper Pliocene, ~3.08 Ma, Cai et al., 2013).

Etymology The species name refers to Daodi village, in the vicinity of which is the type
locality.

Measurements Length of m1: 3.34 mm; parameter a, b, c, d, and e: 0.0, 3.8, 3.7, 4.2,
and 3.7, respectively.

Diagnosis Distinctly smaller than Pliosiphneus lyratus, and crown height is lower than P,
puluensis sp. nov. Length of m1 is 3.34 mm, and parameter a, b, c, d, and e are 0, 3.8, 3.7, 4.2,
and 3.7, respectively.

Description Molars rooted. M1 has a pointed
anterior tip, and a triangular ac; there exist three
alternating, and tightly closed triangles; bras are
distinctly shallower than Iras; bsa2 is weaker than bsal
and bsa3; the depth successively decreases from Iral to
Ira3; bral and bra2 are of similar depth; bra2 and Ira3
are transversely opposite to each other. Dentine tracts
on both buccal and lingual side are three-peaked type,
but the lingual ones are much higher. The value of
parameter a is 0.

Comparisons The ml of Pliosiphneus

daodiensis sp. nov. (length: 3.34 mm) is slightly bigger
than that of P. antiquus (averange length: 3.22 mm,
Yushe Basin, Zheng, 2017:table 9.7), distinctly smaller
than P. [yratus (average length: 4.35 mm, Yushe

Fig. 5 Right m1 (IVPP V 15475, holotype)
of Pliosiphneus daodiensis sp. nov. from
Basin, Zheng, 2017, remeasured) and P. puluensis sp. Laowogou section near Daodi village,

nov. (length: 4.5 mm). Values of parameter a, b, c, Yangyuan County, Hebei Province

A. occlusal view, Al. lingual view,
A2. buccal view

d, and e of the new species (0.0, 3.8, 3.7, 4.2 and 3.7,
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respectively) are greater than that of P. antiquus (0.07, 0.73, 1.07, 1.55 and 0.60, respectively,
Yushe Basin, Zheng, 2017) and P. lyratus (0, 1.9, 1.7, >4.6 and >3.6, respectively, Yushe
Basin, Zheng, 2017), but distinctly smaller than P. puluensis (2.4, >5.0, >6.0, >5.2, and >5.1,
respectively). If they are lined up in order of crown height from lowest to highest, it should be
P. antiquus—P. lyratus—P. daodiensis—P. puluensis, which also represents their successive
order of evolution.

Remarks The new species should belong to convex occiput zokors based on its opposite
Ira3 and bra2. The 0 value of parameter a is indicative of either Prosiphneus or Pliosiphneus
assignment. Further, the greater values of parameter b, ¢, d, and e indicate a derived form of
Pliosiphneus.

The pointed anterior tip of ac of m1 is probably because of its young age. The roots of the
tooth have not completely erupted, and the crown has not been subject to heavy wear.

Pliosiphneus puluensis sp. nov.
(Fig. 6)

Pliosiphneus sp. nov. Cai et al., 2007, tables 1-2

Holotype A left m1 of an adult, with the posterior edge damged (IVPP V 15476).

Paratypes A left and a right m2, anterior part of a right m3, anterior part of a left M1, a
right M3 (V 15476.1-5).

Type locality and horizon Layer 9 of Niutoushan section near Pulu village,
Beishuiquan Town, Yuxian County, Hebei Province (Daodi Formation of Upper Pliocene,
correlated to Mazegou Formation in Yushe Basin).

Etymology The name refers to Pulu village, in the vicinity of which is the type locality.

Referred localitiy and material Yushe Basin, Shanxi Province: anterior part of a
cranium with left and right M1-3 (IVPP RV 42025).

Age of referred localities Late Pliocene.

Measurements Length of diastema: 13.0 mm; length of incisive foramen: 6.2 mm;
rostrum breadth anterior to infraorbital foramen: 10.5 mm; breadth of interorbital constriction:
9.0 mm; length of M1-3: 9.6 mm; length of M1: 3.9 mm; length / breadth of M2: 2.7 mm /
2.9 mm; length of M3: 2.5 mm; breadth of palate between the medial margins of Mls: 5.1
mm; breadth of palate between the medial margins of M3s: 5.6 mm; length of m1: 4.5 mm;
parameter a, b, ¢, d, and e: 2.40, >5.0, >6.0, >5.2, and >5.1, respectively.

Diagnosis Large-sized. Extremely hypsodont in Pliosiphneus. Rostrum short and broad,;
frontal area broad; incisive foramen long. Ratio of incisive foramen length to diastema length
is 47.7%. The upper molar rows are almost parallel (the ratio of breadth between Mls to that
between M3s is 91.1 %). In the molar row, the ratio of length of M3 to length of M2 is 92.6%;
the ratio of length of M3 to length of M1-3 is 26.0%. The ratio of breadth to length of M2 is
79.3%. The values of parameter a, b, c, d, and e of m1 (length: 4.5 mm) are 2.40, >5.0, >6.0,
>5.2, and >5.1, respectively.

Description On the cranium from Yushe Basin (RV 42025), the heights of lingual
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Cl1 —_—

Fig. 6 Selected molars of Pliosiphneus
puluensis sp. nov. from Yushe Basin, Shanxi
Province (A) and Niutoushan section near Pulu
village, Yuxian County, Hebei Province (B—C)
A—Al. right M1-3 (IVPP RV 42025),
B-B1. left m1 (V 15476, holotype),
C—Cl. right m2 (V 15476.2); A—C. occlusal
view, A1l. buccal view, B1-C1. lingual view

dentine tracts of M1 are compatible with that of
the Pulu m1 (Fig. 6). The premaxillary-maxillary
suture runs across the incisive foramen (length:
6.2 mm) at the posterior third, which indicates
the convex occiput type assignment. According to
measurements, the cranium possesses Pliosiphneus
characters such as a short and broad rostrum, broad
frontal area, broad and concave sagittal area. At
the same time, opposite bra2 and Ira3 on ml is
also a character of convex occiput zokors. These
morphological characteristics, combined together,
justify the referral of the specimens to a new species
of Pliosiphneus.

The ac of m1 (length: 4.5 mm) is oval-shaped.
bsas are weaker than Isas, and bras are shallower
than Iras. The value of parameter a is close to half
of the crown height; the dentine tracts of b, ¢, d,
and e have penetrated the crown. On m2 (length:
2.8 mm), the dentine tracts of b and ¢ have not
penetrated the crown, but have been very close to
the occlusal surface.

Comparisons Pliosiphneus puluensis sp.
nov. is the largest known species in the genus. Its
length of M1-3 (9.6 mm) is greater than P. antiquus
(8.6 mm, Yushe Basin, Zheng, 2017:table 9.7) and
P. yratus (9.35 mm, Yushe Basin, calculated from
Zheng, 2017:table 9.5). The length of M1 of the P

puluensis (3.9 mm) is also greater than P. antiquus

(2.82 mm, Yushe Basin, Zheng, 2017:table 9.7) and P. lyratus (3.69 mm, Yushe Basin,
calculated from Zheng, 2017:table 9.5). The m1 length of the Pulu new species (4.5 mm) is
also greater than that of the latter two, 3.22 mm (Yushe Basin, Zheng, 2017:table 9.7) and 4.35
mm (remeasured on specimens from Yushe Basin described by Zheng, 2017), respectively,

and greater than that of P. daodiensis (3.34 mm) as well. The Pulu new species is also the most

hypsodont form in the genus, as indicated by the values of parameter a, b, ¢, d, and e of lower

molars, and A, B, C, and D of upper molars. The most distinguishable difference is the value

of m1 parameter a of the Pulu new species (2.4) is significantly greater than that of P. antiauus
(0.07, Yushe Basin, Zheng, 2017:99), P. lyratus (0, Yushe Basin, Zheng, 2017:96), and P.

daodiensis sp. nov. (0).

Discussion Judging from the fact that the value of m1 parameter a is about half of the
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crown height, the Pulu new species most likely represents a new genus with a convex occiput
and hypsodont rooted molars. However, it is tentatively referred to Pliosiphneus, taking into
consideration that no complete skulls have been found up to now. It is reasonably predictable
that this species may have lost its interparietal bone as in the derived concave occiput
Mesosiphneus with rooted molars.

The Pulu new species is characterized by a short and broad rostrum, broad frontal area,
concave interorbital area and sagittal area, long incisive foramen, and nearly parallel upper
molar rows, which is reminiscent of the cranial morphology of Pliosiphneus lyratus, and
therefore is probably a descendant of it.
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