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Abstract

We report Miocene mammalian faunas from three nearby localities: Kangping, Nanyu,
and Yangping, in the Wushan Subbasin, Gansu Province, China. From the Kangping
locality, we identified four species, Platybelodon grangeri, Hispanotherium
wushanense n. sp., Kubanochoerus sp., and Turcocerus cf. kekemaidengensis, which
indicate that this fauna can be correlated with MN7/8. From the Nanyu locality, we
identified Platybelodon aff. tongxinensis, which, together with the previously reported
specimens of Gomphotherium wimani and Micromeryx cf. flourensianus, enables us
to correlate this fauna with MN6. The Yangping locality is found to be early Miocene

in age based on the presence of cf. Gomphotherium sp. This occurrence is the earliest
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record of proboscideans in China, and thus represents the ‘“Proboscidean Datum
Event”. Evolutionary trends of Platybelodon and Hispanotherium are figured and
discussed. The possibility of a geographic boundary associated with the eastern and
western differentiation of species of Turcocerus and bunodont listriodonts in China is
also evaluated. This boundary was consistent with the major division of the eastern
and western mammalian faunas of the middle Miocene in China. The localities in

Inner Mongolia suggest a large area with transitional habitats.
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1. Introduction

In the middle Miocene of China, the environment was entering a transitional
period, and the mammalian fauna was rapidly diversifying (Qiu and Qiu, 1995;
Zachos et al., 2001; Zhang and Guo, 2005; Deng, 2011). Systematic research on the
middle Miocene mammalian faunas of China began with the Central Asiatic
Expedition organized by the American Museum of Natural History in 1928, when the
first “Pliocene” locality was found near a freshwater well locally known as Gur Tung
Khara Usu in central Inner Mongolia (Spock, 1929; Andrews, 1932; Wang et al.,
2003). The middle Miocene in particular, which is divided into an early interval (MNG6,
15-13.5 Ma) and a late interval (MN7/8, 13.5-11.1 Ma), has attracted a great deal of
attention in China (Deng et al., 2013) because of the richness and excellent
preservation of the findings. Consequently, many middle Miocene fossil assemblages
have been found in China. Ten mammalian faunas of MN6 have been reported: the
Tairum Nor (Wang et al., 2003; Deng et al., 2007), Dingjiaergou (Qiu and Qiu, 1995;
Wang et al., 2016b), Jiulongkou (Chen and Wu, 1976), Lengshuigou (Qiu and Qiu,
1990), Erlanggang (Yan, 1979), Shinanu, Zengjia (Guan, 1988; Cao et al., 1990; Deng
et al., 2013; Wang, 2014), Lierpu (Li et al., 1981; Qiu et al., 1981; Deng, 2004b),
Quantougou (Qiu, 2000, 2001a, 2001b; Qiu and Li, 2003; Deng et al., 2007), and
Halamagai (Wu et al., 1998, 2003; Ye et al., 2001) faunas. In addition, seven

mammalian faunas of MN7/8 have been reported: the Moergen (Qiu et al., 2006, 2013;
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Deng et al., 2007), Laogou (Deng, 2003, 2004a; Deng et al., 2013), Olongbuluk
(Wang et al., 2007), Damiao (Zhang et al., 2011), Koujiacun (Liu et al., 1960),
Kekemaideng (e, 1989; Ye et al., 1999, 2001) and Xiaolongtan (Dong, 1987) faunas.
New middle Miocene fossil assemblages are needed for spatiotemporal comparison,
and are likely to be discovered in locations where thick Miocene basin fills were

deposited and thereafter incised, such as in central Gansu Province, China.

2. Geological setting

The Wushan Subbasin is located in the west of the Tianshui Basin (Fig. 1). Wang
et al. (2013b, 2015) reported mammalian fossils from the Nanyu locality, and
identified these fossils as Gomphotherium wimani and Micromeryx cf. flourensianus,
which are middle Miocene in age. Recently, new material was collected from the
same area, including the previously reported Nanyu locality, and two newly
discovered localities at Kangping and Yangping. These three localities show a clear
superposition relationship (Kangping, Nanyu, and Yangping, from uppermost to

lowermost) based on stratigraphic correlation (Fig. 2).

3. Material and methods

Specimens we report in this research were from three localities, Yangping, Nanyu
and Kangping. Most of them were collected from Kangping which is correlated with
MN7/8. The Nanyu locality, as we have shown, is correlated with MNG6, and the
Yangping locality is correlated with the early Miocene based on the presence of a very
primitive gomphothere, although the specimens are fragmentary.

The terminology of maxilla and mandible structures follows Sisson (1953); that
of occlusal structures of teeth for proboscideans, rhinocerotids, suids, and bovids
follows Tassy (2014), Qiu and Wang (2007), van der Made (1996), and Gentry (1992),
respectively.

Abbreviations: CEESV: Key Laboratory of Western China’s Environmental
Systems (Ministry of Education), College of Earth and Environmental Sciences,

vertebrate collection, Lanzhou University, Lanzhou, China; IVPP V: Institute of
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Vertebrate Paleontology and Paleoanthropology, vertebrate collection, Beijing, China;

HMV: Hezheng Paleozoological Museum, vertebrate collection, Hezheng, China.

4. Systematic paleontology

Class MAMMALIA Linnaeus
Order PROBOSCIDEA llliger
Family GOMPHOTHERIIDEA Hay

Genus indet. cf. Gomphotherium Bermeister

cf. Gomphotherium sp.

(Fig. 3A, B)

Locality: Yangping.

Referred specimen: CEESV0034, molar fragment.

Description and comparison: CEESV0034 is a fragment of a proboscidean molar
(Fig. 3A, B), as indicated by the conical enamel pillars. We can approximately
identify the pretrite conelet, the mesoconelet, and central conules of a certain loph(id).
The occurrence of a proboscidean indicates the age of the Yangping locality: the

Shanwangian of the early Miocene.

Family AMEBELODONTIDAE Barbour

Genus Platybelodon Borissiak

Platybelodon aff. tongxinensis Chen

(Fig. 3C, F, G)

Holotype: IVPP V5572, a pair of M3 and m3 of the same individual.
Locality: Nanyu.

Geographic distribution: Tongxin, Ningxia; Citan, Gansu; Wushan, Gansu; all in
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China.

Stratigraphic distribution: middle Miocene, MNG.

Referred specimens: CEESV0025, right m3; CEESV0026, right humerus.
Description: The m3 (Fig. 3C) is barely erupted from the first lophid, and the
posterior lophids were exposed by removing the bony cover of the mandibular
fragment. The specimen is composed of four lophids and a distal enamel conelet that
rises from the posterior cingulid. The first pretrite half-lophid is broken. The pretrite
half-lophids are marked by well-developed trefoils on the first three lophids, the
mesoconelets of which are shifted anteriorly to merge with the anterior accessory
central conules, whereas the strong, serrated and individualized posterior accessory
central conules tend to invade the neighboring entoflexid. The corresponding posttrite
half-lophids have mesoconelets and anterior accessory central conules. On the
posterior lophids, the mesoconelets and anterior accessory central conules of the
pretrite, and posttrite half-lophids are either separated or fused, but tend to reduce
from anterior to posterior or are entirely absent. The pretrite and posttrite sides of the
same lophid show alternating positions. The posterior cingulid is composed of one or
two large conelets, and the cingulid is also developed on the anterior border of the
tooth. The cementum in the interlophs is strong. The small conules in the interlophids
are weakly developed.

The humerus (Fig. 3F, G) is damaged, and lacks the lateral tuberosity and parts
near the proximal and distal sides and the lateral condyle. The proximal end is robust,
and the head is large and rounded. The deltoid tuberosity is strong and thick. The
whole bone tapers rapidly from proximal to distal. The internal surface of the medial
condyle is rough.

Comparison: The narrow contour, subhypsodonty, strong chevron of the half-lophids,
and serrated posterior central conules that invade the neighboring entoflexid support
attribution of the tooth to Platybelodon. Although the tooth is still a germ, it has only
four lophids, which can be distinguished from the five-lophid m3 of Platybelodon
grangeri. Here we refer to this specimen as P. aff. tongxingensis, which generally has

four-lophid m3. Although Gomphotherium wimani has been reported from the same
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locality, we identify the proboscidean humerus as P. tongxingensis because of its
slenderness (Fig. 4, Table 1), which appears to be a character of the limbs of

Platybelodon (Wang and Ye, 2015).

Platybelodon grangeri Osborn

(Fig. 3D, E)

Locality: Kangping.
Geographic distribution: Laogou and Zengjia, Linxia, Gansu; Tunggur, Inner
Mongolia; Halamagai, Xinjiang; Zhongning, Ningxia; Wushan, Gansu; all in China.
Stratigraphic distribution: late middle Miocene, MN7/8.
Referred specimens: CEESV0024, right DP4; CEESV0037, left mandibular
fragment with broken dp3 and dp4.
Description: The DP4 (Fig. 3D) is unworn. It is rectangular and composed of three
lophs oriented perpendicular to the long axis of the tooth, plus a strong posterior
cingulum. The pretrite half-lophids show well-developed trefoils. The first pretrite
half-loph is high, with a serrated anterior accessory central conule linked to the
anterior cingulum, a simple posterior accessory central conule, and a weak
mesoconelet. The first posttrite half-loph comprises a mesoconelet and a main conelet,
which are subdivided. The second pretrite half-loph has a strong and subdivided
anterior accessory central conule and a small and undivided posterior conule. The
mesoconelet is nearly absent. The second posttrite half-loph is similar to the first.
Both the third pretrite and posttrite half-lophs are similar to the second loph. The
posterior cingulum is composed of a row of enamel conules. Small enamel conules
are also well developed in the interlophs, which are covered by a thin layer of
cementum. Cingula are developed along the anterior margin of the tooth and the
lingual side of the first interloph.

The dp3 (Fig. 3E) is broken, and only the posterior part is preserved. The
remaining lophid is wide. The pretrite and posttrite half-lophids are rounded and

robust. The posterior cingulid is strong and shaped like a thick stick.
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The dp4 (Fig. 3E) is narrower and longer than the DP4. It is rectangular and
composed of three lophids with strong anterior and posterior cingulids. The first
pretrite is trifoliate, with the anterior pretrite central conule linked to the anterior
cingulid, whereas the posterior pretrite accessory central conule is individualized and
shows a tendency to invade the neighboring entoflexid. The mesoconelet is medium
sized. The first posttrite half-lophid has a mesoconelet and weakly outlined anterior
and posterior accessory central conules. The second pretrite half-lophid is also
trifoliate, with strong anterior and posterior pretrite accessory central conules and a
weak mesoconelet. The second posttrite half-lophid has a mesoconelet and an anterior
accessory central conule. The third pretrite half-lophid also has a mesoconelet and an
anterior pretrite accessory central conule, with the former shifted anteriorly to fuse
with the latter. The third posttrite half-lophid has only an anterior mesoconelet. The
posterior cingulid is relatively strongly developed, with two main conelets and other
smaller conules. Small enamel conules are well developed in the interlophids. The
cingulid is developed along the anterior margin of the tooth and the buccal side of the
first interlophid.

Comparison: The DP4 appears to erupt from the alveolus. The alternatingly
positioned pillars of teeth, subdivision of crown structure, and heavy cementum
strongly indicate the genus Platybelodon. Six species of Platybelodon have been
described to date: P. danovi, P. grangeri, P. jamandzhalgensis, P. beliajevae, P.
tongxinensis, and P. dangheensis (Wang et al., 2013a). Tobien (1973) suggested that P.
jamandzhalgensis and P. danovi are synonymous. The DP4 of the Kangping specimen
is characterized by strong subdivision of crown elements and somewhat strong
development of the anterior pretrite central conules, which together are consistent
with the diagnosis of P. grangeri. Furthermore, P. dangheensis is a very
early-occurring species with a small size and primitive features. DP4 of P.
tongxinensis are smaller, whereas P. beliajevae has very wide cheek teeth (Wang et al.,
2013a). The Kangping specimen is similar to P. grangeri in size and morphology.
Moreover, its dp3 and dp4 are very similar to those of the P. grangeri specimen

HMV1813 described by Wang et al. (2013a). Although the new material shows less
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wear than HMV1813, the strong lophid and posterior cingulid on dp3, the
well-developed trefoils of the pretrite half-lophids, and the medium to weak
mesoconelet are identical to the latter. The new material is also similar to HMV1813
in terms of size. The width of the dp3 of HMV1813, estimated from the plate of Wang
et al. (2013a), is 23.4 mm, and that of the Kangping material is 25.3 mm. The length
and width of dp4 of HMV1813 are 69.5 mm and 30.4 mm, respectively, and those of
new material are 72.6 mm and 34.8 mm, respectively. The dimensions of the new

material therefore match P. grangeri well.

Order PERISSODACTYLA Owen
Family RHINOCEROTIDAE Gill
Subfamily RHINOCEROTINAE Gill
Tribe ELASMOTHERIINI Dollo

Genus Hispanotherium Crusafont and Villalta

Hispanotherium wushanense n. sp.

(Fig. 5)

Etymology: specific name, Wushan, the name of the area yielding the holotype.
Holotype: CEESV0032, left maxillary fragment with M2 and M3, belong to an aged
individual.

Locality: Kangping.

Age: late middle Miocene, MN7/8.

Referred specimen: CEESV0033, right maxillary fragment with M3.

Diagnosis: Medium-sized Hispanotherium, undulated labial wall of upper molars,
oval protocone with anterior and posterior constriction grooves, thick cement layer on
molars, rectangular M3 with complex secondary folds and strong posterior cingulum.
Description: Part of the facial crest of the upper jaw is preserved (Fig. 5A-C). The
anterior tip of the crest is positioned at the level of the anterior half of M2. The crest

is robust, and the lateral margin of the ventral surface of the crest has a strong tubercle,
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which forms a wide groove between the lateral margin of the crest and the cheek
teeth.

M2: The crown surface is rectangular because of the late stage of wear. It is
covered with a thick cement layer. The length is less than the width. The protocone is
oval with a flat lingual wall, which shows anterior and posterior constriction grooves.
The protoloph and metaloph are wide. The crochet is thick and short, and the
antecrochet is very large. Their tips connect with each other such that the medifossette
is closed. The crista is weak, with three small plications. A small, isolated enamel ring
is near the buccal wall of the medifossette. The hypocone connects with the metaloph
such that the postfossette is closed.

M3: The protocone has a flat lingual wall and is deeply constricted by the anterior
and posterior constriction grooves. The crochet and antecrochet are thick and short.
The lingual wall of the medifossette shows undulating secondary folds. The isolated
enamel ring in the medifossette, being larger than that of the M2, is close to the buccal
wall of the antecrochet. The crista has two folds. The anterior fold is weaker, whereas
the posterior fold is very strong. The labial wall of the tooth is not greatly undulated.
Being distinct from the M3 of other rhinocerotids, the ectoloph and metaloph are not
merged — they run in distinct directions and show an apparent angle. Therefore, the
occlusal contour of this tooth is rectangular. The posterior cingulum is very strong. In
the holotype, the labial part of the posterior cingulum connects with the ectoloph, and
its lingual part is close to the hypocone, which forms a very narrow postfossette that
opens posterolingually. However, in the specimen CEESV0033, the posterior
cingulum connects with the hypocone, and the labial part is separated from the
ectoloph, which makes the postfossette open posterolabially (Fig. 5D).

Comparison: The upper cheek teeth of the Wushan material are medium in size.
They have undulated labial walls, oval-shaped protocones with anterior and posterior
constriction grooves, and thick cement layers. All of these features indicate that these
cheek teeth belong to the genus Hispanotherium. Six species of this genus have been
reported: H. materitense, H. grimi, H. alpani, H. corcolence, H. lingtongense, and H.

tunggurense. According to Deng (2003), H. grimi and H. alpani can be regarded as
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synonyms of H. materitense. Sanisidro et al. (2012) also suggested that H. alpani is a
synonym of H. materitense. Cerdefio (1996) indicated that the dental characters of the
type material of H. lintungensis differ little from those of H. materitense. Deng (2003)
agreed with this argument and confirmed that H. lintungensis is a junior synonym of
H. materitense. Antoine et al. (2002) established a new species, H. corcolence, and
listed a series of differences from other species of Hispanotherium. However, these
features are not stable, and it is difficult to distinguish the cheek teeth characters of H.
corcolence from those of H. materitense based on the figures in Antoine et al. (2002).
Therefore, only two valid species, H. materitense and H. tunggurense, can be
compared with the new material of the Yangping locality.

The new material is slightly larger than H. materitense (Table 2). The facial crest
of H. materitense is stronger and more elongated than that of the new material. Its
anterior tip extends to the level of the P4/M1 boundary, and is much more elongated
than that of the new material (Sanisidro et al., 2012). They share some similarities in
cheek teeth, but the protocone of H. materitense is longer than that of the new
specimens at the same stage of wear. The most significant difference is that the new
specimens have strong secondary folds on the median valley of the M3. This character
is only found in the advanced elasmotheres. H. tunggurense clearly has a larger body
size (Table 2) and much stronger undulation of the labial wall on the cheek teeth. Its
M3 is triangular, and lacks strong secondary folds (Cerdefio, 1996). Consequently, the
features of the new specimens are clearly different from known Hispanotherium

species, and we therefore establish a new species, Hispanotherium wushanense n. sp.

Order ARTIODACTYLA Owen
Family SUIDAE Gray
Subfamily LISTRIODONTINAE Simpson

Genus Kubanochoerus Gabunia

Kubanochoerus sp.

(Fig. 6)
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Locality: Kangping.

Referred specimens: CEESV0027, left mandible fragment with p2; CEESV0028,
mandible fragment with left and right p2 to m2; CEESV0029, maxilary fragment with
left P2 to P4; CEESV0031, a broken left M3.

Description: The mandible is robust (Fig. 6). The symphysis is not preserved. It is
difficult to determine whether p1 exists; either the diastema between pl and p2 is very
wide, or p1 has been lost. The cheek teeth are bunodont type, and are worn to a very
late stage. The teeth are medium in size.

The p2 is elongated from an occlusal view. The labial margin is constricted
lingually in the middle, and forms a shallow valley shape. The cingulum is very
strong, especially on the anterior and labial margin. The main cusps are worn away,
with a nearly quadrilateral cross section remaining with a long tail-shaped posterior
horn. The enamel wall on the section is very thick. The p3 is similar to the p2 but
larger, and the occlusal surface is wider. The cross section is nearly drop-shaped, and
posterior part of the labial wall is constricted lingually. The p4 is almost worn away;
the enamel is only preserved on the posterior part of the tooth. The cingulum is
thicker than p2 and p3.

The maxillary material is very poorly preserved. It belongs to the same individual
as the mandible because they can bite together fully. This material shows that the
individual was relatively small and slender.

The M3 is poorly preserved and heavily worn. The occlusal surface only remains
in the posterolabial part, but it is clearly identifiable as bunodont-type. The labial
cingulum is strong. A wide valley lies between the paracone and metacone, and the
ectoconule is absent. The metacone is rounded. A half-circle structure with a very
thick enamel wall is in contact with the postcrista. The pentacone is fan-shaped, and
the hexacone is large and pointed anterolabially.

Comparison: Although the specimens are damaged and the teeth deeply worn, the
characters of the M3 and lower teeth are clearly bunodont. Bunodont listriodonts

consist of three genera: Bunolistriodon, Kubanochoerus, and Libycochoerus. The
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teeth of Bunolistriodon show transitional morphology between lophodont and
bunodont listriodonts, and are particularly small (Qiu et al., 1988). In Libycochoerus,
diastema between pl and p2 is narrow, and the widths of p4, m1 and m2 exceed their
lengths in the middle wear stage (Wilkinson, 1976; Qiu et al.,, 1988). In
Kubanochoerus, the diastema between pl and p2 is wider, and sometimes pl is
missing. The features of the new material are significantly different from the former
two genera and fit with those of Kubanochoerus. Its size is also similar to that of
Kubanochoerus minheensis, and significantly smaller than other species of
Kubanochoerus (Table 3). K. minheensis has high main cusps with anterior crests and
accessory cusps. The basal parts of the main cusps of the premolars of the new

material also show similarity to K. minheensis.

Family BOVIDAE Gray

Genus Turcocerus Kohler

Turcocerus cf. kekemaidengensis Ye et al.

(Fig. 7)

Locality: Kangping.

Geographic distribution: Duolebulejin, Xinjiang; Wushan, Gansu; both in China.
Stratigraphic distribution: late middle Miocene, MN7/8.

Referred specimens: CEESV0001, right maxillary fragment with cheek tooth row;
CEESV0002, right maxillary fragment with P4 and M1; CEESV0003, left maxillary
fragment with P4 to M2; CEESV0004, left maxillary fragment with P4 to broken M3;
CEESV0005, left maxillary fragment with M2 and M3; CEESV0006, left maxillary
fragment with P3 and P4; CEESV0007, left maxillary fragment with M1 and M2;
CEESVO0008, right maxillary fragment with P4 to broken M2; CEESV0009, right
maxillary fragment with broken M2 and M3; CEESV0010, left P2; CEESV0011, left
M3; CEESVO0012, left M3; CEESV0013, left mandible fragment with p3 and p4;

CEESV0014, right mandible fragment with p4 to m2; CEESV0015, right mandible
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fragment with p4 to m2; CEESV0016, left mandible fragment with m2 to m3;
CEESVO0017, left mandible fragment with p4, ml, and m3; CEESV0018, left
mandible fragment with m1; CEESV0019, left mandible fragment with m2 and m3;
CEESV0020, right mandible fragment with m3; CEESV0021, right p2; CEESV0022,
right p3; CEESV0023, broken left m3.

Description: Cheek teeth of these specimens are hypsodont. The P2 is small, and the
length is larger than the width. The paracone is prominent and close to the parastyle.
In buccal view, the ribs of the paracone and the parastyle are closely juxtaposed and
tend to be fused at the base. The metacone is weak without a rib. The metastyle also is
not prominent. The anterior and posterior parts of protocone are equally developed
with a median lingual groove.

The P3 is similar to the P2, but is larger and anteroposteriorly compressed. The
anterior and posterior parts of the protocone are more closely positioned with a
shallower median lingual groove than those of P2.

The P4 is larger than the P3, and is triangular. The para- and metacones are nearly
fused without a rib in buccal view. Both para- and metastyles are prominent with
strong ribs in buccal view. The protocone is singular. Folds are developed on the
posterolingual crista. In some specimens, a small enamel ring is formed in this
position.

The M1 is rectangular to square. The parastyle is rounded and has a strong rib on
the buccal wall. The mesostyle is sharp and oriented to the anterobuccal side. It also
has a strong rib on the buccal wall. The paracone is bulky. The metastyle extends
posteriorly, but it is relatively weak. The metacone is also bulky, but without a rib.
The anterior angles of central cavities are always very close to the buccal wall. The
lingual walls of the protocone and metaconule are rounded. The entostyle is strong.

The M2 is larger and longer than M1. The width of the crown narrows
considerably upward. The parastyle is sharp, with a rib stronger than that of M1; and
the mesostyle is sharp and extended buccally. The lingual wall of the protocone is
angular. The other features are similar to those of M1. The entostyle is weaker than

that of M1.
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The M3 is similar to M2, except that the posterior lobe of the M3 is slightly
narrower than the anterior lobe.

The p2 is very small. The parastylid is not separated from the paraconid. The
protoconid is high. The transverse cristid is strongly posterolingually oblique. The
hypoconid is low and small. The posterior valley is almost enclosed by the posterior
cristid and the entostylid.

The p3 is larger and higher than the p2. The parastylid is branched from the
paraconid. The protoconid is large and high, and the transverse cristid is also strongly
posterolingually oblique. However, no metaconid is observed. The hypoconid is
buccally convex, separated from the protoconid by a buccal groove. The posterior
cristid and the entostylid do not enclose the back valley. The distal end of the
entostylid is somewhat inflated.

The p4 is slightly larger than the p3. The parastylid and the paraconid are
well-branched. The protoconid is also large and high, but the transverse cristid is not
as posterolingually oblique as those of the p2 and p3. The metaconid has been
individualized from the transverse cristid; however, there is no anterolingual cristid.
The groove between the protoconid and hypoconid is more developed than that of the
p3. The hypoconid is buccally convex, and the posterior cristid and entostylid do not
enclose the back valley.

The m1 is rectangular. The parastylid and entostylid are moderately developed,
but the metastylid is nearly absent. The entostylid is relatively strong. The metaconid
and entoconid are moderately bulky. They are sharp in lingual view, and lingual ribs
are nearly absent. The anterior cingulid (goat fold) is developed. The protoconid and
hypoconid are strongly buccally convex.

The m2 has a similar morphology to that of ml, although it is more
anteroposteriorly elongated and higher crowned. The parastylid and entostylid are
moderately developed, and the metastylid and lingual ribs of the metaconid and
entoconid are very weak or absent. The lingual wall of the tooth shows an apparent
undulated structure; the postmetacristid fully covers the preentocristid lingually. The

anterior cingulid (goat fold) is even stronger, but the entostylid is weaker than those of
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m1.

The m3 is even higher crowned. In the early stage of wear, the metastylid is

present, and the entostylid shows complex plication; however, their morphology
becomes more similar in the slightly deep wear stage. The step structure of the lingual
wall is more prominent than that of the m2, and the hypoconid appears less convex
than that of the m1 and m2. The entoconid is even weaker than those of the m1 and
m2. The third lobe is composed only of the hypoconulid, without the entoconulid. It is
narrow and triangular, originates from the posterobuccal wall of the posthypocristid,
and extends posteriorly and slightly buccally.
Comparison: The hypsodont crowns, strongly reduced premolars, and the absence of
an anteriorly extending metaconid of p4 support attributing these teeth to the Bovidae.
Because of the medium size, hypsodonty, sharp cusps, strong goat folds, and the
undulated lingual wall of the lower molars, we have identified these specimens as
belonging to the genus Turcocerus, which was widely distributed from the early to
middle Miocene of Asia.

To date, reported species of Turcocerus include T. jiulongkouensis, T. robustus, T.
stenocephalus, T. grangeri, T. noverca, T. kekemaidengensis, and T. gracile.
Turcocerus is characterized by its slightly helical (about one fourth of a circle) horn
cones, and the species are distinguishable from each other based on the morphology
of their pedicles and horn cones. Because there is no horn cone in the new material,
we identify these teeth at the species level based mainly on size. The dimensions of
the teeth fit well with T. kekemaidengensis (Table 4). The teeth of T. jiulongkouensis,
T. robustus, and T. stenocephalus are much larger than the new material; in contrast,
those of T. noverca are clearly smaller than the new material. Furthermore, although
the features on the cheek teeth are not easily distinguishable between the different
species, those of the new material are nearly identical with those of the holotype of T.
kekemaidengensis from the Duolebulejin locality, which indicates a very close
relationship between these species. For example, in T. kekemaidengensis, the
ectostylids of the m3 are weaker than those of the m1 and m2 (Ye et al., 1999).

However, considering the absence of a horn core, we refer to these specimens as
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Turcocerus cf. kekemaidengensis.

5. Discussion

5.1. Age

The Kangping locality on the eastern wing of the syncline is closer to the core
than the Nanyu locality on the western wing. The stratigraphic correlation indicates
that the Kangping fauna is younger than the Nanyu fauna, and the Yangping fauna is
located at the base of the succession (Fig. 2). The Kangping fauna was correlated with
MN?7/8. Platybelodon grangeri, in the Kangping fauna, has been found in several
other mammalian faunas of MN7/8, including the Tunggur, Inner Mongolia, Zengjia
and Laogou, Gansu (Deng et al., 2007, 2013; Wang, 2014). Kubanochoerus sp. is
most similar to K. minheensis. Only a single definite record of K. minheensis has been
reported, from the Xianshuihe Formation of the Xining Basin, Qinghai (Qiu et al.,
1981). Qiu et al. (1981) indicated that this fauna can be correlated with the Tunggur,
Inner Mongolian fauna, which is a characteristic fauna of MN7/8. Ye (1989) reported
that Kubanochoerus sp., found in Duolebulejin, was very similar to K. minheensis.
Turcocerus kekemaidengensis was a member of the Kekemaideng fauna in
Duolebulejin (Ye et al., 1999), and this fauna has been correlated with MN7/8 (Deng
et al., 2007; Deng, 2016). Moreover, the Kangping fauna contains a highly derived
species of Hispanotherium, which is more derived than H. materitense; the latter was
widespread in the MN6 faunas of China (Deng, 2003; Deng et al., 2007, 2013). The
appearance of H. materitense extended even to MN7/8 in Laogou, Gansu (Deng et al.,
2013). Therefore, the Kangping fauna can be regarded as another typical fauna of
MN?7/8.

The fauna of the Nanyu locality correlated with MN6. Wang et al. (2013b)
reported the occurrence of Gomphotherium wimani and inferred a middle Miocene
age. Our new material includes an m3 and a humerus of Platybelodon aff.
tongxinensis, which is representative in faunas of MNG6 in China, such as the

Dingjiaergou Fauna in Tongxin, Ningxia (Deng et al., 2007) and Shinanu, Gansu
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(Wang, 2014).

The horizon of the Yangping section is much lower than that of the Nanyu fauna
(Fig. 2), and this section is early Miocene in age, as indicated by presence of cf.
Gomphotherium sp., a primitive gomphothere. Based on paleomagnetic dating
(unpublished data), the age of the Yangping strata is 21-20 Ma. This site therefore
represents the earliest record of proboscideans not only in China but also in all of East
Asia; as it predates the occurrences of Gomphotherium annectens in the Lower
Hiramaki Formation (18.2 Ma) in Japan (Tomida et al., 2013) and proboscidean
material from Zhangjiaping (approximately 19.5 Ma) (Qiu et al., 2013). Therefore, the
Yangping material defines the “Proboscidean Datum Event” well (Tassy, 1990). This
event is helpful for establishing the Shanwangian Stage in East Asia, which can be
correlated with the marine Burdigadian beginning at 20.44 Ma. The Yangping
Locality is also suitable for selection as the lower boundary stratotype of the

Shanwangian.

5.2. Evolutionary trends

Comparison between the same mammalian lineage from MN6 and MN7/8 shows
evolutionary trends within several groups. Ye and Jia (1986) indicated that the degree
of hypsodonty and the molar length/width ratio of Platybelodon grangeri from
MN?7/8 are both higher than those of P. tongxinensis from MN6. Our material shows
that the humerus of P. tongxinensis from the Nanyu fauna is very slender (Fig. 4,
Table 1). Wang et al (2016a) listed measurements of proboscidean limbs; the
approximate ratio of the minimum width to the maximum length of the shaft for P.
grangeri is approximately 0.124 (Table 1). Because the new humerus of P.
tongxinensis has a broken lateral tuberosity, only the length between the head and the
distal articulation could be measured. The ratio of the minimum width of the shaft to
this length is approximately 0.118 (Table 1). This ratio would be lower if the
maximum length were available. However, it is clear that P. tongxinensis has a more
slender humerus than does P. grangeri. Standing posture has been investigated in

several studies. With increasing body mass, more derived taxa may have developed
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thicker limb bones to support greater weight. This trend was likely present in
Platybelodon.

Both the new taxa H. wushanense and the almost contemporary species H.
tungurense were larger than H. materitense, which was the first to appear in China in
MNG6 (Cerdefio, 1996; Deng, 2003). H. wushanense also has a prominent derived
character in its secondary plication folds on M3. Early elasmotheres such as
Ningxiatherium that lived in the early Late Miocene still lacked secondary folds
(Antoine et al., 2002; Deng, 2008). Only late and highly derived members of this
clade, such as Elasmotherium, have strong secondary folds on their cheek teeth (Tong
et al., 2014; Schvyreva, 2015). Therefore, these folds are a clear example of parallel
evolution. Hispanotherium originated from Europe (Sanisidor et al., 2012). H.
materitense was widespread in Europe in MN4—5 and spread to China in MN6 (Deng,
2003). By MN7/8, two members of Hispanotherium more derived than H. matriense
occurred in China, initiated evolutionary divergence. H. tunggurense was
considerably larger, whereas H. wushanense had highly specialized characters. This
phenomenon has been noted in other perissodactyl taxa. For example, in the hipparion
horse genus Plesiohipparion, two most derived species were Plesiohipparion
shanxiense and Plesiohipparion huangheense, each of which had clearly derived
features: large size and a highly specialized pattern on the lower cheek teeth,
respectively (Qiu et al., 1987; Bernor et al., 2015). The growth of within-genus
diversity was likely influenced by the climate and environmental improvement. Some
authors have proposed the occurrence of global climate change from the middle to
late middle Miocene. Lewis et al. (2006) detected a thermal transition in Antarctica in
the middle Miocene with a series of temperature drop events, the most recent of
which likely occurred between 13.62 and 12.44 Ma. Domingo et al. (2009, 2012)
found that the paleontological record of Spain corresponded with global decrease in
temperature and increase in aridity in 14.1-13.8 Ma. Béhme et al. (2007) reached a
similar conclusion from the analysis of fossil wood flora in Germany. European
authors argued that H. materitense lived in arid conditions (Cerdefio and Nieto, 1995;

Ifigo and Cerdefio, 1997). However, Deng (2003) indicated that Hispanotherium is
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consistently found together with members of the Amebelodontidae, which may show
a tendency to live near water. The fluvial gray-to-yellowish sandstones with gravel in
the strata that yielded H. materitense are consistent with this argument. Therefore, the
paleoenvironment of H. materitense in China is somewhat different from that of the
same species in Europe. Palynological data for the Tianshui Basin were interpreted to
indicate a relatively warm and humid environment in the middle Miocene (Hui et al.,
2011). In summary, global climate change influenced the environment of Europe, but
affected China to a lesser degree. Hispanotherium likely migrated east and ultimately
settled in China. The favorable environment promoted diverse evolutionary trends for
Hispanotherium. The evolution of Plesiohipparion was consistent with the same
principle. The climate of the Pliocene began to change incrementally in a setting of
global warming (Dowsett et al., 2010; Haywood et al., 2010, 2013). Plesiohipparion
lived in a suitable environment, and therefore the diversity of Plesiohipparion was
increased.

After Qiu et al. (1981) first discovered Kubanocerus minheensis in China, a series
of discoveries of small-sized bunodont listriodont fossils were reported from
successions of several localities. Ye (1989) found Kubanocerus material in
Duolebulejin, Xinjiang and argued that this species is most similar to K. minheensis
based on body size and features. Ye et al. (1992) also reported Bunolistriodon
intermedius found in Tongxin, Ningxia. We have now found material similar to K.
minheensis in Wushan, Gansu. The large-sized members of Kubanocerus were
dominant suids in the middle Miocene in China (Deng et al., 2007, 2013), and the
small-sized bunodont-type listriodonts began to disperse from MNG6 to MN7/8. After
the occurrence of Kubanocerus, Listriodon began to disperse across Eurasia (Deng et
al., 2007, 2013; Deng, 2016). This genus has lophodont cheek teeth, and species of
this genus are universally smaller than the bunodont listriodonts (Chen, 1986). We
infer that the size of listriodonts displayed miniaturization since MNG in China. The
reason for this phenomenon was likely changes of climate or ecological niches. Deng
(2016) indicated that Kubanocerus lived in interforest open field, whereas Listriodon

lived in shrublands; the lophodont teeth of Listridon were adapted for hard vegetation.
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5.3. Paleozoogeography

Genus Turcocerus is a representative bovid taxon of the middle Miocene in China.
As mentioned above, Turcocerus was distributed very widely in China from east to
west. The main locality of Turcocerus in eastern China is the Jiulongkou area; that in
the middle is the Tunggur area; and those in the west are the Tongxin, Duolebulejin,
and Xining areas. The eastern species in the Jiulongkou area, including T.
jiulongkouensis, T. robustus, and T. stenocephalus, were all large in size. The western
species, T. noverca from the Xining Basin, T. kekemaidengensis from Duolebulejin
and Kangping, and Turcocerus sp. 2 from Tongxin (which has similar dimensions to T.
kekemaidengensis, see Wang et al., 2016b), were all small in size. In contrast, in
Tunggur, a larger species, T. grangeri, and a smaller species, T. noverca, were both
found in horizons of the same age (Wang et al., 2003). The distribution of the Middle
Miocene suids in China was interesting. The small-sized bunodont listriodonts began
to disperse from MNG6 to MN7/8. The main localities for this group are the Xining
Basin, Qinghai (Qiu et al., 1981); Tongxin, Ningxia (Ye et al., 1992) and the Wushan
Subbasin, Gansu, all of which are in western China. This situation is very similar to
that for Turcocerus.

Deng et al. (2011) proposed a major boundary of eastern and western
zoogeographic differentiation. This proposed boundary would have extended
south-southwest along the eastern margin of the Taihang Mountains and reached the
eastern margins of the Wudang—Shennongjia Mountains across the Yellow River
before the end of the middle Miocene. In the faunas found to the east of this boundary,
abundant, low-crowned cervids lived in forests, whereas in the faunas to the west of
the boundary, large numbers of typical high-crowned bovids lived in open
environments. Deng (2009, 2016) indicated that the richness of large-sized mammals
represents a closed environment. The large-sized Turcocerus and suids likely indicate
closed environments, and their smaller-sized counterparts reveal open environments.
This inference is consistent with the boundary proposed by Deng et al. (2011) based

on the distribution of these localities. However, Tunggur is relatively uniqgue among
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these localities. Both the larger T. grangeri and the smaller T. noverca were found
here at the same horizon (Pilgrim, 1934; Wang et al., 2003). Zhang et al. (2011)
argued that the faunal community structure and continuity of the main lineages of
Damiao, which is geographically near Tunggur, suggest a relatively stable moderate,
humid and warm forest—grassland environment from the early Miocene to early late
Miocene. Tunggur was likely also a transitional area similar to Damiao, with a diverse
environment that would have provided suitable habitats for these two species with
significantly different body sizes. This finding also suggests that in the middle
Miocene, the biogeographic boundary in Inner Mongolia was less rigid, and that a

large transitional area likely existed.
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Figures

Fig. 1. Map showing fossil localities in the Wushan Subbasin, Gansu, western China.

Fig. 2. Geological section of fossil localities.

Fig. 3. Fossils of proboscideans from the Wushan Subbasin. (A, B) Molar fragment of
cf. Gomphotherium sp., CEESV0034, in occlusal (A) and lateral (B) views. (C)
Occlusal view of right m3 of Platybelodon aff. tongxinensis, CEESV0025. (D)
Occlusal view of right DP4 of Platybelodon grangeri, CEESV0024. (E) Occlusal
view of left dp3 and dp4 of Platybelodon grangeri, CEESV0037. Scale bar for all
teeth =5 cm. (F, G) Right humerus of Platybelodon aff. tongxinensis, CEESV0026, in

caudal (F) and cranial (G) views; scale bar =10 cm.

Fig. 4. Size comparison of humerus of proboscideans, modified from Wang et al.

(2016a).

Fig. 5. Hispanotherium wushanense n. sp. (A-C) Holotype, left maxillary fragment
with M2 to M3, CEESV0032, in occlusal view with photo (A) and sketch (B) and in
labial view (C). (D) Sketch in occlusal view of right M3, CEESV0033. Scale bar =5

cm.

Fig. 6. Mandible fragment of Kubanochoerus sp., CEESV0028, in occlusal view (A)

and in left view (B). Scale bar =5 cm.

Fig. 7. Occlusal view of cheek teeth of Turcocerus cf. kekemaidengensis. (A) Right
cheek teeth row, CEESV0001. (B) Left P4 to M2, CEESV0003. (C) Right M3,
CEESV0009. (D) Right p2, CEESV0021. (E) Right p3, CEESV0022. (F) Left m2 to
m3, CEESV0016. (G) Right p4 to m2, CEESV0014. Scale bar = 2 cm.
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Table 1. Measurements of humerus of Proboscidae.

Konobelod Gomphot Gomphot Platybe Platyb Haploma Archaeob Elpha

on herium herium lodon elodon  stodon elodon S
robustus sylvaticu  aff. grange tongxin chimbor filholi maxi
m steinheim i ensis azi mus
ense
ML 655-712 665—-675 1010 459 > 866—870 655 1035
559.6
MW/ 0.1460-0.1 0.1414-0 0.1426 0.1242 < 0.1379-0 0.1298 0.106
ML 611 1452 0.1185 .1443 3

ML: maximal length (mm); MW/ML.: ratio of minimal width of the shaft to maximal length.
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Table 2. Measurements of M2 and M3 of Hispanotherium (in mm).

Teeth H. materitense H. tunggurense H. wushanense n. sp.
Laogou Spain
M2 L 49.9-56.0 51.9-52.1 60.9-64.6 41.0
W  55.0-57.0 57.5-59.4 63.5-73.1 57.6
M3 L 47.0-45.9 56.0-57.7 46.4-60 45.8
W  49.5-50.5 37.5-41.8 56.6—67.5 51.9

Data of the Laogou material are after Deng (2003); data of the Spain material are after Sanisidro et
al. (2012); data of H. tunggurense are after Cerdefio (1996); L, length; W, width.

37



Table 3. Measurements of lower cheek teeth of bunodont listriodont suids in China (in mm).

Teeth Wushan Kubanochoerus Kubanochoerus Kubanochoerus  Bunolistriodon
material minheensis lantanensis robustus intermedius
p2 L 22.3-24.8 27.0-28.0 30.0-33.0 34.1
W 12.3-12.8 13.5-14.8 14.7-15.0 16.6
p3 L 24.3-25.0 26.5-27.4 34.0 34.9 17.0
W 14.8-153 15.1-15.4 19.0 20.0 10.1
p4 L 23.0-40 26.0-274 30.5-30.6 345 17.0
W 17.6-17.7 18.4-19.0 21.2-21.6 22.0 12.1-12.2
ml L 16.5-169 27.1 29.0-34.6 345 20.3
W 24.6 21 22.9-24 24.6 13.4
m2 L 26.2 31.3 38-38.2 39.3 21.9-234
W 254 21.4 28.2-29 29 17.0-18.0

Data of Kubanochoerus are after Qiu et al. (1988); data of Bunolistriodon are after Ye et al. (1992);
L, length; W, width.
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Table 4. Measurements of cheek teeth of Turcocerus in China (in mm).

Measuremen T. T. T. T. T. noverca T. kekemaidengensis
t jiulongkouensi  robustus stenocephalu granger Xini  Tungg Wushan Duolebule
S S i ng ur jin
Length  of 72.6-74.1 74.3-81 73 88-91 63 66.9
upper cheek 9
tooth row
Length  of 27.3-28.1 27.5-33 26 33 24 26.6
upper 4
premolar
row
Length  of 17.9-19.5 20-22 18.8 19 11.3 15.9-18
M3 3
Width of M3 12.2-15.5 15.5-17 16.8 18 10.7 13.6-14
4 1
Length  of 78.4-85.2 68.7
lower cheek
tooth row
Length  of 23.8-28.3 24.7
lower
premolar
row
Length of 22.4-233 15.5-22 18.2-21.4
m3 2
Width of m3  8.2-9.6 6—8.9 8—8.7

Data source: T. jiulongkouensis, T. robustus, T.stenocephalus, T. grangeri, T. noverca in Tunggur,
after Chen and Wu (1976); T. noverca in Xining basin, after Qiu et al. (1981).
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