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TWO NEW SPECIES OF PLIOPENTALAGUS (LEPORIDAE,
LAGOMORPHA ) FROM THE PLIOCENE OF ANHUI PROVINCE,
CHINA, WITH A REVISION OF PL. HUAINANENSIS

Yukimitsu TOMIDA' JIN Chang-Zhu®
(1 Department of Geology and Paleontology, National Museum of Nature and Science 3—23—-1 Hyakunin-cho, Shinjuku,
Tokyo 169-0073, Japan y-tomida@ kahaku. go. jp)
(2 Laboratory of Evolutionary Systematics of Vertebrates, Institute of Vertebrate Paleontology and Paleoanthropology, Chinese
Academy of Sciences Beijing 100044 , China)

Abstract Abundant fossil material of the genus Pliopentlagus from three localities representing the
late Late Miocene through Late Pliocene in Auhui Province, China, are studied in morphological and
statistical detail. Three species are recognized: Pl. huainanensis, Pl. dajushanensis sp. nov., and
Pl. anhuiensis sp. nov., in decreasing age. Although a number of characters overlap among those
species, if the specimens from each locality are treated statistically as populations, three species can
be distinguished. Further, when they are arranged by their geologic age, they clearly show that aver-
age size increases, the ratio of EL in p3 decreases, the ratio of AER in p4— m2 decreases, the ratio
of thin enamel band on the lingual face of the talonid in p4— m2 decreases, and the relative length of
the palatal bridge decreases. Thus, these three species can be interpreted to represent a gradually
evolving sympatric lineage, from the late Late Miocene through Late Pliocene. These three species of
Pliopentalagus seem to have gradually evolved toward Pentalagus, but at least one character contra-
dicts this idea, and the phylogenetic relationship between Pliopentalagus and Pentalagus may not be
so simple.

Key words Huainan, Anhui; Pliocene; Pliopentalagus

1 Introduction

Abundant fossils of the genus Pliopentalagus were found and collected from deposits of four
different caves, namely Laodong, Xindong, Wuming, and Tiesiju. They are located in the
same general area ( Dajushan Hill) but at different altitudes, hence representing different geo-
logic ages: higher altitude deposits being older in geologic age. Tomida and Jin (2002) repor-
ted preliminary study of those fossils, but they treated the specimens from Wuming and Tiesiju
together, assuming them to be similar in geologic age. Later, the fossils from each locality were
treated separately, and detailed and comparative studies of the fossils from all four caves were
carried out. As a result, it became clear that the populations from Wuming and Tiesiju show
differences in detailed morphology, ratio of certain characters, and size, and therefore, they
should be treated separately. We recognized three different species that change gradually
through time. The most primitive species of the genus ( Pl. huainanensis) from Laodong Cave
was described by Jin (2004), and we describe two new younger species below. During the
course of these detailed studies, it was recognized that Pl. huainanensis had to be revised, so
an emended diagnosis and emended description are also given in this paper.

2  Method

Descriptions and measurements are made based on mature or supposed-to-be mature indi-
viduals in this paper, and characters of sub-adults and juveniles will be described in a separate
paper. Classification of the specimens into adult, sub-adult, and juvenile groups must be some-
what arbitrary, and we used the following criteria; “sub-adult” is obviously smaller than the
majority of larger specimens ( which are “adult” ), and juvenile is extremely small and/or p3 or
P2 is almost unworn or not worn at all. These categories are applicable in most cases, but there
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are a few specimens that are difficult to differentiate between adult and sub-adult among the
lower jaws from Xindong Cave and two skull fragments from Tiesiju. In these cases, we judged
overall features of each specimen somewhat arbitrarily. Several skull specimens are known from
Xindong Cave and Tiesiju localities, but they will be described in detail in a separate paper.
Specimens described in this paper are stored at IVPP (Institute of Vertebrate Paleontology and
Paleoanthropology, Chinese Academy of Sciences) , and specimen numbers start with V.

Measurements of the skull, mandible, and dentition were made following Averianov et al.
(2000) , using a digital caliper (Mitutoyo CD—20C) , with the help of a stereomicroscope for
smaller measurements. Measurements of the teeth were made using the scale of the stereo-
microscope ( Wild M5) , with each tooth set vertically as much as possible. Illustration of the
occlusal surface of each tooth is also made after setting it vertically as much as possible, so that
the total length of the full dentition in illustrations may not be exactly the same as that of full
dentition in direct measurement. Pencil line drawings were made using camera lucida (by Y
T), and then the final illustrations were completed using computer illustrating soft ( Adobe
[lustrator CS2) based on those pencil drawings.

There is a small reentrant at the antero-external corner of the trigonid of p4— m2 in some
specimens described in this paper. We call this an antero-external reentrant (AER), and the
ratio of its presence in the total sample is important in recognition of the species. There are
three variations in morphology of AER: 1) rather deep and filled with cement (e. g., m2 of
Fig. 3A), 2) shallow but still filled with cement (e. g., ml of Fig. 3A), and 3) enamel
inflected but no cement filling (e. g., p4 of Fig. 3A). We considered the former two cases as
displaying AER, but not the third case. For the terminology of p3 and P2, we follow White and
Morgan (1995) with slight modifications. For p3: AER, antero-external reentrant; AR, anterior
reentrant; AIR, antero-internal reentrant; EL, enamel lake; PER, postero-external reentrant;
PIR, postero-internal reentrant; TH, thick enamel in PER and PIR or EL; TN, thin enamel in
PER and PIR or EL; for P2: EAR, external anterior reentrant; TAR, internal anterior reen-
trant; MAR, main anterior reentrant.

3 Geologic setting and ages of the localities

Three localities that yielded lagomorph fossils described in this paper are located on the
Dajushan Hill in Bagongshan District, about 15 km west of Huainan City, Anhui Province,
China (Fig. 1). Dajushan Hill is composed of a thick limestone body of Ordovician age. Three
localities are named Laodong Cave, Xindong Cave, and Tiesiju Cave, and they are water-ero-
ded caves developed in the Dajushan limestones. Laodong Cave is located at the highest in alti-
tude, while Tiesiju Cave is located lowest among three localities, indicating that Laodong is
oldest and Tiesiju is youngest in geologic age, because Dajushan Hill is being uplified, and
newer caves have developed lower on the hillside.

Laodong Cave locality It is located a few tens of meters North of Xindong Cave, whose
GPS data are given below, and about 160 meters above sea level. The sediments in the cave are
composed of grayish sandy mud and brownish muddy sands consolidated by calcareous cement,
and can be divided into eight layers. Pliopentalagus fossils were obtained from the layers 4 and
5. See Jin (2004) and Jin et al. (1999) for more details on the sediments.

Laodong Cave locality yielded remains of a hamster, Kowalskia neimengensis, which was
originally described from Ertemte and Harr Obo in Nei Mongol ( Inner Mongolia) (Wu, 1991).
It has been known only from those localities, which are correlated to the latest Miocene ( Qiu et
al., 2006). Laodong locality also yielded remains of a bone-cracking hyaenid, Adcrocuia exi-
mia, which also indicates the later part of the Late Miocene ( Tseng et al., 2008 ). In addition,
Laodong Cave is located about 30 meters higher in altitude than Xindong Cave, which is early
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Fig.1 Local area map of Huainan, with the three localities are of Dajushan Hill (Daju Mtn) , part of
Bagong Mountains west of Huainan City, Anhui Province (Map after Tseng et al., 2008 )

Early Pliocene in age (see below). Thus, the age of Laodong Cave deposits is estimated to be
late Late Miocene.

Xindong Cave locality It is located at 32°35'47"N, 117°01'49" E by GPS and about
130 meters above sea level. The sediments are strongly consolidated by abundant calcitic ce-
mentation and consist of chocolate-brown clayey breccia, reddish brown sandy mudstone with
small amounts of breccia, and reddish brown sandstone with gravels and sandy mudstone. The
deposits can be divided into 5 lithological layers, with a thickness of about 16 meters ( Jin and
Zhang, 2005). Although named as Xindong “Cave” , the deposits may be fissure fillings be-
cause the limestone wall is rather smooth and nearly vertical at least on one side, and it seems
likely that the duration of sediment filling was a rather short period of time. The Pliopentalagus
fossils were obtained from various layers of the deposits.

Large amounts of vertebrate fossils have been collected from this locality, and over 40 spe-
cies of vertebrates have been identified with preliminary studies. Promimomys asiaticus is one of
them and is more primitive than European species (Jin and Zhang, 2005). The genus is
limited to MN14 in Europe, which is early Early Pliocene ( Fejfar et al., 1997). The presence
of P. astaticus is indicative of its geologic age somewhat older than the Early Pliocene Bilike
site in Nei Mongol, China, where no Promimomys is known but Mimomys is known ( Jin and
Zhang, 2005 ; Qiu et al., 2006). Thus, the age of Xindong Cave deposits is probably early part
of the Early Pliocene.

Tiesiju Cave locality It is located about 200 ~ 300 meters north of Xindong Cave and
about 90 meters above sea level. The sediments are reddish mud and muddy sand with some
limestone breccia, consolidated by calcitic cementation, and are divided into five layers. The
Pliopentalagus remains were scattered in various layers. A total of 18 taxa of mammals have
been identified, including Kowalskia yinanensis, which was originally described from Shandong
Province (Zheng, 1984). It is the largest species of the genus known in East Asia, possesses
advanced characters, and correlates to the Late Pliocene. Therefore, the age of Tiesiju Cave
deposits is estimated as Late Pliocene.
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4  Systematic paleontology

Order Lagomorpha Brandt, 1885
Family Leporidae Gray, 1821
Subfamily Leporinae Trouessart, 1880
Genus Pliopentalagus Gureev & Konkova, 1964

Type species  Pliopentalagus moldaviensis Gureev & Konkova, 1964 (in Gureev,
1964), p. 129.

Emended diagnosis Body size small to medium; diastema of lower jaw short; lower inci-
sor terminates more anteriorly than Hypolagus; enamel crenulations of reentrants on cheek teeth
complicated ; p3 has all five reentrants ( counting EL as a modification of PIR) ; TN of PER and
PIR or EL thin and well crenulated; PIR in p3 is always isolated as an EL in primitive species,
and the ratio of the presence of EL decreases in advanced species; p4d—m2 with posterior enamel
wall of external reentrant fold well and deeply crenulated but not as deep as in Pentalagus,
and with small AER in a majority of the population in primitive species; the length of palatal
bridge relatively long in primitive species and becomes shorter in advanced species; P3— M2
with internal reentrant fold deep and enamel crenulations of both anterior and posterior walls
deep and heavy but less than in Pentalagus.

Included species In addition to the genotype, the following species are included: PI.
dietrichi (Fejfar, 1961); Pl progressivus Liu & Zheng, 1997; Pl. huainanensis Jin, 2004 ;
Pl. dajushanensis sp. nov. and Pl. anhuiensis sp. nov. (both described below) ; PL agilis
(Russell and Harris, 1986), which will be discussed elsewhere ( but, see Tomida and Jin,
2004). Pl. nihewanensis Cai, 1989 is excluded from the genus (Tomida and Jin, 2005).

Pliopentalagus huainanensis Jin, 2004
(Fig. 2; Tables 1-4)

Holotype A partial left mandible with i2, p3—ml (V 10817.1; for m2 and m3, see
discussion below) .

Paratypes One left and two right fragmentary mandibles with p3—m3, p3—m2, and p4-
m2 (V 10817.2-4, respectively) ; two left and two right fragmentary maxillae with P2- M2,
P2-M2, P3-M3, and P3—-M2 (V 10818. 1-4, respectively) ; isolated left lower incisor (V
10818. 6) ; isolated left M2 (V 10818.8) (currently, this M2 is mistakenly fixed at the position
of right P3 of V 10818.3). P2 of V 10818. 4, isolated 12 (V 10818.5), and isolated i2 (V
10818.7) , which were included in Jin (2004 ), are currently missing.

Referred specimens FEach of right and left fragmentary mandibles with p3—m3 and p3-
m3 (V 10817.5-6, respectively).

Type locality and geologic age Laodong cave locality of the Dajushan Hill Limestone
Quarries, Huainan, Anhui Province, China (Fig. 1). Late Late Miocene (see “ages of locality”
section above).

Emended diagnosis Small-sized ( but not the smallest) species of the genus. Lower
incisor tends to terminate beneath the trigonid of p3; PIR of p3 always forms the enamel lake
(100% of the population) , and its posterior wall is heavily crenulated ( but somewhat less than
later species) ; p4— m2 with small but clear AER in about 70% of the specimens.

Measurements See Tables 1-4.

Emended description The diastema of the mandible is relatively short, and it is some-
what shorter than the alveolar length of p3— m3. No specimen can provide both measurements
on the same individual in the available specimens, but the diastema length can be estimated as
15.4 mm (tip of the dentary is only slightly broken) on V 10817. 6, which provides alveolar
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length of p3—m3 as 16.84 mm. Therefore, mandibular diastema index ( diastema L / ( diastema
L. + alveolar L) ) is approx. 0. 48, which is nearly equal to or only slightly larger than
Pentalagus (ca. 0.45 ~0.47) and Caprolagus (ca. 0.43 ~0.46) but is much smaller than
Pronolagus (ca. 0.57 ~0.61) (based on the measurements made by YT on the specimens
stored at The Natural History Museum in London). Posterior end of the lower incisor forms a
tubercle on the lingual face of dentary and terminates beneath the trigonid of p3 in three speci-
mens, and slightly anterior to p3 (beneath the diastema) in one specimen (V 10817.6).

Fig.2 Diagrams of the occlusal surfaces of cheek teeth in Pliopentalagus huainanensis
A. left p3— m3 (holotype, V 10817.1) ; B. left p3—-m3 (V 10817.2); C. right p3 (V 10817.3);
D. right p3-m3 (V 10817.5); E. left P2- M2 (V 10818.1)

In the lower dentition, the incisor is relatively curved and similar to that of Pentalagus.
The p3 has four reentrants (AR, AER, AIR, and PER) and an EL at the position of PIR on
the occlusal surface. All the reentrants and EL are filled with cement. The AR varies in mor-
phology from a single shallow fold (Fig. 2A,C) to two relatively deep folds (Fig. 2B,D). The
AER is a wide and shallow reentrant in general, but in some cases it shows deeply crenulated
enamel (Fig. 2D). The AIR similarly varies from a simple shallow reentrant to a rather wide
and partly deep fold. The PER is the largest reentrant angle and extends lingually but somewhat
posteriorly and approximately half way across the p3 talonid. The thick enamel of anterior wall
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(TH) is rather smooth and extends to posterior end of AER, forming a large curvature. The
thin enamel of posterior wall (TN) is well crenulated in general (except for the holotype, in
which it is much less crenulated). The PIR is represented by EL in all five known specimens.
It looks somewhat antero-posteriorly compressed rectangular in outline, and aligned antero-lin-
gual to postero-buccally. The TH and TN are both irregularly crenulated, but TN is more crenu-
lated. The angle between the long axes of PER and EL is approximately 100 to 140 degrees.
The dentine bridge between trigonid and talonid varies in width; the PER and EL are nearly
connected in V 10817.2 (Fig. 2B). The thick enamel of the posterior face of the p3 becomes
thinner gradually and terminates at about 1/3 way from the lingual edge.

The p4— m2 are similar to each other in morphology, and p4 tends to be the largest among
them, although the difference is not much. The trigonid and talonid are separated by a wide and
deep external reentrant fold that almost reaches the lingual edge of the tooth. The thick enamel
forms the anterior wall of this fold and bends somewhat sharply at a point approximately 1/3 way
across the trigonid. It further extends to but becomes thinner at the antero-buccal face of the
trigonid and disappears at a point approximately 1/3 way across the trigonid. Small but clear
AER filled with cement is present at the antero-buccal face of the trigonid, just before the ter-
mination of the enamel, in about 70% of the specimens (Table 1). AER is variable in the
specimens available, either present in all three teeth (see Fig. 2B,D) or absent from all three
teeth (V 10817.6) , but this observation may be modified when more specimens are available.
The thin enamel of posterior wall of the external reentrant fold is rather deeply crenulated or un-
dulated, but it is still much less than in Pentalagus. This undulation pattern is similar among
p4—m2 within the same individual, becoming slightly simpler toward m2. This enamel becomes
thicker rapidly at the postero-buccal corner of the tooth, continues to and becomes thinner gra-
dually at the posterior face, and terminates somewhere between a point approximately 2/3 way
across the talonid and a point slightly buccal to the postero-lingual corner of the tooth. Although
not very clear, there is a thin enamel band on the lingual face near the antero-lingual corner of
the talonid in all p4— m2. The trigonid width is about 20% to 30% wider than talonid in aver-
age.

Table 1 Comparisons of the presence of EL in p3 and AER in p4— m2, among Pentalagus furnessi

Pliopentalagus anhuiensis sp. nov., Pl. dajushanensis sp. nov., and Pl. huananensis

Enamel lake AER p4 AER ml AER m2  AER p4-m2
Locality Taxa
n % n % n % n % n %
Amami Island Pentalagus furnessi 22 18.2 42 0.0 43 0.0 42 0.0 127 0.0
Tiesiju Pliopentalagus anhuiensis 6 33.3 8 25.0 8 25.0 8 37.5 24 29.2
Xindong Pliopentalagus dajushanensts 31 83.9 39 48.7 41 75.6 39 71.8 119 65.5
Laodong Pliopentalagus huainanensis 5 100 6 66.7 5 60.0 5 80.0 17 70.6"

# including an isolated tooth with unidentified tooth position (currently at the position of m2 of the “holotype” ; see text for detail ).

The morphology of m3 is typical for leporines. It is much smaller than other teeth ( Table
2), and its body curves strongly postero-ventrally. Trigonid and talonid are completely separa-
ted and are connected by cement. Trigonid is laterally widened oval in outline in occlusal view,
and the enamel covering varies from buccal 1/3 to nearly 2/3 of the circumference. Talonid is
smaller than trigonid and is nearly circular or a rounded triangle in outline, and the buccal en-
amel covering varies from 1/2 to over 2/3 of the circumference, always thickest in buccal face.

The specimen V 10818.1 (fig. 3 of Jin, 2004 ) is the only specimen from Laodong Cave
locality that preserves the palatal bridge, and its length is 8. 21 mm. The anterior edge of the
palatal bridge is lingual to the midpoint of P2, while the posterior edge is lingual to the midpoint
of M1. Although Jin (2004 .:244) estimated the width between lingual sides of left and right P4s
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(alveoli) as 9.8 mm, a new estimate is obtained as 10. 17 mm. But, in order to compare with
other taxa, we estimated the “width” ( = distance) between lingual edges of the alveoli of left
and right P3s (which is “C5” of Averianov et al. 2000; P3 is located at about midpoint of pa-
latal bridge length in most leporines) as 9. 67 mm. Thus, the length/width ratio of palatal
bridge is estimated as 0. 85, which is the largest among three species of Pliopentalagus from
Huainan area (Table 4). The length of palatal bridge relative to the length of P2— M3 alveoli is
also largest among them. Comparing the length/width ratio of palatal bridge with other taxa, it
is larger in Pentalagus (1.02 in average of seven skulls) , is somewhat smaller in Caprolagus
(0.70 and 0.74 in two skulls) , and is much smaller in Bunolagus (0.47 in the type specimen).

Table 2 Measurements of the lower teeth of adult specimens of Pliopentalagus huainanensis ,

Pl. dajushanensis sp. nov., and Pl. anhuiensis sp. nov. (mm)
Length Width Talonid width
Mean SD OR N Mean SD OR N Mean SD OR N
. 2] 2.16 1 2.81 1
::'; p3 | 3.26 0.325 2.85~3.61 5 2.75 0.241 2.57~3.12 5
g p4 | 2.80 2.54~2.94 4 2.97 0.174 2.72~3.15 5 2.45 0.188 2.32~2.78 5
% ml | 2.63 0.136 2.47~2.80 6 2.83 0.198 2.63~3.09 5 2.17 0.116 2.01~2.29 5
;_ m2 | 2.63 2.44~2.75 3 2.89 2.78~2.97 3 2.33 2.29~2.35 4
m3 | 1.91 1.76 ~2.13 4 1.67 1.55~1.79 4 1.07 0.96~1.18 4
& 12| 2.48 0.193 2.20~2.69 10| 2.94 0.301 2.38~3.53 10
% p3 | 3.62 0.263 3.19~4.11 26| 2.96 0.270 2.44~3.40 24
;_E: p4 | 2.89 0.194 2.54~3.31 34| 3.21 0.209 2.78~3.68 24| 2.66 0.178 2.23~3.09 27
:"".:_ ml | 2.83 0.168 2.51~3.12 30| 3.11 0.230 2.75~3.62 24| 2.39 0.180 2.01~2.75 22
::; m2| 2.79 0.196 2.38~3.12 26| 3.03 0.203 2.57~3.40 25| 2.33 0.202 1.86~2.63 20
= m3| 1.88 0.161 1.70~2.20 11 1.67 0.066 1.55~1.79 11 1.06 0.110 0.90~1.24 9
i2 | 2.66 1 3.49 1
é p3 | 3.8 0.099 3.73~4.01 6 3.13 0.099 3.01~3.28 5
-_i—: p4d | 2.98 0.073 2.82~3.06 8 3.45 0.18 3.15~3.65 8 2.76 0.093 2.72~2.94 7
%: ml | 2.94 0.135 2.75~3.15 8 3.28 0.165 3.00~3.49 8 2.50 0.147 2.35~2.75 6
= m2| 2.93 0.102 2.81~3.12 7 3.23 0.105 3.12~3.36 5 2.47 2.41~2.54 4
m3 | 2.04 1.89~2.16 4 1.82 1.61~1.92 4 1.18 0.99~1.24 4

In the upper dentition, P2 is known in two specimens (V 10818. 1-2; Fig. 2E). The
tooth column of P2 curves antero-dorsally, then further curves postero-dorsally toward the base
of the tooth. P2 is oval in outline in occlusal view, and the anterior face swells more compared
to the posterior. There are three reentrant folds on the anterior face, EAR, MAR, and [AR, all
of which are filled with cement, and cement further develops on the anterior face of the tooth.
MAR is deepest, extends postero-buccaly about 2/3 across the tooth length, and the enamel
walls are crenulated. EAR and TAR are both shallow, extend postero-buccaly about 1/3 of the
tooth length, and the enamel walls are without crenulations. Thick enamel covers lingual corner
of the tooth and anterior ends of the dentine peninsulas between reentrants, while moderately
thick enamel covers antero-buccal corner.

P3 to M2 are quite similar in morphology, and the outline in occlusal view is typical to that
of other leporines. Each tooth has a deep internal reentrant fold located slightly posterior to the
midline of the tooth, reaching about 2/3 ~3/4 way across the tooth width, but tends to be shal-
lower toward the posterior tooth. Secondary folds of enamel ( = enamel crenulations) are deep
and heavy, but not as deep as in Pentalagus. The depth of the enamel crenulations tends to be
somewhat deeper on the anterior wall than posterior, and the crenulations of the posterior wall
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tend to be somewhat simpler toward the posterior tooth, especially in M2 (Fig. 2E). The width
of anterior part of the tooth is narrower than posterior in P3 and P4, is about the same in M1,
and is wider than posterior in M2. Thick enamel is present at the antero-lingual corner of the
tooth, continues to the anterior face of the tooth, and quickly becomes thinner and disappears at
a point about 10% ~20% of the tooth width from the antero-buccal corner. Thick enamel is
also present at the postero-lingual corner of the tooth, continues to the posterior face of the
tooth, but becomes thinner gradually, and disappears at a point about 15% ~25% of the tooth
width from the postero-buccal corner.

Table 3 Measurements of the upper teeth of adult specimens of Pliopentalagus huainanensis ,

Pl. dajushanensis sp. nov., and Pl. anhuiensis sp. nov. (mm)
Length Width, anterior Width, posterior
Mean SD OR N Mean SD OR N | Mean OR N
2
B
Z ;| 1.6 1.55~1.75 2| 3.36 3.28~3.43 2
g P3| 2.21 2.13~2.29 3 3.48 3.29~3.67 3 | 4.15 3.87~4.45 3
g P4 2.15 2.04 ~2.26 4 3.93 3.80 ~4.00 3 4.05 3.77~4.22 4
;_ M1 2.10 1.98 ~2.16 4 3.81 3.74 ~3.87 2 3.92 3.80~4.03 2
M2 1.97 0.069 1.86~2.04 5 3.48 3.35~3.61 2 2.81 1
M3 0.74 1 1.70 1
2 2.03 0.065 1.95~2.10 5 2.95 0.213  2.75~3.25 5
. 13 0.94 0.086 0.84~1.05 5 1.50 0.188 1.24 ~1.67 5
% P2 1.73 0.090 1.58~1.89 11 3.68 0.202 3.42~4.19 11
;_E: P3| 2.37 0.160 2.10~2.63 23| 4.60 0.300 4.19~5.09 19
::‘.; P4 2.39 0.148 2.13~2.63 27 4.36 0.207 4.06~4.83 26
:: M1 2.25 0.125 2.01~2.44 26 4.01 0.218 3.80~4.45 22
= M2 | 2.21 0.103 1.95~2.29 20 3.72 0.229 3.29-~3.93 11
M3| 0.90 0.080 0.80~1.02 9 1.60 0.169 1.30~1.89 10
2 2.11 1 2.91 1
3 1.10 1 1.52 1
2 ;| L8 I
:‘: P3 2.11 2.01 ~2.20 2 4.25 1
% P4 2.21 2.16 ~2.26 2 4.25 1
& M1 2.13 2.10~2.16 2 4.12 1
M2 1.95 1.89 ~2.01 2 3.74 1
M3 | 0.87 1 1.27 1

# The specimens measured here may be considered to be subadults (see text for detail ).

M3 is known in only one specimen (V 10818.3). It is a very small tooth, about 40% of
M2 in length and width, and is oval in outline in occlusal view. Thick enamel covers lingual
half of the anterior face, continues to lingual face, and becomes thinner and disappears at a
point 1/3 way across the tooth width on the posterior face.

Discussion  Although the holotype (V 10817. 1) is considered to be an adult, it is the
smallest of the available specimens from Laodong Cave. In addition, the specimen is a compo-
site (not composed of a single left mandible with full dentition). As seen in Fig. 2A (see also
fig. 2 of Jin, 2004 ), m3 is from the right side, as indicated by position of the thick enamel,
which should be on the buccal side and on the same side as the thick enamel of p4—m2. Also,
m?2 is aberrantly larger than m1 and still somewhat larger than p4. The size of these teeth are p4
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> ml > m2 in Pliopentalagus in general (see Table 2, especially Pl. dajushanensis with a
large population). The crenulation patterns of posterior enamel walls of the external reentrant
fold in p4— m2 are quite similar to each other within the same individual as described above
(e.g., Figs. 2B,D, 3A-E), but that of m2 in the “holotype” is not similar to those of p4 and ml
(which are alike). These points (size and enamel pattern) together strongly suggest that m2 of
the “holotype” is also not the same individual as p3—ml. This probably happened when a pre-
parator applied plaster to the mandible and added two isolated teeth. Thus, it is considered that
the holotype consists of left mandible fragment with i1 and p3— ml. The newly defined holotype
has p4 and ml without AER, but the majority (about 70% ; Table 1) of the specimens of PL
huainanensis has p4 and ml with AER. Thus, the holotype is not the most typical specimen of
the population. Among the rest of the specimens, V 10817.2 (Fig. 2B) is the best one repre-
senting and exhibiting the diagnostic characters of the species. It is impossible to change the
holotype, and so V 10817.2 is the most important paratype ( being from the same locality) .

Table 4 Length and width ( distance between lingual edges of left and right P3 alveoli) of the palatal
bridge, alveolar length of P2— M3, the length/width ratio of palatal bridge, and ratio between palatal

bridge length and alveolar length of P2— M3 in Pliopentalagus huainanensis, Pl. dajushanensis sp. nov.,

Pl. anhuiensis sp. nov., and Pentalagus furnessi (mm)
L of palatal Dist. of P3s Alveolar L of Ratio C4/C5 Ratio C4/C10
bridge (C4) alveoli (C5) P2-M3 (C10) in average in average
Pl. huainanensis (n = 1) 8.21 9.67" 15.48 0.85 0.53
Pl. dajushanensis (n = 9)
Average 7.95 10.77 16. 14 0.74 0.49
Minimum 7.48 9.89 14.97
Maximum 8.96 11.29 16.97
SD 0.481 0.464 0.728
Pl. anhuiensis (n = 2)
Average 5.85 9.35 14.55 0.63 0.40
Minimum 5.69 8.99 14.49
Maximum 6.01 9.71 14. 60
Pentalagus furnessi (n = 7)
Average 12.13 11.84 18.10 1.02 0.67
Minimum 10. 60 10.93 17.81
Maximum 12.90 12.54 18.47
SD 0.810 0.579 0.293

# estimated value.

After Jin (2004), two mandibles were added to the collection: right and left mandible
fragments with p3—m3 (V 10817.5, Fig. 2D; V 10817. 6, respectively). Table 2 includes
their measurements, but the “m2” of the “holotype” may not be m2, so its measurement is not
reflected in Table 2. The state of AER for this tooth is reflected in Table 1. The m3 of the
“holotype” is included in Table 2, because although it is not the same individual as the holo-
type, it is an m3 and is from the same locality. All the teeth were measured again for this
study, and so the results may not be exactly the same as those by Jin (2004 ).

Width of the palatal bridge is estimated by the distance from the midline of the palatal
bridge to the lingual edge of P3 alveolus (P4 in Jin, 2004) multiplied by two. The midline of
the palatal bridge can be defined by the medial protuberance of the anterior edge and a small
projection on the posterior edge (Table 4). The illustration of Jin’s (2004) fig. 3A is about 3
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times, and fig. 3B is about 7.3 times, so the scales are both wrong.

Pliopentalagus dajushanensis sp. nov.
(Figs. 3-4; Tables 1-4)

Holotype A fragmentary left mandible with p3—m3 (V 14180.3).

Paratypes Four left fragmentary mandibles with p3— m2, p3—-m3, p3—-m2, and i2— m2
(V 14180.1, 2, 15 and 17, respectively) ; four right fragmentary mandibles with p3 - m2,
ml-m3, i2-m3, and p4-m3 (V 14180.5, 10, 16 and 23, respectively) ; right and left mandi-
bles with p3—m3 and p3—-m2 that are sliced in the plastic matrix (V 14180.4 and 6, respec-
tively ) ; six posterior partial skulls with no tooth, right P2— M2 + left P3— M1, left and right
P3-M3, right M1-2 + left P3— M3, right P2— M1 + left P2— M2, and right P2— M3 (V
14181.1, 3, 5, 8, 10, 11, respectively) ; two anterior partial skulls with right 2-3, P3-4,
M2 + left P3— M3 and full dentition (V 14181.6, 9, respectively) ; palate with right P3— M2
+ left P2—- M2 (V 14181.12) ; right maxilla with P2—- M2 (V 14181.17).

Referred specimens 31 left or right fragmentary mandibles with full or partial dentitions
(V 14180.7-9, 11-14, 18-22, 24-39, 56—58) ; two fragmentary skulls with no tooth and
right PA- M2 (V 14181.2, 4, respectively) ; three palates with right and left P3— M1, right
P4-M2 + left P2- M1, and left P3- M2 (V 14181.13, 20, and 22, respectively) ; six right or
left maxillae with some teeth (V 14181. 14— 16, 18, 19, 21, respectively) ; two snouts with
right 12-3 and right 12-3 + left 12 (V 14181. 23 and 24, respectively). Some postcranial
material is known from this locality, but curation is not completed, so they are not listed here.

Type locality and geologic age Xindong cave locality of the Dajushan Limestone Quar-
ries, Huainan, Anhui Province, China (Fig. 1); Early Pliocene (see “Geologic setting and
ages of locality” above).

Etymology From Dajushan, the peak of the limestone hill where a number of small lime-
stone quarries and the Xindong cave locality are located.

Diagnosis Slightly larger (5% ~10% ) on average than Pl. huainanensis, but slightly
smaller (3% ~7% ) on average than Pl. anhuiensis in tooth measurements; terminating point
of the lower incisor tends to be more posterior than Pl. huainanensis; ratio of EL in p3 about
80% of the population; p4— m2 with AER in about 65% of the teeth; AR of p3 tends to be
deeper and somewhat more complicated than Pl. huainanensis; palatal bridge shorter than PL
huainanensis but longer than Pl. anhuiensis.

Measurements See Tables 1-4.

Description The diastema of the mandible is relatively short, and it is slightly shorter
than the alveolar length of p3— m3; but it is somewhat longer than in Pl. huainanensis. The
mandibular diastema index can be calculated directly on 6 specimens, and it ranges from 0. 471
to 0.516 (0.487 on average). Lower incisor terminates beneath the trigonid of p3 in about 2/3
of the specimens, beneath the talonid of p3 in about 1/3 of the specimens, rarely terminating
anterior to p3.

The morphology of the lower dentition is very similar among Pl. huainanensis, Pl. daju-
shanensis, and Pl. anhuiensis, and therefore, only the differences will be noted below. The
lower dentition is slightly larger (3.2% ~11.0% in length and width of p3 to m2) in average
than Pl. huainanensis (Table 2). In p3, 5 specimens have PIR, while 26 specimens have EL;
ratio of EL is 83.9% , compared to 100% in Pl. huainanensis (Table 1). AR is deeper and
more complicated (Fig. 3A—D) than in Pl huainanensis in a majority of the specimens, and
no specimen shows AR as shallow and simple as the holotype of Pl. huainanensis (Fig. 2A).
The enamel crenulations of TN of PER and EL or PIR also tends to be somewhat more compli-
cated. One specimen has p3 with PER and PIR connected, so that the trigonid and talonid are
separated (Fig. 3F).
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Fig.3 Diagrams of the occlusal surfaces (or cross sections in C and F) of lower cheek teeth in
Pliopentalagus dajushanensis sp. nov.
A. left p3— m3 (holotype, V 14180.3) ; B. right p3—m2 (V 14180.5); C. left p3—-m2 (V 14180.6) ;
D. left p3-ml (V 14180.17); E. left p4—m2 (V 14180.1) ; F. right p3 (V 14180.4); G. left p3— m2
(V 14180.15)

As in Pl. huainanensis, p4—m2 are similar to each other in morphology, and it is clearer
that p4 tends to be the largest while m2 tends to be smallest among them, although the differ-
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ence is not much (Table 2). In p4—m2, AER is not necessarily present or absent in all three
teeth of the same individual; it varies from present in all three teeth to none ( compare the fig-
ures of Fig. 3), but on average, the ratio of the presence of AER is lowest in p4 (ca. 49% )
and highest in m1 (ca. 76% ), and about 65% in all teeth (Table 1). The thin enamel band
on the lingual face near the antero-lingual corner of the talonid in p4- m2 is present in most
(about 3/4) of the specimens (Fig. 3A,C—- E), while it is not present in other specimens
(Fig. 3B,G). Iis thickness and length in occulusal view varies among the specimens, and it is
almost connected to the enamel on the distal face of the tooth in one specimen (V 14180.19).
One specimen (Fig. 3D) has ml with short and kinked enamel band on the antero-internal part
of the trigonid. Other than its somewhat larger size on average (Table 2), m3 is very similar to
that of Pl. huaianensis in morphology, and nothing can be added in descriptive terms.

Among the specimens from the Xindong Cave locality, both length of the palatal bridge and
width between alveoli of left and right P3s are available on 9 individuals. The ratio of length/
width of palatal bridge on average is 0. 738 , and the length of palatal bridge relative to length of
P2- M3 alveoli is 0.493, both indices smaller than in Pl. huainanensis but larger than in PL.
anhuiensis (Table 4). The anterior edge of the palatal bridge is lingual to the midpoint of P2,
while the posterior edge is lingual to the border between P4 and M1. Thus, the palatal bridge is
shorter than in Pl. huainanensis.

The first upper incisor (12) (Fig. 4E,F) is rounded rectangular (although more rounded
on buccal side) , with ratio of about 2:3, in cross section, and has a groove on the anterior sur-
face without cement filling. The groove is a wide V shape in cross section, and the apex of the
groove locates somewhat medial than the midpoint of the tooth width (about 40% ~45% across
the tooth width from the lingual edge). Relatively thin enamel covers the anterior face and the
anterior 1/3 of both medial and lateral sides. The second incisor (13) (Fig. 4F) is much smal-
ler tooth than 12, and is about 1/2 of the latter in length and width. It is oval in cross section,
with the middle part of the posterior face somewhat swollen, and thin enamel surrounds the
tooth.

The morphology of the upper cheek teeth is also very similar among Pl. huainanensis, Pl.
dajushanensis , and Pl. anhuiensis, and therefore, only the differences will be described below.
The upper cheek teeth are slightly larger (4.8% ~12.2% in length and width of P2 to M2 on
average ) than Pl. huainanensis (Table 3). Total of 11 P2s of 9 individuals are available from
Xindong locality. The majority of the specimens are quite similar to Pl. huainanensis in mor-
phology, but the depth and enamel crenulations of three anterior reentrant angles vary as fol-
lows: some large specimens ( likely old individuals) tend to have MAR deeper and a more cre-
nulated enamel wall, and one specimen ( Fig. 4A) has EAR with crenulated enamel wall,
while smaller specimens ( likely young individuals) tend to have MAR with simpler enamel
crenulations and shallower EAR and/or TAR (e.g. V 14181.13).

Other than their somewhat larger size (Table 3), P3 to M2 are very similar to those of PL.
huaianensis in morphology, and nothing can be added in descriptive terms. Total of 10 M3s of 8
individuals are available from Xindong locality. It is, again, very similar to Pl. huainanensis in
relative size to M2 and outline in occlusal view, but the enamel covering differs. In a majority
of the specimens, thick enamel covers over 2/3 of the anterior face although it becomes thinner
buccally; thinner enamel covers about 2/3 of the posterior face, again decreasing buccally. In
one specimen (V 14181.5), the enamel reaches around the tooth.

Discussion Although it was mentioned that AER in p4— m2 are present or absent in all
three teeth in Pl. huainanensts, this observation is limited by the smaller sample than Pl. da-
jushanensis. The depth of AER and/or degree of enamel inflection at the antero-external corner
of p4— m2 vary within a single individual in both species of Pl. dajushanensis and Pl. anhuien-

sis (described below) .
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Fig.4 Diagrams of the occlusal surfaces (or cross section in F) of upper dentitions in
Pliopentalagus dajushanensis sp. nov.

A. right P2— P4 (V 14181.17) ; B. left P2 (V 14181.12) ; C. left P3— M3 (V 14181.8); D. left P2— M2
(V 14181.10); E. left 12 (V 14181.24); F. left I2 and 13 (V 14181.9)

Pliopentalagus anhuiensis sp. nov.
(Fig. 5; Tables 1-4)

Holotype Nearly complete left mandible with p3—m2 (V 15328.1).

Paratypes Seven fragmentary left mandibles with various conditions of tooth preservation
(V 15328.2-8) ; two fragmentary skulls with left 2—-3, P2- M3 + roots of right I3 and P2,
and left P3—- M2 + right P4- M2 (V 15329.1 and 2, respectively).

Type locality and horizon Tiesiju cave locality of the Dajushan Limestone Quarries,
Huainan, Anhui Province, China (Fig. 1). Late Pliocene (see “ages of locality” section
above for detail ).

Etymology From Anhui Province where the locality is located.

Diagnosis Slightly larger (3% ~7% ) on average than Pl. dajushanensis in tooth mea-
surements ; ratio of EL in p3 is about 1/3 of the population; p4—m2 with AER in about 30% of
the teeth; palatal bridge shorter than both Pl huainanensis and Pl. dajushanensis.

Measurements See Tables 1-4.
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Description The diastema of the mandible is relatively short, and it is slightly shorter
than the alveolar length of p3— m3. The mandibular diastema index can be calculated directly
on 3 specimens, and it ranges 0.482 to 0.488 and is 0. 484 on average. Terminating point of
the lower incisor tends to be more posterior than Pl. huainanensis and about the same condition
as Pl. dajushanensis.

The morphology of the lower dentition is quite similar among Pl. huainanensis, Pl. daju-
shanensis, and Pl. anhuiensis, and therefore, again, only the differences are described below.
The lower dentition is slightly larger (3.1% ~7.5% in length and width of p3 to m2) on aver-
age than Pl. dajushanensis and is larger (6.4% ~18.4% in length and width of p3 to m2) on
average than Pl huainanensis (Table 2). In p3, four specimens have PIR, while two speci-
mens have EL; ratio of EL is 33.3% , compared to 83.9% in Pl. dajushanensis and 100% in
Pl. huainanensis (Table 1). In p3, AR tends to be deeper and more complicated ( Fig. 5A-
C) than in Pl. huainanensis in a majority of the specimens, but it is similar to Pl. dajushanen-
sis in depth and complexity. The enamel crenulations of TN of PER and EL or PIR also tend to
be somewhat more complicated than Pl. huainanensis but similar to Pl. dajushanensis.

As in Pl. dajushanensis, p4 tends to be the largest while m2 tends to be smallest among
them, although the difference is not much (Table 2). In p4—m2, AER is not present in all 3
teeth in 5 specimens (e. g., Fig. 5A,C), is present in all 3 teeth in one specimen, and is
present in 2 teeth (e. g., Fig. 5B) in 2 specimens. In V 15328.3 (Fig. 5B), p4 has an en-
amel bend at the antero-buccal corner of the trigonid, but it is not filled with cement, and so it
is not counted as AER. In the same specimen, ml and m2 possess typical AER. The ratio of
presence of AER in p4, ml, and m2 is 25% , 25% , and 37.5% , respectively and 29.2% in
total teeth (Table 1). The thin enamel band on the lingual face near the antero-lingual corner
of the talonid in p4—m2 is present in about half of the specimens (e. g., Fig. 5B) , while it is
not present in other specimens (e. g., Fig. 5A,C). lis length in occlusal view varies among the
specimens, and it is continuous with the enamel on the posterior face of the tooth in two speci-
mens (e.g., m2 of V 15328.2). The m3 is similar to the previous two species in general, but
the talonid of one specimen (Fig. 5B) possesses enamel around its circumference, although it
thins on lingual and anterior faces.

Two specimens (V 15329.1 and 2) are the only known skull elements from the Tiesiju lo-
cality. It is very difficult to determine them as adult or subadult. Compared to the subadult
specimens of Xindong locality ( = Pl. dajushanensis) , the specimens from Tiesiju are slightly
larger than the largest subadult individual of Pl. dajushanensis for most measurements ( except
for the minimum length of the palatal bridge; see below), and some measurements of cheek
teeth may be even larger than the smallest adult individual of Pl. dajushanensis. If one consi-
ders the slightly larger size of the lower dentition in Pl anhuiensis than Pl. dajushanensis,
these two skulls may be considered to represent large subadults, but they can also be considered
to be among the smallest adults.

In either case, size relative to other species may be discussed. The length/width ratio of
palatal bridge is 0. 626 on average, and the ratio between the length of palatal bridge and length
of P2— M3 alveoli is 0. 402 on average, both of which are clearly smaller than Pl. dajushanensis
and are smallest among three species of Pliopentalagus from Huainan area (Table 4). The ante-
rior edge of the palatal bridge is lingual to the posterior face of P2, while the posterior edge is
lingual to the border between P4 and M1. Thus, the length of the palatal bridge in Pl. anhuien-
sis is shorter than Pl. dajushanensis.

Other than the smaller size, both upper incisors (12 and 13) are very similar to those of
Pl. dajushanensis in morphology, and nothing can be added in descriptive terms. P2 has 3 re-
entrants as in other species, but EAR and IAR are very shallow, and MAR is shallower than
other species and has no enamel crenulations. Although not described above, these characters
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Fig.5 Diagrams of the occlusal surfaces of lower and upper cheek teeth in

Pliopentalagus anhuiensis sp. nov.
A. left p3— m2 (holotype, V 15328.1); B. left p3—-m3 (V 15328.3); C. left p3—-m3 (V 15328.6) ;
D. left m3 (V 15328.4); E. right PA- M1 (V 15329.2); F. left P3 (V 15329.2)

can be observed in subadult specimens of Pl. dajushanensis. In P3—M2 | their general morpho-
logy is also similar to those of the above two species, but the depth of internal reentrant fold is
shallower (about 55% ~60% of the tooth width; Fig. 5E,F) and the enamel crenulations of
both anterior and posterior walls are shallower than in Pl. dajushanensis. Again, this character
can be observed in subadult specimens of Pl. dajushanensis. Thus, as discussed above, these
two skull specimens may be larger subadults.
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5 Comparisons

Although Pl. moldaviensis ( Gureev & Konkova, 1964 ) is the genotype, it is one of the
most poorly known species of the genus. The differences between the genotype and Pl. dietrichi
(Fejfar, 1961) are not clear, and probably they could be synonymized as Daxner and Fejfar
(1967) pointed out, but this is beyond the scope of this paper. In any case, Pl. moldaviensis
and Pl. dietrichi can be distinguished from the three Anhui species described above by having
p3 with open PIR (no EL) and p4—m2 without AER; that is, among the specimens of Pl die-
trichi, all seven p3s have open PIR, while none of all 24 p4- m2 has AER ( Fejfar, 1961 ;
Daxner and Fejfar, 1967). Pl. progressivus ( Liu and Zheng, 1997) is distinguished from other
species of the genus by its largest size (especially in width) and more rounded outline of p3 in
occlusal view. Pl. agilis (Russell and Harris, 1986) is easily distinguished from other species
by its smallest size, but otherwise is similar to Pl. huainanensis in general morphology of the
dentition, except that the ratio of AER in p4— m2 is only about 11% (Tomida and Jin, 2004).
Although a revision of Pl. agilis will be published elsewhere, it should be noted that the
length/width (at the position of P3) ratio of the palatal bridge in Pl agilis is about 0. 95
( measured on fig. 2D of Russell and Harris, 1986 ) , which is larger than Pl. huainanensis and
is close to Pentalagus furnessi (Table 4).

Both Pronolagus and Bunolagus, living in Africa, have p3 with all five reentrants, but
they (except for Pr. crassicaudatus) can easily be distinguished from Pliopentalagus by having
p3— m2 without enamel crenulations in all reentrants. Pr. crassicaudatus , however, has p3—m2
with enamel crenulations and p4— m2 with AER in some specimens, which are similar condition
in Pliopentalagus. However, the former has p3— m2 and P3— M2 with two thick enamel bands
nearly crossing the tooth width in each tooth (unlike the latter) , and the trigonid and talonid
are nearly equal in width in p4—m2 in the former (the trigonid is clearly wider than talonid in
the latter). In addition, the former is classified in the genus Pronolagus with two other species,
based on a number of shared cranial and mandibular characters, which do not appear in Plio-
pentalagus ( Tomida and Jin, 2007 ). Thus, the characters seen in Pr. crassicaudatus similar to
Pliopentalagus ( enamel crenulations in p3— m2 and AER in some of p4—m2) should be consid-
ered to have evolved independently.

If one considers the extended posterior external reentrant in p3 ( Lepus type) as the joining
of PER and EL, then Poelagus (living in Africa), Caprolagus (living in South Asia), and
“Pliosiwalagus” ( Patnaik, 2001 ) can be considered to have 5 reentrants in p3. Because of
that fact, they may be related in some way to Pliopentalagus, but they can be distinguished
from Pliopentalagus by that confluence itself. Lopez-Martinez et al. (2007 ) classifies the 3
genera in Leporinae, and Pliopentalagus in Paleolaginae. Either this feature is not an indication
of relationship, or the concept of leporid subfamilies may need review.

6 Discussion

Among Pl. huainanensis, Pl. dajushanensis, and Pl. anhuiensis, the variations in size,
measurements of various parts, complication of enamel crenulations, and some other characters
overlap each other, and therefore, a single mandibular specimen, may be difficult to identify at
the species level. But, if the specimens from each locality are treated statistically as popula-
tions, those three species can be distinguished by average size, the ratio of EL in p3, ratio of
AER in p4—m2, ratio of thin enamel band on the lingual face of the talonid in p4— m2, and
relative length of the palatal bridge. Further, when they are arranged by geologic age, it be-
comes obvious that the average size increases, the ratio of EL in p3 decreases, the ratio of AER
in p4- m2 decreases (Table 1), the ratio of thin enamel band on the lingual face of the talonid
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in p4— m2 decreases (100% — ca 75% — ca 50% , as described above ), and the relative
length of the palatal bridge decreases (Table 4). Thus, these three species can be interpreted
to represent a gradually evolving sympatric lineage, from the late Late Miocene to Late Plio-
cene.

Comparing these three species of Pliopentalagus with Pentalagus furnessi ( living in
Japan) , it seems that the size of the cheek teeth becomes larger gradually, crenulations of all
reentrant angles in p3 become more complicated, the ratio of EL in p3 becomes smaller (100%
— 84% — 33% — 18% ), and the ratio of AER in p4— m2 decreases (70% — 65% —
30% — 0% ) (Table 1). Thus, as Tomida and Jin (2002, 2004 ) pointed out, it seems that
three species of Pliopentalagus continuously and gradually evolve to Pentalagus furnessi. How-
ever, the length of the palatal bridge (both absolutely and relatively) contradicts the tendency
of the above characters; that is, the length of palatal bridge becomes shorter in the younger spe-
cies among three species of Pliopentalagus from Anhui Province, but it is even longer in Penta-
lagus furnessi than the oldest species of Pliopentalagus. Furthermore, there is a clear gap in the
degree of the depth of enamel crenulations (undulations) in p4— m2 and in P3- M2 between
Pl. anhuiensis and Pentalagus furnessi. Therefore, it can be pointed out that the phylogenetic
relationship between Pliopentalagus and Pentalagus may not be so simple.
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