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Summary
This paper describes a new species of paraceratheres: Paraceratherium huangheense sp.
nov., which was excavated from the yellow sand layers at the bottom of the Early Oligocene
Hanjiajing Formation of the Lanzhou Basin, Gansu, China. The paleomagnetic age of the strata
is about 31.5 Ma.

Order Perissodactyla Owen, 1785
Superfamily Rhinocerotoidea Owen, 1845
Family Paraceratheriidae Osborn, 1923
Subfamily Paraceratheriinae Osborn, 1923
Paraceratherium Forster-Cooper, 1911
Paraceratherium huangheense sp. nov.
(Figs. 1-3; Tables 1-3)
Holotype NWUYV 1479, a right mandible with the all right cheek tooth, symphyseal part
and two lower incisors.
Referred specimens NWUV 1480, a part of left maxilla with P2—P4; NWUV 1481,
left M2; NWUV 1482, right M3; two left (NWUV 1484-1485) and one right (NWUV 1483)
mandibles with m1-m3; NWUV 1486, a left incisor.
Etymology The specific name refers to “Huanghe” River, where the new species were
discovered nearby.

Locality and age Lanzhou Basin, Gansu Province; Early Oligocene Hanjiajing
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Formation.

Diagnosis A large paracerathere. A pair of the first lower incisor (i1) with asymmetrically
conical crown, separated by a short diastema, and extended slightly upward. It is without tooth
trace on the diastema before P2. The ventral border of the horizontal ramus of the mandible is
straight below the molars, but pronouncedly concave below the diastema. Mandibular angle
angular, and the posterior border of ascending ramus slanted posteriorly. The mental foramen
located below p3. Dental formula: ?-?7-3-3/1-0-3-3.

Description Upper Dentition The length of fragmental maxilla (Fig. 1A, NWUV
1480) is 210 mm with maximum height of 160 mm. There is no trace of tooth socket anterior
to P2, and the diastema anterior to P2 is clearly convex. P2 is triangular, wider than long. The
tooth has continuous enamel on labial and lingual sides, but lacks enamel on the posterior wall,
where it closely contacts P3. Crown surface of P2 is heavily worn, almost flat and only slightly
uneven on the posterior part. P3 is irregularly quadrilateral with labial border longer than
lingual one, and the width is greater than the length. Parastyle is prominent. Ename is present
on both buccal and lingual sides. A small medifossette is present in the middle of the crown. P4
is similar to P3, but the parastyle is more prominent, and the cingulum is absent on the distal
half of the lingual side. The P4 is closely appressed to P3, and larger than latter.

M2 (Fig. 1B, NWUYV 1481) is trapezoid in outline with the buccal border as long as the
lingual one, and becomes slightly narrower distally. Parastyle is very prominent and parastyle
fold is shallow. Buccal wall on metacone is strongly convex. Protoloph is long and extends to the
lingual side. The antecrochet is large and broadly V-shaped, extending distally to the mesial wall
of metaloph and dividing the medifossette into lingual and buccal parts. Metaloph is slightly
wider and shorter than protoloph, and hypocone is smaller than protocone. Crochet is low. Labial
cingulum is low at the base of the paracone but highly-ridged at the base of the metacone.

M3 (Figs. 1C, 2, NWUV 1482) is triangular with the vestigial, highly reduced posterior
end of ectoloph. Parastyle and the lingual ends of the protolophs and metalophs are damaged.
A wide uplift under the protoloph extends to the medisinus and meet at the uplift from base of
the metaloph. Anterior cingulum is highly-ridged and gradually reduced from lingual to labial
side. Posterior cingulum is developed distal to the base of the hypocone, lowest at the base of
the metacone, and rises to the labial side. The main cusps, including the protocone, hypocone,
paracone, metacone, and parastyle, bear robust roots.

Lower dentition A right mandible with the symphyseal region (Fig. 1D, NWUV
1479) preserves a pair of the first incisors and the cheek teeth on right side, but the angle
and ascending ramus are not complete. The symphyseal region of mandible is similar to
that of Paraceratherium bugtiense described by Forster-Cooper (1911), but is obviously
larger and thicker. Two lower incisors (il) are not close to each other, conically-shaped, and
extend slightly upward. The ventral border of the horizontal ramus of the mandible is straight
below the molars, but pronouncedly concave below the diastema. The mental foramen is
situated below p3 and about at the level of the half height of the ramus. Dental formula is
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?:2-3-3/1-0-3-3. Mandibular angle is angular (Fig. 1F, NWUYV 1483), and the posterior border
of ascending ramus is slanted posteriorly.

The il (Fig. 3, NWUV 1486, unworn) is similar to that of Dzungariotherium orgosense
described by Qiu et al. (2004), but is slightly smaller. On the heavily-worn specimen (Fig. 1D,
NWUYV 1479), the upper ridge is weak.

The p2 (Fig. 1D, NWUYV 1479) is small and single-rooted. Due to the heavily-worn
condition, crown surface is almost flat and the enamel is only surrounded on anterior, posterior
and buccal walls. Crown is mesiodistally elongated. The labial cingulum is developed.

The crown of p3 (Fig. 1D) is roughly trapezoid in outline with mesial border wider than the
distal one. Only remnant talonid basin is present on crown, and the ectoflexid is a low groove.
The labial cingulum is complete, whereas only posterior part of the lingual cingulum remains.

The p4 (Fig. 1D) is heavily worn, and the talonid basin is shallowly U-shaped. Protolophid,
hypolophid and metalophid are very wide, whereas the entolophid tapers toward the lingual side.
The ectoflexid is a wide, shallow valley. The cingulum is developed on labial and lingual sides.

The ml is heavily worn (Fig. 1D). The trigonid basin is only a faint trace in the lingual,
and the talonid basin is a shallow V-shaped valley, the ectoflexid is a flat wide V-shaped
concave. The protoconid and the metaconid are expanded, and the paraconid is minimal. Both
the outside hypoconid and the inside endoconid are heavily worn to root. Labial cingulum is
development in the ectoflexid.

The m2 is mild worn and the crown surface is remained (Fig. 1D). The paralophid is
very thin, while the metalophid and the entolophid are thick. The trigonid basin and the talonid
basin are all U-shaped but the former is shallow and the latter deep. The ectoflexid is shallow
V-shaped. Labial cingulum is high in the anterior and low in the posterior.

The m3 is the lightest worn, and the crown surface morphology is similar to m2 (Fig.
1D). Compared to m2, its talonid basin is wider, ectoflexid is deeper and ridges are slightly
narrower. Labial cingulum is developed only in the antero-labial corners and the postero-wall
of the entolophid.

Comparison and discussion The genus Paraceratherium was established from a
mandible from Baluchistan (in southern Pakistan) by Forster-Cooper in 1911. Its features were
given by Forster-Cooper (1911) as: “the generic characters relied upon being the very unusual
position and shape of the two lower incisors” , “The chief peculiarity of the jaw lies in the
shape and position of the single stout incisor in each ramus.” Beneath the molars the contour
is flat, but below the diastema in between p2-il is concave, and stretching anteriorly together
with the incisor (il).

According to Qiu and Wang (2007), besides type species P. bugtiense, there are three
valid species of Paraceratherium: P. asiaticum (=Indricotherium transouralicum), P. grangeri
and P. lepidum (Fig. 4B-E).

Morphologically, the above described specimens of P. huangheense from the Lanzhou

Basin are almost identical to those of Paraceratherium: a single stout incisor in each ramus
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and stretching forward (Fig. 4). But there are some differences between P. huangheense and
the other species (Fig. 4; Table 4).

P huangheense is similar to P. bugtiense (Fig. 4B) in the following features: loss of
P1; triangular form of P2; below the diastema in between p2—il is concave; single root of
p2; the mandibular angle is angular. On the other hand, P. huangheense is distinguished
from P. bugtiense (features in brackets) by its larger size, mental foramen underlies p3 (p2),
the posterior border of ascending ramus posteriorly slanted (vertical), and a short diastema
between the bases of il (closely appressed) (Forster-Cooper, 1911; Gromova, 1959).

P. huangheense is similar to P. asiaticum (Fig. 4C) only in two following features: loss
of P1 and a single stout incisor in each ramus extend forward. However, their differences are
greater. P. huangheense is different from P. asiaticum (features in brackets) by its larger size
(p2-m3 77% as long as that of P. huangheense; Gromova, 1959:89), below the diastema in
between p2—il the contour is concave (not concave), mandibular foramen underlies p3 (p2),
mandibular angle is angular (rounded), slanting upward side posterior border of ascending
ramus (anteriorly slanted), and the outline of P2 crown is roughly triangular (trapezoid)
(Borissiak, 1923; Gromova, 1959, Qiu and Wang, 2007).

P. huangheense is similar to P. grangeri (Fig. 4D) in the following features: size close to
each other, loss of P1, and a single stout incisor in each ramus and extend forward. But they have
some differences as follow. P. huangheense is distinguished from P. grangeri by its mandibular
angle is angular (rounded), the posterior border of ascending ramus is slanted posteriorly (convex
posteriorly), the outline of P2 crown is triangular (trapezoid), p2 is single-rooted (double-rooted),
below the diastema in between p2—il is concave (without or weakly concave), and dental
formula ?-?7-3-3/1-0-3-3 (1-1-4-3/1-0-3-3) (Osborn, 1923; Granger and Gregory, 1936).

P. huangheense is similar to P. lepidum (Fig. 4E) in the following features: size close to
each other, loss of P1, triangular form of P2, below the diastema in between p2—il is concave;
single root of p2; and a single stout incisor in each ramus and stretching forward. But the main
characteristics of P. lepidum are distinct from P. huangheense in having a wide and deep notch
(incisura vasorum) anterior to the mandibular angle on the ventral border of the horizontal
ramus (Fig. 4E) (Qiu and Wang, 2007).

In recent years, some giant rhinoceroses have been reported from the Late Oligocene
of north-central Anatolia by Antoine et al. (2008), and from Oligocene and Middle Miocene
deposits of the Kagizman-Tuzluca Basin, Eastern Turkey by Sen et al. (2011). These
fragmental limbs are identified as the Paraceratherium sp.

Based on the comparisons (Fig. 4; Table 4), it is clear that the P. huangheense from
Lanzhou is very similar to P. bugtiense from Dera Bugti, Baluchistan, indicating they may
have a close phylogenetic relationship. Furthermore, the paleomagnetic age of the layer
bearing P. huangheense in the Lanzhou Basin is 31.5 Ma (Yue et al., 2001; Zhang, 2015),
implying that the bed bearing P. bugtiense from Baluchistan is probably also Early Oligocene,

which is consistent with two Early Oligocene cricetids from the same Paraceratherium-layer



Li et al. — New fossils of paraceratheres from the Lanzhou Basin 371

in Baluchistan (Marivaux et al., 1999).

Giant rhino fossils from the Lanzhou Basin are the main evidence to show that during the
Oligocene giant rhinos lived in north-western China, north of the Tibetan Plateau, while they
were also distributed in the Indo-Pakistan subcontinent to the south of the Tibetan Plateau. This
distributed indicates that the elevation of the Tibetan Plateau was not high enough to prevent
exchanges of large mammals. Giant rhinos, the rhinocerotid Aprotodon, and chalicotheres still
dispersed north and south of “Tibetan Plateau” (Qiu et al., 2001; Deng and Ding, 2015). The
results of this paper show clearer evidence to prove the existence of the P Huangheense in the
Lanzhou Basin of China during the Early Oligocene around 31.5 Ma, whose fossils are very

similar to the P. bugtiense from Dera Bugti of Baluchistan.
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Fig. 1 Paraceratherium huangheense sp. nov.

A. a part of left maxilla with P2-P4 (NWUYV 1480) in ventral (A1) and labial (A2) views; B. left M2 (NWUV
1481) in occlusal view; C. right M3 (NWUV 1482) in occlusal view; D. a right mandible with the all right
cheek teeth, symphyseal part and two lower incisors (NWUV 1479) in labial (D1) and occlusal (D2) views;
E. left mandibles with m1-m3 (NWUYV 1485) in occlusal (E1) and labial (E2) views;

F. right mandibles with m1-m3 (NWUV 1483) in labial view
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5 m At Fh P bugtiense (Forster-Cooper, 1911)AH425BI(E4B), ifi 5 HAh 4 & B A
A, U, BitnAnE TERE.

BIAZEIN R, ERJE G4 Fr . R P. bugtiense, P. asiaticum, P. grangeri X P
lepidum (K14B-E) (B85 E£4EH, 2007), B ERFAEA A — & rARRIYE, Qs
ey Ite, SRSV T AT — AL, FEMAKESC T %, BRI, MHE
Pk, BRMRGT AR ER1-3), (LR A 0 1 25 (K14 3R4).

xRl LMEREFMELR

Table 1 Measurements and comparison of upper cheek teeth of some paraceratheres (mm)

P. huangheense P. asiaticum" P. grangeri” P. lepidum”
P2 L 56.1 43.0 45.0 47.8
W 63.6 51.0 57.8 59.8
P3 L 70.1 55.0 57.8 63.4
W 87.0 70.0 83.5 87.0
P4 L 79.7 61.0 59.7 69.0
w 105.5 78.0 93.7 94.8
M2 L 98.2 94.0 95.0 102.3
W 123.9 93.0 102.8 112.3
M3 L 88.5 96.0 111.0 122.0
W 113.0 88.0 88.0 107.0
P2-P4 L 176.6 156.0* 179.0 171.0

Based on: 1) Borissiak (1923); 2) Osborn (1923); 3) Qiu and Wang (2007). * calculatted from figure (Borissiak,
1923:17, fig. 1).

®2 JIMEBRTAIUNER

Table 2 Measurements and comparison of mandibles of some paraceratheres  (mm)

P. huangheense P. grangeri" P, bugtiense’ P. lepidum”

il-p2 diastema L 93 127 97 115
Symphysis L 230 212 152

Symphysis  min W 81 95 73

Height at p2 142 131 88 110
Height at m1 139 144 123 130
p2-m3 L 415 400 325 425
p2-p4 L 140 145 122 158
ml-m3 L 268 254 211 265
p2—p4 L/ml-m3 L 0.52 0.57 0.58 0.60

Based on: 1) Granger and Gregory (1936); 2) Forster-Cooper (1911); 3) Qiu and Wang (2007).
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®3 LMERTIFENEEEER

Table 3 Measurements and comparison of lower teeth of some paraceratheres (mm)

P. huangheense P. bugtiense" P. grangeri® P, lepidum”
il crown HxW 39x25.5 57x34 45%39 45%33.5
p2 L 34.52 29 33.5 35.5
w 22.44 18 23.8 22.8
p3 L 48.21 48 51.2 51.6
Anterior W 29.9 37 31.2
Posterior W 39.9 37 41 42.4
p4 L 62.3 57 56.6 65
Anterior W 459 422 49
Posterior W 55.6 45 42 54.5
ml L 78.5 58 77 72.7
Anterior W 56.6 56.2
Posterior W 59.8 45 55
m2 L 95.9 70 92
Anterior W 66.3
Posterior W 65.6 45 60
m3 L 93.0 79 89
Anterior W 60.6 49 55
Posterior W 57.3

Based on: 1) Forster-Cooper (1911); 2) Granger and Gregory (1936); 3) Qiu and Wang (2007). Height on il: major
axis, superolateral-inferomesial in direction.

El4 ERTHUESLE
Fig. 4 Morphological comparison of mandible of Paraceratherium
A. P. huangheense: 1. NWUV 1483, 2. NWUV 1479; B. P. bugtiense (Forster-Cooper, 1911); C. P. asiaticum
(Gromova, 1959); D. P. grangeri (Granger and Gregory, 1936); E. P. lepidum (I8 5 %6, FA£EH, 2007)
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I E PR(E4A D S Ak 35 B BEP. bugtiense (Forster-Cooper, 1911)#RELSP1, P27 ]
R AR, LR E(E4B) WL A M, R i p 21 (4 2 B A L
VI [ N1 0 30 S B S O Wl AT £ K3 S PN /S T L B e o 1
T BEHZFGRIES . T B E LAMER/NZ5(KI4A, B; £4).

WM E FRP. asiaticum B 5 HIA B R IR #iFRAS (Borissiak, 1923), {H7EGromova
(1959 BT 5T v A — 1 Indricotherium transouralicumft) R AARA (K14C), #ES G +E . F4F
HQRO0T)IWEE, L transouralicumi=P. asiaticum W)W 5544 o FibrAR 5P asiaticum T il
(K14C) (Gromova, 1959 L, HEZXHIAET/a# N EE B e Ma . P25
A LA N AL B (FI4A, C; 324).

Granger and Gregory (1936)IHRiE F A B U1 & [ B R Baluchitherium grangerift)
WibRAR(K14D), Gromova (19595 T AL asiaticum, 55+ . LA Q00NN N, B
NAZIAST A, FFIHAE RS, HIP grangeri, B RSECE R, M2 A
T R/NAIE, #RBRPL, KV SR AR — RO R T A M A i o X7 T
TRIUARIEAS . P2REIHIEA . p2 M IREH S22 5, SR M X BIFE T 145 XA ) (K
4A, D; 3£4),

B I SEIN B R P, lepidum G5 A0 5248 (%) F aE (BI4E), HVEd 2B B
WADESES R . TAEA, 2007), B0 E B S SEN B R R 28 007E T HE = 534 T ol
TEAEATPZ ARG L V1L (K4A, E).

TEH N 2 B kB s R e A b, W R B B AL (IVPP V 3322,
V 3269), #xE M Paraceratherium sp. (W3 546 EAEH, 2007), #EN S5 AR A A F—
B0 o WA —EATERE A, PR B A KSR A K-S pART R 43, 065 il s il
s mlBi7%, A0 E YRS R AR . Hop2/y, AR, NZALAEp3RTAAR T
GRER TR E R, HIHm3 0% A 5 ] B0

FE N A R AT — S T O E R A U5 V 3317, & TR — MR 4p3—p4; V
3318, n[RE5V 3317 R [E— MM ZEm3; V 3319, Z£P4; V 3320, /im2; V 3321, ZAm3, iR
A 387 A ROK I BOR R S sk I sh R nY b 2, A o e R (S o 4
45, 1997; Qiu et al., 2001), p3 (V 3317 =F1E, HIMIA Sp28Efil AR, HEM %51
BeAp2; PIREAMERN, MR AET; FHIAWV 3320, V332D ik, —MEEU
¥, FTurEk, 5NEEFT, “MMRNAE, MEBFENA T —RA4E, SERHEA
HAhA K E BAA R X G B, LR o gk 19 A 55 i k-3 H R Turpanotherium
elegans (Wit . EAHEH, 2007), BATER X F RIS KR RHCEERAE 345 B
ERRABRZEN.

THFRANWUV 14855 2] F R R ACFHAD F R 6 A 22 7 (BI1E), /K
AT T GA T RHE S, m3TF ERM 5 m2AH e W AR A (B 1EL), 1 i B Em3
FRIMINARFE(NWUV 1479, E1D2), i M ek [t AR HA R . H AT HE
DB 0 i 3 22 M ) 1 22 Sl SR A R AR 5. IRINWUV 1485 1 HAlh #90] 22 b1
BHER A A — s FUR AL, O —E AR, RS RN, KPS il



Li et al. — New fossils of paraceratheres from the Lanzhou Basin 379

B, FAETIMAVIE, TERMUBS, B A m R R,
B R A R A A S BRI I A AN R (324):

x4 BNERSHEMEBRMIEZLERIFELLE

Table 4 Comparison of Paraceratherium huangheense sp. nov. and some Paraceratherium

P, huangheense P bugtiense" P. asiaticum® P. grangeri’ P, lepidum”

P2 outline triangular triangular trapezoid trapezoid triangular
Antecrochet of upper molars large clear weak very weak clear
Diastema between il present absent not close not close
Root of p2 single single double single
Entolophid of p3-p4 ridgelike fully formed  entoconid isolated weakly ridgelike fully formed
Position of mandibular foramen below p3 underlies p2 underlies p2 underlies p2
Posterior border of ascending posteriorly vertical anteriorly slanted anteriorly slanted  vertical

ramus slanted
Mandibular angle angular angular rounded rounded processlike
Inmsura.vasorum anterior to the absent invisible invisible invisible present

mandibular angle
p2-m3 L (mm) 415 325 320 400 425
Dental formula ?233/1033 11(0)43/1033 /1033 1143/1033 1033/1033

Based on: 1) Forster-Cooper (1911) and Gromova (1959); 2) Borissiak (1923) and Gromova (1959); 3) Osborn (1923)
and Granger and Gregory (1936); 4) Qiu and Wang (2007).

AR, R HH AR AN FE A B HE (Antoine et al., 2008) & - B ZR T
B AT TR (Sen et al., 201 1) WA T —L2 R E R AYFREE S, Hdhic hE R
KIEMParaceratherium sp., T A AL A G AR, XMELLS 30 BRI HOEE

T AREZS LA mT LA S A e, 22 2 i B A ey B L 20 ) R BT L 3
TR K S T H R AT A A b X R KRR P, bugtiensedi e, IR B
HPE AT RE A LGRS R . T M T R 0 b 2 B AT B T Sy
MR (SR T35, 20005 5KMS, 2015), ILAT DI R4 OC R BGE R . KE R H ™
b AR TG AR

KLk, 5L S 3mSR AR AT A A 7 K B R AL A 1 b2 B B ER B R 2
B SR EEA, 2007), BT REHUEEH LS AA IR E R IREAE I,
TP KE B IJE A AEAE AN R T21~22 Ma,  ANIAKJE21~18.3 Ma, 5 A HZ 1IN
R KZIFEL6.5 Ma, 2k [ A A= 25 ZOM AR B S 2 A, STz X AT T A1
MEEBI S, TR KEBRIEA R TR s/ NEFLa A, R R
Sk A PseudocricetodonFl Atavocricetodon“i(Marivaux et al., 1999), it , = KE #
I AAS A5 B HBJZ A R gt . AR S5 M b L s i B el S AR T B R A oy
AR 31,5 Ma, 3XCOA R BT HE Y K B RR AR T 42 nd b, SCRE 17 Atk
it B2 i AR SR T

=2 PN F b Y R AL ARG 28 A Sk T R e D A S TR ) A R T 1 5 e K B Bl it
PEMIA %4 = 2 (Deng and Ding, 2015)f% £ ZHIEE, A8 SCEIT R 0 A& B ] i — 2K i —
TEAE B Ja8 AP A A b H B @ Paraceratherium ™ () 550 5 FRP. huangheense Fl 3% 5 2 58T )
A& 5 ELRP. bugtiense, b i3 B Ay 55 IR AR A6 Ay v ] 22 JH 78 b R0 55 D 7 i 0] g 28 K
IAFERIATAS S, I R) R BT R 2931.5 MaZify
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3 Zhig

(1) 22 M s FIH B O AT R A B —E AP . B R, A il
Py, AR AE R 31,5 Ma, HIWIEZEL TP, bugtiense 1P, lepidum, (B R Gl ff A 78
. BERAIES LRI ATREN A E 2%, AA7EMIFRSSALINT T 65 FA 25 7 BOR A R A
XK.

(2) 2ZMN G & BB B RS IR P bugtiensel?) N U M 4200, Wi
QN cigiinpss SN

(3) &I R0 & PRSI ot — 20 B T T R R R e AR B T B AT L
S KA L34 B R A R

B R ROl AR E A AN & LA iZ L, R Prof. Robert F. Diffendal, Jr. 4% 8415 % &
IR, KEE BB IR AMEFIMCE Z P, BIRKFRBELZBREIELARK, &
MASIMT FINLBA T NERGE, TREX I BH LI, RIEA T NEEHT
X2 I, sHeAeg AR B A= F $ 530, SRS B,
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