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Abstract We report here a number of mandibular, maxillary and dental fossil remains of Indian
Suoidea from the Middle Siwalik of Haritalyangar area in Bilaspur District of Himachal Pradesh,
North India. Haritalyangar is well known for the diversity of the Late Miocene fauna and the
hominoids and other primates. The suoid remains were collected by one of the authors (ARS)
during different field seasons and their localities were plotted on the map, along with those of the
proboscidean reported recently, including the hominoid localities. The fossil localities are spread
over the ‘Lower Alternations’ and the ‘Upper Alternations’ from Makkan Khad to Sir Khad. We
have assigned the fossils into three genera, Propotamochoerus (P. hysudricus), Hippopotamodon
(H. sivalense) and Yunnanochoerus (Y. dangari). Propotamochoerus hysudricus represents
the most common suid in the Middle Siwaliks. The new remains of the suoid Yunnanochoerus
dangari further documents this rare palacochoerid only known in the Haritalyangar area by a few
fossils. The new suoid remains show clear affinities with the Nagri fauna of the Pakistan Siwaliks.
Biochronological correlations with the Potwar Plateau based on suoids indicate an age bracket
of ~10-9 Ma for the ‘Lower Alternations’ of Haritalyangar, close to the bracket mostly recently
proposed on the basis of magnetic polarity stratigraphy.
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1  Introduction

The suoids represent a major group of medium-sized artiodactyls in the mammalian
communities of the Neogene period of the Siwalik Hills. Many authors have revealed a rich
paleodiversity of Siwalik suoids dominated by suids (Falconer and Cautley, 1846; Falconer,
1868; Lydekker, 1884; Pilgrim, 1926; Lewis, 1934; Colbert, 1935; Prasad, 1970; Nanda, 1982;
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Vasishat, 1985; Pickford, 1988; Made, 1997, 1999; Khan et al., 2013; Batool et al., 2015; Dar
et al., 2019). During the Early and Middle Miocene, the Siwalik suoids are mostly represented
by suids such as the listriodontine Listriodon and the tetraconodontine Conohyus. Suoids are
rare and only documented by the poorly known genus Pecarichoerus. During the early Late
Miocene, Listriodon and Conohyus disappeared and the suines Propotamochoerus hysudricus
and Hippopotamodon sivalense became the dominant suoids with an abundant fossil record and
a widespread distribution across the Indian subcontinent. Other suoids are comparatively much
less abundant and are represented for instance by the large tetraconodontine suid Tetraconodon
magnus and small tetraconodontine Lophochoerus. The palacochoerid Yunnanochoerus is also a
rare taxon present in the Late Miocene of the Siwaliks. The Siwalik suoids are less diverse in the
Pliocene and Pleistocene and are represented by the genera Sivachoerus, Hippohyus, Sivahyus
and Sus. The Siwalik suoids provide precious information on the evolution of Asian Neogene
suoids in Southern Asia. The Siwalik suoids are also interesting in the perspective of further
understanding the evolution of the Old Word suoids since they possess affinities with faunas from
Europe, Africa and other regions of Asia such as Western Asia, China or Southeast Asia.

The fluvial sediments of the Siwalik Group are exposed along the southern Himalayan
foothills covering a great distance of about 2400 km between the river Indus in the west and
the river Irrawaddy in the east comprising of over seven-kilometer-thick Himalayan wash out
molasses, spanning a great period of over 15 million years from Early Miocene to Middle
Pleistocene (Pillans et al., 2005). The thickness of these deposits varies from 950-1200 m
(Barry et al., 2002). The Potwar segment of the Middle Siwalik is the widest and has yielded
the richest assemblage of mammalian and hominoid fossil remains (Pilbeam et al., 1977a,
b, 1980; Barry et al., 2002). These sediments are comprised of alternating sequences of
sandstone, claystone/siltstone and rarer conglomerates (Pilbeam et al., 1977a; Barry et al.,
2002). Magnetic polarity and stratigraphic dating suggest about 11 to 3.5 Ma to the Middle
Siwalik sedimentation (Johnson et al., 1982; Tauxe and Opdyke, 1982; Brozovic and Burbank,
2000; Barry et al., 2002). Next to Potwar, the Upper Miocene strata of Haritalyangar are noted
for the presence of the hominoids Sivapithecus and Indopithecus (Sankhyan, 1985; Pillans et
al., 2005). A pliopithecid primate, Krishnapithecus, is known from Haritalyangar (Chopra and
Kaul, 1979; Sankhyan et al., 2017), which also recently yielded a rare Chameleon from the
Krishnapithecus site (Sankhyan and Ceriansky, 2016) and proboscidean remains (Sankhyan
and Chavasseau, 2018). Compared to Potwar Siwalik, the suid remains, have sparingly been
reported from Haritalyangar (Vasishat, 1985). This study, therefore, makes a significant
contribution to the Late Miocene Suoidea by reporting rare mandibles and maxillae of suid
fossils, collected by one of us (ARS), who also mapped the localities (Fig. 1). The new suoid
localities are at Karan, Kherin, Dholkhana, Bhapral and Barog in the “Upper Alternation”
(correlated with the Dhok Pathan Formation of the Potwar Siwalik), exposed 3 to 5 km east

299

of Haritalyangar. The “‘Lower Alternations’” (correlated with the Nagri Formation of Potwar

Siwalik) at Dangar, Hari and Targhel yielded suoid fossils. They represent two main genera,
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Propotamochoerus and Yunnanochoerus. The presence of the genus Hippopotamodon is also

documented by two specimens.
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Fig. 1 Map of the region of Haritalyangar showing the localities that yielded fossil suoids
The hominoid and proboscidean bearing localities are also indicated. Suoid Localities: 1. Ghori S;
2. Kutla/Karan E; 6. Kherin W; 10. Dholkhana lower; 11. Dholkhana Upper; 14. Barog S/Cap-Ridge;
19. Hari mid Scarp; 23. Dangar East (Dhagiala); 26. Targhel SW.
Dashed lines: limits between the formations (modified after Johnson et al., 1983);
B. Boulder Conglomerate; L. ‘Lower Alternations’ (=equivalent to the Nagri Fm. of the Siwaliks of Pakistan);

N. Nahan Formation (=equivalent to the Chinji Fm. of the Siwaliks of Pakistan);

U. “Upper Alternations’ (= equivalent to the Dhok Pathan Fm. of the Siwaliks of Pakistan)

2 Materials and methods

One of us (ARS) collected the fossils from localities falling between the Makkan Khad
in the west and the Sir Khad in the east (Fig. 1). The specimens are housed and displayed in
the Palaco Museum at Ghumarwin, 15 km south of Haritalyangar. ARS properly cleaned,
reconstructed some and prepared for photography and metric study in the Palaeo laboratory
of the Palaco Museum. He also did mapping of the sites and made stratigraphic observations.
The measurements were taken a digital caliper with a precision of 0.01 mm and are given
at 0.1 mm. The measurements are presented in Tables 1 and 2. Body mass estimates of the
Haritalyangar suoids were calculated based on the equation for artiodactyls of Legendre (1989):
In (bodymass) = 1.528 x In (m1 surface) +3.5503. Because the mls are often worn, we also
used body mass estimates of Damuth (1990) for ungulates based on m2 length (log,, (bodymass)
=3.07 x log,, (m2 length) +1.07). For maxillae, the Damuth (1990) regressions for M2 length
(log,, (bodymass) = 3.03 x log,, (M2 length) +1.06) and M1 area (log,, (bodymass) = 1.50 x
log,, (M1 area) +1.33) were used because they show the highest correlations among available
variables.

Institutional abbreviations: GSI, Geological Survey of India (Calcutta). Comparative
studies of the Haritalyangar material were made according to published data and direct
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observations of the suoid material from the H-GSP collection; H-GSP, collections of the
Harvard-Geological Survey of Pakistan expeditions housed in Harvard University; HTA,
Haritalyangar fossil collection housed in the Ghumarwin Palaco Museum (Himachal Pradesh,
India). The adopted dental nomenclature is that of Orliac et al. (2015).

Table 1 Upper teeth measurements of the new suoid material from Haritalyangar, India (mm)

Specimen Locality Taxon length x breadth

number P3 P4 Ml M2 M3
HTA-42a 6 P, hysudricus ~ 13.2x12.2 12.0x14.6 14.9x15.1 —x19.6 28.9%x20.2
HTA-42b 6 P. hysudricus - 12.6x14.6 14.8x— 21.4x19.3 28.7x20.8
HTA-140a 23 P. hysudricus - - - 21.2x19.2 29.5x20.4
HTA-140b 23 P, hysudricus - - 14.2x13.8 21.1x19.4 29.3x20.2
HTA-126a 19 P. hysudricus - 13.1x14.4 14.8x14.6 - -
HTA-5/79 6 P. hysudricus —x9.1 11.0x12.4 - - -
HTA-20 1 H. sivalense >35x>30

Table 2 Permanent lower teeth measurements of the new suoid material from Haritalyangar, India (mm)

Locality length x breadth

Specimen number Taxon 2 3 4 ml e 3
HTA-8a 1 P, hysudricus ~ 9.8x4.0 13.9x5.8 14.6x9.5 14.6x11.6  18.8x14.3 30.0'x15.2"
HTA-8b 1 P, hysudricus ~ 10.9x4.9 14.2x59  15.1x10.1  14.6x12.6  18.9x14.7  31.8x16.3
HTA-126b 19 P. hysudricus - - - 19.4x14.6  24.1x18.2 -
HTA-141 23 P. hysudricus - - - 17.9x12.5  22.9x16.4 -
HTA-154 23 Y. dangari 20.6x11.7  21.1x11.6

* estimated measurement.

3 Systematic paleontology

Suoidea Gray, 1821
Suidae Gray, 1821
Suinae Gray, 1821
Propotamochoerus Pilgrim, 1925
Propotamochoerus hysudricus (Stehlin, 1899-1900)

Holotype GSI B30, right hemi-mandible fragment with p3—m3.

Distribution and temporal range Late Miocene of South Asia (India, Pakistan) and
Southeast Asia (Myanmar; Pickford, 1988; Sein et al., 2009; Jaeger et al., 2011; Chavasseau et
al., 2013); 10.2-6.5 Ma in the Potwar Plateau (Siwaliks of Pakistan) (Barry et al., 2002).

New material HTA-8a and HTA-8b, right and left mandible with p2-m3 belonging
to a single individual from Loc. No. 1, Ghori da Balh; HTA-42a and HTA-42b, left maxilla
with P3-M3 (42a) and right maxilla with P3 roots and P4-M3 (42b) belonging to a single
individual from Loc. No. 6, Kherin SW along the foot track to Badon. One central incisor was
also associated with these maxillae; HTA-140a and 140b, right maxilla with M2—-M3 (140a)
and right maxilla with M1-M3 (140b); HTA-5/79, right maxilla with the distal part of P3 and
P4; HTA-126a, right maxilla with P4-M1; HTA-126b, right mandibular fragment with m1-m2;
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HTA-141, right mandibular fragment with m1-m2; HTA-50b, left m2 on a piece of mandibular
corpus; HTA-7, left dp4 on a piece of mandibular corpus; HTA-65 right dp4.

Description of the new material Upper dentition: HTA-42a and HTA-42b preserve
P3-M3 and P4-M3 (Fig. 2C, D). The P3 is a three-rooted tooth with a large mesial root and
two smaller distobuccal and distolingual roots. The crown, visible on the left hemi-maxilla, is
trapezoidal in shape. The tooth is composed of a large buccolingually compressed paracone,
which displays a mesiodistally elongated wear pattern, and a protocone. The precrista is not
visible due to wear but the distal part of the distocrista is observable. This crest is mesiolingual
and connects to the distal cingulum, which reaches to the distobuccal part of the crown. No
metacone is visible. The buccal wall is rather flat and perpendicular to the mesial and distal
walls. The protocone is located distobuccal to the paracone and is much smaller than it. This
cusp presents a mesiolingually oriented wear surface and is separated from the paracone by a
rather mesiodistal valley.

The P4 has a square outline and is comprised of three cusps. The paracone and the
metacone are equal-sized and widely spaced. A vertical depression on the buccal wall distinctly
separates these two cusps. The protocone has a central position along the mesiodistal axis.
Accessory conules are present in the central valley of the tooth, against the buccal cusps. A
distal style, better expressed on the left P4, is present against the protocone. Thick mesial and
distal cingula are present.

The molar row shows a clear gradient of wear from front to rear, the M1s being
completely worn while the M3s are only moderately worn on the first lobe and lightly worn on
the distal lobes. The size increase from M1 to M3 is moderate. The M1s are square and slightly
larger than P4s. The buccal part of the right M1 is broken away. Due to heavy wear, the only
crown feature retrievable is the presence of a laterally expanded accessory cusp at the lingual
end of the median valley. The mesial part of the left M2 is missing. Most of the occlusal details
of the M2s are worn away except the thick mesial cingulum, the laterally expanded lingual
accessory cusp between the lobes of the crown, and a small central distocone. The M3s show
a mesially-placed triangular paraconule fused with a thick mesial cingulum. A large triangular
centroconule is present and connected to the lingual cusp present at the terminus of the
median valley. The groove separating the centroconule from the metaconule is very shallow.
A lingually-placed distocone that is as large as the main cusps forms the third lobe of the tooth
together with a smaller cusp and two tiny ectostyles.

Mandibular remains: HTA-8a and HTA-8b (Fig. 2A, B) are left and right mandibular rami
with full array of dentition form p2—-m3 belonging to a single individual. They were collected
from Ghori da balh, just above the gray shale layer that previously yielded a m2 belonging to a
rare late survivor of Sivapithecus (Sankhyan, 1985). The p2 is double-rooted. It is a narrow and
elongated tooth with a single cusp (protoconid) from which two crests depart. The protoconid
is mesially positioned so that the postprotocrisitd is longer than the preprotocristid. A small

mesial cingulid is present. The width of the tooth is constant from back to rear. The p3, also
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double-rooted, is larger than the p2 and also a narrow and elongated tooth. Compared to the p2,
the protoconid is slightly more bulbous and the distal lobe is wider than mesial one. The distal
part of the p3 is broken so that it is not possible to know if a small hypoconid was present
or not. The p4 is more molarized than the other premolars, is distinctly wider, and shows a
rectangular outline. A large protoconid and a smaller metaconid placed distolingually to it are
present on the first lobe. Mesiodistal pre- and postprotocristid connect the protoconid to the

mesial cingulid and a large hypoconid being the only cusps of the talonid. The hypoconid is

Fig. 2 New material of Propotamochoerus hysudricus and Hippopotamodon sivalense from Haritalyangar
A-H. Propotamochoerus hysudricus: A. HTA-8a, right mandible with p4—m3 (p2—p3 not displayed);
B. HTA-8b, left mandible with p2—m3; C. HTA-42a, left maxilla with P3-M3; D. HTA-42b, right maxilla with
P4-M3; E. HTA-140a, right maxilla with M2—M3; F. HTA-140b, right maxilla with M1-M3;

G, H. left dp4, HTA-7 (G) and interpretive drawing (H); 1, J. Hippopotamodon sivalense, right dp4, HTA-63 (I)
and interpretive drawing (J). All specimens are figured in occlusal view. Scale bars equal 1 cm
Abbreviations: E. entoconid; EnPa. endoparaconulid; H. hypoconid; Hul. hypoconulid; M. metaconid;
Mes. mesoconulid; P. protoconid; Pa. paraconid; Pprm. preprimonid; Prm. primonid
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high and reaches two thirds of the height of the protoconid. Deep buccolingual valleys separate
the hypoconid from the trigonid cusps. There is no diastema in the premolar row.

The molars increase moderately in size from m1 to m2. The mls are heavily worn and
m2s are very worn. The trigonid of the right m3 is broken. The m3s are rectangular, the width
of the tooth decreasing gently from the first to the third lobe. No lateral cingulid is visible. The
valley between the two mesial lobes is interrupted by a mesoconulid and a endometaconulid,
which are only separated by a shallow groove. This valley remains deep between the metaconid
and the entoconid and is not closed laterally by stylids. The third lobe is elongated and bears a
large and central hypoconulid as well as a large hexagonal prehypoconulid and smaller endo-and
ectostylids. The ramus is broken just behind the M3s, suggesting the absence of a retromolar gap.

The lower jaws fragments with m1-m2 (HTA-126b and 141) are less worn and yield
additional characters: a moderately thick cingulum is present mesially and partly around the
protoconid. A small paraconid is located mesially against the protoconid and the metaconid.
This cusp is slightly shifted lingually relative to the long axis of the tooth and is separated
from the protoconid by a groove. The groove between the hypoconid and the entoconid is
incomplete or much weaker. The hypoconulid is small on m1 but a much larger cusp on m2.

The dp4 HTA-7 (length: 19.9 mm; breadth: 9.3 mm) is a trilobate and elongated tooth (Fig.
2G, H). The trigonid is bilobate. The mesial lobe is composed of two close cusps, paraconid
and primonid, separated by a deep groove. A small accessory cusp, the preprimonid, is located
mesially. The second lobe is composed of two cusps, the protoconid and the metaconid
connected distally by the junction of a postmetacristid and a postprotocristid. The trigonid
basin is notched on both sides. The third lobe shows a wide talonid basin, two well-spaced
hypoconid and entoconid, and a small central hypoconulid accompanied by a distal cingulid.
The valley between the trigonid and the talonid is deep but closed lingually by a cingulid.
A poorly individualized mesoconulid is present and connected to the hypoconid by a cristid
obliqua. The talonid is distinctly wider than the trigonid. This widening is prominent on the
lingual side of the tooth. The buccal side of the tooth is rather flat with only a small ectoflexid
between the second and third lobes. A second dp4, HTA-65 (length: 22.0 mm; breadth: 9.5
mm), displays similar size and morphological characteristics expect for a more inflated
preprimonid.

Discussion The new material fits well in terms of measurements and morphology to
Propotamochoerus hysudricus, a common suid in the Late Miocene of Southern and Southeast
Asia characterized by medium size, weakly to moderately deep furrows on molars, lower
molars with poorly developed lateral cingulids and relatively simple talonids/expansion of
talonids, simple and non-inflated lower premolars, P4 with small to medium sized accessory
conules, and no diastema is the premolar and molar tooth row. The sample of Haritalyangar
corresponds well to the range of size for this species sampled in the Potwar Siwalik with HTA-
42a/b and HTA-8a/b representing small-sized individuals and HTA-126b a large individual
close to the upper limit of this species. The two dp4 match in size those of P. hysudricus
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(Pickford, 1988). Although its first lobe is damaged, the dp4 of the P. hysudricus specimen
H-GSP 5112 (Pickford, 1988:fig. 110) also shows an identical outline (distinct increase
in breadth toward the third lobe) with specimen HTA-7 and HTA-65. The two dp4s from
Haritalyangar are thus allocated to P. hysudricus.

The status of the species P. hysudricus has been subject to debate in the literature.
Propotamochoerus is a widespread genus in the Late Miocene of South and Southeast Asia.
Pickford (1988) has united the Siwalik material of Propotamochoerus into a single species,
P hysudricus. In this definition, P. hysudricus would be a species with an important size
variation (see measurements in Pickford, 1988) with a long temporal and geographical
range. Alternatively, other authors (e.g., Made et al., 1999; Sein et al., 2009) consider that P.
hysudricus could represent more than one species. Since the work of revision of P. hysudricus
is out of the scope of our work, we used the taxon name P. hysudricus for the Haritalyangar

material.

Hippopotamodon Lydekker, 1877
Hippopotamodon sivalense Lydekker, 1877

Holotype GSI B7 left maxilla fragment with P4-M2.

Distribution and temporal range Late Miocene of South Asia (India, Pakistan) and
Southeast Asia (Myanmar, Thailand; Chaimanee et al., 2004; Jaeger et al., 2011; Chavasseau et
al., 2013); 10.2-7.1 Ma in the Potwar plateau (Siwaliks of Pakistan) (Barry et al., 2002).

New materials HTA-20, right upper molar fragment (M3?); HTA-63, right dp4 on a
mandibular corpus fragment.

Description of the new material The molar fragment is very large and is probably a
M3 judging by its narrower second lobe. This tooth and possesses massive cusps that present
moderately deep furrows. The mesial cingulum is thick. It does not reach the lingual side of
the tooth. A broken accessory cusp is present between the protocone and the metaconule at the
end of the transverse valley and contributes to a lingual bulge of the tooth.

The dp4 HTA-63 (Fig. 21, J) has large dimensions (length: 31.1 mm; breadth: 15.5 mm)
and is trilobate. The cusps are massive. The mesial lobe is constituted of three cusps: large and
equal-sized primonid and paraconid, and a smaller and centrally positioned preprimonid. An
endoparaconulid is present in the valley between the two mesial lobes. This cusp is not much
inflated and does not block the transverse valley. There is no transverse connection between the
hypoconid and entoconid due to a weak endoentocristid and the absence of an endohypocristid.
In the talonid, a large mesoconulid is present. This cusp is laterally expanded and connected
by a weak crest to a buccal accessory cusp. The hypoconulid is large and distally protruding
cusp connect to the hypoconid by a posthypocristid. A buccal cingulid is present between the
paraconid and the protoconid and between the protoconid and the hypoconid.

Discussion Few very large-sized suids are known in the Middle Siwaliks. The giant
tetraconodontine Tetraconodon can be excluded because it does not possess large cusps at
the ends of the transverse valleys. This suid has also shallow molar furrows contrary to the
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Haritalyangar specimen. The dp4 displays very similar size and morphological characteristics
(blunt cusps, well-expressed preprimonid, distinct endoparaconulid, large and transversely
expanded mesoconulid, absence of connection between hypoconid and entoconid, large and
protruding hypoconulid, presence of a partial buccal cingulid) than those of Hippopotamodon
sivalense (e.g., H-GSP 330), a giant suine present in the Late Miocene of the Siwaliks. Thus,
the Haritalyangar material is identified as belonging to this species.

Family Incertae sedis
Yunnanochoerus Made & Han, 1994
Yunnanochoerus dangari Prasad, 1970

Holotype Lower jaw fragment GSI 18078.

Type-locality and horizon Haritalyangar, Middle Siwalik, Late Miocene (ca. 9 Ma).

Emended diagnosis (after Pickford, 2011) Medium-sized suoid with bilophodont
lower molars. Lophodonty not fully achieved (longitudinal valleys across lophids still visible,
base of the cusps still rounded). Short and mesial preprotocristid on m2. Absent paraconid
and mesoconulid on m2/m3. Mesiostylid present mesially to the metaconid m2/m3. Sharp
cristid obliqua terminating between the protoconid and the metaconid and connecting the
mesial lophid on m2/m3. m2 about as long as m3. Hypoconulid on m2 as a large and distally
protruding cusp. Third lobe on m3, short, low with a large and central hypoconulid. Buccal
cingulid variably developed on lower molars (absent to subcomplete but weak cingulum).
Smooth molar enamel. Differs from the other species of Yunnanochoerus by a larger size, a
proportionally shorter m3 relative to m2, a large, a distally protruding hypoconulid on m2, and
the presence of a buccal cingulid on lower molars. Further differs from Y. yuanmouensis by a
molar lophodont molar pattern and from Y. gandakasensis by a shorter and third lobe on m3.
Differs from the suoid Schizochoerus by a lesser accentuated lophodonty and more cuspidate
hypoconulids on m2/m3. Differs from Taucanamo by its lophodont pattern, the absence of
a mesoconulid on lower molars. Differs from lophodont suids by extreme reduction of the
paraconid, the lack of a mesoconulid, and a low hypoconulid.

New material HTA-154, left lower jaw fragment with m2-m3 (Fig. 3).

Description The molars are low-crowned but possess a pronounced relief due to their
acute cusps and lophodonty. The m2 presents a bilophodont occlusal pattern. However, the
median valley between the protoconid and the metaconid is still distinct. The valley between
the hypoconid and the entoconid is shallower but not completely obliterated by lophodonty.
Mesially, a weak cingulid is present with a tiny mesiostylid located against the metaconid. The
preprotocristid is short and mostly mesiodistal. No paraconid is visible. The cristid obliqua
is sharp and extends up to the trigonid wall where it connects to the mesial lophid between
the protoconid and the metaconid. A low but distally protruding hypoconulid is present. This
cusp overlaps with the mesial part of the m3 crown. There is a weak but subcomplete buccal
cingulid. The m3 has broken protoconid and metaconid. The occlusal pattern of this tooth is
most similar to that of m2 except for a lower and narrower second lobe relative to the trigonid.
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The third lobe is short, low and presents a larger and more inflated hypoconulid than on the

m2. Two lateral crests and a mesial prehypocristulid depart from this cusp.
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Fig. 3 New material of Yunnanochoerus dangari from Haritalyangar
A-D. HTA-154, left mandible with m2—-m3: A. occlusal view; B. interpretive drawing; C. lingual view;
D. buccal view. Scale bar equals 1 cm. See Fig. 2 for abbreviations

Discussion The new material corresponds to a suoid with lophodont and narrow molars
possessing a high molar relief. An identical morphology is found in Yunnanochoerus, a
poorly-known genus present in Southern China and in Southern Asia during the Late Miocene
(Made and Han, 1994). The new Haritalyangar material differs from other fossils referred
to Yunnanochoerus by a larger size (Y. gandakasensis Pickford, 1976, Y. lufengensis (Han,
1983), Y. sp. from Yuanmou (Pan et al., 2006)), a more pronounced lophodonty (Y. sp. from
Yuanmou), large m2 and m3 hypoconulid (Y. lufengensis, Y. sp. from Yuanmou) and short a
m3 third lobe (Y. gandakasensis). In contrast, the new material matches the rare suoid from
Haritalyangar, Y. dangari. This taxon was orginally described as an anthracothere by Prasad
(1970) and was later transferred to Yunnanochoerus by Pickford (2011) who referred additional
specimens to this species from the same area retrieved in the GSI collections in Calcutta. The
new material corresponds perfectly in size and morphology to GSI HTu and GSI K15/247+249
Pickford (2011:figs. 17, 18; table 4) and provides the first complete m3 known for this species.
Yunnanochoerus dangari also possibly occurs in the Potwar plateau of the Pakistan Siwalik, a
few specimens (H-GSP 14499, H-GSP 4630) do not matching the morphology of the locally
best-known species of Yunnanochoerus, Y. gandakasensis, and better corresponding to Y.
dangari. These specimens from the Siwaliks of Pakistan are also larger than the holotype
of Y. gandakasensis and better match in size the material from Haritalyangar. The status

of Y. dangari is still under debate, this species being not recognized in some recent suoid
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classifications (e.g., Made, 2020). However, we adopt here the classification of Pickford
(2011) because we consider that the combination of morphology and size displayed by the
Yunnanochoerus material from Haritalyangar is distinctive.

The familial affinities of Yunnanochoerus are also problematic: some authors classified
this genus within the family Palaeochoeridae (e.g., Made, 1997; Pickford, 2011) while Liu
(2003) proposed to include it in the Suidae. The phylogenetic analysis of Orliac et al. (2010)
retrieved the Palacochoeridae (Schizochoerus excluded) as a monophyletic or paraphyletic
group out of the Suidae. Because the validity of the Palaoechoeridae is not fully demonstrated
and its composition still under debate, we preferred leaving Yunnanochoerus with an uncertain

familial ranking in this work.

4  Discussion and conclusions

Three suoid taxa, Propotamochoerus hysudricus, Hippopotamodon sivalense and
Yunnanochoerus dangari, can be identified in the new material from the area of Haritalyangar.
Although the presence of these taxa had been previously recognized in this area, this was
based on very few specimens. For instance, Pickford (1988) reported two specimens from
Haritalyangar to Propotamochoerus hysudricus and five specimens to Hippopotamodon
sivalense. Thus, the new material brings valuable new information on the Haritalyangar suoids.
The new material of P. hysudricus represents the most complete locally known specimens
of this species. They indicate that P. hysudricus from Haritalyangar has a wide spectrum
of size ranges (e.g., 35% of variation on m1 length), similarly to the metric range observed
in the Siwaliks of Pakistan (e.g., 30% of variation on m1 length). The m1 dimensions of P
hysudricus from Haritalyangar allow estimating a bodymass range for this species of 92-194
kg (mean=133 kg; N=4 including the measurements for GSI 18082 from Pickford, 1988).
Other equations based on m2 length and M2 length allow estimating a range bodymass for
Haritalyangar material of 97-203 kg (mean=158 kg, N=3) and 118-123 kg (mean=120 kg,
N=3), respectively (see also Table 3).

The suoid Yunnanochoerus dangari is a very rare taxon, previously known in
Haritalyangar by three specimens. The new lower fragment reveals additional morphological
characteristics of this species by documenting the first complete m3 for this species. Body
masses of 61 kg for holotype GSI 18078 and 74 kg for GSI K15/247+249 can be estimated
based on m1 area. The bodymasses estimated with the length of m2 are higher (mean=114 kg,
N=3; Table 3). The relatively small body mass and the brachyodont and lophodont molars of
Yunnanochoerus dangari suggest that it was a specialized folivorous suoid, thus exploiting a
different ecological niche than the larger and omnivorous suids P. hysudricus and H. sivalense
(Nelson, 2003).

In addition to the taxa identified herein, the tetraconodontine suids 7etraconodon magnus
and Lophochoerus nagrii are also known from Haritalyangar. This suoid faunal association
is typical of the Middle Siwaliks and best corresponds that found in the Nagri Fm. of the
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Potwar. In this formation, the suoid fauna comprises Propotamochoerus hysudricus and
Hippopotamodon sivalense as the two most common species together with Tetraconodon
magnus, Yunnanochoerus gandakasensis, and possibly Y. dangari. In addition, Pickford (2011)
attributed a maxilla from Nagri to the species Lophochoerus nagrii. Hence, all of the suoids
from Haritalyangar can be found associated in the Nagri Fm. First occurrence-Last occurrence
brackets of Yunnanochoerus, Hippopotamodon sivalense, Propotamochoerus hysudricus
and Tetraconodon magnus are respectively 10.1-8.7 Ma, 10.2—-7.2 Ma, 10.2—6.8 Ma and
10.0-9.3 Ma in the Potwar plateau (Barry et al., 2002). Our new data indicate that the suids
Propotamochoerus hysudricus and Hippopotamodon sivalense are recorded record from both
the ‘Lower Alternations’ and ‘Upper Alternations’. On the contrary, Yunnanochoerus dangari is
only known from the ‘Lower Alternations’ beds near the city of Dangar. According to Pilgrim
(1926), the Lophochoerus specimen originates from the “Nagri zone of Haritalyangar” which
probably corresponds to the ‘Lower Alternations’. Thus, considering these biochronological
and biostratigraphical data, an age bracket of 10-8.7 Ma (temporally corresponding to the
upper half of the Nagri Fm. and the base of the Dhok Pathan Fm.) can be given to the ‘Lower
Alternations’ of Haritalyangar based on suoids. The two suid species recovered from the
‘Upper Alternations’ are long-living taxa throughout the Late Miocene. Their co-occurrence
reasonably indicates a maximum age of 7 Ma for the top of the Haritalyangar section. The
age brackets provided by suoids are close to the correlation to the GPTS of the magnetic
polarity data preferred by Brozovic and Brubank (2000) and Pillans et al. (2005). These
authors dated the most of the section of Haritalyangar between about 10 and 8 Ma and the
hominoid-bearing interval, from which some of the suoid material originates, between 9.2 and
8.6 Ma. An alternate correlation to the GPTS was proposed by Johnson et al. (1983), which
implied a slower sedimentation rate, dated the Haritalyangar section between 10 to 6 Ma. This
correlation, which was involving diachronous ranges for Sivapithecus between the Siwaliks

of India and Pakistan (Pillans et al., 2005), does not match well our data by also implying

Table 3 Estimated body masses for the Haritalyangar suoids based on regressions

of Legendre (1989) and Damuth (1990) (kg)
Specimen Taxon Body mass Body mass Body mass Body mass
(m1 area) (m2 length) (M2 length) (M1 area)
HTA-8 P, hysudricus 94.5 96.6
HTA-126b P. hysudricus 194.4 202.9
HTA-141 P. hysudricus 135.6 175.7
GSI 18082 P, hysudricus 114
HTA-140a P. hysudricus 119.8
HTA-140b P. hysudricus 118.2
HTA-42b P. hysudricus 123.3
HTA-126a P, hysudricus 67.9
GSI 18078 Y. dangari 60.5
GSIK15/247+249 Y. dangari 73.7 108.9
GSI Htu Y. dangari 107.2
HTA-154 Y. dangari 126.9

See section material and methods for equations. Body masses calculated for GSI specimens based on measurements
from Pickford (2011).
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diachronous last occurrence of all suoids compared with the Potwar plateau. Recently,
Sankhyan and Chavasseau (2018) identified a putative Stegodon upper molar fragment from
the top of the ‘Upper Alternations’ and indicated that it could suggest a younger age for this
part of the section than in the preferred correlation of Brozovic and Brubank (2000) and Pillans
et al. (2005). However, the identification of Stegodon is uncertain and does not represent
enough evidence to challenge this correlation (that is consistent with our suoid data). An
alternative possibility is that the boundary between the ‘Upper Alternations’ and the Boulder
Conglomerate is diachronous and is significantly younger than 8 Ma in the area of Dholkhana,
Bhapral, and Barog where the proboscidean fossil was discovered. Only further fossil material
with precise stratigraphic provenience will allow testing this hypothesis.

Acknowledgements We thank the two anonymous reviewers for improving our manuscript
and David Pilbeam, Mich¢le Morgan, Lawrence Flynn and John Barry (Harvard University)
for access to the H-GSP collections.

EN B Haritalyangarith [X B o #7320 A FA R

Anek R. SANKHYAN'  Olivier CHAVASSEAU®
(WIS BRI 174021, EEE 2 % /RER)
(2 PR AR, R E R RE SO UMR 7262 3% FLAFIRTT 86073)

FE . filid T ENEE AR LRI A R X Eh (i /K S Haritalyangar s DX 78 TR se AR 2610 A1
b TR L, Haritalyangarth X LA BT S RE . AEAHA R I 3h Wy
ZREPEM 2 o WIFEARE S Z —(ARSTEZHL X Z U EPAN R AL AR A5 JERAL
A R T A AR BT 3 G SR A A RO S B IR R o XSy b
Iz 434 FMakkan Khad#l] Sir Khad[X 38 [N [1)“Lower Alternations”)Z fl1“Upper Alternations”
2o RO 38 . RIS I Propotamochoerus (P. hysudricus) . T E U5 )&
Hippopotamodon (H. sivalense) Flz Fif# )& Yunnanochoerus (Y. dangari), Propotamochoerus
hysudricus S BLAI SR WAL REDS , B & IR Yunnanochoerus dangariift— AIEH]
PR (U FE Haritalyangarith X 45 /> &35t 7. Haritalyangarith T & 02 A1 41
B R A Nagrish W REARIL . B2 THE R4 HEA T i Potwar sy JFAR AU M2 27X HU AR,
Haritalyangarifl [X f)“Lower Alternations”/Z 48470 Fl ~10-9 Ma, 5 E5cH R Z %
AEATE IR

KR PPGRCAIE, MR, SRR, SpidE, RERE, e
FEESES: Q915.876 XEAFRIREE: A XERS: 2096-9899(2024)01-0069-15

References

Barry J C, Morgan M E, Flynn L J et al., 2002. Faunal and environmental change in the Late Miocene Siwaliks of northern
Pakistan. Paleobiol Mem, 3: 1-72
Batool A, Khan M A, Qureshi N A, 2015. New fossils of Suidae (Mammalia: Artiodactyla) from the Hasnot Late Miocene,



82 Vertebrata PalAsiatica, Vol. 62, No. 1

northern Pakistan. J Anim Plant Sci, 25: 578-590

Brozovic N, Burbank D W, 2000. Dynamic fluvial systems and gravel progradation in the Himalayan foreland. Geol Soc Am
Bull, 112: 394412

Chaimanee Y, Suteethorn V, Jintasakul et al., 2004. A new orang-utan relative from the Late Miocene of Thailand. Nature,
427: 439-441

Chavasseau O, Khyaw A A, Chaimanee Y et al., 2013. Advances in the biochronology and biostratigraphy of the continental
Neogene of Myanmar. In: Wang X M, Flynn L J, Fortelius M eds. Fossil Mammals of Asia. Neogene Biostratigraphy
and Chronology. New York: Columbia University Press. 461-474

Chopra S R K, Kaul S, 1979. A new species of Pliopithecus from the Indian Sivaliks. ] Hum Evol, 8: 475-477

Colbert E H, 1935. Siwalik mammals in the American Museum of Natural History. Trans Am Philos Soc, New Ser, 26:
1-401

Damuth J, 1990. Problems in estimating body masses of archaic ungulates using dental measurements. In: Damuth J,
MacFadden B eds. Body Size in Mammalian Paleobiology: Estimation and Biological Implications. Cambridge, UK:
Cambridge University Press. 229-253

Dar F Y, Aftab K, Babar M A et al., 2019. New fossils of Suidae (Mammalia) from Dhok Pathan Formation of Siwaliks
Punjab, Pakistan. J Anim Plant Sci, 29: 1198-1203

Falconer H, 1868. Palaeontological Memoirs and Notes of the Late Hugh Falconer; with a Biographical Sketch of the
Author. Vol. 1. Fauna Antiqua Sivalensis. London: Robert Hardwicke. 1-556

Falconer H, Cautley P T, 1846. Fauna Antiqua Sivalensis, Being the Fossil Zoology of the Sewalik Hills, in the North of
India. London: Smith, Elder. 1-64

Gray J E, 1821. On the natural arrangement of vertebrose animals. Lond Med Rep, 15: 296-310

Han D F, 1983. A new species of Lophochoerus from Lufeng. Acta Anthropol Sin, 2: 22-26

Jaeger J J, Soe AN, Chavasseau O et al., 2011. First hominoid from the Late Miocene of the Irrawaddy Formation (Myanmar).
PLoS One, 6: 17065

Johnson N M, Opdyke N D, Johnson G D et al., 1982. Magnetic polarity stratigraphy and ages of Siwalik Group rocks of the
Potwar Plateau, Pakistan. Palacogeogr Palacoclimatol Palacoecol, 37: 17-42

Johnson G D, Opdyke N D, Tandon S K et al., 1983. The magnetic polarity stratigraphy of the Siwalik Group at
Haritalyangar (India) and a new last appearance datum for Ramapithecus and Sivapithecus in Asia. Palacogeogr
Palaeoclimatol Palacoecol, 44: 223-249

Khan M A, Igbal M, Nayyer A Q et al., 2013. Tetraconodon (Mammalia, Artiodactyla, Suidae) from the Late Miocene Dhok
Pathan Formation of Pakistan. Pakistan J Zool, 45: 975-980

Legendre S, 1989. Les communautés de mammiferes du Paléogene (Eocéne supérieur et Oligocéne) d'Europe Occidentale:
structures, milieux et évolution. Miinchner Geowiss Abh, 16: 1-110

Lewis G E, 1934. Preliminary notice of a new species of Hippohyus from India. Am J Sci, 27: 457459

Liu L P, 2003. Chinese Fossil Suoidea Systematics, Evolution, and Paleoecology. Helsinki: Helsinki University Printing
House. 1-40

Lydekker R, 1877. Notices of new and rare mammals from the Siwaliks. Rec Geol Surv India, 10: 76-83

Lydekker R, 1884. Indian Tertiary and post-Tertiary Vertebrata. Siwalik and Narbada bunodont Suina. Mem Geol Surv India,
Palaeontol Indica, 3(10): 35-104



Sankhyan & Chavasseau — New suoid remains from the Late Miocene of Haritalyangar, India 83

Made J van der, 1997. Systematics and stratigraphy of the genus Zaucanamo and Schizochoerus and a classification of the
Palaeochoeridae (Suoidea, Mammalia). Proc K Ned Akad Wet, 100: 127-139

Made J van der, 1999. Biometrical trends in the Tetraconodontinae, a subfamily of pigs. Trans R Soc Edinburgh Earth Sci,
89: 199225

Made J van der, 2020. The Suoidea from the Middle Miocene of Grac¢anica (Bugojno Basin, Bosnia and Herzegovina) —
evolution, taxononomy, and biostratigraphy. Palacobiodiv Palacoenv, https://doi.org/10.1007/s12549-020-00420-9

Made J van der, Han D F, 1994. Suoidea from the upper Miocene hominoid locality of Lufeng, Yunnan Province, China.
Proc K Ned Akad Wet, 97: 27-82

Made J van der, Krakhmalnaya T, Kubiak H, 1999. The pig Propotamochoerus palaeochoerus from the upper Miocene of
Grytsiv, Ukraine. Estud Geol, 55: 283-292

Nanda A C, 1982. Two rare fossil suids from the Tatrot Formation, Ambala, India. Geol Surv India Misc Pub, 41: 16—
22

Nelson SV, 2003. The Extinction of Sivapithecus. Faunal and Environmental Changes Surrounding the Disappearance of a
Miocene Hominoid in the Siwaliks of Pakistan. Boston/Leiden: Brill Academic Publishers. 1-138

Orliac M J, Antoine P O, Ducrocq S, 2010. Phylogenetic relationships of the Suidae (Mammalia, Cetartiodactyla): new
insights on the relationships within Suoidea. Zool Scr, 39: 315-330

Orliac M J, Karadenizli L, Antoine P O et al., 2015. Small hyotheriine suids (Mammalia, Artiodactyla) from the late Early
Miocene of Turkey and a short overview of early Miocene small suoids in the Old World. Palaeontol Electron,
18.2.30A: 1-18

Pan Y R, Liu J H, Dong W, 2006. Artiodactyla. In: Qi G Q, Dong W eds. Lufengpithecus hudienensis Site. Beijing: Science
Press. 195-228

Pickford M, 1976. A new species of Taucanamo (Mammalia: Artiodactyla) from the Siwaliks of the Potwar plateau,
Pakistan. Pakistan J Zool, 8: 13-20

Pickford M, 1988. Revision of the Miocene Suidae of the Indian subcontinent. Miinchner Geowiss Abh Reihe A, 12:
1-98

Pickford M, 2011. Small suoids from the Miocene of Europe and Asia. Estud Geol, 67: 541-578

Pilbeam D R, Barry J C, Meyer G E et al., 1977a. Geology and palacontology of Neogene strata of Pakistan. Nature, 270:
684-689

Pilbeam D R, Meyer G E, Badgley C et al., 1977b. New hominoid primates from Siwaliks of Pakistan and their bearing on
hominoid evolution. Nature, 270: 689-695

Pilbeam D R, Rose M D, Badgley C et al., 1980. Miocene hominoids from Pakistan. Postilla, 181: 1-94

Pilgrim G E, 1925. Presidential address to the geological section of the 12th Indian Science Congress. Proc 12th Indian Sci
Congr. 200-218

Pilgrim G E, 1926. The fossil Suidae of India. Mem Geol Surv India, New Ser, 8: 1-68

Pillans B, Williams M, Cameron D et al., 2005. Revised correlation of the Haritalyangar magnetostratigraphy, Indian
Siwaliks: implication for the age of the Miocene hominoids /ndopithecus and Sivapithecus, with a note on a new
hominid tooth. J Hum Evol, 48: 507-515

Prasad K N, 1970. The vertebrate fauna from the Siwalik beds of Haritalyangar, Himachal Pradesh. Palacontol Indica, 39:
1-79



84 Vertebrata PalAsiatica, Vol. 62, No. 1

Sankhyan A R, 1985. Late occurrence of Sivapithecus in Indian Siwaliks. ] Hum Evol, 14: 573-578

Sankhyan A R, Cerfiansky A, 2016. A first possible chameleon from the Late Miocene of India (the hominoid site of
Haritalyangar): a tentative evidence for an Asian dispersal of chameleons. Sci Nat, 103: 94-100, doi: 10.1007/
s00114-016-1419-3

Sankhyan A R, Chavasseau O, 2018. New proboscidean fossils from Middle Siwaliks of Haritalyangar area, Himachal
Pradesh, India. Palaeontol Electron, 21.1.15A, doi: 10.26879/844palaeo-electronica.org/content/2018/2200-
haritalyangar-proboscideans

Sankhyan A R, Kelley J, Harrison T, 2017. A highly derived pliopithecoid from the Late Miocene of Haritalyangar, India. J
Hum Evol, 105: 1-12, doi: 10.1016/j.jhevol.2017.01.010

Sein C, Made J van der, Rossner G, 2009. New material of Propotamochoerus (Suidae, Mammalia) from the Irrawaddy
Formation, Myanmar. Neues Jahrb Geol Paldontol Abh, 251: 17-31

Stehlin H G, 1899-1900. Uber die Geschichte des Suiden-Gebisses. Abh Schweiz Paldontol Ges, 26-27: 1-527

Tauxe L, Opdyke N D, 1982. A time framework based on magnetostratigraphy for the Siwalik sediments of the Khaur area,
northern Pakistan. Palacogeogr Palaeoclimatol Palacoecol, 37: 4361

Vasishat R N, 1985. Antecedents of Early Man in Northwestern India: Paleontological and Paleoecological Evidences. New

Delhi: Inter-India Publications. 1-230



