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INTRODUCTION

The suids comprise a group of mammals that includes hogs, 
boars and pigs (Gongora et al., 2011). Like the other mammals, 
the Neogene can be designated as the evolutionary period for 
Suidae, and such diversification is also seen in the middle and 
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later parts of the Siwalik Group of Indian subcontinent (Van der 
Made, 1996, 1998; Orliac et al., 2010a, b; Batool et al., 2015; 
Chavasseau, 2025). Various suid species have been reported from 
the Dhok Pathan Formation of the Middle Siwalik Subgroup 
(Pilbeam et al., 1977; Barry et al., 1980, 2002; Pickford, 1988; 
Batool et al., 2015; Aslam et al., 2021; Babar et al., 2024a, b). 
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However, Hippopotamodon and Propotamochoerus, members of 
subfamily Suinae, are frequently found from the Middle Siwalik 
Subgroup (Pickford, 1988; Babar et al., 2024a; Chavasseau, 
2025) while a third large genus, Tetraconodon, a member of 
subfamily Tetraconodontinae, is rare (Babar et al., 2021). With 
the disappearance of Listriodon and Conohyus during the late 
Miocene, Propotamochoerus hysudricus and Hippopotamodon 
sivalense became dominant suids with an abundant fossil record 
and a wide distribution across the Indian subcontinent (Pickford, 
1988; Batool et al., 2015; Aslam et al., 2021; Van der Made et al., 
2022; Sankhyan & Chavasseau, 2024; Babar et al., 2024a). The 
genus Propotamochoerus is found from the late Miocene to the 
early Pliocene of Eurasia, and in the Siwaliks, it is monospecific 
and ranges from the Nagri Formation (early late Miocene to the late 
Miocene) to the top of Dhok Pathan Formation (Chavasseau, 2025) 
and this age is comparable to the European species Korynochoerus 
palaeochoerus.

The genus Hippopotamodon is diverse in the Siwaliks (10.4 to 
6.4 Ma), representing at least three species such as H. sivalense, 
H. major, and H. antiquus in the Siwaliks but it was considered 
monospecific by Pickford (1988) with Hippopotamodon 
sivalense Lydekker (1877) for a long time and he accommodated 
all the specimens in this single species by stating that a pattern 
of increasing size is shown in the Hippopotamodon sivalense 
specimens through time, those from the Nagri Formation 
being smaller than those from the Dhok Pathan Formation.  
Later, Pickford (2015) recognized four species from the 
Siwaliks: Hippopotamodon sivalense, H. major, H. antiquus and  

H. pilgrimi. Among these, the validity of H. pilgrimi is doubtful. 
Nevertheless, H. sivalense is predominantly found in the upper portion 
of the Nagri Formation and throughout the Dhok Pathan Formation, 
also observed in younger strata within the Hasnot area. Notably, 
78% of the H. sivalense specimens in the GSP collection were found 
in localities that also produce hominoid fossils (Pickford, 1988).

The genus Tetraconodon is a large sized suid, having 
extremely large sized and inflated P/p3–4, and it is currently 
known by five species, T. minor, T. magnus, T. irramedius,  
T. irramagnus, and T. malensis which were recovered from the 
Miocene deposits of Pakistan, India and Thailand (Pickford, 1988; 
Thaung-Htike et al., 2005, 2007; Khan et al., 2013; Babar et al., 
2021). All these species are poorly documented and based on 
isolated teeth and fragmentary dentognathic specimens, based 
on which T. minor is the smallest and T. magnus is considered 
as the largest species of the genus (ibid).

The present study is focused on recently collected suid 
specimens from the Hasnot and Padhri areas of district Jhelum, 
Pakistan. The specimens have been subjected to morphometric 
analysis, compared with the previously collected specimens 
of suid genera and species from the Siwaliks of the Indian 
subcontinent, and they provide more anatomical and metric 
information, which will be helpful in ongoing reassessment of 
the Siwalik suids, leading to get a better picture of diversity of 
this group in extinct groups. A brief geographic and geological 
account of Hasnot and Padhri are given below from where the 
described specimens were collected (Figure 1).

Figure 1. Map showing the location of Hasnot and Padhri in the district Jhelum, Punjab, Pakistan.
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The Hasnot village (Lat. 32° 49′N: Long. 73° 18′E) lies around 
70 kilometers west of Jhelum city while Padhri village lies about 3 
kilometers north of Hasnot (Figure 1). The fossiliferous outcrops, 
whose width and length vary at different places in these areas, 
consist of alternating light pink to pale yellow colored claystone, 
light to dark grey sandstones and with horizons of small size 
conglomerates deposited by the fluvial system representing the 
Dhok Pathan Formation of the Middle Siwalik (Colbert, 1935; 
Vokes, 1936; Barry et al., 2002; Khan et al., 2024). These sites 
have been known for more than 150 years for the upper Miocene 
deposits containing mammalian fauna and belong to the middle 
and upper Dhok Pathan Formation (8–6.4 Ma; Barry et al., 2002).

MATERIAL AND METHODS

The material studied includes ten specimens comprising 
incisors, premolar, upper and lower molars, and a mandibular 
fragment (Table  1). The surface collection method was 
used to collect fossils and most of these are surface finds.  
The collected specimens were prepared in the Paleontology Lab 
and displayed in the Dr. Abu Bakr Fossil Display and Research 
Centre, Institute of Zoology, University of the Punjab, Lahore, 
Pakistan. The measurements and nomenclature mainly follow 
Thaung-Htike et al. (2005). The measurements have been taken 
with the digital Vernier calipers and are given in millimeters 
(mm). Photography has been done with Canon 6D camera and 
figures have been prepared using Adobe Photoshop CC.
Intuitional abbreviations: CCECL, Centre de Conservation et 
Eludes des Collections; DT, Dinopolis Teruel, Spain; GSI-B & 
K, Geological Survey of India, India; GSP, Geological Survey of 
Pakistan, Pakistan; MNCN BAT, Museo Nacional de Ciencias 
Naturales, Madrid, Spain, collection from Batallones; MNHN, 
Museum National d’Histoire Naturelle, Paris, France Lyon, France 
(previously MGL); NHMB, Natural History Museum, Basel, 
Switzerland; NHMUK, Natural History Museum, London, England; 
PUPC, Punjab University Paleontological Collection; SMNK Ma1 
& Gips, Staatliches Museum für Naturkunde, Karlsruhe, Germany.

Anatomical abbreviations: I, upper incisor; i, lower incisor; 
M, upper molar; m, lower molar; p, lower premolar; l, left; r, 
right; L, length; W, width.

SYSTEMATIC PALEONTOLOGY

Order ARTIODACTYLA Owen, 1848 
Suborder SUOIDEA Gray, 1821 

Family SUIDAE Gray, 1821

Tribe DICORYPHOCHOERINI Schmidt-Kittler, 1971

Propotamochoerus Pilgrim, 1925

Propotamochoerus hysudricus (Stehlin, 1899–1900) 
(Figure 2A–C, D–F)

Holotype (Lectotype). GSI-B 30, right mandibular ramus in 
worn condition having p3–m3 (Pilgrim, 1926).
Type locality. Potwar Plateau, Pakistan (Lydekker, 1884).
Revised diagnosis. (based on Pilgrim, 1926; Pickford, 1988; 
Van der Made et al., 1999): Suinae of moderate size; orbits 
open over talon of M3; zygomatic arches leave face at midline 
of M1; no diastemata in upper or lower cheek tooth rows; upper 
incisors have moderate enamel divisions and lower incisors 
are simple; canines fairly short having a thick cementum; stout 
and elongated premolars that increase in dimensions regularly 
from front to rear, bicuspid p4; molars are thin enameled, upper 
molars have moderately complex enamel division with shallow 
to deep groves, lower molars are simpler than upper; M3/m3 
large and with simple third lobe.
Stratigraphic range. Chinji to Tatrot formations of the Siwaliks 
(Pickford, 1988; Raza et al., 2023; Sankhyan & Chavasseau, 
2024; Babar et al., 2024a).
New material. PUPC 14/85, rm1 (Hasnot); PUPC 21/74, left 
mandibular fragment with basal crown of p4, complete m1 and 
partially broken m2 (Hasnot).

Table 1. List of the collected specimens with their locality.

Catalog No. Description Locality

PUPC 14/85 Isolated right upper first molar (rM1). Hasnot

PUPC 21/74 Left mandibular fragment with basal crown of p4, complete m1 and partially broken m2. Hasnot

PUPC 21/75 Posterior lobe of left lower molar. Hasnot

PUPC 21/77 Posterior lobe of right lower molar. Hasnot

PUPC 17/37 Isolated upper left first incisor (lI1) Hasnot

PUPC 17/38 Isolated left lower first incisor (li1) Hasnot

PUPC 17/35 Isolated right upper first incisor (rI1) Hasnot

PUPC 17/39 Isolated left lower first incisor (li1) Hasnot

PUPC 17/45 Isolated right upper third molar (rM3) Padhri

PUPC 21/76 posterior lobe of right upper molar Hasnot
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Description. PUPC 14/85 is an isolated fragmentary lower molar 
in the middle stages of wear (Figure 2A–C). The identification of 
this specimen as lower molar is based on the slope of the cusp, and 
the symmetric outline. The crown is low with a weakly developed 

anterior cingulid. The protoconid and metaconid are well preserved, 
and the hypoconid and entoconid are partially preserved. The 
hypopreconulid is low and the protopreconulid is highly worn. The 
median valley is wide which is closed by metaectoconulid labially.

Figure 2. Propotamochoerus hysudricus. A–C, PUPC 14/85, rm1; D–F, PUPC 21/74, left mandibular fragment with basal crown of p4, complete m1 and partially 
broken m2; Hippopotamodon sivalense. G–J, PUPC 17/35, right I1; K–N, PUPC 17/37, left I1; O–Q, PUPC 17/39, left i1; H. major. R–T, PUPC 17/45, right 
M3. Tetraconodon magnus. U–Y, PUPC 17/38, li1. Suidae indet. Z–B´, PUPC 21/76, posterior lobe of left upper molar; C´–E´, PUPC 21/75, posterior lobe of 
left upper molar; F´–H´, PUPC 21/77, posterior lobe of lower right molar. A, D, O, R, U, Z, C´, F´, occlusal; B, E, G, K, H, L, P, S, V, A´, D´, G´, lingual; C, F, 
Q, T, W, B´, E´, H´, labial; I, M, X, anterior and J, N, Y, posterior views. Scale bar = 10 mm.



  Raza et al. – Late Miocene Suidae from Hasnot and Padhri, Pakistan  5

PUPC 21/74 is a left mandibular fragment preserving 
the basal crown of p4 and well preserved m1 and posteriorly 
broken m2 (Figure 2D–F). The corpus is not well preserved, 
heavily weathered, but shows better preservation labially than 
lingually. It is also broken ventrally and cracked under the 
protoconid of m1 at the  labial side. Due to the breakage of 
the corpus at the lingual side, the roots are partially exposed.  
The roots and basal crown of the p4 are preserved. The crown is 
only represented by small fragments of dentine. The m1 is well 
preserved with thick enamel. A weakly developed anterior cingulid 
is present transversely. There are four cusps, the protoconid 
is low and well-preserved and is the most worn. A prominent 
protopreconulid is in connection with an anterior cingulid.  
The metaconid is the highest cusp and has a large metapostconulid. 
The hypopreconulid is large and lies close to this cusp. Both the 
hypoconid and entoconid are much lower than the protoconid 
and metaconid. A large hypopostconulid is in connection 
with the moderately developed and thick posterior cingulid.  
The median valley is broader lingually and with a  weakly 
developed ectoconulid. The m2 is less worn and relatively more 
preserved. It is broken posterotransversly resulting in the loss 
of some parts of hypopostconulid and the partial loss of the 
posterior cingulid. The anterior cingulid is wider labially and 
weaker and narrower lingually. The protoconid is slightly more 
anterior than the highest metaconid. The grooves are few but 
not very deep. The rest of the morphology is like m1.
Comparisons. The morphology of the molars indicates that 
these samples belong to Suidae as they clearly differs from the 
Listriodontinae and Sanitheriinae in having less selenodont/
lophodont, more bunodont and bulbous cusps; differs from the 
Palaeochoeridae in more complicated furrows in addition to the 
previously mentioned characters; differs from Hyotheriinae, in 
having more developed metapostconulid and hypopostconulid; 
and presence of relatively elongated lobes favors their inclusions 
in Suinae (Pickford, 1988; Van der Made, 1996; Tsubamoto & 
Taru, 2022). The bunodonty of these teeth differentiate them 
from Hippohyus and Sivahyus having hypsodont, more narrow 
molars with flattened cusps, and more choerodont cheek teeth. The 
specimens described are clearly smaller than Hippopotamodon 
and Sivachoerus which also have larger grooves, and relatively 
more hypsodont (Pickford, 1988; Van der Made et al., 1999; 
Sein et al., 2009; Babar et al., 2024a). In addition to the size and 
hypsodonty, the labial cusps are slightly lower than the lingual 
cusps but have no difference in height, as in Hippopotamodon 
molar cusps. The lingual flare (inward spreading of the tooth 
toward the tongue) is minimal, but the buccal flare (outward 
spreading of the tooth toward the cheek) is moderate in these 
molars (Pickford, 1988). Further, the medium size, weakly to 
moderately deep furrows, protoconid becoming tall relative to 
the hypoconid, poorly developed lateral cingulids and relatively 
simple talonids/expansion of talonids are indicative of the genus 
Propotamochoerus and Siwalik species, Propotamochoerus 
hysudricus (Sankhyan & Chavasseau, 2024). Hence, based 
on this morphometric analysis (Figure 2A–B, 3A–B, Table 2), 
these specimens are described as Propotamochoerus hysudricus.

Hippopotamodon Lydekker, 1877

Hippopotamodon sivalense Lydekker, 1877 
(Figure 2 G-Q

Holotype. GSI-B 7, left maxilla with fragment of P4, broken 
M1 and M2 (Pilgrim, 1926).
Type locality. Hasnot, Padhri, Potwar Plateau, Pakistan (Pilgrim, 
1926).
Diagnosis. A gigantic species of Hippopotamodon in which 
the upper molar row exceeds 110 mm in length. Length of m3 
ranges between 54.5 and 66 mm, M3 length between 44.8 and 
62 mm (Pickford, 2015).
Stratigraphic range. Middle Siwaliks (Pilgrim, 1926; Colbert, 
1935; Pickford, 1988; Khan et al., 2010; Batool et al., 2015).
New material. PUPC 17/35, right I1 (Hasnot); PUPC 17/37, 
left I1 (Hasnot); PUPC 17/39, left i1 (Hasnot).
Description. PUPC 17/35 is an isolated upper incisor in which 
the crown is well preserved, spatula-shaped, with thick enamel 
and completely unworn (Figure 2G–J). It has a large paracone 
labially and a well-preserved small protocone which is in contact 
with a large cingulum covering the whole length lingually.  
The parapreconule and parapostconule are large and well 
preserved. The prestyle, basal fossa, preanticline, presyncline, 
postcrista and endosyncline, can be observed occlusally. A small 
very low-lying entocone is also present, that is in contact with 
the lingual cingulum. The prefossa of the tooth also has two large 
ridges near the basal fossa, dividing into three grooves. No root 
is preserved; however, the sand that had filled the pulp cavity 
is still intact and continues to the basal crown. This indicates 
that the pulp cavity is large.

PUPC 17/37 is an isolated well-preserved upper incisor 
(Figure  2K–N). It is in the  early stage of wear and slightly 
different from PUPC 17/35 in its morphology, in that the 
cingulum is smaller and much weaker, the protocone is small, 
prefossa has three ridges, and a large and thick enamel fold is 
present anterolabially. The distinction between parapostcrista and 
entocone is visible. A small portion of the root is also preserved.

PUPC 17/39 is an isolated lower incisor, which is well 
preserved and has thick enamel as observed from the point of 
breakage (Figure 2O–Q). The preconulid, postcristid, prefossid 
and endofossid are well preserved. The worn prestylid and 
endocristid can be observed occlusally. The preanticlinid and 
presynclinid are located at the base of the crown. The worn 
endosynclinid is also present.
Comparisons. The specific features of described upper incisors 
(PUPC 17/35, PUPC 17/37), such as large size, recurved-
shaped and raised lingual and labial borders with a central fossa 
surrounding it, the beaded occlusal surface, and bifurcation 
near the anterior edge, indicate that these belong to the genus 
Hippopotamodon (Colbert, 1935; Pickford, 1988, 2015). There 
are at least three species of the genus Hippopotamodon in the 
Siwaliks where H. sivalense and H. major are predominant (Van 
der Made & Hussain, 1989; Pickford, 2015). The first upper 
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Table 2. The measurement (in mm) of the studied teeth of Propotamochoerus hysudricus and Hippopotamodon major and H. sivalense. *studied specimen. 
**measurements as preserved. Referred data are taken from Colbert (1935), Pickford (1988, 2016), Khan et al. (2010), Batool et al. (2015) and Aslam et al. (2021).

Taxa Number Nature L W

Propotamochoerus hysudricus

PUPC 14/85* m1 16.80** 14.65

PUPC 21/74*

p4 12.00** 10.00

m1 20.87 14.94

m2
20.08**

16.19
21.5 est.

GSP 10998 m1 17.60 13.00

GSP 2807 m1 16.00 12.00

GSP 457 m1 16.80 11.50

GSP 6226 m1 16.70 12.00

GSP 7384 m1 17.50 12.40

GSP 5112 m1 18.40 11.70

GSP 12732 m1 18.00 12.00

GSP 4088 m1 18.80 12.30

PUPC 16/103 m1 16.40 12.50

PUPC 97/40 m1 16.80 12.70

PUPC 97/40 m2 22.00 16.00

PUPC 97/41 m2 20.90 16.80

PUPC 16/103 m2 21.00 15.30

PUPC 95/15 m2 23.40 16.00

Hippopotamodon sivalense

PUPC 17/37* I1 23.76 18.23

PUPC 17/35* I1 23.86 17.75

GSI-K 14/394 I1 23.00 18.00

GSI-K 13/328 I1 25.00 15.00

GSI-K 15/3660 I1 22.00 17.00

PUPC 17/39* i1 12.37 18.37

GSP 122 i1 13.00 20.00

GSP 192 i1 11.00 20.00

GSI-B 539 i1 13.70 21.00

GSI-K 13/9 i1 11.00 19.00

Hippopotamodon major

MNCN Bat 10’08 G4.53 I1 20.20 11.20

MNCN BAT 10’10 F4-14 + 
G4-51

I1 21.50 12.20

MNCN BAT 10’10, F3-42 I1 20.00 11.90

MNCN BAT-10-09 G2-83 i1 10.40 14.90

MNCN BAT 10’12 F2-65 i1 10.20 13.70

MNHN LUB 657 i1
9.70 16.00

10.00 15.90

PUPC 17/45* M3 37.91 23.28

NHMUK M 9144 (B) M3 37.60 26.00

CCECL AA 10 M3 39.30 26.70

MNHN SLO 913 M3 40.60 26.00

MNHN SLO 1075 M3 41.00 26.00

DT RO 2992 M3 41.40 26.50

MNCN Bat 10’14-E3-46 M3
43.60 28.40

44.50 28.30

NHMB ML 41 M3 46.70 30.00

Hippopotamodon sivalense

GSP 3789 M3 53.20 31.80

GSI-B 15 M3 65.00 37.00

GSI-B 19 M3 57.00 41.50

GSI-B 9 M3 55.00 38.50
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Figure 3. Comparative bivariate plots of described specimens based on Table 2 and Table 3. A, first molars in species of Propotamochoerus hysudricus; B, 
m2 of P. hysudricus; C, I1 of Hippopotamodon sivalense; D, i1 of H. sivalense; E, M3 of H. major; compared to dimensions of other taxa F, i1 of Tetraconodon 
magnus and other taxa. *studied specimen.

incisors of H. major are smaller in size (Figure 3C, Table 2), 
slightly linguo-labially compressed and elongate as compared 
to H. sivalense. The lower incisor (PUPC 17/39) is much larger 
than the lower incisor of Propotamochoerus (Table 3) and its 
length and width is larger than that of H. major (Figure 3D, 
Table 2). Overall, the morphometric characteristics of the studied 
specimens are similar to H. sivalense, documented from the 
Middle Siwaliks (Pickford, 1988); hence, these specimens are 
assigned to H. sivalense.

Hippopotamodon major (Gervais, 1850) 
(Figure 2R–T)

Holotype. Upper left third molar from Cucuron, figured by 
Gervais, 1850, pl. 12. Figure 2.
Type locality. Cucuron, Vaucluse (= Luberon) France (Gervais, 
1850).
Diagnosis. Large species of suine in which the length of m3 
ranges between 38.1 and 57.4 mm, and M3 between 34.5 and 
49.5 mm (Pickford, 2015).
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New material. PUPC 17/45, right M3 (Padhri) (Figure  3E, 
Table 2).
Description. PUPC 17/45 is an isolated M3 with a 
well-preserved crown and thin enamel as judged from the root 
crown junction (Figure 2R–T). The anterior cingulum is large 
and thick and is divided into small conules, covering the tooth 
anterotransversly. The protocone is lower than the paracone, 
the protopreconule is attached to the cingulum anteriorly and 
with the protocone posteriorly. The paracone is the highest cusp.  
Both the protocone and paracone have deep grooves and are 
separated from each other by the sulcus. The hypocone and 
metacone are low-lying and much smaller than the protocone and 
paracone. Also, the hypocone is slightly posteriorly positioned 
and slightly higher than the metacone A hypopreconule is 
present anterior to the metacone and hypocone. The pentacone 
is well preserved and the pentapreconule is located anterior 
to this. The anterior valley is blocked in the center by the 
hypopreconule while it is blocked lingually by a small and 
weak hypopreenodoconule, and labially by a large and 
metapreectoconule. The posterior valley is blocked by a large 
hypopostconule lingually and small pentapreconule labially.
Comparison. The molar of Hippopotamodon displays relatively 
thin enamel and grooves are dominant, while Propotamochoerus 
consists of moderately thick enamel, without large cingula and 
shallow grooves. The specific morphological characters of M3, 
such as large size, relatively thin enamel with different cusps 
height, labial cups being higher than the lingual ones, presence 
of a large cusp in the talon that lies lingually of the axis of the 
tooth indicate that it belongs to the genus Hippopotamodon 
(Pickford, 1988). The tooth is much smaller than the reported 
M3 of H. sivalense and falls in the range of H. major (Figure 3E, 
Table 2), hence described as H. major. Both these species are 
mainly differentiated based on the size of upper and lower third 
molars as given by Pickford (2015): H. major is a large species 
of suine in which the length of m3 ranges between 38.1 and 
57.4 mm, and M3 between 34.5 and 49.5 mm while H. sivalense 

is the largest species of the genus with m3 ranging in length 
between 48.3 and 62 mm, and M3 from 44 to 54.6 mm.

Subfamily TETRACONODONTINAE Lydekker, 1876

Tetraconodon Falconer, 1868

Tetraconodon magnus Falconer, 1868 
(Figure 2U–Y)

Holotype (neotype). GSI-B 71, a right mandible with 
p2–m3 (Colbert, 1935).
Type locality. Potwar Plateau, Punjab, Pakistan (Colbert, 1935; 
Pickford, 1988).
Diagnosis. A large species of Tetraconodon in which the upper 
molar series exceeds 95 mm in length, and in which p3-4 are 
together longer than 75 mm (Pickford, 1988); M1 length about 
33 mm (Van der Made, 1999).
New material. PUPC 17/38, lower first incisor (Hasnot).
Description. PUPC 17/38 is an isolated lower incisor, which is 
partially broken and cracked, and has thick enamel (Figure 2U–Y). 
The preconulid, postcristid, prefossid, and endofossid are well 
preserved. The broken prestylid, endocristid, prefossid and 
endofossid can be observed occlusally. The preanticlinid and 
presynclinid are located at the base of the crown. The broken 
endosynclinid is also present.
Comparisons. The specimen PUPC 17/38 is extremely large 
sized and well compressed from both sides. Such a compression 
indicates the presence of other teeth contacting it from both 
sides. The morphology of this specimen and such appression 
indicate that it is the first incisor. The morphology of the PUPC 
17/38 is clearly different from the incisors of rhinocerotids, 
hippopotamids, and proboscideans, which are long tusklike, 
and curved with continuous growth; however, the size is in 
range of the large hipparionine species. Nevertheless, the 
presence of endocristid that divides the tooth into distinct 

Table 3. Comparative measurements (mm) of PUPC 17/38 with the incisors of Hippopotamodon sivalense and Propotamochoerus hysudricus. Comparative data 
taken from Pickford (1988).

Taxa Number Nature L W

Tetraconodon magnus PUPC 17/38 i1
17.38**

23.97
18 est.

Hippopotamodon sivalense

GSP 122 i1 13.00 20.00

GSP19 i1 11.00 20.00

GSI-B 539 i1 13.70 21.00

Hippopotamodon major
MNCN BAT-10-09 G2-83 i1 10.4 14.9

MNCN BAT 10’12 F2-65 i1 10.2 13.7

Propotamochoerus hysudricus

GSP 4028 i1 7.0 10.1

GSP 6821 i1 6.4 8.6

GSP 7091 i1 6.0 9.3

GSP 6126 i1 6.6 8.8
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prefossid, and endofossid indicates that it is a lower incisor 
of a suid not an hipparionine that lacks such structures.  
Such morphology with these structures is found in the lower 
incisors of Propotamochoerus and Hippopotamodon from the 
Siwaliks and around the world; however, the size of the studied 
incisor (PUPC 17/38) is clearly larger than the known incisors 
of these genera (Figure 3F, Table 3). Based on its large size 
(despite its apical breakage), PUPC 17/38 is allocated to the 
genus Tetraconodon and to the largest species of the genus  
T. magnus. This is the first ever description of the incisor of 
the genus Tetraconodon.

Suidae indet. 
(Figure 2Z–H´)

New material. PUPC 21/76, posterior lobe of left upper molar 
(Hasnot); PUPC 21/75, posterior lobe of left upper molar (Hasnot); 
PUPC 21/77, posterior lobe of right lower molar (Hasnot).
Description. PUPC 21/76 is an isolated second lobe of an 
upper molar (Figure 2Z–B´). It is in early stage of wear.  
The posterior cingulum is thick with a well-developed 
hypopostconule, which is in contact with the hypocone. 
The hypocone and metacone with moderately thick 
enamel (judged from the point of breakage) are preserved.  
The hypopreconule, which is also preserved, is large and wide. 
The grooves are large and deep. The preserved length is 16.83 mm 
and width is 23.39 mm.

PUPC 21/75 represents the posterior lobe of an upper molar; 
the hypocone and metacone are preserved with thick enamel 
(Figure 2C´–E´). The metacone is high and the hypocone is low; 
the posterior cingulum is also present. The hypopreconule and 
hypopostconule are present. The preserved length is 12.84 mm 
and width is 15.52 mm.

PUPC 21/77 represents the posterior lobe of a lower molar 
(Figure 2F´–H´) in which the hypoconid and entoconid are 
preserved along with hypopostconulid. The grooves are less in 
number but slightly broader. The preserved length is 11.82 mm 
and width is 14.83 mm.
Comparison. The identification of the specimens described 
above as Suidae indet. is based on the bunodonty, round 
cusps, choerodonty (complex enamel divisions), presence of 
grooves and conulids, cingulum fused protopreconule and 
large cingulum/cingulid with a prominent conule/conulid.  
Among these, PUPC 21/76 is proportionally large (based on 
width) indicating that it can be upper molar of a large suid such 
as Hippopotamodon and Sivachoerus. However, the cusps in this 
tooth fragment are narrower than those found in Sivachoerus. 
Both PUPC 21/75 and PUPC 21/77 are small sized but larger 
(based on width) than Sivahyus, smaller than Tetraconodon, 
Sivachoerus, and Hippopotamodon and are in the size range 
of Hippohyus, and Propotamochoerus (Pickford, 1988).  
However, these are morphologically different from Hippohyus 
favoring their association with Propotamochoerus. Nevertheless, 

the incompleteness of these specimens hinders even the generic 
level allocation, hence described as Suidae indet.

DISCUSSION

The Middle Siwalik suids show diversity in genera, including 
Conohyus, Propotamochoerus, Sivachoerus, Hippohyus, 
Hippopotamodon, Lophochoerus, Sivahyus and Tetraconodon 
as well as Listriodon, which is restricted to Nagri Formation 
(Pilgrim, 1926; Matthew, 1929; Colbert, 1935; Pickford, 1988; 
Khan et al., 2013; Batool et al., 2015; Dar et al., 2019; Babar et al., 
2021, 2024a, b; Sankhyan & Chavasseau, 2024; Raza et al., 
2023). The genera such as Propotamochoerus, Sivachoerus, 
Sus and Conohyus originated in the Indian subcontinent and 
dispersed to Europe and Africa (Matthew, 1929; Colbert, 1935; 
Pickford, 1988; Van der Made, 1999). In Pakistan, the previous 
records indicate that Propotamochoerus hysudricus occurred 
in the Dhok Pathan and Nagri formations, coexisting with 
Hippopotamodon sivalense and other genera like Lophochoerus, 
Hippohyus and Sivahyus, ranging from 10.3 to 6.6 Ma (Pickford, 
1988; Babar et al., 2021, 2024a, b; Sankhyan & Chavasseau, 
2024; Raza et al., 2023; Chavasseau, 2025). The fossil record of 
suids from the late Miocene deposits of Hasnot document many 
species such as Hippopotamodon sivalense, Propotamochoerus 
hysudricus, Tetraconodon magnus, and some others (Pickford, 
1988; Batool et al., 2015).

Propotamochoerus species demonstrate the diversity 
from the upper Miocene to lower Pliocene deposits across the 
Eurasia (Pilgrim, 1926; Pearson, 1928; Colbert, 1935; Lydekker, 
1884; Van der Made & Han, 1994; Fortelius  et  al., 1996; 
Batool et al., 2015; Hou et al., 2019; Sankhyan & Chavasseau, 
2024; Babar  et  al., 2024a; Chavasseau, 2025). The genus 
Propotamochoerus probably arose from a hyotherine suid and 
dispersed to southwestern Asia and Europe (Pickford, 1988) but 
the origin of the genus is still under discussion (Lazaridis et al., 
2022). In the late Miocene of the eastern Mediterranean, suids 
comprised two main lineages: the dominant Hippopotamodon, 
and the less common Propotamochoerus whose taxonomy is not 
fully resolved due to the fragmentary nature of most specimens, 
primarily consisting of dental remains. The taxonomic status of 
Propotamochoerus in the late Miocene remains complex and 
debated. For example, Propotamochoerus provincialis, recorded 
in late Miocene to early Pliocene European faunas, has uncertain 
taxonomic status. Notably, the late Miocene Propotamochoerus 
from southeastern Europe, particularly the Turolian samples, 
has been subject to extensive debate regarding its classification, 
and recent research proposed a new species, Propotamochoerus 
aegaeus, based on well-preserved specimens from Kryopigi, 
Greece, and including various Turolian records from southeastern 
Europe (Lazaridis et al., 2022).

Propotamochoerus hysudricus, a member of the subfamily 
Suinae and the type species of the genus, is known from the 
Potwar Plateau, Pakistan and well represented by complete 
crania, mandibles and postcranials and is the most common 
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suid in the Middle Siwalik Subgroup. It is a medium-sized 
species that belongs to the subfamily Suinae (Pilgrim, 1926; 
Colbert, 1935; Pickford, 1988; Batool et al., 2015; Raza et al., 
2023; Babar et al., 2024a; Sankhyan & Chavasseau, 2024), 
mostly recovered from the Hasnot, Padhri and Dhok Pathan 
outcrops in Pakistan (Barry et al., 2002). In addition to Pakistan,  
P. hysudricus has been discovered in different regions of Asia 
that include China, United Arab Emirates, and Myanmar.  
In United Arab Emirates, it is known from the Late Miocene 
of Abu Dhabi (Bishop & Hill, 1999). Propotamochoerus 
hysudricus has been also recovered from Yunnan, China (Liu & 
Ji, 2004). Propotamochoerus hysudricus (Stehlin, 1899–1900), 
originally described from Late Miocene deposits in Pakistan, 
is considered a problematic taxon requiring revision (Van der 
Made et al., 1999; Hou et al., 2019). It is possible that there 
are two species of the genus Propotamochoerus present in the 
Siwaliks, a large and a small species, as indicated by the size 
in the dental material or it may be due to sexual dimorphism. 
However, it needs the reassessment of all the material of the 
species and more skull materials. Recent work on the Y-GSP 
collection by Chavasseau (2025) maintained the single species, 
P. hysudricus.

The genus Hippopotamodon represents the large Suinae 
of Eurasia. It is currently represented by four species as listed 
above. However, the validity of some species is still to come 
with more new material. Two Siwalik species without any doubt 
are: H. major and H. sivalense (Van der Made & Hussain, 1989; 
Pickford, 2015) and the possibility of third species, H. antiquus 
as proposed by Pickford (2015) cannot be ruled out. Both share 
similar characteristics but differ in the size of their incisors and 
canines; H. sivalense has larger incisors and canines than H. major 
(Pickford, 2015, 2016). The M3 (PUPC 17/45) described in this 
study is much smaller than most of the previously described 
specimens of H. sivalense from the Siwaliks and represents  
H. major and is the first description of M3 from the Siwalik 
Group. Similarly, both upper incisors (PUPC 17/35, PUPC 
17/37) which are described in this study show some differences 
in morphology and probably represent two different species.  
PUPC 17/35 is more like upper first incisor (GSP 12508) 
described and figured by Pickford (1988) while PUPC 17/37 is 
slightly different. Both these specimens are valuable for ongoing 
research work on Siwalik suids to distinguish the morphology 
of both species because incisors are very rare in findings as 
well as the lower incisor (PUPC 17/39) described in this study.

The genus Tetraconodon and its diverse species are present 
across various geological epochs, it includes taxa such as  
T. minor, T. magnus, T. irramedius, T. irramagnus and T. malensis 
(Pickford, 1988; Thaung-Htike et al., 2005, 2007; Khan et al., 
2013; Babar et al., 2021). The species Tetraconodon magnus is 
a large sized suid, which is present in Pakistan, India, Thailand 
and Myanmar (Pilgrim, 1926; Pickford, 1988; Khan et al., 
2013; Babar  et  al., 2021). Earlier research indicated that  
T. magnus was primarily associated with Upper Siwalik deposits 
based on limited fossil evidence (Pilgrim, 1926; Colbert, 1935), 
however, Pickford (1988) argued for its classification as a 

Middle Siwalik form based on more comprehensive data.  
It contributes to the understanding of Tetraconodon but also to 
extending its stratigraphical range within the Siwalik deposits.  
The evolutionary history of Tetraconodon is  based on 
the fossil record of Tetraconodon and other tetraconodontines 
from the  Siwaliks of Indo-Pakistan (Pickford, 1988; 
Thaung-Htike et al., 2005). Tetraconodon was probably derived 
from the oldest Asian tetraconodontine, Conohyus sindiensis 
(=Retroporcus sindiensis), from the Kamlial or lower Chinji 
(lower middle Miocene) of the Siwaliks of Pakistan, Nepal 
and India; this species was also recovered from the middle 
Miocene deposits of Thailand (Thaung-Htike et al., 2005).

Described first lower incisor (PUPC 17/38), though partially 
broken resulting in loss of the apex, is nevertheless identifiable 
to generic level. The presence of endocristid that forms the 
prefossid and postfossid is found in many mammalian taxa, 
but it is most evident in the family Suidae. Such morphology is 
prominent in the lower incisors of the genus Hippopotamodon 
(Pickford, 1988, fig. 137, 2016, figs. 4, 5, 10, 11; Liu et al., 
2004, fig. 4). Hence, PUPC 17/38 can be safely associated with 
family Suidae. However, the size of PUPC 17/38 is much larger 
than the lower first incisor of Hippopotamodon. Further, the 
endocristid is slightly lying posteriorly, making the prefossid 
large but shallower than the postfossid, which is smaller and 
deeper, and one may think that this is a deformed incisor. 
However, such morphology is also found in the right lower 
incisor of Hippopotamodon erymanthius (SMNK Ma1 Gips 
17, Pickford 2016, fig. 5) and lower first and second incisors of 
the same species (SMNK Ma1 Gips 6, Pickford, 2016, fig. 10) 
from Mahmutgazi, Denizli-Çal Basin, Turkey. But all the lower 
first incisors of the Hippopotamodon spp. tend to be smaller 
and straighter (Pickford, 2015, 2016) contrary to the PUPC 
17/38 in which the crown is more bent lingually. Based on the 
size and morphological differences, it cannot be associated with 
the genus Hippopotamodon and can be allocated to the genus 
Tetraconodon (Table 2) facilitating its allocation to the largest 
species of this genus, i.e., T. magnus.

CONCLUSIONS

Propotamochoerus hysudricus, Hippopotamodon sivalense,  
H. major, Tetraconodon magnus and Suidae indet. are reported 
from the Dhok Pathan Formation of the Middle Siwalik Subgroup, 
Pakistan. The material adds substantial information in the anatomical 
and morphological character, because the upper and lower incisors 
of Hippopotamodon sivalense are least described, and the M3 of  
H. major is described for the first time from the Siwalik Group 
while lower first incisor of the genus Tetraconodon represents 
first ever description for this genus in the paleontological world.
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