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Abstract

Recent paleontological and geological research in Pakistan has found numerous fossils belonging
to different groups of prehistoric organisms, including reptiles. Pakistan is rich in paleontological
evidence of vertebrates, especially tracks/footprints of Mesozoic reptiles. These reptilian fossils
are significant for paleo biogeographical studies because the region is connected to Asia in the
north and east and Eurasia and Africa in the north and west. It was attached to Gondwana in the
past (Jurassic and Pre-Jurassic), so Mesozoic vertebrates show distinct affinities with Gondwana,
Cenozoic vertebrates show affinities with Eurasia and migrated from the Indo-Pak subcontinent
via the ancient Indus system of the West Indus River (and vice versa). Neogene (Siwalik Age)
deposits in India and Pakistan have produced prehistoric reptiles containing numerous fossils,
many of which were named in the 19th century. Recent geological and paleontological research
conducted in Pakistan at the beginning of the new millennium/third millennium (2000-2019) found
more than 3,000 fossils divided into 45 biological groups (taxa).
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Introduction

The Mesozoic was a significant paleontologically era for the dominancy of terrestrial vertebrate
fauna. In addition to the occurrence of large explosions, especially in Africa and Asia, significant
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climate changes caused by heat and cold have also caused drastic faunal turnovers, and acted as a
major biological extinction (Rdgl, 1999; Bohme, 2003; Karl et al., 2021). The Siwalik age
(Miocene-Pleistocene) is a group of fossils found in the Himalayan foreland basin extending from
the Indus River (Pakistan) in the west to the Irrawaddy River in the east of Myanmar (Barry et al.,
2013; Nanda et al., 2018) and in the central part of the subcontinent (e.g., Piram Island in the Gulf
of Cambay, India, and along the Indus River, Sindh and Baluchistan, Pakistan). The fossil
vertebrate fauna at Siwalik age has been studied for the last 150 years (Garbin et al., 2020).
Although extinct turtles in this region have been well described (e.g. Theobald 1877; Lydekker 1
885a, 1886a, 1889a, 1889h), little is known about the available material in terms of their taxono
mic, phylogenetic and biogeographic impact, and most of the turtle species of the Siwalik Age
are related to Indo-Pakistani extant taxa (Turtle Extinction Working Group (TEWG)
2015; Turtle Taxonomy Working Group (TTWG), 2017; 2021), thus providing high new access f
or Neogene and Quaternary chronological dates. Pakistan's Indus Basin (Part of Gondwana) is i
mportant for the discovery of dinosaurs as well as other Mesozoic land and marine strata and biot
a. The Indus Basin covers Mesozoic and Cenozoic marine and continental sequences (Malkani ,
2010a) (Fig. 1). Thanks to the latest geological and paleontological research, Pakistan is on the w
orld dinosaur map for the first time. Dinosaur research in Pakistan began in 2000, and dinosaurs
have been discovered in neighboring India since 1828. The fossils are outside the University of
Michigan. All the fossils found so far are housed in the Museum of Geological Survey of Pakistan
(GSP) Quetta, Pakistan, except some fossils sent to the University of Michigan, USA, for
preparation. The Vitakri region of Pakistan is considered a paradise for dinosaurs due to its rich
collection of fossils. The mass screen-washing method of paleontological examination is used to
study amphibians (frogs), reptiles (Snakes, lizards, turtles, Dinosaurs, and crocodiles, etc.),
mammals, birds, and fishes etc. to make an accurate assessment of the paleo-biogeographic
affinities of Indo-Pakistan subcontinent (Malkani & Sahni, 2015; Malkani & Ge, 2016).

A joint paleontological expedition was built in 1955-1956 at the Institute of Paleontology and
Historical Geology of the Ludwig-Maximilians-Universitat Munich (Now the Department of Earth
and Environmental Sciences, Paleontology and Geo-biology) and the Bavarian State Collection of
Paleontology and Geology SNSBBSPG) lead by Prof. Richard Dehm explored northern Pakistan
in search of fossils (Dehm et al. 1958). They returned to Munich with an extensive collection of

fossil remains, coming from Neogene sediments exposed near villages of Chinji, Dhok Pathan,
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and Nagri (Siwalik Group) and now stored in the SNSB-BSPG. Research on a Munich group of
fossilized mammals still found from this period and previous expeditions in the region have
reported the presence of Dinotheria (Dehm et al., 1963), squids (Hussain, 1971), primates (Dehm
1983, 1984; Pickford, 2010), rhinoceros (Heissig, 1972) and traguliids (Guzman & Rdssner, 2021).
Pickford (2010) mentions other taxa that have not yet been published. There is no amphibians site
in Pakistan, as reported by SNSBBSPG, but crocodiles, turtles, snakes, dinosaurs, and squamates
represent reptiles. Of these, only snakes were studied by Hoffstetter (1964), who described the
spine of an obscure boa constrictor and a new large acrochordid, Acrochordus dehmi (Villa &
Delfino, 2022).

The Siwalik belt forms the southern part of the Himalayas, extending from the Indus River in the
west to the Brahmaputra River in the east, except for a small gap near Sikkim. The Siwalik Group
is known for its rich collection of vertebrate fossils, ranging from 18.3 to 0.22 million years ago.
In the Early Miocene, before the uplift of the Himalayas, a depression was formed, and freshwater
molasses were deposited in the depression. These have mud/siltstone, sandstone, and
conglomerate-like muds, with the overall lithology being coarser in the younger formations.
Although the Siwalik Group is known for its rich mammalian fauna, some reptile fossils were
described earlier since Cautley’s time, following a more extensive paleontological study by
Lydecker, 1885a, 1886a, 1889a & 1889b (Nanda et al., 2016) (Fig. 1).

Recent geological and paleontological research at the beginning of the new century/third
millennium (2000-2019) has yielded more than 3000 fossils from Pakistan, divided into 45
biological groups (Malkani, 2019). Some reptilian fauna belonging to this prehistoric group are

described here.
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Figure 1. Siwalik-Age faunas from the Himalayan foreland basin in the Indian subcontinent, distribution,
and the main localities that yielded most of the fossils (Courtesy; Nanda et al., 2018).

B - Significant fossiliferous localities of the Siwalik Group

Pre-historic reptilian fauna of Pakistan
Dinosaurian distributions in Pakistan
Pieces of evidence of dinosaurs in Pakistan are found in the Indus basin, which is divided into the

Upper Indus (Kohat and Potohar), Middle Indus (Sulaiman), and Lower Indus (Kirthar) basins.
Titanosaurid/early titanosaur sauropod remains have been found in the Late Jurassic Sambhar
Formation, and sauropod tracks have been found in the Middle Jurassic Chiltan Limestone of the
Indus River. Several smaller theropods and a larger Titanosaur Sagittarius, are reported along
with several footprints in the upper (Kohat and Potwar) basins, and a group in the Barochichno-
type Middle Jurassic Samanasuk limestone was recorded from the Mianwali, Punjab. The Middle
Indus (Sulaiman) Basin provides the latest Cretaceous titanosaur sauropod fossils, including
abelisaurids and tetrasaurian theropods, mesocrocodiles, pterosaurs, and titanosaur sauropod
bones. Pakistan is relatively rich in footprints/trackways and Late Cretaceous fossils as compared
to its neighbor India (Malkani and Sahni, 2015; Malkani, 2015d; Malkani & Ge, 2016). The

following important groups of dinosaurs are recorded from Pakistan:
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1) Titanosaurian sauropods (Herbivores dinosaurs) from the Jurassic- Cretaceous periods:

a) Brohisaurus Kirthari, Malkani 2003: A Titanosaur or early titanosaur-
like sauropods found in the lowermost part of the Late Jurassic Sambhar Formation of the Sun C

haku region of the Kalkh region of the Kirthar Mountains are based on some little-

known postcranial elements (Malkani 2003a)—only one bone.

The Lakha Kach Charo Zidi region, is referred here.

b) Khetranisaurus barkhani, Malkani 2004: A Pakisaurid titanosaurian sauropod (slightly broad
to sub-squarish midcaudals; based on one holotypic vertebra collected from mid-Kinwa (northwest
of stream) and one attributed caudal from Sangiali (Malkani, 2006), and three attributed caudal
from Bor, Mari Bohri and Grut Gambrak localities (Malkani, 2009).

c¢) Sulaimanisaurus gingerichi, Malkani 2004: A Pakisaurid titanosaurian sauropod based on
seven fragmentary but associated caudal vertebrae (long and squarish mid caudals) collected from
Kinwa locality (Malkani, 2006).

d) Pakisaurus balochistani, Malkani 2004: A Pakisaurid titanosaurian sauropod based on four
associated tall caudal centra (Malkani, 2006) associated with many surface finds of postcranial

skeletons. All fossils are collected from the latest Cretaceous Vitakri Formation in different

localities in the Vitakri area, Barkhan, Balochistan (Malkani, 2008a, 2010a, 2014a, 2015a).

e) Marisaurus jeffi, Malkani 2004: A Balochisaurid titanosaurian sauropod, based on six heavy
and slightly tall to squarish midcaudals (Malkani, 2006; Malkani, 2008a, b, 2010c, 2014a,
2015a; Wilson et al., 2005).

f) Balochisaurus malkani, Malkani 2004: A Balochisaurid titanosaurian sauropod based on seven

associated heavy and broad to squarish caudal vertebrae (Malkani, 2006).

g) Gspsaurus pakistani Malkani 2014, A large-sized gspsaurid titanosaurian sauropod found

from red muds of the Vitakri Formation of Alam Kali Kakor locality of Vitakri area and based on
a mostly complete skull (Malkani, 20144, 2015a, d)

h) Saraikimasoom vitakri, Malkani 2014: A young gspsaurid titanosaurian sauropod based on a
mostly complete skull (Malkani, 20144, 2015a).
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i) Nicksaurus razashahi, Malkani 2015: It is based on axial and stocky limb elements of young
adults of this taxon from Kinwa north locality of Vitakri area including a pair of femora, a pair of
stocky distal tibiae, partial humerus parts; proximal radius, five teeth in jaw ramus, teeth, skull
fragments, chevron, cervical, dorsal and caudal centra (Malkani, 2014a, 2015a, d).

J) Maojandino alami, Malkani 2015: A large-bodied Balochisaurid titanosaurian sauropod
(Malkani, 2015a) with a thick, broad and long neck, short tail, heavy and stocky body and it is
based on associated holotypic materials including about 6 cervical, 4 dorsal, and 10 caudal
vertebrae along with partial left femur, partial left and right tibiae, and partial radius, a pair of
partial distal scapulae, partial sternal plate or ilia, some neural arch and laminae covered partially
by yellow-brown muds, etc. The holotypic axial and limb elements were collected from Alam

Kali, Kakor locality of Vitakri area.

k) Trackways of some sauropods, the trackways of titanosauriform or early titanosaurian
sauropod Malakhelisaurus mianwali, and a running theropod Samanadrinda surghari were
discovered from the Middle Jurassic Samanasuk Limestone of Kohat and Potwar basin (Malkani,
2007, 2008a). A footprint of sauropod was also found 1 km southward from the Malakhelisaurus
site in the same formation. Some new footprints and trackways of titanosaurian sauropod
Pashtosaurus zhobi (Malkani, 2014) are found on the Sandstone beds of Vitakri Formation of Qila
Saifullah, Balochistan. There is a danger that these trackways may be destroyed during future

construction materials required for road construction.

2) Theropods (Carnivorous dinosaurs) from the late Cretaceous Vitakri Formation

a) Vitakridrinda sulaimani, Malkani 2006, (Fig. 3): It lived in the Cretaceous period and
inhabited Baluchistan. It was a large-sized carnivorous a belisaurian theropod dinosaur based on a
pair of left and right proximal femora and basioccipital condyle and a partial braincase (Malkani
2006a, 2014b).

b) Vitakrisaurus Saraiki, Malkani 2010: A small-sized carnivorous Vitakrisauridae noasaurian
theropod based on isolated pes collected from the terrestrial overbank red muds of the latest
Cretaceous Vitakri Formation in Kali Kakar, Vitakri area (Malkani, 2010b).
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Fossils of this animal are known from the
Pab Formation in western Pakistan,

Vitakridrinda was probably
up to 8 metres long

Figure 2. A sketch of Vitakridrinda sulaimani Malkani, 2006, (Courtesy: Robinson Kuuz, 2013)

3) Pterosaurs from the Latest Maastrichtian of Pakistan

a) Saraikisaurus minhui, Malkani 2013: a pterosaur found in the latest Cretaceous Vitakri
Formation of the top Kinwa, Vitakri area (Malkani, 2013, 2014b). The preserved dentary ramus
shows a carnivorous-type elongated skull with eight teeth. This ramus shows internal pneumatic

texture and structure. The teeth are oval to sub-oval, some overlapped.

b) Trackways of Pterosaurs: Anmolpakhi alleni (Pterosaur), Footprints of a Flying reptile were
found on level 2 (third bed just below Pashtosaurus zhobi titanosaur phenotype bed) of Sor
Muzghai locality, Zhob, Balochistan Western most Sulaiman basin. The lithology consists of the
Cretaceous Vitakri Formation (overlying the Pab Sandstone). The taxa name Anmolpakhi is
derived from Urdu and Saraikhi words Anmol, meaning “cannot be purchased”, while Pakhi in
Saraiki means flying animals/ birds. The species name A. Allen is after Mr. Nicholas Allen British
Journalist who helped a lot with the preparation of 3-D models and preservation of Level 5

ichnotype of Pashtosaurus zhobi from this site (Fig. 3).
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Figure 3. A 3-D model of ichnotype (Footprints and trackway) of Pashtosaurus zhobi (on level 5) was
prepared by Mr. Nicholas Allen and his team in 2017, according to Malkani (2018).

A marine reptile (Plesiosaur from Khuzdar District, Balochistan) Zahrisaurus kilmoolai new
species;

Zahrisaurus kilmoolai is a new genus and species of plesiosaur, a marine reptile based on the
ribbed body of the MSM-99-K holotype (Fig. 5). This body cross-section is found in the upper
part of the Latest Permian-Jurassic Chiltan Limestone of the Sulaiman Group from the Chotok
type locality of Kharzan-Moola area, Khuzdar district, Balochistan. The genus Zahrisaurus
honored the host Zahri tribe of Balochistan, and Saurus means lizard. The species name Z.
kilmoolai honors the Kharzan of the Kil region, which owns the Moola River and always flows
west to east into the Indus River. The holotype specimen is housed in the Pakistan Geological
Survey Museum in Quetta.

Crocodiles

a) Pabwehshi pakistanensis, Wilson et al., 2001: This fossil record is based on the rostrum and
articulated part of the dentary. Sulaimanisuchuss kinwai Malkani 2010, Based on the frontal of the

anterior dentary and splenius bone. The diameter of the first and third teeth is small, and the
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diameter of the fourth tooth is the largest. It shows a marked heterodonty in size and is mainly
compressed (Malkani, 2014b, 2015b).

b) Induszalim bala Malkani 2014, a terrestrial meso-Eucrocodile Indeterminate taxon based on
rostrum found in mid-Alam locality (Malkani, 2014b, 2015d).

Eucrocodiles

Asifcroco retrai, Malkani 2015b, is found in the ferruginous conglomerate deposits of the
Oligocene Chitarwata Formation in the Gulki area (Taunsa-Gulki section) in the Dera Ghazi Khan
area (eastern Sulaiman Fold Belt). It was a freshwater crocodile of the Paleo-Indus River. The
discovered fossil of this taxa has a centrum which is an opisthocoelous type having a ball on the
anterior and concave cavity / coel in the posterior. Its ulna has a dorsal groove to set the humerus.
Further, the three eggs are collected, one egg may belong to this crocodile while the other eggs
may belong to birds/snakes/lizards. This egg-like material may be the osteoderms/coprolite of

baluchithere because these are found in association with the Buzdartherium gulkirao Malkani,
2015d.

Testudines (Chelonia)

A great number of geoemydid turtle taxa were described from the Siwalik age. Siwalik turtles are
closely related to recent taxa (Turtle Extinction Working Group (TEWG) 2015; Turtle Taxonomy
Working Group (TTWG) 2017) and thus provide a tool for understanding their Neogene and
Quaternary history. The taxonomy of Siwalik geoemydids was recently summarized by TEWG
(2015), but as the vast majority of available material has not been evaluated directly in more than
100 years, many conclusions are based on outdated concepts of morphology and taxonomy. At
least five Siwalik formations are currently recognized from the Potwar Plateau (Barry et al. 2013;
Nanda et al. 2018): The Kamlial formation, Lower Siwalik (18 to 14 Ma); the Chinji formation,
Lower Siwalik (14 to 11.4 Ma); the Nagri formation, Middle Siwalik (11.5 to 9 Ma); the Dhok
Pathan formation, Middle Siwalik (9.8 to 3.5 Ma); and the Tatrot formation, Upper Siwalik (3.5
to 3.3 Ma). The material collected by Falconer and Cautley from the Potwar Plateau can, therefore,

only be identified as Middle Miocene to mid-Pleistocene in age.

a)Pangshura tatrotia, (Fig. 4).
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A Geoemydid pond turtle from the Siwalik period of the Pliocene Epoch. The holotype of this
fossil species was found in 1932 in the Tatrot Formation, about two kilometers north of Padri
village in the Jhelum District of Pakistan. This specimen is one of the best preserved and oldest
representatives of Pangshura and also one of few testudinoids from the Indian sub-continent with
well-detailed locality data (Safi et al., 2020). Walter and Tyler (2010) first described this specimen
as a new species of Pangshura. In 1932 a specimen of Pangshura was collected by one of the Yale
North India expeditions in what is now Pakistan, but the specimen was never formally described.
This specimen is arguably the oldest and best-preserved representative of Pangshura and also one
among few testudinoids from the Indian subcontinent with detailed locality data. Most modern
turtle clade origins can be traced back to the Middle Jurassic. Despite this, the interrelationships

of these clades are not fully understood (Karl et al., 2021).

A

Figure 4. Photographs of YPM 4127, holotype of Pangshura tatrotia sp. nov, from the early Pliocene
Tatrot Formation of Pakistan. A lateral view of the shell; B, an anterior view of the shell; C, a ventral view
of the shell; D, a dorsal view of the shell (Courtesy by: Joyce and Lyson, 2010)
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b) Hardella thurjii, IM E.94 (Fig. 5): This Miocene to Pliocene specimen from Hassnot, Punjab,
Pakistan (Lydekker 1885a) has the center of the shell with all sutures and some grooves closed. It
was first drawn by Lydekker in 1885, about Batagur falconeri Lydekker (1885a: pl. 25.1). Nerves
| to IV are present and present the anterior short side. Nerve 1V has a slight median tubercle. Traces
of growth are visible on the right side of the rib and ribs I, I, and IV. The region around the Potwar
Plateau of Pakistan, the most western part of the Siwaliks, is today inhabited by four species of
geoemydid turtles, in particular Geoclemys hamiltonii, Hardella thurjii, Pangshura tecta and
Pangshura smithii (TTWG 2017). The available sample of fossil turtles can only confirm the
former presence of the Pangshura lineage in this region in the form of Pangshura tatrotia. Most
fossils from the Potwar Plateau record documented a single species, Melanochelys sivalensis, with
unclear relationships with the two extant species of Melanochelys. Its occurrence nevertheless
documents the former presence of the Melanochelys lineages in this region. The southern Indus
River valley and its delta in Pakistan are inhabited today by Geoclemys hamiltonii, Hardella
thurjii, Pangshura tecta, and Pangshura smithii (TTWG 2017), with dubious records registered
from the Sind region for Melanochelys trijuga (TTWG 2017), Batagur dhongoka (Murray, 1884b),
Batagur baska (Praschag et al. 2008) and Pangshura tentoria (Murray 1884b), although the author
here was probably referring to Pangshura tecta here. Since none of the fossils identified during
this study come from southern Pakistan, we cannot be sure whether such geoemydid existed in the
Sindh region during the Siwalik age. Geoemydid taxa now inhabit the plains of the Indus, Ganges,
and Brahmaputra River basins (Safi et al., 2021).
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Figure 5. IM E.94, referred to Batagur falconeri Lydekker, 1885, here identified as Palatochelydia indet.
A. Photograph of carapace. B. lllustration of carapace. Scale bar: 3 cm. (Courtesy by: Garbin et al., 2020).

c)Melanochelys sivalensis (Theobald, 1877) comb. nov.

Garbin et al. (2020) proposed that all specimens of ‘Clemmys’ from the Siwaliks of Punjab,
Pakistan, should be identified as Melanochelys sivalensis comb. nov. The region around the Potwar
Plateau of Pakistan, the most western part of the Siwaliks, is today inhabited by four species of
geoemydid turtles, in particular Geoclemys hamiltonii, Hardella thurjii, Pangshura tecta and
Pangshura smithii (TTWG 2017). The available sample of fossil turtles can only confirm the
former presence of the Pangshura lineage in this region in the form of Pangshura tatrotia. Most
fossils from the Potwar Plateau document a single species, Melanochelys sivalensis, with unclear
relationships with the two extant species of Melanochelys of the Indian sub-continent. Its
occurrence nevertheless documents the former presence of the Melanochelys lineages from
Pakistan. 5 specimens of Miocene/Pliocene, Middle to Upper Siwaliks of Potwar Plateau, were
recorded from Punjab (Attock, Jehlum and Chakwal districts), Pakistan. As none of the fossil
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material analyzed in this study has come from southern Pakistan, we cannot confirm the presence

of geoemydid species in the Sind region during the Siwalik age.
d) Drazinderetes (Soft-shell Marine Turtles)

Trionychid turtle remains from the Eocene marine Drazinda Formation, Drazanda is a main village
in Dera Ismail Khan District of Pakistan's Khyber Pakhtunkhwa province located at Sulaiman
Range, includes much of the bony carapace of a large trionychid described as Drazinderetes
tethyensis gen. et sp. nov. Drazinderetes is a large trionychin Drazinderetes is a large genus of
turtles from the Middle Eocene Drazinda Formation of Pakistan, its presence in shallow marine
sediments of the Drazinde Formation suggests that Drazinderetes may have been partially or
entirely marine. Unidentified turtle remains from the same structure, with an endogastric shell
indicating a length of 1.5 to 2.1 meters, suggesting that Drazinderetes would have been one of the
largest turtles. Drazinderetes currently has only one species: Drazinderetes tethyensis. The first
studies of the Drazinda Formation were carried out by the Pakistan Geological Survey and the
University of Michigan in 1993 and 1996. The holotype (GSP-UM 3 195) of Drazinderetes, a
nearly complete carapace, was found during the 1996 exploration of the area west of Satta Post in
sediments of Bartonian age (39 - 38 Ma) that also yielded archaeocetes, including Basiloterus, and
primitive sea cows. (Head et al., 1999). Unlike in many other turtles, the shell of trionychid turtles
is composed only partly of the bony carapace, with cartilage making up 20% (Apalone) to 45%
(Malayan softshell turtle) of the entire carapace length depending on the species. The exact
relationship between Drazinderetes (and GSP-UM 3019) and other softshell turtles is largely
unknown to calculate modern taxa's minimum and maximum cartilage size. Quite early the turtle
populations had been influenced by the consumption of early hominins and the cheloniophagy is
already proven with early hominids and is extended by the described materials (Blasco, 2008; Karl
etal., 2012; Karl et al., 2020) (Fig. 6 &7).
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Figure 6. Carapace of Drazinderetes tethyensis, gen. et sp. nov., in dorsal view (GSP-UM 3195, holotype,
photograph of cast). The exterior is at the top. Scale is in cm. Abbreviations in interpretive drawing at right
follow Meylan et al. (1990): C, costal element; N, neural element; NU, nuchal; PN, preneural (Courtesy:

Head et al., 1999).

Armin Reindl 2022

Figure 7. Upper and lower estimates of a large, undetermined trionychid from the Drazinda Formation
(Courtesy by: Armin Reindi, 2022).
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Snakes

Siwalik snake fauna data contains approximately 1,500 vertebrae collected from surface-collection
and screen-washing of the bulk matrix. The data represent 12 taxa and morphotypes, including
Python sp., Erycinae infinite, Acrochordus dehmi, Gansophis potwarensis gen. & sp. nov., the first
fossil record of the bungarus snake, Natricinae indeterminate, Chotaophis padhriensis gen. & sp.
nov., and Boidae and indeterminate and indeterminate Elapidae and two recognizable but unnamed
morphotypes. Acrochordus dominates the data in terms of frequency. However, there is a major
taxonomic/morphological divergence between 10.0 and 9.0 Mya, coinciding with the development
of the Asian monsoon system and the deposition of the Dhok Pathan Formation. These two factors
resulting from the uplift of the Tibetan Plateau may have resulted in more habitat for a variety of
taxa. The Siwalik Group snake fauna is highly diverse, and the unique presence of Acrochordus,
Bungarus, and new taxa in the Siwalik sequence described here suggests that the split between the
European and South Asian biogeographic regions occurred before the mid-Miocene. The snake
fauna of the Siwalik Group is quite different from the snake fauna of the Potwar Plateau, both of
these, contain only kraits. These differences occur where the young Siwalik snake is found; this
indicates that the main change occurred 6.35 million years later, probably during the Quaternary,
with the flow of the Siwalik River from the plateau. Taxonomic differences between the Siwalik
Group and coeval European faunas indicate that South Asia was a distinct biogeographic theater
from Europe by the middle Miocene. Differences between the Siwalik Group and extant snake
faunas indicate significant environmental changes on the Plateau after the last fossil snake
occurrences in the Siwalik section (Head, 2005). Rage et al. (2014) reported the discovery of
madtsoiid snake remains from the early Paleocene (Khadro Formation) from Ranikot Group,
Sindh, Pakistan. These specimens consist of vertebrae and are referred to as Gigantophis. This is
the first report of Gigantophis from outside of Africa. The problem of the generic distinction
between Gigantophis and Madtsoia is stressed. The specimens from Pakistan slightly differ from
the single species (G. garstini) referred to the genus Gigantophis, but unfortunately, the available
material does not allow further considerations and the fossil is referred to as Gigantophis sp.
However, Gigantophis sp. from the Khadro Formation is more closely related to G. garstini, from

northern Africa, that, is known only from the middle and late Eocene.
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Varanids

Varanus sp. (Merrem, 1820) was described in 2010 (SNSB-BSPG 1956 Il). The discovered fossil
is a large, long vertebra with an inner body. It is well preserved, but its front part and much of the
upper left side are covered by a hard sandstone matrix, which has not been removed to avoid
damaging the bones. In the ventral view), the area is triangular, converging posteriorly and with
smooth lateral edges. The ventral surface is flat and has no spine. Despite the stromal valve, the
ventral edge of the procotyledon is posterior to the dorsal edge. In posterior view, the disc is

compressed dorsoventrally (Fig. 8).

Figure 8. Varanus sp. from the Miocene of Pakistan: trunk vertebra (SNSB-BSPG 1956 11 2010) in ventral
(A), posterior (B), right lateral (C), dorsal (D), anterior (E), and left lateral (F) views. Abbreviations: ml,
mediospinal lamina; pcl, posterior centrosynapophyseal lamina; pl, prespinal lamina; pt, pars tectiformis;
s, synapophysis; spl, spinopostzygapophyseal lamina. Scale bar: 5 mm.

Paleo-biogeographic evolution of the Indo-Pak Peninsula

Indo-Pakistan is a peninsula, but in the past, it was part of Gondwana and was an island once
during the northward journey. During the Late Triassic period (about 220 million years ago),
landmasses were consolidated into Pangea. Indo-Pakistan separated from Madagascar in the late
Jurassic and began advancing northward in the early Cretaceous (135 mya). It is a journey mostly

Cretaceous, and about 68-70 million years ago the rapidly moving islands traveled more than 6000



17 | K’/ er al, 2024 Screntific Reports in Lije Sciences S (3). /-2F

kilometers to the northwest, first meeting Tethys and the Afghan block of Asia. This first collision
(67 Ma) created the land bridge (between Indo-Pakistan Shield and Asia) from Afghanistan /Hindu
Kush-Kurram-Waziristan-Zhob (Western Indus Suture and adjoining Afghan land) -Ziarat-Fort
Munro (D.G. Khan) areas, allowed the migration of the latest Cretaceous fauna from Asia to Indo-
Pakistan and vice versa (Malkani & Ge, 2016). Therefore, the West Indus suture area near Zhob-
Waziristan-Kurram and the adjacent western part of the Afghan block uplifted more, which
provided the lands for the migration of the Eocene vertebrates like baluchithere, the largest
rhinoceros from Asia to the Indo-Pakistan subcontinent.

This rising ended the Paleo Vitakri River systems of the Sulaiman Belt (Indo-Pak Shield to Neo-
Tethys) and initiated the birth of Paleo Indus River systems flowing from northwest to southeast
and north to south. It deposited the deltaic and terrestrial molasses Late Paleocene-Early Eocene
Chamalang (Ghazij) Group in the Sulaiman basin Shagala Group of Balochistan. This molasses
marks the beginning of the closure of the Neo-Tethys Sea from the northwest of the Indo-Pakistani
subcontinent. The Middle Eocene was represented by a major westward and eastward
transgression of the sea. Therefore, the transition period of this transgression is represented by the
deposition of the Upper Gazi Group, and the major transgression is represented by the release of
the Kahan Group (Habib Rahi limestone Domanda shale, Pirkoh limestone, and Drazinda shale)

in the Sulaiman basin of Pakistan while the northern Balochistan /Kakar Khorasan basin was under
erosion. At the latest Eocene (40--35 Ma) the northern part of Indo-Pakistan collided with
Karakoram and Tibetan parts of Asia. This collision resulted in the uplift, folding, and faulting
(mainly south verging thrusts) in the northwestern Foreland (Hindukush- Karakoram belt and
Kohistan-Ladakh magmatic arc) and its adjoining northern part of the Hinterland now called
Himalaya. Consequently, the Tethys Sea was permanently closed by the end Eocene tectonic
episode which is responsible for the birth of the Himalayas. This collision started the
terrestrial/continental fluvial faces and Neotethys permanently closed from Hindukush-Karakoram
belt, Kohistan magmatic arc, Khyber Pakhtunkhwa (uppermost Indus), Kohat and Potwar
(northern/upper Indus) and Sulaiman (Middle Indus) basins while the Kirthar (southern / lower
Indus) basin remained undersea as the Oligocene marine Nari and Gaj formations were deposited
in Kirthar basin. The limestone Domanda Shale (Pirkoh Limestone and Drazinda Shale) in the
Sulaiman Basin of Pakistan is being eroded, while the northern Balochistan/Kakkar Khorasan

Basin is being eroded. 40-35 Ma) Collision of northern India and Pakistan with the Karakoram
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Mountains This collision resulted in uplift, folds, and faulting of the northwest (Hindu Kush-
Karakoram belt and Kohistan-Ladakh magmatic arc) and northern hinterland (now known as the
Himalayas). (southern thrust faults only). As a result, at the end of the Eocene tectonic period, the
Tethys Sea closed permanently, leading to the formation of the Himalayas. The Kohistan magma
arc is permanently closed. Since the Oligocene marine Nari and Gaj formations were deposited in
the Kirthar basin, the lower basin remains on the coast. It was born in the Ganges River system.
The major geological events during the time that led to further invasion of seawater from the Kirtal
(lower/southern Indus) basin were: the deposition of the continental Vihowa/Manchar Group, the
last major event ever, the end of the Pleistocene, leading to further intrusion of the southern seas
and folds. And caused the emergence of faults (Malkani and Mahmood, 2016). The northward
movement of the India-Pakistan Plate continues to this day.

The Neo-Tethys still extends east-west, mostly to the west of the Indo-Pak subcontinent, but is
now called the Indian Ocean. It is called South Asia because of the contact and collision between
the Indo-Pak subcontinent and East Asia. Cenozoic vertebrates show affinity with Eurasia, having
migrated from the Indo-Pak subcontinent to Eurasia and vice versa after the initial collision
between the Indo-Pak subcontinent and Asia at the end of the Cretaceous. Show Indo-Pak history
(Sun, 1993; Sun et al., 2014; Martin et al., 2010; Malkani, 2015d; Malkani & Ge, 2016).

References

Barry, J. C., Behrensmeyer, A. K., Badgley, C. E., Flynn, L. J., Peltonen, H. A.N. N. E. L. E.,
Cheema, I. U,, ... & Morgan, M. E. (2013). Chapter 15. The Neogene Siwaliks of the
Potwar Plateau, Pakistan. In Fossil mammals of Asia: Neogene biostratigraphy and
chronology (pp. 373-399). Columbia University Press.

Blasco, R. (2008). Human consumption of tortoises at level IV of Bolomor Cave (Valencia,
Spain). Journal of Archaeological Science, 35(10), 2839-2848.

Bohme, M. (2003). The Miocene climatic optimum: evidence from ectothermic vertebrates of
Central Europe. Palaeogeography, Palaeoclimatology, Palaeoecology, 195(3-4), 389-401.

Dehm, R. (1983). Miocene hominoid primate dental remains from the Siwaliks of Pakistan. In
New interpretations of ape and human ancestry (pp. 527-537). Boston, MA: Springer US.

Dehm, R. (1984). Molar size enlargement in Siwalik hominoid primates and its significance.
Courier Forschungsinstitut Senckenberg, 69, 49-52.

Dehm, R., zu Oettingen-Spielberg, T., & Vidal, H. (1958). Paldontologische und geologische
Untersuchungen im Tertidr von Pakistan. 1. Die Minchener Forschungsreise nach
Pakistan:(1955-1956).

Dehm, R., Oettingen-Spielberg, T., & Vidal H. (1963). Paldontologische und geologische



19 | KA’/ er al, 2024 Screntific Reports in Lije Sciences S (3). /-2F

Untersuchungen im Tertidr von Pakistan. I1l. Deinotherium im der Chinji-stufe der
Unteren Siwalik-Schichten. Abhandlungen der Mathematisch-Naturwissenschaftliche
Klasse der Bayerischen Akademie der Wissenschaften 114: 1-34.

Garbin, R. C., Bandyopadhyay, S., & Joyce, W. G. (2020). A taxonomic revision of geoemydid
turtles from Siwalik-age of India and Pakistan. European Journal of Taxonomy,
2020(652), 1.

Guzman-Sandoval, J. A., & Rossner, G. E. (2021). Miocene chevrotains (Mammalia,
Artiodactyla, Tragulidae) from Pakistan. Historical Biology, 33(6), 743-776.

Head, J. J. (2005). Snakes of the Siwalik Group (Miocene of Pakistan): Systematics and
relationship to environmental change. Palaeontologia Electronica 8(1).

Head, J. J., Raza, S. M., & Gingerich, P. D. (1999). Drazinderetes tethyensis, a new large
trionychid (Reptilia: Testudines) from the marine Eocene Drazinda Formation of the
Sulaiman Range, Punjab (Pakistan).

Heissig, K. (1972). Paldontologische und geologische Untersuchungen im Tertidr von Pakistan.
V. Rhinocerotidae (Mamm.) aus den unteren und mittleren Siwalik-schichten.
Abhandlungen der Mathematisch-Naturwissenschaftliche Klasse der Bayerischen
Akademie der Wissenschaften 152: 1-112.

Hussain, S. T. (1971). Revision of Hipparion (Equidae, Mammalia) from the Siwalik Hills of
Pakistan and India. Bayerische Akademie der Wissenschaften, Mathematisch-
Naturwissenschaftliche Klasse, Abhandlungen 147: 1-68.

Hoffstetter, R. (1964). Les serpents du Néogéne du Pakistan (couches des Siwaliks). Bulletin
de la Société géologique de France, 7(4), 467-474.

Joyce, W. G., & Lyson, T. R. (2010). Pangshura tatrotia, a new species of pond turtle
(Testudinoidea) from the Pliocene Siwaliks of Pakistan. Journal of Systematic
Palaeontology, 8(3), 449-458.

Karl, H. V., GroninG, E., & BraucKMann, C. (2011). New Oligocene turtle remains of the
Oberleichtersbach Doline filling (Lower Franconia, Germany) and revision of the genus
Palaeomauremys (Testudines: Geoemydidae). Studia Geologica Salmanticensia, 47(2),
175-194.

Karl, H. V., Safi, A., Phillipen, H. D. & Kutzner, H. (2020). Evidence of cheloniophagy by early
hominid (Homo erectus) during the middle of pleistocene from beds of trinil’s layers in
central Java (Indonesia), with an updated list of trinil’s testudines, and a redescription of
Duboisemys isoclina (Dubois, 1908). International Journal of Zoology Studies. 4(6), 73-
84.

Karl, H. V., Safi, A., Coufal, J., & Kutzner, H. (2021). Description and identification of a
recently discovered steinkern fragment of a marine turtle from the north bohemian saxon
cretaceous basin, Czech Republic, (central Europe). Journal of global ecology and
environment, 12(4), 36-45.

Karl, H. V., Safi, A., & Staesche, U. (2021). New findings of Neogene tortoises Titanochelon



20 | Kar/ et al, 2024 Screntific Reports in Lije Sciences S (3). /-2F

kayadibiensis sp. nov. and Protestudo bessarabica (Riabinin, 1918) (Testudinidae) from
the Miocene of western Turkey, with a review of fossil turtles of Turkey. SPC Journal of
Environmental Sciences, 3 (1) (2021) 1-9.

Lydekker, R. (1885a). Indian Tertiary and post-Tertiary Vertebrata, Part 11l — Siwalik and
Narbada Chelonia. Memoirs of the Geological Survey of India, Palaeontologia Indica 10
(3): 155-208.

Lydekker, R. (1886a). On a new Emydine chelonian from the Pliocene of India. Quarterly
Journal of the Geological Society 42: 540-541.

Lydekker, R. (1889a). Notes on Siwalik and Narbada Chelonia. Records of the Geological
Survey of India 22 (1): 56-59.

Lydekker, R. (1889b). Catalog of the Fossil Reptilia and Amphibia in the British Museum
(Natural History). Part I11. Chelonia. Order of the Trustees, London.

Malkani, M. S. (2003a). First Jurassic dinosaur fossils found from Kirthar range, Khuzdar
District, Balochistan, Pakistan. Geological Bulletin University of Peshawar, 36: 73-
83.

Malkani, M. S. (2006) . Biodiversity of saurischian dinosaurs from the latest Cretaceous Park
of Pakistan. Journal of Applied and Emerging Sciences, 1(3): 108-140.

Malkani, M. S. (2007) . Trackway’s evidence of sauropod dinosaurs confronted by a theropod
found from Mid Jur. Samana Suk Limestone of Pakistan. Sindh University Research
Journal: Science Series, 39(1): 1-14.

Malkani, M. S. (2008a) . Marisaurus (Balochisauridae, Titanosauria) remains from the latest
Cretaceous of Pakistan. Sindh Univ. Res. Journ. :Sci Series, 40(2) :55-78.

Malkani, M. S. (2008b) . The first articulated Atlas-axis complex of Titanosauria (Sauropoda,
Dinosauria) was uncovered from the latest Cretaceous Vitakri member (Dinosaur beds)
of the upper Pab Formation, Kinwa locality of Sulaiman Basin, Pakistan. Sindh
University Research Journal: Science Series, 40(1): 55-70.

Malkani, M. S. (2009) . New Balochisaurus (Balochisauridae, Titanosauria, Sauropoda) and
Vitakridrinda (Theropoda) remains from Pakistan. Sindh University Research Journal:
Science Series, 41(2): 65-92.

Malkani, M. S. (2010a) . New Pakisaurus (Pakisauridae, Titanosauria, Sauropoda) remains
and Cretaceous-Tertiary (KT) boundary from Pakistan. Sindh University Research
Journal: Science Series, 42(1): 39-64.

Malkani, M. S. (2010c) . Osteoderms of Pakisauridae and Balochisauridae (Titanosauria,
Sauropoda, Dinosauria) in Pakistan. Journal of Earth Science, 21(Spec.3): 198-203.

Malkani, M. S. (2013) . New pterosaur from the latest Cretaceous terrestrial strata of Pakistan
/ IAbstract Book of 9th International Symposium on the Cretaceous System, September



21 | Kar/ et al, 2024 Screntific Reports in Lije Sciences S (3). /-2F

1- 5 Metu Congress Center, Middle East Technical University, Ankara, Turkey, 62.

Malkani, M. S. (2014a) . Titanosaurian sauropod dinosaurs from the latest Cretaceous of
Pakistan / /Abstract Volume of 2" symposium of International Geoscience Program 608
(IGCP 608) “Cretaceous Ecosystem of Asia and Pacific” Tokyo Japan, 108-111.

Malkani, M. S. (2014b) . Theropod dinosaurs and mesoeucrocodiles from the Terminal
Cretaceous of Pakistan / /Abstract Volume of 2nd symposium of International Geoscience
Program 608 (IGCP 608) “Cret. Ecosys. of Asia & Pacific” Tokyo, Japan, 169-
172.

Malkani, M. S. (2015a) . Titanosaurian sauropod dinosaurs from Pakistan / /Zhang Y. (ed.)
Abstract volume, 12th Symposium on “Mesozoic Terrestrial Ecosystems (MTE 12), and
3rd Symposium of International Geoscience Program (IGCP 608) “Cretaceous Ecosystem

of Asia and Pacific” Shenyang, China, 93-98.

Malkani, M. S. (2015b) . Terrestrial mesoeucrocodiles from the Cretaceous of Pakistan /
/Zhang Y. (ed.) Abstract volume, 12th Symposium on Mesozoic Terrestrial
Ecosystems (MTE 12), and 3rd Symposium of International Geoscience Program (IGCP
608) “Cretaceous Ecosystem of Asia and Pacific” Shenyang, China, 242-246

Malkani, M. S. (2015d) . Dinosaurs, mesoeucrocodiles, pterosaurs, new fauna, and flora
from Pakistan. Geological Survey of Pakistan, Information Release 823: i-iv, 1-32

Malkani, M. S. Mahmood, Z. (2016) . Revised stratigraphy of Pakistan Geol. Surv. Pak
Record 127: i-iv, 1-87.

Malkani, M. S., Sahni, A. (2015). A unified perspective of Terrestrial Jurassic and Cretaceous
vertebrates from the Indian Subcontinent: Challenges and Prospects / / abstract volume of
International conference on “Current perspectives and emerging issues in Gondwana
evolution”. Lucknow, India,

Malkani, M. S., and Ge, S. (2016). Fossil biotas from Pakistan with a focus on dinosaur
distributions and discussion on the paleobiogeographic evolution of the Indo-Pak

Peninsula. Global Geology , 19(4) : 230 -240(2016).

Malkani, M. S. (2019). Recently Discovered Basilosaurid, Baluchithere Rhinoceros, Horses,
Sea Cow, Proboscidean, Eucrocodile, Pterosaurs, Plesiosaur, Fishes, Invertebrates and
Wood Fossils, Tracks and Trackways of Dinosaurs from Pakistan; Comparison of
Recognized Four Titanosaur Taxa of Indo-Pakistan with Madagascar. Open Journal of
Geology, 9, 919-955. https://doi.org/10.4236/0j9.2019.912098

Malkani, M. S. (2019). Large Titanosaur from Indo-Pakistan Peninsula. Open Journal of
Geology, 9, 635-638. https://doi.org/10.4236/0jg.2019.910061

Martin, T., Sun, G., & Mosbrugger, V. (2010). Triassic-Jurassic biodiversity, ecosystems, and
climate in the Junggar Basin, Xinjiang, Northwest China. Palaeobiodiversity and


https://doi.org/10.4236/ojg.2019.912098

22 | Kar/ et al, 2024 Screntific Reports in Lije Sciences S (3). /-2F

Palaeoenvironments, 90, 171-173.

Murray, J. A. (1884a). Additions to the reptilian fauna of Sind. The Annals and Magazine of
Natural History 14: 106-111.

Nanda, A. C., Schleich, H. H., & Kaotlia, B. S. (2016) New Fossil Reptile Records from the
Siwalik of North India. Open Journal of Geology, 6, 673-691.

Nanda, A. C., Sehgal, R. K., & Chauhan P. R. (2018). Siwalik-age faunas from the Himalayan
Foreland Basin of South Asia. Journal of Asian Earth Sciences 162: 54-68.
https://doi.org/10.1016/j.jseaes.2017.10.035

Pickford, M. (2010). Additions to the Dehm collection of Siwalik hominoids, Pakistan:
descriptions and interpretations. Zitteliana A50: 111-125.

Praschag, P., Sommer, R. S., Mccarthy, C., Gemel, R., & Fritz, U. (2008). Naming one of the
world's rarest chelonians, the southern Batagur. Zootaxa, 1758(1), 61-68.

Rage, J. C., Metais, G., Bartolini, A., Brohi, I. A., Lashari, R. A., Marivaux, L., ... & Solangi,
S. H. (2014). First report of the giant snake Gigantophis (Madtsoiidae) from the Paleocene
of Pakistan: Paleobiogeographic implications. Geobios, 47(3), 147-153.

Rogl, F. (1999). Mediterranean and Paratethys. Facts and hypotheses of an Oligocene to
Miocene paleogeography (short overview). Geol Carpathica. 50:330-349.

Safi, A., Khan, M. Z., Hashmi, M. A. U., Kanwal, R., & Karl, H. V. (2020). Some aspects of
Morphometry, Systematics and Bio-geography of the Freshwater Turtles, Pangshura
(Testudines: Geoemydidae) of Pakistan. Journal of Environmental sciences, 2(1), 26-35.

Safi, A., Khan, M. Z., Kanwal, R., & Karl, H. V. (2021). Population Status, Threats and
Conservation of the Spotted Pond Turtle; Geoclemys Hamiltonii (Gray, 1830)
(Geoemydidae) of Pakistan. Journal of Zoological Research, 3(1), 29-37.

Srivastava, R. & Schleich, H. H. (2018). Fossil turtles and crocodiles from the Caenozoic of s-
asia. ARCO-Nepal Society for Amphibian and Reptile Conservation of Nepal.
Edlingerstr.18, D-81543 Munich, Germany.

Sun, G. (1993) . The Late Triassic flora from the Tiangiaoling of Wangqging, China.
Changchun: Jilin Sci.  Techn. Press, 1-157.

Sun, G., Akhmetiev, M., Markevich, V., etal. (2014) . The Cretaceous- Paleogene (K-
Pg) boundary from Jiayin of Heilongjiang, China, and the extinction of dinosaurs
Shanghai:

Theobald, W. (1877). Description of a new Emydine from the Upper Tertiaries of the Northern
Punjab. Records of the Geological Survey of India 10: 43-45.

TEWG (2015). Turtle Extinctions Working Group [Rhodin, A. G. J., Thomson, S., Georgalis,
G., Karl, H. V., Danilov, I. G., Takahashi, A., de la Fuente, M. S., Bourque, J. R., Delfino,
M., Bour, R., lverson, J. B., Shaffer, H. B., and van Dijk, P. P.]. 2015. Turtles and tortoises
of the world during the rise and global spread of humanity: first checklist and review of
extinct Pleistocene and Holocene chelonians. In: Rhodin, A. G. J., Pritchard, P.C. H., van


https://doi.org/10.1016/j.jseaes.2017.10.035

23 | K/ et al, 2024 Screntific Reports in Lije Sciences S (3). /-2F

Dijk, P. P., Saumure, R. A., Buhlmann, K. A., Iverson, J. B., and Mittermeier, R.A. (Eds.).
Conservation Biology of Freshwater Turtles and Tortoises: A Compilation Project of the
IUCN/SSC Tortoise and Freshwater Turtle Specialist Group. Chelonian Research
Monographs 5(8):000e.1-66.

TTWG [Rhodin, A. G. J., Iverson J. B., Bour, R., Fritz, U., Georges, A., Shaffer, H. B., and
van Dijk P. P.]. (2017). Turtles of the World: Annotated Checklist and Atlas of
Taxonomy, Synonymy, Distribution, and Conservation Status. (8th Ed.). Chelonian
Research Monographs 7: 1-292. DOI: 10.3854/crm.7.checklist.atlas.v8.2017.

TTWG (2021): Turtle Taxonomy Working Group [Rhodin, A. G. J., Iverson, J. B., Bour, R.,
Fritz, U., Georges, A., Shaffer, H. B., and van Dijk, P. P.]. 2021. Turtles of the World:
Annotated Checklist and Atlas of Taxonomy, Synonymy, Distribution, and Conservation
Status (9th Ed.). In: Rhodin, A.G.J., Iverson, J.B., van Dijk, P.P., Stanford, C.B., Goode,
E.V., Buhlmann, K.A., and Mittermeier, R.A. (Eds.). Conservation Biology of Freshwater
Turtles and Tortoises: A Compilation Project of the IUCN/SSC Tortoise and Freshwater
Turtle Specialist Group. Chelonian Research Monographs 8:1-472.

Villa, A., & Delfino, M. (2022). The first fossil of Varanus Merrem, 1820 (Squamata:
Varanidae) from the Miocene Siwaliks of Pakistan. Geodiversitas 44 (7). 229-235.
https://doi.org/10.5252/geodiversitas2022v44a7. http://geodiversitas.com/44/7

Wilson, J. A., Malkani, M. S., Gingerich, P. D. (2005) . A sauropod braincase from the Pab
Formation (Upper Cretaceous, Maastrichtian) of Balochistan, Pakistan. Gondwana
Geol. Mag., Spec. Vol (8):101-109.



