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Abstract: Isolated elasmobranch teeth (sharks and rays) from the middle Eocene (Bartonian) Bandah Formation in the Jaisalmer 
District of Rajasthan, India are described. The remains improve our knowledge of the environment represented by this lithostratigraphic 
unit and the ecology preserved therein. Seventeen unequivocal taxa were identified, including Nebrius sp., Striatolamia aff. S. 
macrota, Brachycarcharias atlasi, B. lerichei, cf. Jaekelotodus sp., Carcharhinus mancinae, Rhizoprionodon sp., Physogaleus 
sp., Galeocerdo clarkensis, G. eaglesomei, Odontorhytis aff. O. pappenheimi, “Rhinobatos” sp., “Dasyatis” sp., Coupatezia sp., 
“Aetomylaeus” sp., “Rhinoptera” sp., and Ouledia aff. O. lacuna. Of these, “Aetomylaeus” sp., B. atlasi, C. mancinae, G. clarkensis, 
G. eaglesomei, cf. Jaekelotodus sp., Nebrius sp., Odontorhytis aff. O. pappenheimi, Ouledia aff. O. lacuna, and “Rhinoptera” 
sp. are reported from the middle Eocene of India for the first time. The Bandah Formation elasmobranch palaeofauna has close 
affinities to the Palaeocene-Eocene Tethyan/Paratethyan faunas of Africa, Madagascar, Asia, and Europe, and some taxa indicate 
a western hemisphere influence from North America. The Bandah Formation palaeofauna indicates that deposition occurred in a 
moderately shallow marine environment. The Bartonian age is primarily based on foraminifera but is corroborated by the presence 
of elasmobranch taxa that also occur in contemporaneous deposits elsewhere. The marine regression started during the early 
Palaeogene, and our study indicates that the sea completely withdrew from the Jaisalmer Basin after the deposition of the Bandah 
Formation. This event may have been synchronous with the middle Eocene uplift of the Himalayan-Tibetan Plateau.
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INTRODUCTION

The Palaeogene basin of the Jaisalmer District in Rajasthan, 
India has long been recognized for its rich diversity of fossil 
invertebrates, but vertebrate fossils from the region are 
comparatively poorly known (Kumar et al., 2007; Pandey et 
al., 2018; Kumar et al., 2017; Kumar et al., 2020). The paucity 
of studies on the vertebrate fossils in this region is due to a 
combination of factors, one being the poor state of preservation 
of much of the material. Of the few published studies on fossil 
vertebrates from the Jaisalmer District, Kumar et al. (2017) and 
Kumar et al. (2020) described small vertebrate faunas from the 
middle Eocene Bandah Formation in Rajasthan. Kumar et al. 
(2017) identified teeth as Isurus sp., Lamna sp., Striatolamia 
sp. and Galeocerdo sp., and Kumar et al. (2020) reported 
the occurrence of Isurus cf. I. oxyrhinchus, Carcharias cf. 
C. tricuspidatus, Galeocerdo sp., and Myliobatis sp. These 
preliminary reports are of interest because the fossils were 
obtained from the same locality and formation as the present 
study, but the material was surface collected from a different 
outcrop where the lithologic beds are more difficult to discern. 

Outside of the Jaisalmer District, several Palaeogene 
elasmobranch faunas have been reported from the Indian 
subcontinent, the oldest of which occur in upper Palaeocene 

(Thanetian) to lower Eocene (Ypresian) strata of the Akli and 
Kapurdi formations in the Barmer District of Rajasthan (Rana et 
al., 2005, 2006; Rajkumari & Prasad, 2020), and the similarly-
aged Kakara Formation of the Shimla District in Himachal 
Pradesh (Gupta & Kumar, 2013). Early Eocene elasmobranch 
faunas have been documented from the Cambay Shale of the 
Surat District (Rana et al., 2004), the Subathu Formation of the 
Solan District of Himachal Pradesh (Sahni et al., 1984; Kumar 
& Loyal, 1987), Nilkanth of the Pauri District of Uttarakhand 
(Kumar, 1989) and Rajouri District of Jammu and Kashmir 
(Khare, 1976). Additional selachian faunas were described by 
Sahni & Mishra (1975) from various Eocene units in the Kutch 
District in Gujarat.

Herein we describe a collection of isolated elasmobranch 
teeth recovered in situ from the Bandah Formation in the 
Jaisalmer District of Rajasthan that were obtained during a field 
investigation in the region in February 2020. These specimens 
are described in detail, and we provide a re-evaluation of the 
elasmobranch remains previously reported from the locality 
by Kumar et al. (2017) and Kumar et al. (2020). Additionally, 
we discuss taxonomic issues and the palaeobiogeographic 
distributions of the species we identified, and we provide 
a palaeoenvironmental interpretation for the fossiliferous 
horizon based on the fossils that have been collected.  



Palaeovertebrata Vol.44 (2)-e1

2

GEOLOGIC SETTING AND AGE

The Palaeogene surface sequence of the Jaisalmer Basin is 
represented by the Sanu, Khuiala and Bandah formations (Fig. 
1). The basal sequence is the Palaeocene Sanu Formation, 
which overlies the Cretaceous Habur Formation. Investigations 
of the surface exposures of the latter formation have thus 
far shown it to be devoid of fossils. The Sanu Formation is 
overlain by the lower Eocene Khuiala Formation. Although 
macrofossils are generally lacking in surface exposures of 
the Khuiala Formation, abundant vertebrate and invertebrate 
microfossils are known from the basal part of this unit (Singh, 
1996; Kumar et al., 2007; Pandey et al., 2018; Raju, 2018; and 
references therein). The middle Eocene Bandah Formation 
is the uppermost unit within the Palaeogene sequence. This 
unit conformably overlies the Khuiala Formation and is 
disconformably overlain by the Pleistocene Sumer Formation 
(Singh, 1996). The elasmobranch sample described herein was 
collected in situ from the upper portion of the middle Eocene 
Bandah Formation.  

The collecting locality for the present study is located 
approximately 2.5 km northeast of Bandah Village along 
Bandah-Ramgarh Road within the Jaisalmer District in 
Rajasthan, India (N 27°09’00.91”; E 70°28’02.56”). Although 
a complete section of the Bandah Formation is not exposed at 
our collecting locality (most of the area is covered by Recent 
sand from the Thar Desert), an 8.60 m thick section of the upper 
part of the formation was available to study. This portion of the 
formation consists of four beds, which include (in ascending 
order) “bed d” – 3.0 m of greyish-green to khaki gypsiferous 
shale intercalated with thin bands of dirty white to yellowish 
foraminifera-bearing limestone and marl (each 0.30 m thick); 
“bed c” – 1.50 m of yellowish to brownish foraminifera-bearing 
limestone; “bed b” –  3.50 m of yellowish to chalky white oyster-
bearing argillaceous limestone, and; “bed a” –  0.60 m of dirty 
white to yellowish compact limestone that is finally capped by 
Recent alluvium. The elasmobranch fossils described herein 
were collected from the upper part of “bed b” of the Bandah 
Formation at our collecting locality (see Fig. 2). Although our 
collecting site is situated close to the study location of Kumar 
et al. (2017) and Kumar et al. (2020), our stratigraphic section 

Figure 1. Location of the collecting site in the Jaisalmer District of Rajasthan, India. A. Callout of a section of the Jaisalmer District showing the exposed stratigraphic 
units and collecting locality. B. Map of India showing the location of Rajasthan and the Jaisalmer District. C. Map of Rajasthan showing the location of the Jaisalmer 
District. Geologic map modified from Kumar et al. (2020).
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shown in Figure 2 differs from the interpretations presented in 
those two prior reports. At our particular location, the various 
beds within the Bandah Formation are well-exposed and easy to 
differentiate, whereas the individual beds are more difficult to 
discern at the area of collection reported by Kumar et al. (2017) 
and Kumar et al. (2020). We therefore consider our section to 
be the more accurate representation of the lithostratigraphic 
composition of the Bandah Formation in this area.    

Based on surface and subsurface sections from elsewhere, 
more complete sections of the Bandah Formation consist of 
(in ascending order) gypsiferous bentonitic clay at the base, 
ochreous marl, bioclastic limestone, fragmental limestone, and 
hard, fine-grained, compact crystalline limestone. The Bandah 
Formation as a whole contains abundant foraminifera and 
molluscs, and various studies of the foraminifera from other 
subsurface localities have dated the unit to the Bartonian Stage 
within the middle Eocene based on mega- and planktonic taxa, 
including Nummulites acutus (Sowerby, 1840), N. maculatus 
Nuttall, 1926a, N. beaumonti d’Archiac & Haime, 1853, N. 
pengaronensis Verbeek, 1871, N. fabianni (Prever in Fabiani, 
1905), Assilina papillata Nuttall, 1926a, A. spira (Roissy, 1805), 
Discocyclina javana (Verbeek, 1880), Dictyoconoides cooki 
Nuttall, 1925, Globigerinatheka kugleri (Bolli et al., 1957), 
Truncorotaloides rohri Brönnimann & Bermudez, 1953, T. 
topilensis (Cushman, 1925a), and Turborotalia cerroazulensis 
(Cole, 1928) (Singh, 1996, 2007; Raju, 2018; and references 
therein). Based on subsurface data, the oyster-bearing “bed b” 
at our locality falls within planktonic foraminifera zones P13 
and P14 (i.e., E12 and E13), large benthonic foraminifer zone 
SBZ17, and calcareous nannofossil zone NP17 (Singh, 1996, 
2007; Raju, 2018; Rai et al., 2014). These studies confirm a 

middle Eocene Bartonian age for the elasmobranch assemblage 
described herein. 

MATERIAL AND METHODS

All of the specimens in this study were collected from a 
single locality located approximately 2.5 km northeast (N 
27° 09’00”91”; E 70° 28’02”56”) of Bandah Village, along 
Bandah-Ramgarh Road in the Jaisalmer District of Rajasthan, 
India (Fig. 1). The fossils were recovered by surface collecting 
as well as through the processing of approximately 100 kg 
of in situ bulk matrix. Bulk matrix was screen washed in 
the laboratory at Garhwal University, Uttarakhand, India, 
and the resulting concentrates were sorted under a binocular 
microscope. These methods resulted in the recovery of fossils 
down to microscopic sizes (less than 2 mm), which yields 
a more comprehensive representation of the palaeofauna 
compared to surface collecting alone (i.e., Kumar et al. 
2017; Kumar et al., 2020). Microphotography was done with 
an Olympus S Z 61 microscope and Nikon D5300 digital 
camera with 18-55 AF-P lens, and the accompanying figures 
were produced in CorelDRAW X7 software. All specimens 
are housed at the Vertebrate Palaeontology laboratory in 
the Department of Geology at Hemvati Nandan Bahuguna 
(H.N.B.) Garhwal University, Srinagar Garhwal, Uttarakhand, 
India. The specimens are catalogued with the prefix  “GU/B”, 
with “GU” indicating Garhwal University and “B”  the Bandah 
Formation. The nomenclature utilized largely follows that 
of Cappetta (2012) and Ebersole et al. (2019), and higher 
taxonomic rankings follow that of Nelson et al. (2016).

Figure 2. Measured section and lithostratigraphic descriptions of the exposed beds of the Bandah Formation at the collecting locality. 
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SYSTEMATIC PALAEONTOLOGY

Class Chondrichthyes Huxley, 1880
Subclass Euselachii Hay, 1902
Infraclass Elasmobranchii Bonaparte, 1838
Division Selachii Cope, 1871
Superorder Galeomorphi (sensu Nelson, Grande, & Wilson, 
2016)
Order Orectolobiformes Applegate, 1974
Suborder Orectoloboidei Applegate, 1974
Superfamily Hemiscyllioidea Naylor et al., 2012
Family Ginglymostomatidae Gill, 1862
Genus Nebrius Rüppell, 1837
Nebrius sp.

Referred specimen – GU/B 2005 (Fig. 3).

Description – GU/B 2005 is an asymmetrical lateral tooth that 
is broader than high. There is a distally inclined main cusp 
that is much larger than the lateral cusplets occurring on the 
mesial and distal sides. The mesial cutting edge is very convex 
basally but becomes straight as it extends to the main cusp, and 
there are nine cusplets that increase in size apically. The distal 
cutting edge is short, weakly convex, and bears five cusplets 
that increase in size apically. The main cusp has smooth cutting 
edges and is separated from the mesial and distal cusplets by a 
deep notch. The cutting edges on the lateral cusplets are smooth. 
The labial crown face is convex (particularly medially) and 
middle of the crown foot is developed into a basally extended 
apron. The lingual crown face is convex, and both crown 
faces are smooth. The root is poorly preserved, but a broadly 
elliptical foramen is visible medially on the lingual root face.

Discussion – The Bandah Formation tooth (GU/B 2005) 
is assigned to Nebrius based on the large number of mesial 
and distal cusplets, which contrasts with the 1-4 accessory 
cusplets seen on teeth of other ginglymostomatids. The 
Bandah Formation tooth is superficially similar to specimens 
identified as Ginglymostoma sokotoense White, 1934 and 
Ginglymostoma sp. from the late Palaeocene to Eocene Akli 
and Khuiala formations of Rajasthan, and Kakra Formation 
of Himachal Pradesh (Rana et al., 2005; Kumar et al., 2007; 

Gupta & Kumar, 2013; Rajkumari & Prasad, 2020). However, 
it differs by having a greater number of mesial and distal 
cusplets. The overall morphology of GU/B 2005, including 
the number of mesial and distal cusplets, is more consistent 
with teeth described elsewhere as N. thielensi (Winkler, 1873), 
but we herein only assign it to the generic level due to the 
poor preservation of the specimen. Although this specimen 
is similar to teeth described as N. obliquus (Leidy, 1877), 
examination of the dentition of Recent N. ferrugineus (Lesson, 
1831) led Ebersole et al. (2019) to conclude that  N. obliquus 
is conspecific with N. thielensi because the lone characteristic 
used to separate the two, the shape of the labial apron (see 
Cappetta & Case, 2016), could reflect heterodonty within a 
single species and is therefore not taxonomically significant.  

Extant Nebrius species are known to inhabit tropical and 
sub-tropical continental and insular shelf environments 
(Compagno, 2005). Nebrius thielensi is known primarily from 
middle and upper Eocene deposits occurring in North America 
(Müller, 1999; Case & Borodin, 2000; Cicimurri & Knight, 
2019; Ebersole et al., 2019), Europe (Van den Eeckhaut & De 
Schutter 2010), and Africa (Case & Cappetta, 1990; Adnet et 
al., 2020).

Order Lamniformes Garman, 1885
Family Mitsukurinidae Jordan, 1898
Genus Striatolamia Glikman, 1964
Striatolamia aff. S. macrota (Agassiz, 1838)

Referred specimens – GU/B 2010, GU/B 2011, GU/B 2012, 
GU/B 2013, GU/B 2015, GU/B 2016, GU/B 2017, GU/B 2018, 
GU/B 2020 (Fig. 4).

Description – Anterior teeth have a very tall and narrow main 
cusp. The cusp may be straight and erect or slightly distally 
curved. The sides of the main cusp are parallel on the lower 
one-half to two-thirds, but apically the sides are convex and 
meet at the apex. The cutting edges are smooth, sharp, and 
extend from the apex but end well short of the cusp base. The 

Figure 3. Nebrius sp. tooth. A-C. GU/B 2005 in A. lingual, B. mesial, and C. 
labial views. Scale bar = 2 mm.

Figure 4. Striatolamia aff. S. macrota anterior teeth. A-D. GU/B 2020, A. 
lingual view, B. close-up of lingual striations, C. labial view, D. distal view. 
E-H. GU/B 2010, E. lingual view, F. close-up of lingual striations, G. labial 
view, H. distal view. Scale bars = 5 mm.
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labial face is flat to only weakly convex, and the enameloid 
is smooth. In contrast, the lingual face is very convex and 
bears numerous fine longitudinal ridges that extend up to 
three-quarters of the cusp height. The main cusp is flanked 
by a single pair of diminutive lateral cusplets. Roots are often 
incompletely preserved, but they are bilobate with elongated, 
narrow, diverging lobes. A lingual protuberance is bisected by 
a deep nutritive groove.  

Discussion – The anterior teeth recovered from the Bandah 
Formation have close morphological affinities with Striatolamia 
macrota from the lower-to-middle Eocene Claiborne Group 
of Alabama, USA (Ebersole et al., 2019) and the middle-to-
late Eocene sequence of Fayum, Egypt (Case & Cappetta, 
1990). The anterior teeth we assigned to Striatolamia differ 
from those of Brachycarcharias by having a comparatively 
taller and narrower main cusp with parallel sides. In contrast, 
Brachycarcharias anterior teeth are more broadly triangular. 
Additionally, the cusplets preserved on the Striatolamia teeth 
are much smaller and gracile than those on Brachycarcharias 
anterior teeth. Jaekelotodus differs by having stout teeth with 
smooth faces, cutting edges that extend to the base of the main 
cusp, small and medially curved lateral cusplets, and a distinct 
lingual protuberance. 

Family Odontaspididae Müller & Henle, 1839
Genus Brachycarcharias Cappetta & Nolf, 2005
Brachycarcharias atlasi (Arambourg, 1952)

Referred specimens – GU/B 2022, GU/B 2025 (Fig. 5A-F).

Description – Anterior teeth have a broadly triangular, sharply 
tapering main cusp. The labial face is nearly flat, whereas the 
lingual face is very convex. Although the labial face is smooth, 
the lingual face bears conspicuous longitudinal ridges. The 
cutting edges are smooth and extend to the crown base. The 
main cusp is flanked by a pair of large, sharply pointed lateral 
cusplets. The cusplets bear coarse longitudinal ridges. The root 
is bilobate, with elongated, rather thin and widely separated 
lobes. A nutritive groove bisects the lingual protuberance.

Lateral teeth have a broader but labio-lingually thinner 
main cusp than the anterior teeth. The lingual face is flat and 
smooth, whereas the lingual face is convex and bears numerous 
longitudinal ridges. The cutting edge is smooth and continuous. 
The main cusp is flanked by two to three pairs of lateral 
cusplets, with the distal-most pair being diminutive. The root 
is bilobate with a lingual protuberance bisected by a nutritive 
groove. Root lobes are more rectangular and widely separated 
than seen on anterior teeth.

Discussion – Although similar to teeth of the several coeval 
lamniform sharks occurring in the Bandah Formation, 
Brachycarcharias atlasi is distinguished by the combination 
of characteristics that includes cutting edges that extend to the 
crown base, coarse longitudinal lingual crown ridges, and one 
to three pairs of large lateral cusplets that also bear longitudinal 
ridges. Brachycarcharias atlasi was recently recognized in the 
middle Eocene of Alabama, USA (Ebersole et al., 2019), and 
the species is known from various locations in Africa (i.e., 
Arambourg, 1952). 

Brachycarcharias lerichei Casier, 1946

Referred specimens – GU/B 2021, GU/B 2023, GU/B 2024 
(Fig. 5G-I).

Description – The anterior teeth have a triangular and tall main 
cusp that is erect, and faint lingual basal striations are visible 
on some teeth. On unworn specimens, the distal and mesial 
cutting edges are sharp and continuous on both anterior and 
lateral teeth, extending from the apex of the main cusp across 
the lateral cusplets. The lateral cusplets are triangular, anteriorly 
sharp, pointed, and basally wider. The labial and lingual crown 
faces are slightly convex or somewhat flattened and thinner 
towards the edges, with thin enameloid. The root is bilobed, 
laterally diverging, and has a shallow groove separating 
elongated lobes. The lingual root protuberance is indistinct. 

Discussion – Although similar to the teeth we identified as 
Brachycarcharias atlasi, those we assigned to B. lerichei have 
comparatively lower but broader lateral cusplets, and the lingual 
crown ornamentation, if present, is much finer. Additionally, 
lingual ornamentation occurs on the lateral cusplets of B. 
atlasi teeth, but not on those of B. lerichei. Anterior teeth of B. 
lerichei can be distinguished from those of S. macrota by their 
lower but broader main cusp, more complete cutting edges, 
and larger lateral cusplets. Brachycarcharias lateral teeth 
have sharply pointed lateral cusplets that are of the same size, 
whereas those of Striatolamia are lower and more rounded, and 
the distal cusplets are generally larger than the mesial ones. 

Figure 5. Brachycarcharias spp. teeth. A-C. GU/B 2025, B. atlasi lateral tooth 
in A. lingual, B. labial, and C. mesial views. D-F. GU/B 2022, B. atlasi anterior 
tooth in D. lingual, E. labial, and F. mesial views. G-I. GU/B 2021, B. lerichei 
anterolateral tooth in G. lingual, H. labial, and I. mesial views. Scale bars = 5 
mm.
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Genus Jaekelotodus Menner, 1928
cf. Jaekelotodus sp.

Referred specimens – GU/B 2008, GU/B 2014 (Fig. 6).

Description – GU/B 2008 has a tall, triangular main cusp that is 
rather thick labio-lingually. The main cusp is erect but slightly 
distally curved. The mesial and distal cutting edges are smooth 
and extend to the crown foot. The mesial edge is very weakly 
convex, whereas the distal edge is concave basally but more 
convex apically. The labial face of the main cusp is flat, but the 
lingual face is very convex, and both faces are smooth. There 
is a single pair of very small, needle-like cusplets. The root has 
a robust lingual protuberance and pointed lobes (mesial lobe is 
shorter).

GU/B 2014 is incomplete. The main cusp is very broadly 
triangular but distally hooked. The cutting edges are smooth 
and extend to the crown foot, with the mesial edge being 
convex and the distal edge concave. The labial face is flat, but 
the lingual face is convex, and both faces are smooth. A single 
pair of cusplets occurs at the base of the main cusp, with the 
mesial cusplet being smaller and not as well separated from the 
main cusp. Cutting edges on the cusplets are smooth. The root 
is broken, but the lingual protuberance is shelf-like.

Discussion – Both specimens are referred to Jaekelotodus 
based on the robustness of the main cusp, completeness of the 
cutting edges, and diminutive size of the cusplets compared 
to the size of the main cusp. The anterior tooth differs from 
those of Odontaspididae indet. (see below) and Striatolamia 
by having complete cutting edges (cutting edges of other taxa 
end before the crown foot). Additionally, the crown of GU/B 
2008 is smooth, whereas the crown on the anterior teeth of 
Striatolamia and Brachycarcharias (especially B. atlasi) bear 
lingual longitudinal ridges.

The lateral tooth (GU/B 2014) differs from those of 
Striatolamia in lacking lingual ornament, having a very 
broad but sharply tapering, hooked rather than lingually 
inclined main cusp, and the lateral cusplets are narrower and 
more pointed. The specimen is also broader than lateral teeth 

of Brachycarcharias, it is lingually hooked (as opposed to 
inclined), and the lingual enameloid is smooth.

Odontaspididae indet.

Referred specimens – GU/B 2006, GU/B 2007, GU/B 2009, 
GU/B 2026, GU/B 2027 (Fig. 7). 

Description – GU/B 2006 is complete except for the broken 
apex and mesial root lobe. The crown consists of a large main 
cusp flanked by a single pair of lateral cusplets. The main 
cusp is robust, tall, and rather narrow. In labial view, the main 
cusp curves slightly distally, and in profile view it is strongly 
lingually curved. The cutting edges are smooth and sub-parallel 
at the lower two-thirds of the main cusp but become convex 
apically. The cutting edges reach the crown foot. The labial 
crown face is flat and smooth, and the distal face is very convex 
and smooth. The lateral cusplets are needle-like and slightly 
diverging. The root is bilobate, with a distal lobe that appears to 
have been more elongated and divergent than the mesial lobe. 
A large lingual protuberance is bisected by a narrow nutritive 
groove.

GU/B 2007 and GU/B 2009 are broken anterior teeth. The 
anterior teeth are very narrow, rather thin labio-lingually, and 
slightly sinuous in profile view. Cutting edges are smooth and 
nearly continuous to the crown foot. The labial face is very 
weakly convex and smooth, whereas the lingual face is convex 
and bears fine longitudinal ridges. When preserved, the lateral 
cusplets are rather small and needle-like. The root is bilobate, 
and a lingual protuberance bears a narrow nutritive groove. 

 GU/B 2026 and GU/B 2027 are broken teeth having a 
triangular and rather labio-lingually narrow, broad-based but 
sharply tapering main cusp. In profile view, the cusp is straight 
and may be labially curved at the apex. The cutting edges are 
smooth and continuous across the crown, reaching the crown 
foot. The labial face is flat and smooth, whereas the lingual 
face is convex and smooth. Lateral cusplets are not preserved. 
The roots are incomplete, but GU/B 2027 shows evidence that 
it was bilobate and it has an inconspicuous lingual nutritive 
groove.

 
Discussion – The specimens examined largely consist of 
teeth that do not conform to any of the other taxa described 
above. They have incomplete cutting edges, thus seemingly 
differentiating them from Jaekelotodus and even Hypotodus. 
They differ from Striatolamia in being thicker labio-lingually 
and by having larger lateral cusplets. GU/B 2007 may be a 
Brachycarcharias lerichei anterior tooth, but the cusplets are 
smaller and narrower than what is generally seen as typical 
of this species, and the lingual ornamentation is as robust as 
that observed on Striatolamia teeth. GU/B 2026 and GU/B 
2027 may represent anterior and/or antero-lateral teeth of B. 
lerichei, but they are too broken for precise identification. One 
specimen, GU/B 2006, is morphologically similar to the lower 
fourth anterior tooth of extant Carcharias taurus Rafinesque, 
1810b and the middle to late Eocene Mennerotodus parmleyi 
Cicimurri et al., 2020. However, the specimen is weathered and 
a distinguishing feature of Mennerotodus, denticles or a short 
edge at the mesial and/or distal crown foot, are not evident.   

Figure 6. cf. Jaekelotodus sp. teeth. A-C. GU/B 2008, anterior tooth in A. 
lingual, B. labial, and C. distal views. D-F. GU/B 2014, lateral tooth in D. 
lingual, E. labial, and F. mesial views. Scale bars = 5 mm.
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Order Carcharhiniformes Compagano, 1973
Family Carcharhinidae Jordan & Evermann, 1896
Genus Carcharhinus de Blainville, 1816
Carcharhinus mancinae Ebersole, Cicimurri & Stringer, 
2019
 
Referred specimens – GU/B 2033, GU/B 2035, GU/B 2036, 
GU/B 2040, GU/B 2041, GU/B 2046, GU/B 2048, GU/B 2049, 
GU/B 2051, GU/B 2052,  GU/B 2071, GU/B 2072 (Fig. 8).

Description – Most of the specimens are incomplete, but most 
appear to have been similar to GU/B 2071, GU/B 2072. For 
these specimens, the crown is generally broadly triangular. 
The mesial cutting edge ranges from straight to sinuous, to 
very convex. This edge is coarsely serrated, particularly at 
the medial portion, with serrations becoming finer apically. 
Serrations are weakly compound. The distal edge is strongly 
concave, with the apical portion being straight to weakly 
convex, vertical to inclined, and finely serrated. This edge 
forms an erect to lingually inclined cusp with the apical part of 
the mesial edge. Additionally, the distal edge joins an elongated 
distal heel through a sloping transition (not a distinct notch). 
The transition from distal edge to distal heel is also marked 
by a very large serration that is usually weakly compound. 
Serrations on the distal heel are weakly compound and 
decrease in size towards the crown foot. The labial crown face 
is flat to very weakly convex, whereas the lingual face is very 
convex. Both faces are smooth. The root is high when viewed 
lingually, and there is a massive lingual protuberance bisected 
by a narrow, shallow, elongated nutritive groove. The root 
lobes are sub-rectangular, very widely divergent, and separated 
by a U-shaped to V-shaped interlobe area.  

GU/B 2048 and GU/B 2049 differ from other teeth by 
having concave mesial and distal edges. On these teeth, the 
upper part of the crown is developed into a more distinctive, 
erect cusp that transitions to elongated heels without the 
formation of a conspicuous notch. The cutting edges are 
coarsely serrated on the heels, but the cusp bears much finer 
serrations. The serrations are weakly compound and/or doubly 
serrate. The root is bilobate, with thin, sub-rectangular lobes 
that are separated by a V-shaped or U-shaped interlobe area. 

The massive lingual protuberance is bisected by a narrow, 
elongated nutritive groove. 

An additional specimen, GU/B 2052, has a rather low crown 
with an elongated and straight mesial cutting edge that forms 
a conspicuous cusp with the much shorter distal cutting edge. 
This cusp is strongly distally inclined and separated from 
a distal heel by a more obvious notch. The mesial and distal 
cutting edges are finely serrated, whereas the distal heel is 
coarsely serrated, with serrations decreasing in size towards 
the crown foot. The labial face is flat, and the lingual face is 
convex, with both faces being smooth. The root is bilobate with 
widely diverging, sub-rectangular lobes that are separated by 
a V-shaped interlobe area. The lingual protuberance is shelf-
like, and there is an inconspicuous, medially located nutritive 
groove. 

Discussion – The teeth in this sample are morphologically 
variable, but we believe that GU/B 2052 represents a postero-
lateral tooth, GU/B 2048 and GU/B 2049 are lower anterior 
teeth, and the remainder are upper anterior and upper/
lower lateral teeth. These teeth are easily distinguished 
from Galeocerdo eaglesomei by their weakly compound (or 

Figure 7. Odontaspididae indet. teeth. A-C. GU/B 2007, anterior tooth in A. lingual, B. labial, and C. distal views. D-F. GU/B 2006, lower 4th anterior tooth in D. 
lingual, E. labial, and F. distal views. G-I. GU/B 2009 anterior tooth in G. lingual, H. labial, and I. distal views. J-L. GU/B 2026, anterior tooth in G. lingual, H. 
labial, and I. distal views. M-O. GU/B 2027, tooth in M. lingual, N. labial, and O. distal views. Scale bars = 5 mm.

Figure 8. Carcharhinus mancinae teeth. A-C. GU/B 2071, upper lateral tooth 
in A. lingual, and B. labial views, C. close-up of compound/doubly serrate 
mesial serrations. D-F. GU/B 2072, lower lateral tooth in D. lingual, E. labial, 
and F. mesial views. Scale bars = 5 mm.
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the fossil elasmobranchs of the Gulf Coastal Plain of the USA, 
Ebersole et al. (2019) observed an increase in carcharhiniform 
diversity specifically during the Bartonian, which included the 
first stratigraphic occurrence of C. mancinae. These studies 
suggest that the diversification of the carcharhiniforms was 
driven by the Eocene Thermal Maximum, which likely provided 
optimal climatic conditions favourable for the radiation of this 
group. That several coeval fossil species of Carcharhinus have 
been identified within the same region is also not surprising 
given the diversity of extant species of this genus (34 species; 
Nelson et al., 2016), as at least 18 species are known from the 
present day Indian Ocean (Voigt & Weber, 2011). 

Genus Rhizoprionodon Whitley, 1929
Rhizoprionodon sp.
 
Referred specimens – GU/B 2055, GU/B 2057, GU/B 2058, 
GU/B 2060, GU/B 2061, GU/B 2062, GU/B 2063, GU/B 2064, 
GU/B 2065 (Fig. 9).

Description – All of the specimens are incomplete, but none are 
wider than 5 mm. The crown consists of a triangular cusp and a 
distal heel. The sharp mesial cutting edge is elongated, smooth, 
and ranges from concave, to sinuous, to weakly convex. The 
distal edge is approximately two-thirds the length of the 
mesial edge, and together the edges form a cusp that varies in 
width but is always sharply pointed. The distal cutting edge 
is smooth and sharp, ranges from nearly vertical to strongly 
distally inclined, and is straight to weakly convex. The distal 
heel is short and convex, has a sharp and smooth cutting edge, 
and forms a distinctive notch with the distal cutting edge. The 
labial crown face is flat, including at the crown foot, whereas 
the lingual face is convex. The crown enameloid is smooth. 
The root is bilobate with rather short but very widely spaced, 
labio-lingually thin lobes. The lobes are bisected by a lingual 
nutritive groove. 

Discussion – We believe that the specimens within our sample 
that have a very concave mesial cutting edge and somewhat 
erect cusp were from a male dentition. The specimens can be 
differentiated from Scoliodon, a genus that has been reported 
from middle Eocene strata of the USA (Cappetta & Case, 2016; 
Ebersole et al., 2019), in that the cusp does not extend beyond 
the margin of the distal heel. The specimens in our sample can 
be distinguished from Physogaleus (see below) by lacking 
denticulation on the mesial cutting edge and by having only a 
rather convex distal heel as opposed to bearing multiple distal 

“double”) serrations and more gracile crown appearance. They 
differ from Rhizoprionodon and Physogaleus, which both have 
smooth distal cutting edges, virtually smooth mesial cutting 
edges, relatively few cusplets on the distal heel that are not 
compound, and a distinctive notch between the distal cutting 
edge and distal heel. Although teeth of Galeocerdo clarkensis 
are similar to those of C. mancinae, they can be distinguished 
by their larger overall size, broader width, more distinctive 
separation of the cusp from the distal heel, more convex labial 
crown foot, more elongated root lobes separated by a deeper 
interlobe area, and a less conspicuous lingual protuberance.  

Serrated Carcharhinus teeth similar to those of extant 
species are known to occur as early as the Bartonian, and 
several middle to late Eocene (Priabonian) species have been 
named (Case & Cappetta, 1990; Reinecke et al., 2005; Adnet 
et al., 2007; Underwood et al., 2011; Underwood & Gunter, 
2012; Ebersole et al., 2019; Samonds et al., 2019; Adnet et 
al., 2020). Citing a personal communication from D.J. Ward, 
Ebersole et al. (2019) reported that teeth of Carcharhinus 
underwoodi Samonds et al. 2019 have simple serrations, 
and this taxon is not known to exhibit dignathic heterodonty 
(Samonds et al. 2019). In contrast, teeth of C. mancinae exhibit 
compound serrations, and dignathic heterodonty is evident 
(Ebersole et al., 2019).  The Bandah Formation teeth can be 
distinguished from named Bartonian to Rupelian species and 
from those identified as Carcharhinus spp. by the combination 
of features that include: serrations nearly to the apex of the 
mesial and distal cutting edges, serrations weakly compound 
and/or doubly serrate, and sloping transition from distal cutting 
edge to distal heel that is also indicated by the location of a 
very large distal heel serration.  

The validity of another species, C. balochensis Adnet et al., 
2007, from the late Eocene and early Oligocene of Pakistan, 
has been questioned. Samonds et al. (2019) considered most 
of the type suite to be conspecific with Galeocerdo eaglesomei 
White, 1955, and the remaining tooth was synonymized with 
C. underwoodi. However, Ebersole et al. (2019) considered 
the dentition of C. balochensis to have been similar to C. 
mancinae, and Adnet et al. (2020) also maintained usage of C. 
balochensis. In any event, these taxa differ from C. mancinae 
by lacking compound serrations. 

The teeth of C. kasserinensis Adnet et al. (2020) have a 
more uniformly convex mesial cutting edge, coarser serrations, 
and more clearly defined separation of the distal heel from the 
distal cutting edge compared to C. mancinae. A single tooth 
of Carcharhinus sp. from the middle Eocene of Jamaica has 
variously been identified as conspecific with C. kasserinensis 
(i.e., Adnet et al., 2020) or C. underwoodi (i.e., Samonds et al., 
2019), but these taxa are distinguished from C. mancinae based 
on the features discussed above. The morphological features of 
the Bandha Formation Carcharhinus teeth leads us to conclude 
that they are conspecific with C. mancinae rather than other 
superficially similar taxa previously reported from the Tethyan 
and Paratethyan regions. 

If all of the aforementioned species are considered valid, at 
least three species of Carcharhinus (i.e., C. kasserinensis, C. 
mancinae, and C. underwoodi) were coeval within the Tethys 
and Indian Ocean regions during the Bartonian. The sudden 
diversification of this genus during the middle Eocene is not 
surprising, as the radiation of the Carcharhiniformes during the 
Eocene has been well documented (Kriwet & Benton, 2004; 
Adnet et al., 2007; Underwood et al., 2011; Cappetta, 2012; 
Iserbyt & De Schutter, 2012; Marramà et al., 2018b; Ebersole 
et al., 2019). Furthermore, in their biostratigraphic study of 

Figure 9. Rhizoprionodon sp. teeth. A-C. GU/B 2057, lower anterior tooth in 
A. lingual, and B. labial, and C. mesial views. D-F. GU/B 2058, lower lateral 
tooth in D. lingual, E. labial, and F. distal views. Scale bars = 2 mm.
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denticles. They are easily separated from Galeocerdo and 
Carcharhinus in lacking serrations on their cutting edges.

Extant Rhizoprionodon has a worldwide distribution in 
tropical marine oceans. The fossil record of this genus is known 
from Palaeogene and Neogene formations in Egypt, Morocco, 
Nigeria, Tunisia, Europe, the USA, India, and Pakistan (Case 
& Cappetta, 1990; Case & West, 1991; Rana et al., 2004; 
Adnet et al., 2007; Strougo et al., 2007; Underwood et al., 
2011; Ebersole et al., 2019; Adnet et al., 2020). Few Eocene 
species have been named, as the teeth maintained a relatively 
conservative morphology through to the present day. 

Genus Physogaleus Cappetta, 1980a
Physogaleus sp.

Referred specimens – GU/B 2056, GU/B 2059, GU/B 2067 
(Fig. 10).

Description – The crown of specimen GU/B 2056 is low and 
consists of a highly distally inclined main cusp and a short 
distal heel. The mesial cutting edge is elongated, smooth and 
somewhat convex, and it forms an acute, distally directed cusp 
apex with the distal cutting edge. The distal cutting edge is 
short, straight, and smooth. The distal heel is short and bears 
two weak cusplets, but the cutting edge is smooth. The distal 
heel forms a distinct notch with the base of the distal cutting 
edge. The root is ablated but is bilobate, with high, sub-
rectangular lobes that are widely diverging. A lingual nutritive 
groove is inconspicuous.  

Specimen GU/B 2059 is damaged at its mesial base. The 
crown consists of a large cusp and low distal heel. The cusp 
is broad, triangular, and appears distally directed due to the 
oblique mesial cutting edge and the more vertical distal edge. 
The mesial cutting edge is sinuous and smooth except at the 
base, where indistinct crenulations are separated by a slight 
notch. The distal cutting edge is rather straight, nearly vertical, 
and smooth. The distal heel is very low, weakly convex with 
a smooth cutting edge, and forms nearly a 90˚ angle with the 
distal cutting edge. The root is incompletely preserved, but the 

lobes are sub-rectangular and highly divergent, with almost no 
indication of an interlobe area.

GU/B 2067 is damaged at the mesial side but consists of a 
broad and roughly triangular crown and low root. The crown 
bears a triangular main cusp that is distally inclined and is 
flanked by four pairs of triangular lateral cusplets (the crown 
base is broken and there may have been more cusplets on the 
mesial side). The mesial cusplets are smaller and less pointed 
than those on the distal side. The cutting edge is smooth and 
continuous from the main cusp apex to the crown base. The 
labial crown face is less convex than the lingual face. The root 
is bilobate, with very short but elongated, widely diverging 
lobes. A nutritive groove occurs on the lingual protuberance.

Discussion – We consider GU/B 2059 to represent a male lower 
anterior tooth due to the unique shape of the main cusp, which 
is consistent with previous interpretations of this morphology 
(Cappetta, 1980a; Cappetta & Case, 2016; Ebersole et al., 
2019). The smooth, unserrated cutting edges and distal heel 
easily distinguish these teeth from those of coeval Galeocerdo 
and Carcharhinus in the Bandah Formation. 

Specimen GU/B 2067 is somewhat similar to teeth of coeval 
Galeocerdo and Carcharhinus reported herein. However, it is 
easily distinguished by its smooth cutting edges on the upper 
half of the crown. In contrast, the latter two taxa have teeth with 
mesial and distal serrations extending nearly to the crown apex, 
as well as coarse, weakly compound serrations on the distal 
heel and lower half of the mesial cutting edge. This specimen 
is somewhat similar to Pseudabdounia claibornensis (White, 
1956) from the Bartonian of the USA (Ebersole et al., 2019: 
fig. 32, a–r), but it differs by having a short and low distal heel 
and a comparatively tall and narrow main cusp in comparison 
to total tooth size. Additionally, mesial and distal cusplets of P. 
claibornensis are of roughly equal size, whereas the cusplets of 
GU/B 2067 are clearly larger on the distal side.  

The lack of cusplets on the mesial edge and distal heel of 
GU/B 2056 and GU/B 2059 would indicate identification as 
Physogaleus secundus (Winkler, 1874), whereas the numerous 
larger serrations on GU/B 2067 are indicative of P. alabamensis 
(Leriche, 1942), both of which were found to be coeval in 
middle Eocene deposits of the Gulf Coastal Plain of the USA 
(Ebersole et al., 2019). A larger sample size is needed in order 
to more accurately identify the specimens in our sample.

Family Galeocerdidae Whitley, 1934
Genus Galeocerdo Müller & Henle, 1837
Galeocerdo clarkensis White, 1956

Referred specimens – GU/B 2037, GU/B 2045, GU/B 2047, 
GU/B 2068, GU/B 2069, GU/B 2070, GU/B 2073, GU/B 2074, 
GU/B 2075 (Fig. 11A-E).

Description – The teeth consist of a broad crown and low root. 
The crown has an elongated mesial cutting edge that ranges 
from nearly straight to very convex. This edge is serrated from 
the base nearly to the apex, with serrations being coarsest in the 
medial, most convex portion and diminishing in size apically. 
These serrations are compound and/or doubly serrate. A much 
shorter distal cutting edge is straight to weakly convex, lingually 
inclined to nearly vertical, and bears fine serrations nearly to 
the apex. The distal edge forms a small, distally directed cusp 

Figure 10. Physogaleus sp. teeth. A-B. GU/B 2056, upper lateral tooth in A. 
lingual and B. labial views. C-D. GU/B 2059, lower lateral tooth in C. lingual 
and D. labial views. E-F. GU/B 2067, anterior tooth in E. lingual and F. labial 
views. Scale bars = 5 mm.
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Galeocerdo eaglesomei White, 1955

Referred specimens – GU/B 2031, GU/B 2032, GU/B 2034 
(Fig. 11F-H).

Description – The sample consists of three broken teeth. GU/B 
2031 is the best preserved specimen, and overall, it is broadly 
triangular, rather high, with a distally curving crown apex. 
The mesial edge is damaged at its lower half, but it appears to 
have been relatively convex. There are simple serrations on the 
preserved upper part, but these do not reach the apex (likely 
due to wear). The distal cutting edge is very short, nearly 
vertical, weakly convex, and bears fine simple serrations that 
do not reach the apex (likely due to wear). Together, the mesial 
and distal cutting edges form a rather small cusp. The distal 
heel is very elongated, almost as high as the crown, and extends 
at an oblique angle basally away from the cusp. The heel is not 
separated from the distal edge by a notch, but instead a very 
large serration marks the transition from distal edge to distal 
heel. The serrations on the distal heel are simple and decrease 
in size towards the crown base. The labial crown face is flat 
to convex, whereas the lingual face is convex. There is no 
enameloid ornamentation. The root is bilobate with somewhat 
rectangular, widely diverging lobes that are separated by a 
U-shaped interlobe area. A shallow, wide nutritive groove 
occurs on a low lingual protuberance. 

Discussion – GU/B 2032 and GU/B 2034 are incomplete 
crowns, but the preserved portions allow us to consider them 
to be conspecific with GU/B 2031. In particular, all of the 
serrations are simple. This feature allows one to distinguish G. 
eaglesomei from G. clarkensis and Carcharhinus mancinae, 
which have compound and/or double serrations, and further 
from G. clarkensis by having a very small cusp compared to 
overall tooth height. Galeocerdo eaglesomei is distinguished 
from Physogaleus sp. and Pseudabdounia claibornensis (White, 
1956) by having coarse but simple serrations extending nearly 
to the cusp apex, as opposed to being smooth or serrated only 
on the lower half of the crown. Although teeth of Hemipristis 
curvatus Dames, 1883 are superficially similar to those of G. 
eaglesomei, they are distinguished by having fewer serrations 
on the mesial edge (generally only on the lower one third) and 
a cusp that has smooth mesial and distal cutting edges.  

Ebersole et al. (2019) reviewed the taxonomic history and 
palaeobiogeographic distribution of Galeocerdo eaglesomei. 
The taxon has been documented from Africa (Stromer, 1910; 
White, 1926, 1931; Arambourg, 1952) and from Alabama, 
USA (Ebersole et al. 2019). 

Order Incertae sedis
Family Incertae sedis
Genus Odontorhytis Böhm, 1926
Odontorhytis aff. O. pappenheimi Böhm, 1926

Referred specimens – GU/B 2001, GU/B 2002, GU/B 2003, 
GU/B 2004 (Fig. 12).

Description – The teeth are less than 7.0 mm in greatest height 
and consist of a needle-like crown and low root. The crown is 
roughly conical but laterally compressed to varying degrees. In 

with the mesial edge, and the angle these edges form is acute. 
A distal heel is elongated, straight to weakly concave, and very 
coarsely serrated. The serrations are largest below the distal 
cutting edge but diminish in size towards the distal margin. 
The labial and lingual crown faces may be equally convex, 
and the enameloid is always smooth. The root is bilobate, with 
diverging, somewhat elongated, rounded to sub-rectangular 
lobes. The lobes are separated by a U-shaped interlobe area. In 
lingual view, the root appears much higher than in labial view.  

Discussion – Two species of Galeocerdo have been identified in 
our Bandah Formation sample, including G. clarkensis White, 
1956 and G. eaglesomei White, 1955 (see below). The teeth 
assigned to G. clarkensis appear to be conspecific with the type 
specimens named from the Priabonian Yazoo Clay in Alabama, 
USA (see White, 1956, pl. 11, figs. 12-14), and this species has 
subsequently been confirmed from Bartonian deposits in the 
same state (see Ebersole et al., 2019). Galeocerdo clarkensis 
teeth can be separated from those of G. eaglesomei by having 
a combination of an evenly convex mesial edge and serrations 
that are compound and/or doubly serrate. Galeocerdo clarkensis 
also lacks the unique triangular anterior morphology observed 
within the dentition of G. eaglesomei. The Galeocerdo teeth 
from the Bandah Formation are somewhat similar to the teeth 
of coeval Physogaleus sp. but can be differentiated by the 
presence of fine mesial and distal serrations that extend nearly 
to the apex of the main cusp. Galeocerdo clarkensis teeth can 
be differentiated from the lateroposterior teeth of Carcharhinus 
mancinae by having a lingual root protuberance that is much 
less pronounced and not as mesiodistally constricted. 

Figure 11. Galeocerdo spp. teeth. A-B. GU/B 2069, Galeocerdo clarkensis 
lateral tooth in A. lingual and B. labial views. C-E. GU/B 2070, G. clarkensis 
lateral tooth, C. lingual view, D. close-up of mesial serrations, and E. labial 
view. F-H. GU/B 2031, Galeocerdo eaglesomei anterior tooth, E. lingual view, 
F. close-up of distal serrations, and F. labial view. Scale bars = 5 mm.
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profile view, the crown is nearly straight to lingually curving. 
The labial and lingual faces are narrow and may be very 
rounded to sharp. The mesial and distal faces are biconvex, and 
the enameloid is ornamented with faint but distinct ridges that 
are parallel to the long axis of the crown. The ridges extend up 
to three-quarters the height of the crown. The root is unusual 
in being very low and expanded slightly beyond the crown 
in all directions. In profile view, the root is concave with an 
elongated labial projection, and the labial and lingual surfaces 
are convex. In basal view, the root outline is teardrop-shaped. 
A distinctive median furrow divides the root into two parts, 
with each part having a convex basal attachment surface. An 
elliptical nutritive foramen occurs within the furrow.  

Discussion – The peculiar morphology of the specimens in our 
sample, with the simple cuspidate crown and lack of bilobed 
root, are characteristic of Odontorhytis. These enigmatic teeth 
were discussed by Priem (1905, 1909), who thought that middle 
Eocene teeth from Egypt were either indeterminate percoid fish 
or possibly belonged to batoids. Bhöm (1926) later described 
O. pappenheimi teeth from the late Eocene of Namibia and 
assigned them to the family Lophiidae (Neopterygii). Cappetta 
(1981) reported O. pappenheimi from the early Eocene of 
Morocco and concluded that the structure of the root closely 
resembled that of selachians. Although the genus is currently 
recognized as a galeomorph, its ordinal and familial affiliations 
remain in doubt. 

The morphology of the Bandah Formation teeth is generally 
comparable to those of the three described Odontorhytis 
species, including O. bahariensis Salame & Asan, 2019, 
O. pappenheimi, and O. priemi Sambou et al., 2020, all of 
which have been reported from the Palaeogene of Africa 
(Case & Cappetta, 1990; Tabuce et al., 2005; Strougo et al., 
2007; Murray et al., 2010; Underwood et al., 2011; Salame 
& Asan, 2019; Adnet et al., 2020; Sambou et al., 2020) and 
Pakistan (Case & West, 1991). The oldest species, O. priemi 
from the Thanetian to Lutetian of north and west Africa, clearly 
differs from the Bandah Formation teeth by having distinctive 
lateral cutting edges as well as somewhat cuspidate heels at 
the cusp base. Both O. pappenheimi and O. bahariensis have 
a cusp bearing a posterior apical barb and conspicuous labial 
longitudinal cutting edge. Differences between O. pappenheimi 
and O. bahariensis include the latter having a smaller but more 
extensively ornamented crown with shorter labial cutting edge 
compared O. pappenheimi (Salame & Asan, 2019; Adnet et al., 
2020). Adnet et al. (2020) hinted that O. bahariensis represents 
ontogenetic heterodonty within O. pappenheimi (with the 
former representing juvenile and the latter adult forms of the 
same species) because both species occur in the same areas 
within deposits of approximately the same age. 

Although the teeth in our sample are most closely aligned 
with O. pappenheimi, there are slight morphological 
differences between the teeth, and the Bandah Formation 
specimens are nearly a third taller than O. pappenheimi 
teeth reported from elsewhere. However, these differences 
could reflect heterodonty (dignathic, ontogenetic) rather than 
different biological species, and therefore we provisionally 
assign the Bandah teeth to Odontorhytis pappenheimi until a 
larger sample size can be examined.  

Division Batomorphi Cappetta, 1980b
Order Rhinopristiformes Naylor et al., 2012
Family Rhinobatidae Bonaparte, 1835
Genus Rhinobatos Linck, 1790
“Rhinobatos” sp.

Referred specimens – GU/B 2081, GU/B 2082, GU/B 2083, 
GU/B 2084 (Fig. 13).

Description – These ablated teeth measure up to 1 mm in width. 
In oral view, the crown consists of labial and lingual faces that 
are delineated by a transverse crest. The labial face is inclined, 
smooth, and flat to weakly convex. The labial crown foot 
conspicuously overhangs the root. The lingual face has a more 
vertical orientation and is mesio-distally convex. Lingually 
there is an elongated medial uvula that protrudes onto the root. 
A pair of lateral uvulae occur at the crown margins that are 
oblique to, or parallel with, the medial uvula. These lateral 
uvulae vary in length and are separated from the medial uvula 
by deep V-shaped or shallow U-shaped embayments. All crown 
enameloid is smooth. The root is massive and extends slightly 
beyond the crown laterally and substantially beyond the lingual 
crown margin. There is a pair of margino-lingual foramina, one 
on each side of the medial uvula. The root is bilobate, with 
large lobes being separated by a very wide but shallow nutritive 

Figure 12. Odontorhytis aff. O. pappenheimi teeth. A-C. GU/B 2001 in A. 
lingual, B. labial, and C. profile views. D-F. GU/B 2002 in D. lingual, E. labial, 
and F. profile views.  Scale bars = 2 mm.

Figure 13. “Rhinobatos” sp. teeth. A-D. GU/B 2081 in A. lingual, B. labial, C. 
basal, and D. occlusal views. E-H. GU/B 2082 high crowned morphology in E. 
lingual, F. labial, G. basal, and H. occlusal views. Scale bars = 1 mm.
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Referred specimens – GU/B 2088, GU/B 2090, GU/B 2091, 
GU/B 2092, GU/B 2093, GU/B 2094, GU/B 2095, GU/B 2096, 
GU/B 2097 (Fig. 14).

Description – Two Dasyatis-like tooth morphologies are 
present in our sample, including those with a low, rounded 
apical margin, and those with a tall pointed apical margin. 
All of these teeth are affiliated based on the convex nature of 
the labial face, which bears nodular ornamentation to varying 
degrees. In oral view, all of the teeth are somewhat diamond-
shaped, being wider (mesio-distal) than long (labio-lingual). 
The labial and lingual crown margins are convex (the lingual 
margin more so), but the lateral margins are sharply pointed. 
The labial face is weakly to strongly convex, but some teeth 
exhibit a weakly concave portion. Ornamentation on the labial 
face ranges from weakly to strongly rugose. A transverse crest 
separates the labial face from the lingual face. This crest is 
generally wide and blunt, but some teeth have sharper lateral 
edges. The lingual face is smooth, and it is convex mesio-
distally but concave apico-basally. In basal view, the root is 
small in comparison to the crown outline. The root is bilobate, 
with small lobes being separated by a very wide, deep nutritive 
groove. The lobes have small pentagonal- to triangular-shaped 
basal attachment surfaces, which are flat to convex. The crown 
overhangs the root on the labial and lateral sides, but the root 
extends beyond the lingual crown foot.

Discussion – The low and tall-crowned morphologies in our 
sample are considered to be conspecific because all crown faces 
are convex and bear rugose ornamentation to varying degrees. 
It is possible that the sample reflects gynandric heterodonty, 
with the higher, pointed teeth belonging to males. Alternatively, 
males and females of some extant dasyatid species have 
cuspidate teeth. In the case of the Bandah Formation sample, 
the presence of the two morphologies indicates heterodonty 
(gynandric) within the population (i.e., Kajiura & Tricas, 1996).

The Bandah Formation “Dasyatis” sp. differs from the teeth 
of two other dasyatoids that were reported from the Ypresian 

groove. The basal attachment surfaces are sub-triangular and 
weakly convex. There are one or more foramina within the 
nutritive groove. 

Discussion – The taxonomic assignment of this tooth 
morphology has been cast into doubt in recent years. Cappetta 
& Case (2016), and more recently Adnet et al. (2020), referred 
such specimens to Pristidae (i.e., Pristis), although the 
morphology has typically been assigned to Rhinobatos or some 
similar taxon (i.e., Ebersole et al., 2019). This tooth morphology, 
which occurs as far back as the lower Cretaceous (Cappetta, 
2012), is characterized by an elongated central lingual uvula 
that is flanked by lateral uvulae of various lengths (depending 
on the species). In contrast, Recent and fossil teeth of Pristidae 
have a central uvula but lack lateral uvulae (i.e., Carrillo-
Briceño et al., 2015; 2016). Previous assignment of such teeth 
to Pristidae could simply be related to their co-occurrence with 
rostral spines. However, sawfish spines are thus far unknown 
from the Bandah Formation, and they are absent altogether in 
the Cretaceous. The similarity of tooth morphology between 
Rhinobatidae and Pristidae may not be surprising given the 
close phylogenetic relationship between the two taxa (both 
reside within the Rhinopristiformes). Based on the work of 
Marramà et al. (2020), we retain this tooth morphology in 
Rhinobatidae due to their similarity to Cretaceous taxa such as 
Rhinobatos casieri Herman in Cappetta & Case, 1975 and R. 
ibericus Cappetta & Corral, 1999.   

Several Eocene Rhinobatos species have been described, 
and the Bandah Formation specimens resemble R. bruxelliensis 
Jaekel, 1894 by having a robust transverse crest, convex labial 
crown foot, elongated medial lingual uvula, and shorter and 
diverging lateral uvulae, but the crowns are comparatively 
narrower. Rhinobatos steurbauti Cappetta & Nolf, 1981 appears 
to have a lower crown with a more convex apex than the Bandah 
Formation specimens, and the medial uvula is wider. Teeth of 
R. auribatensis Adnet, 2006 have a comparatively straighter 
labial crown foot (in profile) and the medial lingual uvula is 
much shorter and wider. Teeth of the Eocene Pseudorhinobatos 
Marramà et al., 2020 differ from the Bandah Formation teeth by 
having very small, low-crowned teeth with diminutive lateral 
uvulae. Although the Bandah Formation teeth are similar to 
those of Eorhinobatos Marramà et al., 2020, they are larger, 
higher crowned, and have a narrower and longer central uvula.

The lack of associated skeletal material makes it impossible 
to accurately determine if the Bandah Formation specimens 
represent Rhinobatos or some similar taxon. Villalobos-Segura 
& Underwood (2020) recently suggested that Rhinobatos may 
have diverged from a common ancestor during the middle 
Eocene, and there is a possibility that the Bandah Formation 
taxon may belong to this ancestral genus. For the purposes 
of this report, we assign the Bandah Formation teeth to 
“Rhinobatos” sp. due to their similarity to other Eocene teeth 
referred to this genus, but acknowledge the possibility that the 
specimens may belong to a different, possibly undescribed, 
genus. 

Order Myliobatiformes Compagno, 1973
Suborder Myliobatoidei Compagno, 1973
Family Dasyatidae Jordan & Gilbert, 1879
Genus Dasyatis Rafinesque, 1810a
“Dasyatis” sp.

Figure 14. “Dasyatis” sp. teeth. A-D. GU/B 2090 in A. lingual, B. labial, C. 
basal, and D. occlusal views. E-H. GU/B 2095, high crowned morphology in 
E. lingual, F. labial, G. basal, and H. occlusal views. Scale bars = 1 mm.
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Subathu Formation to the south in the Solan District, including 
Dasyatis rafinesquei Kumar & Loyal, 1987, and D. vicaryi 
Kumar & Loyal, 1987. These differences are significant and 
include a pitted labial ornamentation on both the D. rafinesquei 
(fine) and D. vicaryi (coarse) morphologies, and the cuspidate 
(male) morphology of D. rafinesquei has a narrower crown. 
The Bandah Formation taxon also differs from Dasyatis sp. 2 
from the Ypresian Cambay Shale in the Surat District (Rana 
et al. 2004) in bearing coarse nodular ornamentation, whereas 
the latter taxon has smooth labial faces. However, the Bandah 
Formation teeth bear close morphological affinities with the 
teeth of Dasyatis sp.1 from the Cambay Shale (Rana et al. 
2004), but they differ in size. Because it is unclear whether 
this size difference is taxonomically significant or the result 
of ontogeny, the Bandah Formation teeth are left to open 
nomenclature.

Teeth with the above morphology have traditionally been 
referred to the genus Dasyatis (see Cappetta, 2012). However, 
recent phylogenetic analyses on extant members of the 
Dasyatidae have shown the family to be paraphyletic, resulting 
in the splitting of the clade into four distinct subfamilies 
and at least eight different genera (Last et al., 2016; Nelson 
et al., 2016). This has a direct bearing on the taxonomy of 
fossil members of the Dasyatidae because it is currently 
unclear to what subfamily and/or genus any of the previously 
named fossil Dasyatis species should now be assigned. As a 
result, the Bandah Formation teeth are herein referred to as 
“Dasyatis” with the understanding that these specimens may 
not necessarily belong to this genus. 

 
Genus Coupatezia Cappetta, 1982
Coupatezia sp.

 Referred specimen – GU/B 2100 (Fig. 15). 

Description – The small tooth has a crown measuring 
approximately 2.5 mm in width (mesio-distal). In occlusal 
view, the crown has a reniform outline, and the lingual margin 
is marked by a large transverse crest. The medial portion of the 
labial face is concave along its width, and the labial limit of this 
furrow is marked by another, somewhat less robust transverse 
crest. The labial crown foot is convex and medially embayed. 
The lingual face is mesio-distally convex, and in lingual view, 
the middle of the crown rim is apically arched. In basal view 
the root is large, occupying much the same area as the crown. 
The root is bilobate and is divided into two rather high lobes 
by a deep, wide nutritive groove. The basal attachment surface 
of each lobe is D-shaped and convex. The labial crown foot 
overhangs the root, but the lobes reach the lateral margins of 

the crown and extend beyond the lingual crown margin.

Discussion – This specimen conforms to teeth of Coupatezia 
based on its reniform oral outline, concave labial face framed 
by sharp crests and margins, and large root compared to crown 
size. Kumar et al. (2007) reported the only other known record 
of Coupatezia from the Jaisalmer region, and both male and 
female morphologies were represented. The specimen identified 
as Gymnura sp. by Kumar et al. (2007; pl. 3, figs. 9-12) is in 
our opinion the male Coupatezia morphology, whereas teeth 
shown in pl. 3, figs. 18-21 are comparable to our Bandah 
Formation specimen. It is difficult to compare the Bandah 
Formation tooth to those discussed by Kumar et al. (2007), 
which were recovered from the underlying (Ypresian) Khuiala 
Formation, based on the limited views they provided and the 
abraded nature of our only specimen. The Bandah Formation 
specimen is also similar to middle Eocene C. cristata Adnet 
et al., 2020, particularly in the reniform nature of the teeth, 
the robust lingual transverse crest, and distinctive transverse 
crest at the labial crown foot. However, additional and well-
preserved specimens are needed to more accurately determine 
the Bandah Formation species.

Dasyatidae indet.

Referred specimen – GU/B 2098 (Fig. 16).

Description – The tooth measures 2.5 mm in crown width. 
In occlusal view, the crown has a roughly circular outline. A 
distinguishing feature of this tooth is that much of the crown 
consists of a high cusp. In profile view, the cusp has a rather flat, 
oblique labial face that extends from the crown foot to the cusp 
apex. The lingual side of the cusp is vertical and mesio-distally 
convex. The lateral and lingual crown foot extends slightly 
beyond the cusp base, forming a nearly continuous rim. In 
basal view the crown foot is convex, and the labial part exhibits 
an embayment such that the enameloid does not extend as far 
under the crown as on the other sides. The crown enameloid 
is smooth. The root is smaller than the crown, bilobate, with 
lobes separated by a wide and deep nutritive groove. The basal 
attachment surfaces are of unequal size, but both are convex 
and have a reniform outline.
 

Figure 15. Coupatezia sp. tooth. A-D. GU/B 2100 in A. lingual, B. basiolabial, 
C. occlusal, and D. basal views. Scale bar = 1 mm.

Figure 16. Dasyatidae indet. tooth. A-D. GU/B 2098 in A. orolingual, B. 
basiolabial, C. occlusal, and basal views. Scale bar = 1 mm. 
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the “Aetomylaeus” sp. tooth bears reticulated ridges on the 
labial face. Additionally, the transverse ridge at the lingual 
crown foot of “Aetomylaeus” sp. is thin and sharp, but it is 
thick and rounded on “Rhinoptera” sp. The combination of 
reticulated labial crown ornament and thin, sharp lingual 
transverse ridge at the crown base serve to distinguish 
“Aetomylaeus” sp. teeth from those of Myliobatis, which 
exhibits vertical ridges and grooves on crown faces and a thick 
and rounded lingual transverse ridge. Like the other members 
of the Myliobatinae, recent molecular divergence estimates by 
Villalobos-Segura & Underwood (2020) indicate that extant 
Aetomylaeus diverged from an ancestral taxon at some point 
during the late Miocene. As a result, we refer the Bandah 
Formation teeth to “Aetomylaeus” sp. with the understanding 
that they likely belong to an ancestral, undescribed member of 
extant Aetomylaeus lineage.

Subfamily Rhinopterinae Jordan & Evermann, 1896
Genus Rhinoptera Cuvier, 1829
“Rhinoptera” sp.

Referred specimens – GU/B 2099, GU/B 2110, GU/B 2112, 
GU/B 2113, GU/B 2114, GU/B 2115, GU/B 2117, GU/B 2118 
(Fig. 17D-I). 

Description – Symphyseal/medial teeth are very wide but 
relatively narrow. In oral view, the lateral angles are sharp 
and medially located. In labial/lingual view, the crown may 
be straight to slightly convex, and of uniform thickness along 
width. In profile view, the crown has a square to rectangular 
outline, depending on tooth wear. The labial and lingual faces 
are flat, vertical, and ornamented with wide longitudinal ridges 
and furrows that are overprinted with fine longitudinal ridges. 
The lingual crown foot bears a thick shelf-like transverse 
ridge. The root is low and polyaulocorhize, with lamellae 
being perpendicular to crown width and ranging from wide and 
widely spaced, to narrow and narrowly spaced (thickness of 
lamellae is about equal to the width of the nutritive grooves). 
The crown overhangs the root labially and laterally, but the 
lamellae reach (but do not extend beyond) the lingual crown 
foot.  

Proximal lateral teeth are similar in morphology to 
symphyseal teeth. Two exceptions are that these lateral teeth 
are higher on the mesial side than on the distal side, and the 
root lamellae are oblique to crown width. A single distal lateral 
tooth is roughly hexagonal in occlusal view, but it is otherwise 
comparable to symphyseal and proximal lateral teeth.

Discussion – Specimens previously reported by Kumar et al. 
(2017) and Kumar et al. (2020) from the same horizon of the 
Bandah Formation were identified as Myliobatis sp. These teeth 
are morphologically identical to those described above, and we 
consider the material to be conspecific. However, we believe 
that the morphology is more similar to extant Rhinoptera than 
to Myliobatis based on various features, including: labial and 
lingual crown faces that are flat and vertical (as opposed to 
concave-convex and inclined); labial and lingual ornament 
consisting of vertical ridges that are finer and discontinuous 
(versus robust and contiguous); root lamellae with vertical 
labial face and not extending beyond the lingual crown foot (in 
contrast to oblique labial face and extending beyond the lingual 
crown foot); lateral teeth gradually decreasing in size towards 

Discussion – In terms of gross morphology, the specimen 
superficially resembles lateral teeth of Merdiania convexa 
Case, 1994, a taxon known from the Thanetian to Bartonian of 
the USA (Case, 1994; Cicimurri, 2010; Ebersole et al., 2019). 
However, GU/B 2098 differs by its lack of a transverse furrow 
at the lingual crown foot, the underside of the labial crown 
foot is conspicuously embayed, and the root has comparatively 
smaller lobes. We cannot assign the tooth to “Dasyatis” sp. 
described above due to the unusual morphology of the cusp, 
and this morphology does not compare with any known species 
of Coupatezia. Additional specimens are needed to determine 
the identity of this tooth. 

Family Myliobatidae Bonaparte, 1835
Subfamily Myliobatinae Bonaparte, 1835
Genus Aetomylaeus Garman, 1908
“Aetomylaeus” sp.
Referred specimen – GU/B 2116 (Fig. 17A-C). 

Description – The specimen is broken but measures 
approximately 12 mm in width (mesio-distal). In oral view, 
the crown is U-shaped, with the labial margin being concave 
and lingual margin convex. The labial face bears a network of 
reticulated ridges. The root is high and polyaulocorhize, with 
numerous thin, widely spaced lamellae. 

Discussion – Although superficially similar to “Rhinoptera” sp. 
teeth described below, GU/B 2116 differs by the ornamentation 
of the labial and lingual faces. Whereas “Rhinoptera” sp. teeth 
have longitudinal furrows and ridges on vertical crown faces, 

Figure 17. Myliobatidae teeth. A-C. GU/B 2116, “Aetomylaeus” sp. in A. 
occlusal, B. basal, and C. labial views. D-F. GU/B 2114, “Rhinoptera” sp. 
median tooth in D. occlusal, E. basal, and F. labial views. G-I. GU/B 2112, 
“Rhinoptera” sp. medio-lateral tooth in G. occlusal, H. basal, and I. labial 
views. Scale bars = 2 mm.
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Bandah Formation cuspidate morphology is comparable to 
that of O. sigei, but potentially significant differences include 
a narrower (mesio-distal) crown with flatter labial face. 
Additionally, none of the teeth from the Bandah Formation 
are as mesio-distally narrow as some specimens of O. sigei 
(Cappetta, 1986). The Bandah Formation specimens have 
in common with O. lacuna, including specimens that were 
previously identified only to the generic level (i.e., Adnet et 
al., 2008, Underwood et al., 2011) but synonymized with 
O. lacuna (Adnet et al., 2020), a labio-lingually thinner and 
mesio-distally concave labial face. However, due to the poor 
preservation of the recovered specimens, we conservatively 
assign the Bandah Formation teeth to O. lacuna 

DISCUSSION

Review of the Bandah Formation elasmobranch assemblage
Two prior studies, Kumar et al. (2017) and Kumar et al. 

(2020), reported elasmobranch remains from the Bandah 
Formation in the same part of the Jaisalmer Basin of Rajasthan 
as the present study. Those reports described a small number 
of shark and ray teeth from approximately the same locality 
and horizon that we sampled. However, the specimens were 
surface collected from an outcrop where the lithologic beds 
are not easily discerned. Furthermore, the identifications of the 
teeth were largely inaccurate or cannot be known with certainty 
due to the poor preservation of the specimens. However, when 
combined with the fossils discussed herein, the composition 
of the Bandah Formation elasmobranch assemblage becomes 
clearer (Table 1).

the commissure, with the mesial side of the crown higher 
than distal side, and root lamellae oblique to crown width (as 
opposed to abruptly nearly symmetrically hexagonal, with 
uniformly thick crown and lamellae perpendicular to crown 
width). Based on these criteria, we conclude that specimens 
previously reported as Myliobatis in the fossil record (Eocene 
to Miocene) of India (Mishra, 1980; Sahni & Mehrotra, 1981; 
Kumar & Loyal, 1987, Bajpai & Thewissen, 2000; Rana et al., 
2004; Rana et al., 2006) are more similar to Rhinoptera than 
to Myliobatis.

Recent phylogenetic analyses of batoids utilizing molecular 
divergence data (Villalobos-Segura & Underwood, 2020) 
suggested that the genus Rhinoptera may not have diverged 
from its ancestral taxon until the late Miocene. If these 
analyses are correct, they suggest that all pre-Neogene teeth 
that are morphologically similar to extant Rhinoptera may not 
necessarily belong to this genus. Because of this, we choose 
to refer the Bandah Formation teeth to “Rhinoptera” sp. with 
the understanding that they may belong to an ancestral genus 
within the extant Rhinoptera lineage. 

Family Gymnuridae? Fowler, 1934
Genus Ouledia Cappetta, 1986
Ouledia aff. O. lacuna Adnet et al., 2020

Referred specimens – GU/B 2101, GU/B 2102, GU/B 2103, 
GU/B 2104, GU/B 2105, GU/B 2106, GU/B 2107, GU/B 2108 
(Fig. 18).

Description – The teeth are small, with no specimen exceeding 
1 mm in width. The teeth are distinctive by their simple crown 
and unusual root structure. The crown is wider (mesio-distal) 
than long (labio-lingual), and in oral view, it is divided by a 
transverse ridge into (smaller) labial and (larger) lingual faces. 
The labial face ranges from weakly concave to flat, whereas 
the lingual face is always convex. In labial/lingual views, 
the apex of the transverse ridge may be uniformly convex, 
medially pointed, or form the tip of a distinctive cusp. Crown 
enameloid is smooth. In profile view, the labial crown foot is 
approximately even with the root margin, but lingually the root 
projects well beyond the crown base. The root is rather low and 
may be slightly wider or slightly less wide than the crown. A 
wide nutritive groove divides the root into two large lobes. At 
least one nutritive foramen occurs within the groove.   

Discussion – The tooth morphologies in the Bandah Formation 
sample conform to the various species of Ouledia Cappetta, 
1986, including O. casieri (Kumar & Loyal, 1987), O. sigei 
Cappetta, 1986 and O. lacuna Adnet et al., 2020. Two tooth 
morphologies are represented, one with a broadly convex to 
somewhat pointed apical cutting edge, and one with a distinct 
pointed cusp and sharp transverse cutting edge. These variations 
have been attributed to gynandric heterodonty within the genus 
(Cappetta, 1986), with the cuspidate teeth representing males. 

The casieri morphology, from the Ypresian of India, was 
originally named as a new taxon, Subathunura Kumar & Loyal, 
1987, but this genus has since been synonymized with Ouledia 
(Adnet et al., 2008; Adnet et al., 2020). Ouledia casieri differs 
from the Bandah Formation specimens by having a transverse 
furrow on the crown as opposed to a transverse ridge. In terms 
of overall morphology, the Bandah Formation non-cuspidate 
variant is very similar to that of O. sigei and O. lacuna. The 

Figure 18. Ouledia aff. O. lacuna teeth. A-D. GU/B 2102 in A. lingual, B. 
occlusal, C. basal, and D. labial views. E-H. GU/B 2105, high crowned-
morphology in E. lingual, F. occlusal, G. basal, and H. labial views. Scale bars 
= 2 mm.
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The single Nebrius sp. tooth available to us is the only 
representative of Ginglymostomatidae in our sample, and the 
specimen differs from similar teeth of Ginglymostoma sp. by 
having more mesial and distal cusplets flanking the main cusp 
(sensu Ebersole et al., 2019). Although Ginglymostoma sp. and 
G. sokotoense have been identified from the upper Palaeocene 
and lower Eocene deposits of Barmer, Jaisalmer, and Himachal 
Pradesh, India (Rana et al., 2005; Kumar et al., 2007; Gupta 
& Kumar, 2013; Rajkumari & Prasad, 2020), these specimens 
generally have fewer lateral cusplets and the labial apron is 
very small and poorly differentiated from the remainder of the 
labial crown foot. The Bandah Formation tooth represents the 
first record of Nebrius in the middle Eocene of India.

Mitsukurinidae is represented by Striatolamia aff. S. macrota. 
The teeth are poorly preserved, but they were attributed to this 
genus based on the very tall and narrow main cusp that bears 
fine longitudinal ridges, and the presence of diminutive lateral 
cusplets. Striatolamia has been reported from the Bandah 
Formation by Kumar et al. (2017), but some teeth identified as 
Carcharias cf. tricupidatus Day, 1878 by Kumar et al. (2020: 
pl. 2, fig. j-l) also appear to represent Striatolamia. 

Two genera of Odontaspididae have been identified, 
including Brachycarcharias and Jaekelotodus. There are two 
species of Brachycarcharias, including B. atlasi and B. lerichei, 
that were differentiated based on the size and number of lateral 
cusplets and the coarseness of the lingual ornamentation. The 
morphological features and palaeobiogeographic distributions 
of these species were recently reviewed by Ebersole et al. 
(2019). In the two previous reports on Bandah Formation 
elasmobranchs, we believe that specimens previously 
identified as Lamna sp. (Kumar et al., 2017: pl. 2, fig. e–f) and 
Carcharias cf. tricuspidatus (Kumar et al., 2020: pl. 2, figs. 
g–i, p–r) are more appropriately identified as B. lerichei. The B. 
atlasi specimens reported herein represent the first confirmed 
occurrence of this species in India.  

The single lateral tooth referred to cf. Jaekelotodus sp. has 
a broadly triangular, recurved main cusp with nearly complete 
cutting edges, and the lateral cusplets, although poorly 
preserved, are triangular and pointed. A tooth identified by 
Kumar et al. (2017: pl. 2, fig. g–h) is interesting because it bears 
a strong resemblance to Tethylamna dunni Cappetta & Case, 
2016, with one of the distinguishing features being the broadly 
triangular lateral cusplets that are distally directed (Cappetta & 
Case, 2016; Ebersole et al., 2019). Kumar et al. (2017) figured 
another specimen (pl. 2, fig. i–j) that is similar to some teeth of 
Hypotodus verticalis (Agassiz, 1843). It is possible that these 
taxa are represented in our Bandah Formation sample, but were 
identified as Odontaspididae or Lamniformes indet. because 
they are poorly preserved. Additional specimens are needed 
to corroborate the presence of Jaekelotodus, Tethylamna, and 
Hypotodus in the middle Eocene of India. 

Several teeth in our sample are too fragmentary and ablated 
to identify beyond Lamniformes. These include crowns and 
partial teeth that could represent any of the odontaspidids or 
even Striatolamia. Into this group we would place specimens 
from the Bandah Formation that have previously been 
identified as Isurus sp. (Kumar et al. 2017: pl. 2, fig. a–d), 
I. cf. oxhyrhynchus (Kumar et al. 2020: pl. 2, fig. a–f), and 
Carcharias cf. tricuspidatus (Kumar et al. 2020: pl. 2, fig. 
m–o). 

Three genera of Carcharhinidae have been identified, 
including Carcharhinus, Rhizoprionodon, and Physogaleus. 
The Carcharhinus teeth are assigned to C. mancinae, a 

taxon recently reported from the middle Eocene (Bartonian) 
of Alabama (Ebersole et al., 2019), based on their overall 
morphology, the presence of compound serrations, and by 
having a dentition that exhibits clear dignathic heterodonty. We 
believe that some specimens identified as Galeocerdo sp. in 
previous Bandah Formation elasmobranch studies by Kumar et 
al. (2017: pl. 2, fig. n–o) and Kumar et al. (2020: pl. 2, fig. s–u) 
are conspecific with teeth we identify herein as C. mancinae. 
The presence of Carcharhinus mancinae in the Rajasthan 
region of India is of interest because the species was heretofore 
restricted to the Bartonian of Alabama (Ebersole et al., 2019), 
and the temporal range of the species serves to corroborate 
the age of the Bandah Formation. Furthermore, the Bandah 
Formation specimens not only represent the first confirmed 
records of C. mancinae in India, but also the first occurrence 
of this taxon from outside of its type locality of southwestern 
Alabama, USA. 

Although denticulations occur on the distal heel of 
Physogaleus and may occur on the base of the mesial cutting 
edge, teeth lack serrations on the upper half of the mesial edge 
and on the distal cutting edge. The limited development of 
denticulation on the mesial cutting edge and distal heel of the 
Physogaleus teeth are indicative of P. secundus, as opposed to 
the coeval taxon P. alabamensis (Ebersole et al., 2019). Kumar 
et al. (2020) illustrated a specimen (pl. 2, fig. v–x) that they 
identified as Galeocerdo sp., but our evaluation of the figured 
specimens leads us to conclude that the material is more similar 
to Physogaleus alabamensis. Our identification is based on the 
heavy denticulation on the mesial cutting edge and distal heel, 
and the lack of serrations on the cusp as seen on Galeocerdo 
teeth. Additional specimens are needed to confirm the presence 
of P. alabamensis in the Bandah Formation, but Ebersole et 
al. (2019) reported P. secundus and P. alabamensis as being 
coeval in the middle Eocene of Alabama. 

The Rhizoprionodon teeth in our sample were differentiated 
from Physogaleus lateral teeth based on the lack of mesial 
denticulation and the single convex to pointed cutting edge 
on the distal heel. The Bandah Formation teeth may be 
R. ganntourensis (Arambourg, 1952), a species originally 
described from northern Africa, but a larger sample is needed 
to make this determination. One additional specimen reported 
by Kumar et al. (2017: pl. 2, fig. p–q), also identified as 
Galeocerdo sp., is of note. The specimen is rather large, and 
although the basal mesial cutting edge and distal heel are 
coarsely denticulated, the edges otherwise lack serrations 
on the upper half of mesial edge and the distal cutting edge. 
Additionally, the labial crown foot is convex and slightly 
overhangs the root. This combination of features leads us to 
believe that the material is more appropriately identified as 
Galeorhinus, rather than Galeocerdo or Physogaleus.    

Two species of Galeocerdidae are present, including 
Galeocerdo clarkensis and G. eaglesomei. These species 
are differentiated from each other by their serrations and the 
morphology of the mesial and distal sides of the crown. On G. 
clarkensis, the mesial serrations are largest at the middle of the 
cutting edge, serrations are weakly compound, and the distal 
heel is separated from the distal cutting edge by a deep notch. 
In contrast, serrations on G. eaglesomei are of rather uniform 
size, they are simple (i.e., lack additional minute serrations), 
and there is a sloping transition from the distal cutting edge to 
the distal heel. As noted above, specimens from the Bandah 
Formation previously identified as Galeocerdo are more 
appropriately assigned to Carcharhinus mancinae, Physogaleus 
alabamensis, and perhaps Galeorhinus. The G. clarkensis teeth 
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identified in our sample represent the first occurrence of this 
taxon in India, and the first confirmed occurrence of this species 
outside of the Atlantic and Gulf coastal plains of the USA (see 
Ebersole et al., 2019). Although G. eaglesomei is known from 
Africa and Alabama in the USA (Stromer, 1910; White, 1926; 
Ebersole et al., 2019), the specimens reported herein represent 
the first documented record for the taxon in India.

Odontorhytis aff. O. pappenheimi is reported for the first 
time from the middle Eocene of India. The genus is primarily 
known from the Eocene of Africa, including Namibia, Nigeria, 
Morocco, Egypt, and Tunisia, but it also occurs in Pakistan 
(Böhm, 1926; Cappetta, 1981, 1987; Case & West, 1991; 
Tabuce et al., 2005; Strougo et al., 2007; Murray et al., 2010; 
Adnet et al., 2011; Underwood et al., 2011; Adnet et al., 2020). 
Odontorhytis was a euryhaline shark that predominantly occurs 
in deposits representing shallow marine environments, but the 
taxon appears to have also tolerated brackish and freshwater 
environments (Murray et al., 2010). 

The Bandah Formation elasmobranch assemblage contains 
four batoid families, including Rhinobatidae, Dasyatidae, 
Myliobatidae, and Gymnuridae. Several poorly preserved 
teeth are identified as “Rhinobatos” sp. due to their superficial 
similarity to the teeth of this extant genus, and they represent 
the first occurrence of this taxon in the fossil record of the 
region. The Bandah Formation Dasyatidae includes “Dasyatis” 
sp. and Coupatezia sp. Only one Coupatezia tooth has been 
identified thus far, but it differs from teeth of “Dasyatis” in 
lacking labial ornamentation other than a weak basal transverse 
crest. The “Dasyatis” teeth bear some similarity to specimens 
identified as Dasyatis sp. 1 from the lower Eocene Khuiala 
Formation, but we could not make a critical comparison of the 
two samples. It is entirely possible that they represent a new 
dasyatoid species. We prefer to use “Dasyatis” when identifying 
the Bandah Formation teeth because the family is known to be 
paraphyletic (Last et al., 2016) and, although similar, the teeth 
could represent some taxon other than Dasyatis. An additional 
tooth is herein assigned to Dasyatidae indet. because it differs 
from the Bandah Formation “Dasyatis” sp. and Coupatezia 
sp. morphologies. The uniqueness of this specimen precluded 
further identification, but additional specimens may show 
that a third member of the Dasyatidae occurs in the Bandah 
Formation. 

Two similar Myliobatidae tooth morphologies were 
identified that are referred to herein as “Rhinoptera” sp. and 
“Aetomylaeus” sp., denoting their similarity to teeth of extant 
species of these genera. Specimens referred to “Rhinoptera” sp. 
have straight, nearly vertical labial and lingual faces that bear 
coarse vertical crenulations, whereas teeth of “Aetomylaeus” 
sp. have a lingually inclined,  pitted and concave labial face 
and tuberculated, convex lingual face (sensu Ebersole et al., 
2019). Teeth from the Bandah Formation that were identified 
as Myliobatis sp. by Kumar et al. (2017: pl. 1, fig. a–d) and 
Kumar et al. (2020: pl. 3, a-d) are in our opinion “Rhinoptera” 
sp. based on their overall morphology, including the higher 
mesial side compared to the distal side. The “Rhinoptera” sp. 
and “Aetomylaeus” sp. teeth described herein represent the first 
confirmation of these taxa in the fossil record of India. 

Ouledia is known from the late Palaeocene to late Eocene 
of northern Africa and southwestern Asia, where it apparently 
constitutes part of nearshore marine elasmobranch palaeofaunas 
(Cappetta, 1986; Rana et al., 2005; Tabuce et al., 2005; Adnet 
et al., 2007; Strougo et al., 2007; Adnet et al., 2008, Adnet 
et al., 2011; Underwood et al., 2011). The Bandah Formation 
teeth are morphologically more similar to middle Eocene O. 

lacuna than to the Ypresian species O. casieri and O. sigei. 
The specimens in our sample represent the first occurrence of 
Ouledia in the middle Eocene of India and are only the second 
record of the genus from the subcontinent (Ypresian O. casieri). 

Palaeobiogeographic implications of the Bandah Formation 
elasmobranch palaeofauna

Seventeen unequivocal taxa were identified in our 
Bandah Formation sample. Of these, ten taxa represent first 
occurrences for India, eight of which could be identified to a 
species. Because no new taxa were recognized in our Bandah 
Formation sample, this assemblage presents several interesting 
palaeobiogeographic implications because each of the 
identified species were originally identified from elsewhere. For 
example, Brachycarcharias lerichei was named for specimens 
derived from the Ypresian of Belgium (Casier, 1946). This 
taxon has since been reported from Antarctica (Marramà et al., 
2018a), France (Dutheil & Merle, 1992), Germany (Diedrich, 
2012), Italy (Marramà et al, 2018b), Japan (Tanaka et al., 
2006), Mexico (Gonzàlez-Barba & Theis, 2000), Morocco 
(Arambourg, 1952), the Netherlands (Souverein & Stoel, 
1995), Spain (Bauzà & Gomez Pallerola, 1988), and the United 
Kingdom (Cappetta & Nolf, 2005), and Alabama (Ebersole et 
al., 2019), Maryland and Virginia (Ward & Weist, 1990) in the 
USA. This indicates that B. lerichei had a nearly circumglobal 
range in the Palaeogene that included the Atlantic, Indian, 
Pacific, and Southern oceans, as well as the Gulf of Mexico 
and Tethys/Paratethys. Striatolamia macrota appears to have 
had a similar geographic range (see Cappetta, 2012). 

Galeocerdo eaglesomei (White, 1926), which was originally 
named for teeth from the central Atlantic Ocean in Nigeria, 
had a slightly more restricted geographic range, as it has been 
confirmed from the northern Atlantic Ocean (Case & Borodin, 
2000) and Gulf of Mexico (Ebersole et al., 2019) in the USA, 
and the Indian Ocean in Madagascar (Samonds et al., 2019). 
Even more restricted are the occurrences of Odontorhytis 
pappenheimi, which has only been reported from the southern 
Atlantic Ocean in Namibia (Böhm, 1926), northern Atlantic 
Ocean in Morocco (Cappetta, 1981), the Tethys Sea in Egypt 
(Case & Cappetta, 1990) and Tunisia (Adnet et al., 2020), 
and the Indian Ocean in Pakistan (Case & West, 1991). The 
same can be said for Galeocerdo clarkensis, which has only 
been confirmed from the northern Atlantic Ocean and Gulf of 
Mexico in Alabama and South Carolina in the USA (Ebersole et 
al., 2019). Finally, Ouledia lacuna has only been reported from 
the Tethys region in Europe and northern Africa (see Adnet et 
al., 2020), and Carcharhinus mancinae has been confirmed 
only from the Gulf of Mexico in Alabama, USA.

As a whole, the Bandah Formation palaeofauna is comprised 
of taxa with palaeobiogeographic ranges from every major 
ocean and every continent. With the exception of Carcharhinus 
mancinae, Galeocerdo clarkensis, and G. eaglesomei, all of 
the remaining species have palaeobiogeographic ranges that 
previously included the Tethys Sea, indicating that this body 
of water played an essential role in the distribution of sharks 
and rays between the Atlantic, Indian, Pacific, and Southern 
oceans during the Palaeogene. Although the occurrences of 
C. mancinae and G. clarkensis in the Rajasthan region of 
India constitutes a palaeobiogeographic range extension of 
nearly 20,000 km from their type locality of southwestern 
Alabama, USA, this should not be surprising because modern 
species like Carcharhinus leucas (Müller & Henle, 1839), 
C. obscurus (Lesueur, 1818), and Galeocerdo cuvier (Péron 
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& Lesueur, 1822) have circumglobal distributions. With the 
Eocene Tethys Sea creating a corridor connecting the northern 
Atlantic Ocean and the Indian Ocean, the occurrence of taxa 
such as C. mancinae and G. clarkensis in the Bandah Formation 
indicates that many selachian taxa could move freely between 
these two distant oceans.

 
Palaeoenvironment and Palaeoecology of the Bandah 
Formation

In a general view, the Jaisalmer Basin represents the central 
part of the Rajasthan shelf and the eastern shelf part of the 
Indus Basin and its eastern extension of the Tethys Sea. During 
the early Palaeogene, the whole margin of peninsular India 
(including the western Rajasthan shelf) was submerged due 
to marine transgression. The region was also connected by 
the foreland basin of the young Himalaya Mountains, and it 
is presumed that this was synchronous with the continental 
collision between India and Asia. It is also assumed that the 
Himalayan foreland basin extended the Arabian Sea and Tethys 
realm through the western Rajasthan shelf and the Sanchor 
and Cambay basins. The development of fine, clastic marl 
and carbonate sequences in the Sanu, Khuiala and Bandah 
formations indicates that the Eocene sequence of the Jaisalmer 
Basin was deposited in a stable environment. 

Singh (1976, 1984, 1996, 2003, 2007) provided detailed 
studies of the Cenozoic surface and subsurface sequences 
within the Jaisalmer Basin and suggested there was a 
considerable hiatus in sedimentation in the region at the end 

of the Mesozoic Era. Although surface exposures of the Sanu 
Formation have not yielded micro- or macrofossils, subsurface 
benthic foraminifera such as Planorotalites pusilla Bolli, 1957,  
P. pseudomenardii (Bolli, 1957), Morozovella velascoensis 
(Cushman, 1925b), Assilina dandotica Davies & Pinfold, 1937, 
and Discocyclina seunesi Douvillé, 1922 indicate that the first 
marine transgression in the Jaisalmer Basin occurred during 
the late Palaeocene, and the sea fluctuated between inner to 
outer shelf zones (40 to 150 m; Singh, 1984, 2007). Marked 
shallowing of the sea is recorded by strata near the top of Sanu 
Formation.

During the early Eocene the shoreline extended much farther 
east than during the Palaeocene, and this was followed by a 
renewed deepening of the sea during deposition of the Khuiala 
Formation. The foraminifera assemblage within the Khuiala 
Formation is represented by Assilina granulosa (d’Archiac, 
1850), A. daviesi Cizancourt, 1938, A. lacunata Cizancourt, 
1946, Nummulites mamilla Roissy, 1805, N. burdigalensis 
Rozlozsnik & de la Harpe, 1926, and N. irregularis Deshayes, 
1838, taxa indicating that deposition of the Khuiala Formation 
represented an inner to middle shelf environment (50 to 100 
m; Singh, 2007). Singh (2007) also suggested that there were 
widespread regressions throughout a short period before the 
commencement of middle Eocene (Lutetian) transgression, and 
a similar transgression has also reported from the Bikaner and 
Kutch basins (Singh, 1971; Biswas, 1971). A short depositional 
hiatus is preserved at the top of the Khuiala Formation and 
followed by renewed middle Eocene (Lutetian) transgression. 
The limestone sequences represented by the Batrewala and 
Bakhari-Tibba Members of the Bandah Formation formed 
during this transgression. Subsurface and surface foraminifera 
from this formation include Fasciolites elliptica Sowerby, 
1840, Assilina spira (Roissy, 1805), A. papillata Nuttall, 
1926a, A. subpapillata Nuttall, 1926b, Nummulites bagelensis 
Verbeek, 1891, N. pengaronensis Verbeek, 1871, N. beaumonti 
d’Archiac & Haime, 1953, N. maculatus Nuttall, 1926a, 
Dictyoconoides cooki Nuttall, 1925, Discocyclinap sp., and 
Baculogypsinoides sp. (Singh, 1984, 2007). Overall, the 
foraminifera and other invertebrate fossils occurring within 
limestone beds of the Bandah Formation indicate a moderately 
deep to shallow (inner to middle shelf of 30-100 m depth) 
environments existed at various intervals during the middle 
Eocene, and the deposition of carbonate-rich and gypsiferous 
shale indicates the climate was warm and tropical. By the end 
of Eocene, the Tethys Sea had completely withdrawn from the 
Jaisalmer Basin and shelf. 

The interpretation that the Bandah Formation represents 
a warm and tropical palaeoenvironment is corroborated by 
the elasmobranch assemblage, which includes taxa that have 
been reported from middle Eocene strata elsewhere that 
indicate tropical areas (see Cappetta, 2012; Ebersole et al., 
2019; references cited herein). Foraminiferal and molluskan 
species suggest that some beds within the Bandah Formation 
accumulated in moderately deep to shallow waters. Two taxa 
within our sample, Odontorhytis and Ouledia, have been 
interpreted as preferring nearshore marine or even brackish 
environments (Cappetta, 1986; Rana et al., 2005; Tabuce et al., 
2005; Adnet et al., 2007; Strougo et al., 2007; Adnet et al., 
2008; Murray et al., 2010; Adnet et al., 2011; Underwood et 
al., 2011). Furthermore, identification of the genera Nebrius 
and “Rhinoptera” is of interest because each have extant 
representatives that prefer extremely shallow waters. For 
example, the only extant species of Nebrius, N. ferrugineus 
(Lesson, 1831), has a depth preference of 70 meters or less 

Table 1. Chondrichthyan taxa confirmed from the Bandah Formation in the 
Jaisalmer District of Rajasthan, India. *Denotes first record of this taxon in 
India.

Taxon Reference Figure
Nebrius  sp.* This study Fig. 3
Striatolamia  aff. S. macrota This study Fig. 4

Kumar et al. (2017) pl. 2, fig. k-l
Kumar et al. (2020) pl. 2, fig. j-l

Brachycarcharias atlasi* This study Fig. 5A-F
Brachycarcharias lerichei This study Fig. 5G-I

Kumar et al. (2017) pl. 2, fig. e-f
Kumar et al. (2020) pl. 2, fig. g-l, p-r

cf. Jaekelotodus  sp.* This study Fig. 6
Odontaspididae indet. This study Fig. 7
?Tethylamna dunni * Kumar et al. (2017) pl. 2, fig. g-h
?Hypotodus verticalis* Kumar et al. (2017) pl. 2, fig. i-j
Lamniformes indet. Kumar et al. (2017) pl. 2, fig. a-d, m

Kumar et al. (2020) pl. 2, fig. a-f, m-o
Carcharhinus mancinae* This study Fig. 8

Kumar et al. (2017) pl. 2, fig. n-o
Kumar et al. (2020) pl. 2, fig. s-u

Rhizoprionodon  sp. This study Fig. 9
Physogaleus  sp. This study Fig. 10
?Physogaleus alabamensis * Kumar et al. (2020) pl. 2, fig. v-x
Galeorhinus  sp. Kumar et al. (2017) pl. 2, fig. p-q
Galeocerdo clarkensis* This study Fig. 11A-E
Galeocerdo eaglesomei* This study Fig. 11F-H
Odontorhytis  aff. O. pappenheimi* This study Fig. 12
“Rhinobatos ” sp. This study Fig. 13
“Dasyatis ” sp. This study Fig. 14
Coupatezia  sp. This study Fig. 15
Dasyatidae indet. This study Fig. 16
“Aetomylaeus ” sp.* This study Fig. 17A-C
“Rhinoptera ” sp.* This study Fig. 17D-I

Kumar et al. (2017) pl. 1, fig. a-d
Kumar et al. (2020) pl. 3, a-d

Ouledia aff. O. lacuna* This study Fig. 18
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(Froese & Pauly, 2019). Similarly, the eight extant species of 
Rhinoptera are generally found at depths of no less than 65 
meters (Froese & Pauly, 2019; Bray & Gomon, 2020). The 
presence of these four genera at the collecting locality suggests 
that at least “bed b” of the Bandah Formation represents a 
shallow-water inner shelf (less than 50 m depth), possibly 
shallow neritic, environment. This is further corroborated by 
oyster-bearing limestone within this horizon (see Fig. 2), which 
is generally indicative of intertidal or subtidal zones (Shepard et 
al., 2018). Such a depositional environment could also explain 
the broken and ablated nature of the elasmobranch teeth and 
disarticulation of bivalve shells.

CONCLUSIONS

Our sample from the Bandah Formation of the Jaisalmer 
Basin yielded a total of 17 unequivocal taxa, with two 
additional morphologies assigned to Odontaspididae indet. 
and Dasyatidae indet., that possibly represent additional 
unique taxa. A reanalysis of specimens figured in two prior 
studies (Kumar et al., 2017; Kumar et al., 2020) suggests 
the presence of Galeorhinus sp. in the Bandah Formation, 
and possibly additional taxa to include Hypotodus verticalis, 
Physogaleus alabamensis, and Tethylamna dunni (see 
Table 1). Of the confirmed taxa, 10 represent first occurrences 
for the fossil record of India, including “Aetomylaeus” 
sp., Brachycarcharias atlasi, Carcharhinus mancinae, 
Galeocerdo clarkensis, G. eaglesomei, cf. Jaekelotodus sp., 
Odontorhytis aff. O. pappenheimi, Ouledia aff. O. lacuna, and 
“Rhinoptera” sp. The elasmobranch palaeofauna within “bed 
b” at our Bandah Formation locality indicates that deposition 
of this unit likely occurred within a warm, tropical, shallow-
water, continental shelf or inner neritic environment, and the 
presence of C. mancinae helps corroborate a Bartonian age. 
The co-occurrence of diverse taxa otherwise known from 
widely separated regions suggests that the Tethys Sea played 
an important role in the distribution of elasmobranchs during 
the middle Eocene, allowing certain taxa to attain nearly 
circumglobal distributions.
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