
NEW RECORD OF EGERTONIA (ELOPIFORMES,

PHYLLODONTIDAE) FROM THE LATE CRETACEOUS

OF SOUTH INDIA

by THOMAS J. D. HALLIDAY1, ANDREW R. CUFF1, GUNTUPALLI V. R.

PRASAD2, MECHEK S. THANGLEMMOI2 and ANJALI GOSWAMI1,3
1Department of Genetics, Evolution and Environment, University College London, Gower Street, London, WC1E 6BT, UK; e-mails: thomas.halliday.11@ucl.ac.uk,

andrew.cuff@ucl.ac.uk, a.goswami@ucl.ac.uk
2Department of Geology, University of Delhi, Delhi, 110 007, India; e-mails: guntupalli.vrprasad@gmail.com, moiyaas@gmail.com
3Department of Earth Sciences, University College London, Gower Street, London, WC1E 6BT, UK

Typescript received 6 November 2015; accepted in revised form 18 December 2015

Abstract: We report a new occurrence of the phyllodontid

teleost fish Egertonia from the Late Cretaceous Kallamedu

Formation of the Cauvery Basin, South India. This is the

oldest occurrence of Phyllodontidae in India, and only the

second Cretaceous Gondwanan occurrence of this genus, fol-

lowing a toothplate previously described from the Late Cre-

taceous Maevarano Formation, Madagascar. The presence of

phyllodontid fish supports a fluvial–deltaic or brackish envi-

ronment for the lower part of the Kallamedu Formation, a

rich deposit including typically Gondwanan taxa, such as

simosuchid crocodiles, bothremydid turtles and abelisaurid

dinosaurs, as well as an anomalous troodontid dinosaur.

Egertonia adds another taxon of primarily Laurasian distribu-

tion to the Kallamedu fauna and further expands the list of

taxa known from the Late Cretaceous of both India and

Madagascar, strengthening the degree of faunal similarity

between the two landmasses in the latest Cretaceous.

Key words: Teleostei, Phyllodontidae, Late Cretaceous,

Gondwana, India, palaeobiogeography.

DURING the Late Cretaceous, India was isolated from all

other continental landmasses by several thousand miles,

having most recently separated from Madagascar in the

early Late Cretaceous (Briggs 2003; Melluso et al. 2009).

The order and timing of breakup of the Gondwanan

landmasses has inspired a variety of palaeobiogeographi-

cal hypotheses regarding vicariant and dispersive rela-

tionships of diverse taxa (Prasad and de Lapparent de

Broin 2002; Briggs 2003; Van Bocxlaer et al. 2006).

Among these, the relationships of India’s Late Creta-

ceous fauna can be considered particularly unusual. The

majority of Cretaceous Indian groups are known exclu-

sively from Gondwanan continents, such as abelisaurid

theropods (Novas et al. 2010), gondwanatherian and

haramiyidan mammals (Anantharaman et al. 2006;

Prasad et al. 2007a) and madtsoiid snakes (Wilson et al.

2010). Many of the Indian representatives of these clades

are sister taxa of Madagascan taxa, for example Majun-

gasaurus and Rajasaurus within Abelisauridae (Carrano

and Sampson 2008), Kinkonychelys and Kurmademys

within Bothremydidae (Gaffney et al. 2009), and Lavan-

ify and Bharattherium within the sudamericid Gond-

wanatheria (Prasad et al. 2007b). Additionally, there are

some members of clades otherwise only known from

Laurasian landmasses at this time. These include a prob-

able troodontid theropod (Goswami et al. 2013), multi-

ple species of eutherian mammal (Prasad and Sahni

1988; Prasad et al. 1994; Prasad et al. 2007b) and

discoglossid frogs (Prasad and Rage 1991). To explain

the presence of Laurasian taxa in the Late Cretaceous of

India, at least 15 million years before the Indian plate

collided with Asia, it is necessary to either invoke dis-

persal events across the Tethys Sea or, in some cases, to

suggest that several apparently Laurasian taxa radiated

out of India after the collision with Asia (Krause and

Maas 1990). The Late Cretaceous fauna of India, then,

was a mosaic of Gondwanan clades, endemic radiations

and Laurasian immigrants, forming a complex combina-

tion of palaeobiogeographical histories (Prasad and

Sahni 2009).

While most of the Cretaceous vertebrate fauna of

India has been discovered in beds associated with the

Deccan Volcanic Province (Fig. 1), recent fieldwork in

the Cauvery Basin of Tamil Nadu, South India, has

yielded a diverse assemblage of Cretaceous vertebrates.

The latest Cretaceous (Maastrichtian) fossils of the
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Cauvery Basin’s Kallamedu Formation include typically

Gondwanan vertebrates, such as a tooth of a Simosuchus-

like crocodyliform (Prasad et al. 2013), several teeth of

abelisaurid dinosaurs (Prasad et al. 2013), multiple skulls

and ample carapace elements of bothremydid turtles

(Gaffney et al. 2001), and a large quantity of fragmentary

limb bones that have been identified as titanosaurid

sauropods (Lydekker 1877; Goswami et al. 2013), but

also the anomalous troodontid tooth mentioned above

(Goswami et al. 2013). These new discoveries have

expanded our understanding of the Indian fauna in the

Late Cretaceous and provided compelling new informa-

tion on evolution on the Indian plate in a region distant

from but contemporary with the Deccan volcanism. Here

we further add to the known diversity of the Kallamedu

Formation with the discovery of a phyllodontid fish,

Egertonia. Phyllodontids are primarily known from Laur-

asian localities, with very few Cretaceous occurrences of

the family from Gondwanan continents. This report is

only the second Cretaceous and second Gondwanan

record of Egertonia and further strengthens palaeobiogeo-

graphical links between the Late Cretaceous of South

India and that of Madagascar.

GEOLOGICAL SETTING

The Cauvery Basin in Tamil Nadu, South India, formed dur-

ing Late Jurassic – Early Cretaceous rifting of Eastern Gond-

wana, and represents an extensive sequence of Early

Cretaceous – Paleocene deposits (Tewari et al. 1996; Sun-

daram et al. 2001). The Kallamedu Formation is late Maas-

trichtian in age and forms the uppermost part of the Ariyalur

Group, conformably overlying the early Maastrichtian Ottako-

vil Formation, which in turn overlies the Kallankurichchi For-

mation and the late Campanian Sillakkudi Formation (Fig. 2;

Ramkumar et al. 2013; Sugantha et al. 2015). The Kallamedu

Formation is itself unconformably overlain by the Danian

Niniyur Formation. An extensive exposure of the Kallamedu

Formation is found approximately 1 km north of Kallamedu

village, 10 km northeast of Ariyalur (Fig. 1). The fossiliferous

exposures cover an area ~1.5 km from east to west and

0.5 km from north to south, although these beds are increas-

ingly overrun by agricultural fields, including the locality that

yielded the fossils described here and in recent publications

(Gaffney et al. 2001; Goswami et al. 2013; Prasad et al. 2013).

The Kallamedu Formation is composed of red clays

interbedded with sandstones and sandy clays. Cross-

F IG . 1 . Location map of the Kal-

lamedu Formation within India.

Modified from Prasad et al. (2013),

reproduced by permission of the

Society of Vertebrate Paleontology

(www.vertpaleo.org).
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bedding in the sandstones indicates shallow deposition in

moving channels, occurring largely during river flooding

episodes (Ramkumar et al. 2013). Gaffney et al. (2001)

interpreted part of the Kallamedu Formation as represent-

ing a freshwater pond on the basis of the presence of

freshwater gastropods, although others have suggested the

lower part of the Kallamedu Formation to have a minor

marine influence (Tewari et al. 1996). The transition from

lower, fossiliferous beds to upper, unfossiliferous beds of

the Kallamedu Formation has been interpreted as repre-

senting a shift towards increasingly saline environments,

from fluvial to brackish deltaic depositional environ-

ments, on the basis of quartz microstructure (Mad-

havaraju et al. 2006).

Vertebrate fossils are found throughout the lower beds

of the Kallamedu Formation, with large dinosaur fossils

and fragmentary turtle carapace common in the sand-

stones. Screenwashing of the sandy clay layers has yielded

many microvertebrate fossils, including theropod and

crocodylomorph teeth, crocodylomorph scutes, anuran

postcranial elements and fish scales (Goswami et al. 2013;

Prasad et al. 2013). The most complete fossils known

from the area include several well-preserved skulls from a

single species of side-necked turtle (Gaffney et al. 2001).

MATERIAL AND METHOD

The specimens described here were surface collected from

~1 m2 of outcrop along the western edge of the Kallamedu

Formation exposures approximately 1 km directly north

of Kallamedu village during fieldwork in December 2014 –
January 2015. These beds represent the lowest section of

the eastwardly dipping Kallamedu exposures. Surface col-

lecting in the immediate area also yielded extensive quanti-

ties of fragmentary turtle carapace and a single ganoid fish

scale. Previous collection in this particular site has also

yielded several turtle skulls (Gaffney et al. 2001) and sev-

eral theropod and crocodilian teeth (Prasad et al. 2013).

To clarify the internal structure of the toothplates with-

out damaging the specimens, the two specimens described

here were scanned in a SkyScan 1172 in the Anatomy

Building in University College London. The smaller

toothplate DUGF/145 was scanned with 80 kV and

124 lA using an aluminium and copper filter, resulting

in 410 files with a pixel size of 9.95 lm, while DUGF/146

was scanned with 94 kV and 106 lA using an aluminium

and copper filter, resulting in 490 files with pixel size of

16.86 lm. The resulting files were reconstructed within

Mimics 16.0 (Materialise NV, Leuven, Belgium), where

the individual teeth were initially segmented using thres-

hold values applicable to each specimen. However, due to

the nature of the fossilized matrix and limitations

with the scanner, manual segmentation was required to

clarify the automated reconstructions.

Institutional abbreviations. ChM, Charleston Museum, Charles-

ton, South Carolina, UISA; DUGF, Delhi University, Geology

Department, Fossil Catalogue, Delhi, India; NHMUK, Natural

History Museum, London, UK.

SYSTEMATIC PALAEONTOLOGY

Class ACTINOPTERYGII Cope, 1887

Order ELOPIFORMES Sauvage, 1875

Family PHYLLODONTIDAE Sauvage, 1875

Subfamily PHYLLODONTINAE Dartevelle and Casier, 1943

Genus EGERTONIA Cocchi, 1864

Egertonia sp.

Figures 3–4

Material. DUGF/145, DUGF/146.

Description. The two new specimens, DUGF/145 and DUGF/

146, are pharyngeal toothplates. The former is 15.2 by 8.9 mm

and the latter 13.3 by 13.3 mm. Both are composed of a bony

GROUP FORMATION AGE THICKNESS LITHOLOGY

Niniyur Niniyur Danian 56m
Shallow marine limestone and 

calcareous sandstone

Ariyalur

Kallamedu

Maastrichtian

100m Fluvio–deltaic sandstone and clays

Ottakovil 60m Shallow marine sandstone and clays

Kallankurichchi 40m
Shallow marine sandstone and 

limestone

Sillakkudi Santonian-Campanian 400m Marine calcareous sandstone

Uttatur Garudamangalam Turonian–Coniacian 164m Shallow marine sandstone

F IG . 2 . Stratigraphic chart of the

Cauvery Basin. Conformable strata

are separated by dotted lines;

unconformable strata by solid lines.

The thick horizontal line is the Cre-

taceous–Palaeogene boundary. Mod-

ified from Ramkumar et al. (2013).

Colour online.
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matrix in which subcircular teeth are stacked in a near vertical

arrangement, four and five teeth deep respectively. Individual

teeth measure between 3 and 4 mm in diameter, and approxi-

mately 0.5 mm in depth. The teeth are slightly convex, with the

convex surface facing away from the matrix in which the teeth

are embedded. The thickness of the teeth is equal throughout

without any tapering towards either edge.

Remarks. There are eight families of teleost which are

known to have stacked (phyllodont) toothplates (Estes

and Hiatt 1978). Of these, Carangidae, Diodontidae and

Labridae possess toothplates with long, thin teeth. Odaci-

dae and Sciaenidae are characterized by conical teeth, and

Scaridae possess a heavily fused plate, similar to those

found in rays. Of the remaining two families, Phyllodonti-

dae have smooth, round teeth, often with a circular

depression in the centre of the tooth, while members of

the family Oplegnathidae have a cutting edge on each

tooth. Additionally, the genus Casierius, a member of

Albulidae, is known to have phyllodont dentition which

closely resembles those of basal phyllodontids (Estes

1969a). The combination of stacked, round teeth, lacking

any form of cutting edge (albeit also lacking a circular

depression), would favour inclusion of these specimens

either within Phyllodontidae, or as a member of Albulidae

as a close relative of Casierius. However, the phyllodont

teeth of Casierius are alternately stacked, rather than

directly above one another (Estes 1969a), as in specimens

DUGF/145 and DUGF/146 (Figs 3–4; Halliday et al.

2016). Phyllodontidae consists of two subfamilies: Paral-

bulinae and Phyllodontinae. The latter subfamily is char-

acterized by regularly stacked teeth, which are flattened.

This is true of both members, Phyllodus and Egertonia,

although the former possesses much flatter teeth than the

latter. The genera included within Paralbulinae (Paralbula

and Pseudoegertonia) have hemispherical, bulbous teeth,

thought to be primitive to the family as a whole (Estes

1969b), and Pseudoegertonia teeth are also typically larger

than DUGF/145 or DUGF/146 (Becker et al. 2010). The

teeth of specimens DUGF/145 and DUGF/146 are more

broadly concave than Phyllodus, supporting inclusion as

either a paralbuline or a primitive phyllodontine. How-

ever, paralbulines are also characterized by an irregular

tooth stacking arrangement, while the teeth in these

A

B

C

D

E

F

F IG . 3 . Egertonia sp. CT scans of

DGUF/145 (A–C) and DGUF/146

(D–F) in lateral (A, D), occlusal (B,

E), and basal (C, F) views. The bony

matrix has been digitally removed

to illustrate the stacking of the

teeth. Convex teeth are organized in

vertical stacks; each stack is

arranged in a row offset from adja-

cent rows. The basal surface of the

teeth shows no foramen housing a

pulp cavity, as is also true for

NHM-UK 38814. Scale bars repre-

sent 1 cm.
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specimens are vertically stacked; a derived condition for

phyllodontine phyllodontids. Additionally, there is no evi-

dence of a basilar foramen for a separate pulp cavity, a

trait that when present is indicative of Paralbula, suggest-

ing further that the fossil is an early phyllodontine.

A basal phyllodontine which matches this description

of a regularly stacked, slightly concave toothplate is Eger-

tonia. This genus has only one diagnostic feature: a

‘sparse, punctate sculpture’ (Estes and Hiatt 1978), but it

is noted that phyllodontid teeth often wear down to

become smooth and unornamented (Estes 1969b). Com-

parison of specimens DUGF/145 and DUGF/146 (Figs 3,

4) with the holotype of Egertonia isodonta NHMUK

38814 (Fig. 5), as well as ChM PC4169 (Weems 1998),

indicates that these specimens can be confidently assigned

to the genus Egertonia.

A

B

C

D

E

F

F IG . 4 . Egertonia sp. Photographs

of DGUF/145 (A–C) and DGUF/146

(D–F) in lateral (A, D), occlusal (B,

E) and basal (C, F) views. Scale bars

represent 1 cm.

A

B C

F IG . 5 . Lateral (A), occlusal (B)

and basal (C) views of the holotype

of Egertonia isodonta (NHM-UK

38814). Note the organized vertical

stacking and slight convexity of the

teeth, and the alternating arrange-

ment. Scale bar represents 1 cm.
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DISCUSSION

Biogeography

Egertonia is known from only one other Cretaceous local-

ity, the Maevarano Formation in Madagascar (Gottfried

and Krause 1998; Ostrowski 2012), where it occurs along-

side another phyllodontid genus, Paralbula. Prior to these

discoveries, the origin of phyllodontid fish was suggested to

be in the Cretaceous of North America (Estes 1969b) or the

Cretaceous of the shallow continental seas of the North

Atlantic (Estes and Hiatt 1978). This latter biogeographical

hypothesis was proposed on the basis of a supposed close

relationship between phyllodontids and the Cretaceous

albuloid Casierius, and based on the known distribution of

phyllodontid fish. The group is wholly extinct and known

primarily from Cretaceous and Palaeogene deposits of

North America and Europe. The majority of Cretaceous

occurrences of the family are members of the subfamily

Paralbulinae, although there are records of indeterminate

phyllodontine phyllodontids from the late Maastrichtian of

Europe (Laurent et al. 1999; Pereda-Suberbiola et al. 2015)

and the Campanian of Canada (Peng et al. 2001), as well as

Phyllodus paulkatoi from the Maastrichtian Hell Creek For-

mation of the western United States (Estes and Hiatt 1978).

The last common ancestor of Egertonia and Phyllodus

(both phyllodontine phyllodontids) was therefore predicted

to be Cretaceous and Laurasian (Estes and Hiatt 1978), but

both of the earliest representatives of Egertonia are Gond-

wanan. Egertonia is also known from the Eocene of India

(Rana et al. 2004), based on a single tooth and two poorly

preserved plates. Isolated teeth referable to another phyl-

lodontid (Pseudoegertonia) were also documented from the

Upper Cretaceous intertrappean beds of Asifabad (Prasad

1985). Within other Gondwanan localities, a specimen of

Pseudoegertonia and a toothplate of Paralbula (Dartevelle

and Casier 1943; Estes 1969b) are known from the Eocene

of the Congo Basin in Africa, while the genus Eodiaphyodus,

a basal phyllodontid (Estes 1969b) is known from the Late

Cretaceous of the Congo (Dartevelle and Casier 1949) and

Angola (Antunes and Cappetta 2002). A Moroccan species,

E. granulosus (Arambourg 1952) was referred to Pseu-

doegertonia by Estes (1969b), reducing Eodiaphyodus to a

single species, E. lerichei, but this assignment has not been

exclusively followed, with E. granulosus also described from

the Late Cretaceous of Nigeria (Vullo and Courville 2014)

and considered part of Eodiaphyodus. These fossils demon-

strate that early phyllodontids or their close relatives were

certainly present in the Cretaceous of Africa, regardless of

the inclusion of E. granulosus within Pseudoegertonia or

Eodiaphyodus.

The African, Madagascan and Indian occurrences of

Cretaceous Egertonia, Eodiaphyodus and Paralbula illus-

trate that the biogeographical history of the group is

decidedly more complex than a certain origin in the Cre-

taceous of North America or the North Atlantic. During

the latest Cretaceous, India was isolated from all other

continents by hundreds of kilometres of ocean (Ali and

Krause 2011), having separated from Madagascar approx-

imately 85 million years ago (Melluso et al. 2009). The

presence of Late Cretaceous phyllodontids in the shallow

seas and coastlines of North America, Europe, Africa,

Madagascar and now India suggests that the early geo-

graphical distribution of Phyllodontidae was much wider

than previously supposed, and renders its geographical

origin ambiguous. Specifically, Egertonia is the latest in a

long list of clades shared between Mesozoic formations of

Madagascar and South India, which further indicates that

the similar complement of taxa in the two localities are a

result of vicariant population division rather than subse-

quent dispersal and colonization by taxa in either direc-

tion across the Seychelles Plateau.

Environmental implications for the Kallamedu Formation

Phyllodontids are known primarily from nearshore, littoral,

or estuarine environments (Estes 1969b), typically in shallow

water. This is consistent with interpretations of the Kal-

lamedu Formation as a periodically flooding deltaic system

of shallow channels (Ramkumar et al. 2013), and with the

observation that the upper Kallamedu Formation shows evi-

dence of salinity (Madhavaraju et al. 2006). The closest

extant relatives of phyllodontids are considered to be bone-

fish (Albulidae; Estes 1969a, b), which use their pharyngeal

toothplates to crush molluscs and other invertebrates (Crab-

tree et al. 1998). It is thought that the phyllodont morphol-

ogy of toothplates is an adaptation which has arisen many

times in shallow water environments for feeding on shelled

invertebrates (Estes 1969a).

CONCLUSIONS

The specimens DGUF/145 and DGUF/146 are the second

Gondwanan and second Cretaceous occurrence of Egerto-

nia, otherwise only known from Madagascar at this time

(Ostrowski 2012). The presence of Egertonia in the lower

part of the Kallamedu Formation supports an interpreta-

tion of that site as a brackish or fluvial–deltaic deposi-

tional environment. This new occurrence expands the

geographical distribution of Egertonia, and more generally

suggests that phyllodontid fishes had a broader Creta-

ceous distribution than previously recognized. Lastly, the

presence of Egertonia in the Cretaceous of South India

further supports strong faunal similarity between the Late

Cretaceous of South India and Madagascar.
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