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a b s t r a c t

We describe isolated shark teeth collected from levels of the Calafate Formation at the SE coast of the
Argentino Lake, Calafate city, Santa Cruz province, Argentina (Atlantic Ocean), and from the Algarrobo
coast at the Valparaíso Region in central Chile (Pacific Ocean). The teeth belong to a new species of the
echinorhiniform genus Echinorhinus. Echinorhinus maremagnum n. sp. was a taxon distributed in both the
southwestern Atlantic and the southeastern Pacific. This new taxon constitutes the oldest record of
echinorhiniforms from South America and one of the few Mesozoic records at a worldwide scale.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Most of the Cretaceous chondrichthyan record from southern
South America is restricted to pioneering mentions made by the
paleontologist Florentino Ameghino (1893, 1901, 1906). The speci-
mens reported by Ameghino are mostly doubtful, while several
taxa where never figured, making difficult any current reassess-
ment. Further, Ameghino's works on chondrichthyans have not
been reviewed up to date, except comments made by Arratia and
Cione (1996). In addition to Ameghino's early records, the Meso-
zoic chondrichthyans record from Argentina and Chile was recently
improved with new contributions (Otero and Su�arez, 2008; Su�arez
and Otero, 2008; Bogan and Agnolin, 2010; Gonz�alez Riga et al.
2010; Bogan and Gallina, 2011; Cione et al., 2013; Otero et al.,
2013; Bogan et al., 2016).
an).
Living bramble sharks (Echinorhiniformes) are represented by a
single genus Echinorhinuswith two species, E. cookei Pietschmann,
1928 and E. brucus Bonaterre, 1788. These are distributed mainly
along the Pacific (including Chile) and the Atlantic (including
Argentina) and Indian oceans (Bass and Compagno, 1986). The
fossil record of the entire clade is patchy, as teeth of echinorhini-
forms are notably scarce in most fossil sites (Adnet et al., 2012). The
oldest record for the clade belongs to the extinct species E. vielhus
(Guinot et al., 2014) from the Lower Cretaceous (Valanginian) of
France. A still unnamed species of the genus Echinorhinus is also
known from the Lower Cretaceous (Hauterivian) of France (Adnet
et al., 2012).

In South America, Neogene records are restricted to the extinct
species Echinorhinus pozzi from the Miocene of Argentina
(Ameghino, 1906; Pfeil, 1983; Arratia and Cione, 1996; Cione, et al.,
2011), and Echinorhinus aff. cookei from the Pliocene of Chile
(Su�arez, 2015). These records belong to the modern-like mor-
photypes in which each tooth has several additional cusplets
(Pfeil, 1983).

mailto:sergiobogan@yahoo.com.ar
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cretres.2017.05.020&domain=pdf
www.sciencedirect.com/science/journal/01956671
http://www.elsevier.com/locate/CretRes
http://dx.doi.org/10.1016/j.cretres.2017.05.020
http://dx.doi.org/10.1016/j.cretres.2017.05.020
http://dx.doi.org/10.1016/j.cretres.2017.05.020


S. Bogan et al. / Cretaceous Research 78 (2017) 89e9490
Fossils belonging to Echinorhinus in the Paleogene of South
America are still wanting. However, three isolated localities from
the uppermost Cretaceous of Chile and Argentina have yielded
teeth belonging to this genus (Otero and Su�arez, 2008; Bogan et al.,
2016). All these specimens belong to a new unnamed species. The
aim of the present contribution is to describe this new taxon, which
corresponds to the oldest described species in the South American
continent.
2. Material and methods

2.1. Locality and horizondArgentina

The fossiliferous locality corresponds to the southern margin of
the Argentino Lake, approximately 500 m north from the Interna-
tional Airport of El Calafate city (S 50� 160 0900; W 72� 020 3900)
(Fig. 1).

The specimens were found at the upper levels of the Calafate
Formation (upper Maastrichtian; Upper Cretaceous), which are
dominated by sandstones with occasional beds of conglomerates
and very few mudstones, showing a typically greenish coloration
(Marenssi et al., 2004). The greenish color of the strata is mainly
Fig. 1. Map of southern South America showing the fossiliferous localities where the
Echinorhinus maremagnum were found. The star indicate the fossiliferous sites.
due to the abundance of glauconite, a filosilicate that is in accor-
dance with the marine genesis of this sedimentary unit (Arbe and
Hechem, 1984). The Calafate Formation is considered as mainly
representing inter-to sub-tidal deposits under an estuarine regime
(Arbe and Hechem, 1984). The unit is considered as part of the
Austral Basin (Spalletti and Franzese, 2007).

The new Echinorhinus here reported was found in close associ-
ation with a partial skeleton of a large elasmosaurid plesiosaur
(Novas et al., 2011) and several shark species, including Protosqualus
argentinensis (Bogan et al., 2016), Notidanodon dentatus (Bogan
et al., 2016), and Cretalamna appendiculata (MPM-PV 10045).

2.2. Chile

The material from Chile was collected from the locality of Al-
garrobo, in the Valparaíso Region (Fig. 1). Fossil-bearing levels are
part of the unit Estratos de Quebrada Municipalidad (Gana et al.,
1996). This comprises ca. 40 m of transgressive-regressive coastal
sediments. At least three levels have yielded chondrichthyan re-
mains, among them, one level from themid section (level 7 in Otero
et al., 2012: fig. 2) hosted four isolated teeth referable to the genus
Echinorhinus which are studied here. The age of the Estratos de
Quebrada Municipalidad is currently considered to be early Maas-
trichtian based on biostratigraphy (Levi de Valenzuela and Aguirre,
1962; Perez D' and Reyes, 1978; Tavera, 1980) and radioisotopic
dates (Gana et al., 1996; Su�arez and Marquardt, 2003).

2.3. Sampling method

All the specimens described here coming from the Calafate
fossiliferous sitewere found in the laboratory during the preparation
of a very large elasmosaurid plesiosaur (Novas et al., 2011). The
specimens were found with the naked eye and picked by the tech-
nicians who mechanically prepared the fossil sauropterygian.
Because the rock is strongly consolidated and forms a very hard
sedimentary unit, and theplesiosaurwas foundunder thewater level
of the lake, more precise collecting techniques, screen-washing, or
sedimentary sievingwere not possible. Thismethodology resulted in
the finding of a diverse shark assemblage, including four different
taxa. These taxa were described in detail by Bogan et al. (2016). In
such contribution, Bogan et al. (2016) described and figured part of
the materials belonging to the Echinorhinus species here analyzed.
However, those teeth were incompletely preserved and do not
permitted to recognize main anatomical features of the Echinorhinus
species recovered. Technical preparation of the last unprepared
portion of the elasmosaur skeleton resulted in the finding of more
teeth, including complete specimens that allowed the recognition of
key features of the new Echinorhinus species.

On the other hand, additional specimens of Echinorhinus coming
from Chile outcrops were found in additional field trips to the area,
through prospecting the sediments with the naked eye, as well as
more detailed revisions of the collections deposited at the SGO.PV
collections.

2.4. Anatomical terminology and taxonomical nomenclature

The present paper follows the dental terminology employed by
Cappetta (2012). The general taxonomic nomenclature follows Pfeil
(1983).

2.5. Institutional abbreviations

MPM, Museo Padre Molina, Río Gallegos city, Santa Cruz
province, Argentina. SGO.PV., �Area de Paleontología, Museo
Nacional de Historia Natural, Santiago, Chile.
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3. Systematic paleontology

Class Chondrichthyes Huxley, 1880
Subclass Elasmobranchii Bonaparte, 1838
Order Echinorhiniformes de Buen, 1926
Family Echinorhinidae Gill, 1862

Genus Echinorhinus de Blainville, 1816

Echinorhinus maremagnum n. sp.
Figs. 2e3

Echinorhinus sp.: Otero and Su�arez, 2008. (Pp 76, Fig. 3)
Echinorhinus sp.: Bogan et al., 2016. (Pp 6, Fig 5)
Holotype. MPM-PV 10046, complete posterolateral tooth
Paratypes. MPM 10034, incomplete lateral tooth; MPM 10035,
incomplete lateral tooth. MPM 10036, lateral tooth lacking the apex
of the main cusp; MPM-PV 10047, incomplete anterolateral tooth;
MPM-PV 10048, incomplete anterolateral tooth.
Referred material. SGO.PV.6764, lateral tooth; SGO.PV.6630, lateral
tooth lacking part of the root and distal tip of main cusp;
SGO.PV.6632, incomplete anterolateral tooth; and SGO.PV.6631
incomplete lateral tooth.
Locality and horizon. MPM-PV 10046 (holotype), MPM 10034, MPM
10035, MPM 10036, MPM-PV 10047, MPM-PV 10048 (paratypes);
southern margin of the Argentino Lake, southern Argentina. Upper
levels of the Calafate Formation, upperMaastrichtian. SGO.PV.6764,
SGO.PV.6630, SGO.PV.6632, and SGO.PV.6631, Algarrobo, central
Chile. Estratos de Quebrada Municipalidad unit, lower Maas-
trichtian, bed 7.
Etymology. maremagnum, from the Latin, meaning great sea.
Diagnosis. Species of the genus Echinorhinus with very large teeth
(maximum length of 1.5 cm), showing the following unique com-
bination of characters: anterolateral teeth with main cusp that does
not overhang or barely reaches the level of the distal rear of the
tooth root; deeply crenulated mesial cutting edge; distal heel tall
and convex; total absence of additional cusplets; and, root with a
subvertically oriented nutritious groove in lingual view.
Description. The specimens described here represent a large-sized
Echinorhinus species (width of the holotype 1.5 cm). The available
teeth show a single main cusp, and there is no evidence of addi-
tional cusplets even in the larger teeth, which represent older
Fig. 2. Echinorhinus maremagnum nov.sp. Selected teeth from Argentina: AeB, posterolate
10048) in labial view; E, incomplete anterolateral tooth (MPM-PV 10047) in lingual view; F,
10036) in lingual view. References: cm, crenulate mesial margin; h, distal heel; sg, subvert
ontogenetic dental stages. The crown of posterolateral teeth ex-
hibits a singlemain cusp that is highly compressed labioligually and
distally recurved. Its tip slightly overhangs the distal part of the
root. Additional cusplets are totally absent. The crown (including
the main cusp) possesses a nearly straight and crenulated mesial
cutting edge. In all the studied teeth, the distal cutting edge is
smooth, lacking any sign of crenulation or denticles. The distal heel
is high, and shows a convex cutting edge, which, in some speci-
mens, exhibits a weakly crenulate margin. The enameloid of the
cusp is smooth. The crown-root boundary is nearly straight, and
shows an enameloid that is slightly rounded on the lingual face.

The root is high and strongly labiolingually compressed. The
root is simple, of anaulacorhize type (Cappetta, 1987) with verti-
cally oriented striae on the labial side. There is a well-defined
nutritious groove displaced towards the distal third of the root.

Anterolateral teeth differ from posterolateral teeth in being
relatively higher. The main cusp is distally inclined, but its tip does
not overhang the distal level of the root. The mesial cutting edge is
gently sigmoidal, being slightly concave near the base of the cusp,
and becoming slightly convex towards the distal tip. They show a
high distal heel. There is a well-defined nutritious groove located
roughly at the centre of the root.
4. Discussion

The scarcity in echinorhinid fossil remains may be a result of the
ecological restriction of members of this family (Adnet et al., 2012).
The evolutionary history of echinorhinids is incompletely known
because of their poor fossil record and lack of understanding of
their dental evolution.

The oldest reports for Echinorhinus comprise several teeth
coming from the Valanginian and upper Hauterivian of France
(Adnet et al., 2012; Guinot et al., 2014). Late Early Cretaceous re-
cords belong to the Gondwanan species E. australis from the
Aptian-Albian of Australia (Chapman, 1908; Herman, 1975; Kemp,
1991; Pledge, 1992; Siverson, 1997; Cappetta, 2012), and possible
echinorhinids from Albian-Cenomanian of England (Underwood
and Mitchell, 1999). In addition, coming from the Upper Creta-
ceous of Australia and Angola, the species E. eyrensis (Pledge, 1992)
ral tooth (Holotype, MPM 10046) in labial view; CeD, incomplete lateral tooth (MPM
incomplete anterolateral tooth (MPM-PV 10034) in lingual view; G, lateral tooth (MPM
ical groove. Scale bar equals 1 cm.



Fig. 3. Echinorhinus maremagnum nov.sp. Selected teeth from Chile: AeB, lateral tooth
(SGO.PV.6764) in A, lingual, and B, labial views; CeD, anterolateral tooth
(SGO.PV.6632) in C, lingual and B, labial views; EeF, lateral tooth (SGO.PV.6630) in E,
labial, and F, lingual views; and GeH, lateral tooth (SGO.PV.6631) in G, labial and H,
lingual views. Scale bar equals 1 cm.
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and E. lapaoi (Antunes and Cappetta, 2002) were described,
respectively. Finally, Kitamura (2013) described the species
E. wadanohanaensis from the Upper Cretaceous of Japan. To this
meager list we add the presence of the large echinorhinid
E. maremagnum in southern South America, representing one of
the oldest records for the order Echinorhiniformes in this
continent.

The specimens here described are unequivocally referable to the
genus Echinorhinus by having transversally compressed crown and
root, anaulacorhize root, and a strong distal orientation of the main
cusp (Pfeil, 1983; Cappetta, 2012). Within Echinorhinus, the large
size of the available teeth and the presence of a single cusp in the
crown resemble the morphology seen in several basal Cretaceous
and Paleogene species of the genus, being different from derived
multi-cusped taxa (e.g., E. wadanohanaensis, E. eyrensis, E.blakei, E.
pozzii; Pledge, 1992; Purdy et al., 2001; Kitamura, 2013). In this
sense, the common absence of cusplets in all Cretaceous species of
Echinorhinus, plus the lack of cusplets in young replacement teeth
of extant species E. brucus and E. cookei, strongly supports the
appearance of cusplets as a derived trait (Pfeil, 1983).
In this way, comparison of the new Echinorhinus species is
focused on basal species. Among them, most Cretaceous and early
Cenozoic taxa (e.g., E. vielhus, E. lapaoi, E. australis, E. schoenfeldi),
differ which E. maremagnum by their much smaller size. Further,
the Paleogene species E. pfauntschi, E. priscus, and E. schoenfeldi
differ by having an additional cusplet, a relatively low distal heel
that do not conforms a gibbosity, and strongly sigmoidal and
irregular contact between root and crown (Pfeil, 1983). In size and
morphology, Echinorhinus maremagnum is similar to the Palae-
ogene species E. weltoni (Pfeil, 1983; Adnet et al., 2012; Bogan et al.,
2016). However, it differs from the latter in the presence of a well-
developed transverse groove with nutritive foramina (Adnet et al.,
2012), a feature widespread in younger species, including living
ones (Pfeil, 1983). In addition, in E. weltoni, the contact between the
root and the crown is not straight, the distal heel is not crenulated,
and shows a rudimentary additional cusplet which is totally absent
in E. maremagnum. In addition, E maremagnum is clearly distin-
guishable from the Australian species E. eyrensis in being single-
cusped and by having a main cusp with crenulated mesial cutting
edge (Pledge, 1992).

On the other side, Echinorhinus maremagnum may be included
within single-cusped Echinorhinus species, mainly restricted to
Cretaceous strata. The specimens here described resemble
E. australis, from the Cretaceous of Australia, because they share a
similar cusp and root morphology, and by the presence of crenu-
lated mesial margin of the teeth (Chapman, 1908). However,
E. maremagnum differs from the latter in lacking crenulated distal
cutting edges. In addition, one of the specimens (MPM 10036) ex-
hibits a higher crownwith rounded edges, a condition absent in the
available teeth of E. australis figured by Chapman (1908) and Kemp
(1991). The distal tip of the main cusp in E. australis notably over-
hangs the distal level of the root, a condition different from that
described in E. maremagnum in which the cusp does not reaches
such level, or only slightly overhangs it.

Furthermore, E. maremagnum differs from species E. vielhus
from the Valanginian of France by their much larger size, apico-
basally lower root, less distally inclined main cusp, and serrated
cutting edges (Guinot et al., 2014). From E. wadanohanaensis, it
differs in having notably higher teeth, poorly distally inclined main
cusp, and serrated cutting edges (Kitamura, 2013). E. maremagnum
further differs from the late Campanian-earlyMaastrichtian species
E. lapaoi in having a shorter main cusp with a crenulated mesial
margin, and in lacking a convexity on the mesial cutting edge
(Antunes and Cappetta, 2002). It also differs from E. lapaoi by
possessing a comparatively more squared root.

E. maremagnum shows noticeable differences with the indeter-
minate Echinorhinus specimens from Lower Cretaceous of France.
The latter lacks an extensively serrated mesial cutting edge. Only
the apex is serrated in the material from France (Adnet et al., 2012).
Further, E. maremagnum has shorter main cusp that diverges in a
wider angle from the main axis of the root when compared with
specimens from France. From the putative echinorhinid reported
from the Lower Cretaceous of England (Underwood and Mitchell,
1999) the new species differs by being single-cusped, and by
lacking the strongly concavemesial edge (Underwood andMitchell,
1999). A single incomplete tooth belonging to Echinorhinus was
described from the Maastrichtian of Denmark. This specimen dif-
fers from E. maremagnum in having strongly distally offset main
cusp that has a median kink turning the apex downward, in having
smooth cutting edges and a very low distal heel (Adolfssen and
Ward, 2014).

It is worth to mention, that we are not awa re of any Echino-
rhinus species having a crenulate distal heel, a condition that is here
considered as autapomorphic of E. maremagnum.
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In addition, E. maremagnum differs from the Maastrichtian
genus Gibbechinorhinus by lacking the large gibbosity seen in the
mesial cutting edge of this genus, and in lacking a cusp on its distal
cutting edge (Cappetta, 1990). It differs from the Paleogene genus
Pseudoechinorhinus in several features, including a well-developed
distal heel, crenulate margins of main cusp, main cusp distally
oriented, among other features (Pfeil, 1983). In the same way, it is
noticeably different from the Miocene genus Paraechinorhinus by
having wider teeth, with much lower main cusp, and having main
cusp distally oriented and lacking a strong mesial concavity at the
crown, among other features (Pfeil, 1983).

In this way, we conclude that Echinorhinus maremagnum differs
from all known species of the genus, and constitutes a new taxo-
nomic entity.

A shared distribution of E. maremagnum in Arauco and Austral
basins has been also described in other elasmobranch taxa (Otero
et al., 2013). This is consistent with a probable marine connection
of both basins occurring at some point during the Maastrichtian (Le
Roux, 2012).
5. Conclusion

The material here studied can be unequivocally referred to the
genus Echinorhinus by its conspicuous morphological features. The
isolated teeth studied here were recovered from Upper Cretaceous
units in both sides of Southern South America, from basins opened
to the ancient Atlantic (Austral Basin) and to the ancient Pacific
(Arauco Basin). Remarkably, all the studied teeth share identical
morphological traits such as a crenulated mesial cutting edge, a
total lack of accessory cusplets, and main cusps that do not extend
beyond the root length. This combination of characters is not found
among other representatives within the genus Echinorhinus, and
therefore, a new species, E. maremagnum sp. nov. is here proposed.
This species seems to be restricted to shallow environments along
the southern basins of South America during the Maastrichtian. Its
presence in the lower Maastrichtian of central Chile and the upper
Maastrichtian of southern Argentina contrasts with the lack of
Paleogene records in the continent.

The new species constitutes an important addition to the still
poorly known Mesozoic record of echinorhiniforms, and particu-
larly, to the selachian faunas of southern South America.
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