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a b s t r a c t

The ?Early Cretaceous (pre-Aptian) Missão Velha Formation of the Araripe Basin of North-
East Brazil yields remains referred to two hybodontiform shark taxa: the hybodontid
Planohybodus and the lonchidiid Parvodus. Paleoenvironmental analysis of this forma-
tion suggests freshwater or perhaps brackish deposition. The specimens described here
were collected from a new locality and are found in association with actinopterygian
and sarcopterygian fishes and rarer turtles, crocodylomorphs and theropod dinosaurs. The
chondrichthyan assemblage is represented by isolated teeth, cephalic spines, and dorsal fin
spines. This is the first record of Planohybodus in the Araripe Basin and the first record of
Parvodus in the Cretaceous of Gondwana.

© 2011 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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r é s u m é

La Formation Missão Velha, ?Crétacé inférieur (pré-Aptien) du Bassin d’Araripe, Nord-Est
du Brésil contient des restes attribués à deux taxons d’hybodontiformes représentant deux
familles distinctes : l’Hybodontidae Planohybodus et le Lonchidiidae Parvodus. Une analyse
paléoenvironnementale de cette formation suggère un dépôt d’eau douce ou saumâtre. Tous
les échantillons ont été collectés dans une nouvelle localité et trouvés en association avec
résil
des poissons actinoptérygiens et sarcoptérygiens, ainsi qu’avec des tortues, et des restes
de crocodylomorphes et de théropodes. L’assemblage de chondrichtyens est représenté
par des dents isolées, des épines céphaliques et des épines dorsales. Dans ce travail, nous

ière dé
présentons la prem

Parvodus dans le Crétacé d
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1. Introduction

Prospecting in the Araripe Basin in 1988, two of the
authors (P.M.B. and D.M.M.) discovered the first fossil ver-
tebrate bearing horizons of the Missão Velha Formation
(Brito et al., 1994). Surface gleaning and screen-washing
resulted in the recovery of many new vertebrate remains
(Brito et al., 1994; Silva and Azevedo, 1996), some of them
as yet undescribed.

Here we describe the chondrichthyans from Mis-
são Velha Formation and consider their relevance to
the palaeoenvironmental setting and their biogeograph-
ical implications. The assemblage is represented entirely
by isolated teeth, cephalic spines, and dorsal fin spines
of hybodontiforms. The specimens were collected from
a single site (Fig. 1), and are found in association
with actinopterygians (including Lepidotes sp. and pleu-
ropholids) and sarcopterygians (Mawsonia sp., the lungfish
Ceratodus sp.,) as well as turtles and the teeth of crocodylo-
morphs and theropods (Brito et al., 1994). This associated
assemblage resembles others from pre-Aptian localities of
the northeastern Brazilian and African Rift system (Casier,
1961, 1969; Gee, 1988; Saint-Seine, 1955; Woodward,
1888).

Hybodontiform sharks have been known from the
Mesozoic of Brazil ever since the description of “Acrodus”
nitidus from the Lower Cretaceous of Bahia by Woodward
(1888). Brito and Ferreira (1989) described Tribodus limae
from the Santana Formation known by numerous artic-
ulated specimens that differ from the other species of
hybodonts by its distinctive crushing dentition (Brito,
1992) and hyostilic jaw suspension (Maisey and Carvalho,
1997). Other hybodontiform shark remains, such as teeth,
cephalic spines, dorsal fin spines, and dermal denticles are
distributed widely in the interior basins of the northeast-
ern Brazil (e.g., Sanfranciscana, Iguatú, Rio do Peixe, Lima
Campos) and have generally been referred to the form gen-
era Hybodus, Polyacrodus, and Planohybodus (Brito et al.,
1994; Pinheiro et al., 2011). The hybodontiforms remains
here described are referred to two families: Hybodontidae
Owen, 1846 and Lonchidiidae Herman, 1977.

2. Geological setting

The Missão Velha Formation is considered part of the
Vale do Cariri Group (Ponte and Appi, 1990) and is the only
formation in this group known to yield vertebrate fossils.
The main outcrop area (Fig. 1) is located in the southern
part of Ceará, northeastern Brazil, in the northeastern part
of the Araripe Basin, between the towns of Brejo Santo and
Missão Velha (Martill, 1993; Viana and Cavalcanti, 1991),
but has correlates extending westwards, perhaps as far as
Nova Olinda. It is dominated by siliciclastics comprising
red and variegated mudstones with channel sandstones
of variable thickness, but there have been few studies of
its stratigraphy, sedimentology or palaeontology. Further-
more, precise details of its distribution within the basin,

its age and relationships with other stratigraphic units
remain unclear. Some authors considered it Late Juras-
sic (Braun, 1966; Pinto and Sanguinetti, 1958; Ponte and
Appi, 1990; Silva, 1986), while others have considered
ol 11 (2012) 41–47

Neocomian age (Beurlen, 1962, 1963; Moraes et al., 1976;
Viana and Cavalcanti, 1991) or simply as Lower Cretaceous
(Berthou, 1990; Pires and Guerra-Sommer, 2011). The pre-
cise age of the formation is difficult to establish, due to its
lack of diagnostic fossils and lack of horizons suitable for
radiometric dating. We can state that the Missão Velha For-
mation is older than Late Aptian as it underlies the Crato
Formation, which can be reliably dated as at least Late
Aptian (Batten, 2007).

A previous paleoenvironmental analysis of this forma-
tion suggested a freshwater fluviolacustrine setting (Viana
and Cavalcanti, 1991). Accretionary point bars close to the
fossil-bearing locality indicate a sand-dominated mean-
dering river system at its base, becoming mud-dominated
in higher parts of the sequence. In some parts of the Missão
Velha Formation silicified gymnosperm logs are abundant,
often of considerable diameter (they occur in fluvial sand-
stones interbedded within the red mudstone facies) and
display prominent seasonal and traumatic growth rings
(Pires and Guerra-Sommer, 2011). There are no unequiv-
ocally marine fossils in the Missão Velha Formation in
the parts of the sequence we have studied. However, the
absence of remains of stenohaline marine organisms does
not indicate freshwater conditions (for a discussion see
Laurin and Soler-Gijón, 2010; Schultze, 2009). In fact, the
presence of smooth shelled cyprid ostracods in Missão
Velha Formation probably indicates variable salinity, fresh
to brackish water, in similar fashion to that described for
the Crato and Santana formations. The cyprid ostracods
of the Santana Formation also are associated to fishes
and reptiles and appear to be deposited in a restricted
lagoon connected to the sea, according to the most recent
palaeoenvironmental models proposed for the locality
(Martill et al., 2008; Smith, 2000). Actinopterygians (Lep-
idotes sp. and pleuropholids) and hybodontiform sharks
from Missão Velha Formation also occur in marine deposits
(Maisey, 2000; Rees and Underwood, 2008), which led us
to consider the possibility of a brackish water environment.

3. Material and methods

The material collected is housed in Universidade do
Estado do Rio de Janeiro (UERJ-PMB) and was prepared
mechanically and/or chemically. The mechanical methods
included the use of needles, small hammers, drills and tips
for matrix removal and were used in most of the material.
A solution of 5% formic acid diluted at buffered with triba-
sic calcium phosphate was used to dissolve the carbonate
cement of the matrix.

3.1. Locality

The fossil locality is located adjacent to the highway BR
122, between the towns of Missão Velha and Brejo Santo
(coordinates S 07◦ 15’ 04.8”; W 39◦ 07’ 00.3”) (Fig. 1). The
locality displays a series of red and green variegated clays

with thin, discontinuous beds of fine sandstone and silt-
stone. About 5 m can be seen, overlain by up to 15 m of
coarse, cross-bedded, buff-colored sandstones, sometimes
with silicified wood.
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Fig. 1. Map of Araripe Plateau. Asterisk indicates the fossil locality.
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Fig. 1. Carte du Plateau d’Araripe.

. Systematic palaeontology

Order HYBODONTIFORMES Patterson, 1966
Family HYBODONTIDAE Owen, 1846
Genus Planohybodus Rees and Underwood, 2008
Type species: Planohybodus peterboroughensis Rees and

nderwood, 2008.
Type locality: Callovian, Middle Jurassic of Peterbor-

ugh, southern England
Planohybodus sp.
(Fig. 2A–D)

Material examined: UERJ-PMB 140 a–q (17 teeth).
Description: Teeth: the teeth are multicusped, with

prominent main cusp and a pair of small and well-
eveloped lateral cusplets. In some specimens (Fig. 2A–D),
minute second pair of cusplets is present. The main cusp

s high and wide, labio-lingually flattened. It is inclined
ingually but lacks sigmoidal curvature.

Although broken, the most complete crown is 6 mm
igh and 7.2 mm wide. The largest isolated main cusp is
mm high and 6 mm wide. These cusps have an enameloid
over ornamented with short, longitudinal folds.

Most of the specimens have only the main cusp pre-
erved, and only a few have parts of the lateral cusplets
reserved. These specimens also have a lingually projecting
orous root lacking differentiated foramina.

A high and wide, labio-lingually flattened main cusp
s well as the ornamentation with short simple folds,
nd porous lingually projecting root lacking differentiated
oramina are diagnostic features of the genus Planohybodus
Rees and Underwood, 2008).

Hybodontidae indet.
(Fig. 2K, N, O)
Material examined: UERJ-PMB 150 (cephalic spine),
ERJ-PMB 152 (fin spine), UERJ-PMB 156 (fin spine).
sque indique la localité fossilifère.

Description: Cephalic Spine: an incomplete cephalic
spine (UERJ-PMB 150) (10 mm height and 12 mm width)
with a smooth basal platform slightly curved and a strongly
recurved enameled crown. This specimen does not show
the tip of the crown (Fig. 2N). The basal plate is somewhat T-
shaped with indentations that divide it into three lobes, but
one lobe (lateral or mesial) is missing. The lobes in this spec-
imen are more elongate, narrow and recurved posteriorly
than in the cephalic spine of Lonchidiidae indet (Fig. 2M).
The posterior lobe has a higher angle to the crown with
a substantial narrowing in its central portion, being more
elongate and narrower. The crown is posteriorly recurved,
with a sigmoidal profile and has some striae basally. It has
a dorsal crest and two other crests (mesial and lateral) that
cross the crown, until a few millimeters from the base. This
specimen lacks accessory cusplets.

A T-shaped basal plate of the cephalic spines is a char-
acter of the Hybodontidae (Rees, 2008), which includes
Planohybodus.

Fin spines: elongate, posteriorly curved fin spines
(UERJ-PMB 152, UERJ-PMB 156) were collected from the
Missão Velha Formation but most are incomplete (maxi-
mum height 51.1 mm; maximum width 17.3 mm) (Fig. 2K).
The denticles of the posterior wall are not preserved as
our material represents only the basal region of the spine
below the level of the posterior closure. An ornamentation
comprising 21 longitudinal ribs is clearly observed in the
anterior and lateral surfaces of the mantle. The base of the
trunk is unornamented.

The high number of ribs points to a taxonomic position
within the Hybodontidae (Rees and Underwood, 2008),
contrasting with the fin spines of Lonchidiidae, which
typically bear only a few ribs (Duffin, 1985).

Family LONCHIDIIDAE Herman, 1977

Genus Parvodus Rees and Underwood, 2002
Type species: Parvodus rugianus (Ansorge, 1990).
Type locality: Early Cretaceous of Rügen, northern Ger-

many



44 C.D. Cupello et al. / C. R. Palevol 11 (2012) 41–47

Fig. 2. A–B. Planohybodus tooth (UERJ-PMB 140 a) (scale bar = 5 mm) (A: lingual view, B: labial view). C–D. Planohybodus tooth (UERJ-PMB 140 b) (scale
bar = 5 mm) (C: lingual view, D: labial view). E–F. Parvodus tooth (UERJ-PMB 148 a) (scale bar = 1 mm) (E: labial view, F : lingual view). G. Parvodus tooth
(UERJ-PMB 148 b) (scale bar = 0.5 mm) (lingual view). H–J. Parvodus tooth (UERJ-PMB 148 c) (scale bar = 1 mm) (H: labial view, I: occlusal view; J: lateral
view). K. Hybodontidae indet. fin spine (UERJ-PMB 152) (scale bar = 10 mm). L–M. Lonchidiidae indet. cephalic spine (UERJ-PMB 149) (scale bar = 5 mm) (L:
lateral/mesial view, M: apical view). N–O. Hybodontidae indet. cephalic spine (UERJ-PMB 150) (scale bar = 5 mm) (N: lateral/mesial view, O: apical view).
Fig. 2. A–B. Dent de Planohybodus (UERJ-PMB 140 a) (échelle = 5 mm) (A : vue linguale, B : vue labiale). C–D. Dent de Planohybodus (UERJ-PMB 140 b)
(échelle = 5 mm) (C : vue linguale, D : vue labiale). E–F. Dent de Parvodus (UERJ-PMB 148 a) (échelle = 1 mm) (E : vue labiale, F : vue linguale). G. Dent de
Parvodus (UERJ-PMB 148 b) (échelle = 0,5 mm) (vue linguale). H–J. Dent de Parvodus (UERJ-PMB 148 c) (échelle = 1 mm) (H : vue labiale, I : vue occlusale,

UERJ-PM
). N–O. É
J : vue latérale). K. Épine de la nageoire dorsale d’Hybodontidae indet. (
(UERJ-PMB 149) (échelle = 5 mm) (L : vue latérale/mésiale, M : vue apicale
(N : vue latérale/mésiale, O : vue apicale).

Parvodus sp.
(Fig. 2E–J)
Material examined: UERJ-PMB 148 a-d (teeth).
Description: Teeth: all of the specimens assigned

to Parvodus sp. are incomplete and minute. The largest
specimen is 3 mm wide and its main cusp is 1.2 mm high
B 152) (échelle = 10 mm). L–M. Épine céphalique de Lonchidiidae indet
pine céphalique d’Hybodontidae indet (UERJ-PMB 150) (échelle = 5 mm)

(Fig. 2E, F). The smallest specimen is 1.5 mm wide and its
main cusp is 0.9 mm high (Fig. 2G). Each tooth has the main
cusp preserved and at least one lateral side of cusplets pre-
served. Well-developed and rounded labial protuberance

are seen at the base of main cusp on specimens UERJ-PMB
148 a and c (Fig. 2E, H, I, J). Crowns are ornamented with
few folds, which descend from the main cusp and cusplets.
Nothing is preserved of the root in these specimens.
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The minute size and well-developed, rounded labial
rotuberance are considered to be diagnostic of the genus
arvodus (Rees and Underwood, 2002).

Lonchidiidae indet.
(Fig. 2L, M)

Material examined: UERJ-PMB 149 (cephalic spine).
Description: Cephalic spine: specimen UERJ-PMB 149

onsists of a complete cephalic spine (17.8 mm height and
3.2 mm width), with a curved and porous basal platform
nd a strongly recurved enameled crown (Fig. 2L, M). The
asal plate is arrow-shaped (Fig. 2M) with indentations
hat divide it into three lobes: lateral, mesial and poste-
ior. The mesial indentation separates the basal plate into
esial and posterior lobes, while the lateral indentation

eparates lateral and posterior lobes. The lobes are rela-
ively wide and rounded. The posterior lobe has a higher
ngle toward the crown and is rectangular, with the poste-
ior end rounded. The crown is posteriorly recurved, with
sigmoidal profile, and a posterior barb near the apex. This
arb is connected to the tip of the crown by a posterior crest.
he mesial and lateral crests leave the barb extending from
he crown. A dorsal crest extends across the crown, being
nterrupted a few millimeters from the base. The base of the
rown shows vertical striae. This exemplar lacks accessory
usplets.

The arrow-shaped basal plate described for this cephalic
pine is similar to that of Lonchidion supporting assignment
f this material to Lonchidiidae (Duffin, 1985; Rees, 2008),
n which Parvodus is included.

. Discussion and conclusions

Hybodontiform sharks have an almost worldwide dis-
ribution, and were common and diverse during the

esozoic ranging through Europe, North America, Asia
nd Africa. Enigmatically, hybodontiforms appear scarce in
outh America during this time. However this may largely
e due to a lack of collecting and/or documentation.

Perea et al. (2001, 2009) identified Priohybodus aram-
ourgi D’Erasmo, 1960 in the Late Jurassic Tacuarembó
ormation of Uruguay, while Cione et al. (2002) reported
he only known record of hybodontiforms sharks in
rgentina, with the description of a fin spine referred to
ybodontiformes indet.

From the Lower Cretaceous of Brazil two nominal
pecies of hybodontiforms were described: “Acrodus”
itidus Woodward (1888) from the ?Barremian/Aptian
lhas Formation (Bahia Group) of the Recôncavo Basin and
. limae Brito and Ferreira (1989), from the Albian Santana
ormation of the Araripe Basin, the only hybodontiform
rom South America known from articulated material.
his last species has now been reported from else-
here in Gondwana and Laurasia (Vullo and Néraudeau,

008).

The genus Planohybodus has a palaeogeographically

estricted distribution in comparison with other hybodon-
iforms sharks. Previously to this study, Planohybodus
as described from western Europe and North America
ol 11 (2012) 41–47 45

(Santonian of New Mexico; Bourdon et al., 2011), with
only three nominal species included in the genus: (1)
P. peterboroughensis Rees and Underwood, 2008, from the
Callovian and Oxfordian of England; (2) P. grossiconus
(Agassiz, 1843), from the Bathonian of England, Scotland,
and France, and possibly from the Toarcian of Luxembourg
(Rees and Underwood, 2008); (3) P. ensis (Woodward,
1916) from the Berriasian-Barremian of southern Eng-
land, and the Hauterivian-Barremian from northern Spain
(Bermúdez-Rochas, 2009a; Rees and Underwood, 2008).
There are also two undescribed species of Planohybodus
from the Barremian of Denmark (Rees and Underwood,
2008) and the Aptian of northeastern Spain (Bermúdez-
Rochas, 2009b). Recently, Planohybodus sp. has been
reported from the Kimmeridgian of northern Spain
(Bermúdez-Rochas et al., 2010). In Gondwana, Planohy-
bodus had been previously described for the Cretaceous
Lima Campos Basin, in North-East Brazil (Pinheiro et al.,
2011).

Parvodus appears to be quite common in Laurasia, with
three nominal species: P. rugianus (Ansorge, 1990) from
the Berriasian-Valanginian of Germany, England, Den-
mark and Sweden (Underwood, 2002), P. pattersoni (Duffin,
1985) from the Bathonian of England and Scotland, and
P. curvidens (Duffin and Thies, 1997) from the Kimmerid-
gian of northern Germany (Rees and Underwood, 2002).

Parvodus sp. has also been reported from the Early Cre-
taceous of Spain (Bermúdez-Rochas, 2009a, 2009b) and
Thailand (Cuny et al., 2006). Furthermore, very similar taxa
considered as Parvodus sp. from both the Middle Triassic
and Middle Jurassic of China have been reported (Chen
et al., 2007; Shang et al., 2008). There is only one previous
reference to Parvodus from the Gondwanan record, with
Parvodus tikiensis Prasad et al., 2008 described from the
Upper Triassic of India. P. tikiensis (Upper Triassic of India)
and Parvodus sp. (Early Cretaceous of Thailand) are the only
species of Parvodus previously described from presumed
continental deposits.

The material described here represents the first occur-
rence of Planohybodus in the Araripe Basin, and the first
record of Parvodus in the Cretaceous record in Gondwana.
Despite the differences in age, the Brazilian specimens
show considerable similarity to the P. tikiensis and the teeth
from the Missão Velha Formation show no diagnostic char-
acters that would support the creation of a new taxon. On
the other hand, Prasad et al. (2008) noted that P. tikiensis
may represent a new genus distinct from Parvodus, but
it seems probable that these two taxa could represent
an evolutionary lineage of this “genus” on the Gondwana
supercontinent.
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