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Abstract: We herein describe the-biggest theropod tooth hitherto found in Spain. The
tooth (IPS-G1) comes from the Villar del Arzobispo Formation (Upper Tithonian-
Middle Berriasian) in the Galve Sub-basin. The specimen is :a nearly .complete
maxillary tooth with-a FABL of 34 mm and DSDI = 1. Considering its geological
age and the crown morphology (including the size), it is most likely that the tooth
belongs to an allosauroid. This clade of theropods was present in the Late. Jurassic
of Portugal and the Early Cretaceous (Berriasian and Barremian) of England. The
tooth represents the: first allosaurid from Spain, and the biggest theropod from the
European Berriasian.

Zusamimenfassung: Wir beschreiben hier den groBten bisher in Spanien gefunderien
Theropodenzahn. Dieser Zahn (IPS-G1) stammt aus der Villar-del-Arzobispo-
Formation (spétes Tithonium — mittleres Berriasium) im Teilbecken von Galve. Das
Exemplar ist ein beinahe vollstandiger Oberkieferzahn mit einer Basislinge (FABL)
von 34 mim und DSDI = 1. In Anbetracht seines geologischen Alters und der
Morphologie der Zahnkrone (auch-deren Grofe) stammt der Zahn mit grofier Wahr-
scheinlichkeit von einem Allosauroiden. Diese Theropoden-Gruppe kam im Ober-
jura von Portugal und in der Unterkreide (Berriasium und Barremium) von England
vor. Der Zahn stellt den ersten Allosauriden .aus Spanien und den grofiten Thero-
poden des europdischen Berriasium dar.
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1. Introduction

A common feature in different lineages of theropods has been the increase of
the size. Big theropods have traditionally been included in Camosauria,
though modern cladistic studies indicate that gigantism has been developed
in different clades: Megalosauridae in the Middle Jurassic (HoLtz 2000;
ALLAIN 2002), Allosauroidea (including Allosauridae and Carcharodonto-
sauridae) in the Late Jurassic-Early Cretaceous, Spinosauridae in the Early
Cretaceous, Therizinosauridae and Tyrannosauridae in the Late Cretaceous.
Not only the skeleton as a whole but also the study of isolated teeth make
the characterisation of these theropod clades possible (CURRIE et al. 1990;
SERENO et al. 1996; CHARIG & MILNER 1997; BAKKER & BIr 2004).

The fossil remains of big theropods are scarce and fragmentary in Europe,
whereas there isa significant record of herbivores (WEISHAMPEL et al. 2004).
There are temporal intervals, like the Berriasian, without any data of skeletal
remains. Only small or medium-sized theropods from this age are poorly
known, and few species have been named. From other parts of Europe are
the dromaeosaurids Nuthetes destructor (OWEN, 1854) from the Purbeck
Limestone of the United Kingdom, and Dromaeosauroides bornholmensis
CHRISTIANSEN & BONDE, 2003 from the Jydegaard Formation of Denmark
(MILNER 2002; CHRISTIANSEN & BONDE 2003), as well as the maniraptoran
“Prodeinodon” dunkeri (DaMEs, 1884) from the Wealden of Germany
(Ruiz-OMERACA & CANUDO 2003). In Portugal, RAUHUT & KRIWET (1994)
cited a tetanuran tooth with a crown height of approximately 80 mm from
beds that have sometimes been considered to be Berriasian in age, although
the recetit evidence seen to indicate a Tithonian age (WEISHAMPEL et al.
2004). Some fragmentary remains come from Spain (Barco & Ruiz-
OMENACA 2001a, 2001b). The palaeoichnological record indicates the
presence of big theropods in the European Berriasian terrestrial ecosystems
(LockLEY et al. 2000; Barco et al. 2005b), but up to the present there has
been no evidence of their skeletal remains. The aim of this work is two-
fold: on the one hand we describe the largest theropod remains from the
Berriasian of Europe, and on the other we prove the importance-of the study
of isolated theropod teeth in the general context of the dinosaur biogeo-
graphical reconstruction of Mesozoic ecosystems.

2. Geological and geographical location

Galve is a village located in north-eastern Spain some 40 km north of Teruel
(Fig. 1). The outcrops of Galve are included in a wide and well-exposed
synclinal structure and comprise a nearly 1-km-thick succession of shallow
marine and continental sedimentary units, ranging from the Tithonian to the
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Fig. 1. Geographical situation of Galve (Aragon; Spain)

late Barremian-Aptian (Soria et al. 1995). Th 1
Cret_aceous outcrops are located in the nonh)-WestZsri ;?f); éﬂl;ra&ssg;tgj e(;
gggm, and have been u'mluQed' in the so-called Galve sub-basin (SaLas et 51
1). The Galve region is justifiably famous for its archosaur remains
(Sanz et al. 1987; BUSCALIONI & SANZ 1990), for its mammal assembla ez
(HAHN & HAHN 1992; CANUDO & CUENCA-BESCOS 1996) and other v ft -
brgllii faénzlis (see Barco-et-al. 2004). ‘ e
[Ihe Galve stratigraphic sequence can be divided i ve li i

phlg units (Fxgs. 2 and 3) characterised by different tr‘:xtgi::/aengﬂfzgssgf talf:;:
ciations (Diaz et al. 1984). The lower two units are the Higueruelas and
Vflllar del Arzobispo ‘formations and represent the last stages of development
g lthe marine Jurassm_ platform. In the middle and upper parts of the Villar

e Arzobns_po Formation, levels with biogenic sedimentary structures domi
nated _by qusaur tracks record the episodic setting of ‘shallow-marine t-
coastline environments that ‘mark the transition between marine and con(3
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tinental units in the Galve ared (Soria et al. 1995). The Villar del Arzobispo
Formation; known in the local literatire as Purbéck facies, is overlain by a
low-angle angular uticoriformity. The unconformity is also marked by an
important lithological and environmental change, represented by the setting
of the continental red clays -of the bottom of the El Castellar Formation
(PEREZ-LORENTE et al. 1997). This unit and the overlying ‘Camarillas
Formation, known in the Tocal literature :as Wealden facies, represent the
continental facies of the early Cretaceous age (upper Hauterivian-lower
Barremian). The vertebrate localities. are found throughout the whole
sequence (Fig. 2).

The age of the upper part of the Higueruelas Formation and .most of the
Villardet Arzobispo Formation is cofistrained by the:-presence of the benthic
foraminifera Anchispirocyclina lusitanica, which spans: from the middle
Tithonian to the early Berriasian (e.g., HARDENBOL et al. 1998). In addition,
basin-wide correlation based on sequenice stratigraphic anilysis (BADENAS€t
al. 2004; Iras et al. 2004) indicates: that the younger ‘strata recorded in the
Villar del Arzobispo Formation most probably correspond to the early and
iddle Bertiasian, which has been dated by the ‘associations of charophytes
found in the contemporary lacustrine and palustrine sediments recorded in
other localities of the Maestrazgo Basin (MarTIN-CLosas 1989).

Dinosaur remains found in the Villar del Arzobispo Formation in Galve
include sauropods, theropods and ornithopods:(CUuENCA=BEscOs et al. 1997;
PERreZ-LORENTE et al. 1997; Ruiz-OMENACA et al. 2004) (Fig. 2). Most: of
them are. not identifiable beyond family level because of their fragrnentary
nature. The most significant one is the new sauropod Galvesaurus heneroi
Barco, Canupo, CUENCA-BEscos & Ruiz-OMENACA 2005, which repre-
sents a new primitive neosauropod from the Jurassic-Cretaceous transitionof
the Iberian Peninsula (Barco et al. 2005). Theropods are represented by
three parallel trackways from Las Cerradicas tracksite (Theropoda indet.,
PEREZ-LORENTE et.al. 1997), two smiall isolated teeth from the Cuesta Lonsal
1 and Las Cerradicas 2 sites:(Theropoda indet. and Coelurosauria indet.),
and orie caudal centrum from the Carretera site (Theropoda indet., Barco:&
Ruiz-OmEeRaca 20013, b), and the tooth studied in this paper.

Fig: 2. Stratigraphical log of the ‘Galve area, with situation of dinosaur record.
Modified from Ruiz-OMERACA et al. (2004).
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Fig. 2 (Legend see p: 80)
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3. Material and methods
3.1. Tooth study

The importance of this fossil calls for a short history of the circumstances
in which the tooth was fourid and the preliminary studies of it. The tooth
described in this paper was found at the beginning-of the 1960s. It was a
shepherd who informed the local :amateur Mr. Jost MariA HErRRERO, Who
himself had already discovered a number of significant dinosaur remains
from Galve, that he had found a first fragment of the specimen. Later Mr.
HerrERO went back to the site where the shepherd had found the: fragmerit
and tecovered the other part of the tooth. A survey of the history of Galve
and this local amateur is given in Bakco et al. (2004).

In the 1960s palacontologists from the “Instituto de Paleoritologia Miquel
Crusafont” in Sabadell began their exhaustive work with the aim of finding
mammals (see the history in CANUDO & CUENCA-BESCOs 1996). It was at
this time that Mr. HERRERO lent the tooth to the Institute for the purpose of
scientific ‘study, -and since then it has been housed in ‘Sabadell. The first
published reference to this tooth is by CRUSANFONT-PAIRO & ADROVER
(1966). In their preliminary report, these authors assigned the tooth to
“Charcharodontosaurus”. This genus belongs to a group of advanced
allosanroids only known in the Early-Cretaceous and lowermost Late Creta-
ceous (CORIA & SALGADO 1995; SERENO et al. 1996; Arramn 2002) from
Gondwana and may be Laurasia (see discussion below). Two years later,
KOHNE & CRUSAFONT-PAIRO (1968) assigned thé tooth to. Megalosaurus:.
Both identifications were based on the great size of the tooth, and lacked
systematic study with descriptions. or comparisons. The first and only
previous illustration of the tooth is i a. book for the' general public by
SaNTAFE-LLoPIS & CASANOVAS-CLADELLAS (1993: fig. 40), where: it ‘is
identified as-a carnosaur (“Carnosaurio”). In this book, the locality where
the tooth was found is not indicated, and the authors do not describe the
specimen. The same photograph has been reproduced in BARCO et al. (2004:
fig. 4.17): Elsewhere, the tooth has been briefly described, and the authors
discuss previous identifications and consider its assignation to Thero-
poda indet (Ruiz-OMENACA et al. 1997, 1998; “Theropoda indet. A” in Ruiz-
OMENACA et al. 1998).

In previously published papers the precise stratigraphical situation of this
fossil was. niot taken into account, because prior to our paper Mr HERRERO
had not revealed the -exact site of the tooth discovery. As explained else-
where, the majority of the vertebrate remaing collected at Galve have been
discovered in sediments from the Uppermost Hauterivian and Lower
Barremian (SANZ et al. 1987, Ruiz-OMENAca €t al. 2004). During the
preparation of this study, Mr. JosE Maria HERRERO has told us that the tooth

Amegatheropod tooth from the late Tithorian middle Berriasian of Galve 83

[ -] Villar del Arzobispo Fm. P8 Camarillas Fm. Artoles Fm. '

Higuerielas Fr. El Castellar Fm.

# 'bigtheropod tooth locality

Fig. 3. Geological map of the Galve area, with the situation of the IPS-

G1 i
Based on Diaz-MoLina etal. (1984) and Soria et al. (1995) locality

site is located in a level that we identify as Villar del Arzobispo Formation
with an age that ranges from late Tithonian to middle Berriasian (Fig. 2)?
Also, a taphonomic survey reveals that the preservation status of the'tooth as
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well as the matrix that is still attached to the specimen is similar to that of
other reiaitis from this formation.

3.2. Theropod dental morphology and taxonomy

Theropod crowns are characterised by a simple laterally compressed conical
form with few homologous points or landmarks. However, recent studies
agree that theropods might be taxonomically identified on the basis of
isolated teeth (RAUHUT & WERNER 1995; SANKEY et al. 2002; SWEETMAN
2004). The main difficulty is to know the intraspecific variation, for the
position of the tooth-crown along the dental series is hard to establish. Thero-
pods are generally not considered to be heterodont taxa, but this is an over-
simplification based on the terms homodont and heterodont as applied to
vertebrates in general. Without claiming that theropods have the heterodoncy
of mammals, with only one dental replacement we can observe a morpho-
logic heterodoncy ‘in theropods. In single individuals the premaxillary series
forms an array of teeth that are morphologically distinct from the lateral
series. When there is an accurate record in the same geological formation it
is possible to use isolated theropod teeth for diagnosing taxa to family and, in
some cases, to a lower taxonomic level (CURRIE et al. 1990; SANKEY et al.
2002, this work). In geological formations without cranial material it is
possible at least to assign isolated theropod teeth to the main clades. Never-
theless, this must be done with caution for the sake of the nion-proliferation

of new:specific and generic names.

Institutional abbreviation: ISP: “Instituto de Paleontologia Miquel Crusa-
font”, Sabadell (Spain).

3.3. Nomenclature and tooth measurements

We use anatomical iomenclature used in the desctiption of vertebrate studies
(see for an overview SMITH & DobsoN 2003). The theropod teeth have few
landmarks: in fact they are simple structures with single cusp differing in the
complex cuspidate mammal teeth. Tooth measurements were taken using the
ctiteria established by CURRIE et al. (1990), FarLow et al. (1991), RaunuT &
KRIWET (1994), BuscaLIoNI et al. (1997) and SmitH & DobsoN (2003).
Tooth curvature was measured according to the method of SANKEY et al.
(2002) and the denticle size difference index has been calculated following
RAUHUT & WERNER (1995). The variables used in this paper are shown in
Table 1.
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Table 1. Measurements of the IPS-G 1 from the Villar del
Tithonian-middle Berriasian) in Galve (Aragon,

) Arzobispo Formation (late
Spain). *: Approxirately.

Variable Name Abbre- Description
viation
£8f8:§ﬁ Basal hgﬂém FABL  Length of the crown long axis
rown Basal Wx_dth CBW Width orthogonal to FABL
gggg Easeﬁlatlo CBR FAB L/CBW
cight CH Height ortogonal to base
) ' (distal)
Apical Distance AD [isangr from apex to base
Crown Angle CA Angle between FABL aid
Crown Height Ratio CHR éll-%lllil.g%sL
Mesi:fll Apical Denticle MA No. of mesial apical denticles
Density . er'S nm
Mesial Center Denticle MC o.of mesial center denticles
Density
Mesial Basal Denticle MB per 3 mm ;
Density %?.f&%gsxal basal denticles
Distal Apical Denticle DA No. of distal apical denticles
I]ggansny . per:5 mm
Dls@ CenterDeriticle DC No. of distal center denticles
ensity
Distal Basal Denticle DB per3 mm
Density N I}J\{g. fﬁn %stal basal denticles
gvergtgye Mesial Denticle MAVG  Average no. of mesial denticles
ensi :
) ] per S mm
Average Distal Denticle DAVG  Average no..of distal deriticles
Density per 5 mm
Denticle Density Sizeindex DSDI MAVG/DAVG
4. Systematic palaeontology
Class Dinosauria OWEN, 1842
Order Saurischia SEELEY, 1888

Suborder

Theropoda Marsy, 1881

Tetanurae GAUTHIER, 1896
. Avetheropoda PauL, 1988
Superfamily ~ Allosauroidea CURRIE & ZHA0, 1993

IPSG-1

33:41 mm

16:88 mm
1198

78.50'mm
82.74'mm

69°
235
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Allosauroidea indet. Fig. 4

Material: One left maxillary isolated tooth (IPS-G1), currently housed
at the “Museo Fundacion Conjunto Paleontolégico de Teruel-Dindpolis”
(Aragon).

Description: The tooth crown of IPS-G1 is almost complete, only flawed
by the glued break. In this specimen, part of the root and some of the
denticles are broken away. The presence of the root implies that IPS-G1 is
not a shed tooth. Small root traces: of recent. vegetation: are present super-
ficially on the enamel surface. The tooth has a small wear facet at the distal
side of the tip. The tooth is labiolingually compressed in such a way that the
FABL is twice the labiolingual width (Crown Base Ratio: 1.98). The tooth is
distally curved, and the tip is medially inclined. The specimen measures
98.86 mm from base to tip, although the preserved base is a portion of the
root; when measured up to the enamel limit, the tooth is'75.58 mm. A wear
facet:also erodes the tip; if we reconstrict the tip the tooth ‘measures appro-
ximately 78.5 mm (Table 1). The medial wear facet, the tip medially inclined
and the medial displacement of the mesial carina imply that IPS-G1 is a left
maxillary tooth.

The crown section is tear-shaped, with the distal part sharper. The root
is only separated by a slight constriction. This character in not clearly deve-
loped as in advanced coelurosaurs and in toothed birds. The crown.is oval
with concave labial and lingual sides (eight-shape in cross section). The
enarmel is smooth and covers the surface of the tooth crown. There is no
wrinkling of the enamel.

Both mesial and-distal ¢arinae bear denticles in IPS-G 1. The mesial carina
is situated at the mesio-labial corner: In mesial view, it begins at the apex and
runs down to nearly 3/5 of the tooth height. It forms a slight curvature. The
distal carina is situated at the rearmost part of the tooth 4t its symmetry
plane and runs down to the base of the enamel.

The denticles are relatively small in relation to the tooth size: both carinae
possess just under 11 denticles per 5 mm in their middle part (DSDI = 1).
The distal denticles measure about 1.3 mm in height and 1 mm in length
(Table 1). They are set virtually perpendicular to the axis of the carina and
are rectangle-shaped in lateral view. Denticle size and morphology are
similar in both carinae, with. the exception of the basal ends, where the
denticles decrease in size quickly. Each denticle is relatively broad (labio-
lingually) and chisel-like in form. The interdenticle slits are relatively deep.
Shallow and poorly defined blood grooves extend onto the surface of the
tooth from between the bases of adjacent denticles. The mesial carina only
has denticles in the apical half.
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Fi.g.~4. Allos?uroidea? indet., left maxillary tooth (IPS=G 1) from the late Tithonian —
mldQIe Bemas@an of ‘Galve (Spain, Villar del Arzobispo Formation), in lingual (A)
mes!al (B), lgblal (C), distal (D), basal (E)-and apical (F) views, with details of thé
mesial and distal denticles (A 1, A2). Scale bar: 10 mm (A-F)-or 1'mm (A1, A2).

Large theropods are characterised by big skulls with relatively few but large
and stout teeth. Their function was probably to serve as primary- killing
tools, supported‘by strong jaw and neck muscles (SANDER 1997). Relative
theropoq tooth size can vary significantly, but we can make an estimation of
the relapve sizp of IPS-G1 dinosaur from other Theropoda taxa known. A
comparison with teeth from the big allosauroid Acrocanthosaurus (NCSM
14345, in HARRIS 1998) shows that the owner of IPS-G 1 may have had a
skull length of 1 m and a total length of 9.5 m: IPS-G 1 was thus from a bi
theropod. ®
Traditionally, the name Carnosauria has been used to include a variety of
large theropods, yet large forms comprise several natural lineages (HoLrz
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2000; ALLAIN 2002). Gigantism in theropod dinosaurs is present in different
clades. Differences in the size and shape of the teeth and the size, shape and
number of denticles are used to help identify the differ;:nt theropod groups.
For systematic purposes, there now follows a comparison pf IPS-GI with
the teeth of several lineages of theropods that attain a big size: Ce'rato~
sauridae, Abelisauridae, “Megalosauridae”, Spinosz_mrldae, Allosauridae,
Sinraptoridae, Carcharodontosauridae, Dromaeosauridae and Tyrannosau-
ridae.

5.1. Comparison with ceratosaurians (Ceratosauridae and
Abelisauridae)

Ceratosaurian dinosaurs form a major clade of therqpods, and -one of its
primary branches (Neoceratosauria) included some big theropods: such as?
Ceratosauridae and Abelisauridae (MADSEN 197§; Coria & SALGADO _1 998:
RauHuT 2004). The presence of a flat or even slightly concave area adjacent
to the marginal carinae in the lateral teeth is a character shared by Cerato-
saurus and some abelisaurids. This character seems to represent a neocerato-
saurian synapomorphy (RAUHUT 2004). However this area is mesiodistally
\ in IPS-G1. .
cm'llylf: Efamily Ceratosauridae includes species from the Late Jurassic of
North America, Europe and Africa (MADSEN & WELLES 2000). Some
Ceratosaurus-teeth from the Morrison Formation in Como Bluff (Wyoming,
USA) show a crown height of 80 mm (see fig. 14.2 of BAKKER & BIr 2004).
There are two different morphologies of Ceratosaurus teeth. MAI?SEN (1 976)
and MADSEN & WELLES (2000) figured teeth with longitudinal indges,
structures not present in IPS-G1. However, Ceratosaurus teeth descqbed by
BAKKER & BIR (2004) have smooth enamel. These aqthors Qescrlbc _the
Ceratosaurus crowns with a teardrop cross-section and its carinae running
up the midline fore and aft. The cross-section of the'base of the too_th crown
is subject to change along the tooth row, with anterior crowns ha_vmg more
asymmetric sections than posterior ones. Follow RAUHUT (2004) is possxble
to separate Ceratosaurus teeth from basal tetanuran teetch, on the basis of the
more strongly flattened teeth, rather than the cross-section c_)f the crown. The
IPS-G1 tooth differs from Ceratosaurus teeth because it is more flattened
and its mesial carina does not run to the basal part.

Abelisauridae is a family reported from the Late Cretaceous of several
regions of Gondwana (Novas 1997; SAMPSON et al. 1998;§ CORIA .&
SALGADO 1998). Despite the fact that several e)gam‘ples of cranial material
are known for abelisaurids, there is no information on the dentition of this
group. Recently, BITTENCOURT & KELLNER (2_002). and CANUDO et al. (2094)
have described some teeth attributed to Abelisauridae, but they did not find
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dental synapomorphic characters for diagnosing this family. It is a tentative
identification based on the elimination of other clades such as Spinosauridae
or Carcharodontosauridae. The teeth attributed to Abelisauridae present
denticles in both carinae from apex to base. The denticles of IPS-G1 are
absent at the basal part of the mesial carina, this being the main difference
with respect to ceratosautians,

5.2. Comparison with spinosauroids (Torvosauridae and
Spinosauridae)

Spinosauroidea is a Tetanurae clade that includes at least two families:
Torvosauridae (or “Megalosauridae”) and Spinosauridae (SERENO et al.,
1998; ALLAIN 2002; HoLTz & OSMOLSKA 2004). “Megalosauridae” is a
family of large basal tetanurans very common in the Middle Jurassic of
Europe. They were also present in the Late Jurassic of North America
and Early Cretaceous of North Africa (SERENO et al. 1998; ALLAIN 2002;
BAKKER & BIR 2004). There are significant differences between “Megalo-
sauridae” teeth and IPS-G1. First of all, the teeth of European Middle
Jurassic megalosaurids have mesial denticles larger than the distal ones
(DSDT is less than 1.0, MiLNER 2002), while in IPS-G1 their size is the same
(DSDI is 1). In Late Jurassic megalosaurids from North America (BAKKER &
BIR 2004), the apical serrations are much larger than the middle ones in the
posterior row, whereas they show the same size in IPS-G 1. Moreover, their
enamel is:wrinkled, whereas it is smooth in IPS-G 1.

The Spinosauridae are medium to large-sized tetanurans with repre-
sentatives from the uppermost Hauterivian to the Cenomanian (Cretaceous)
of Europe, North Africa and South America (CHARIG & MILNER 1997;
SERENO et al. 1998). However, modern cladistic analysis points to a Jurassic
origin of the clade (ALLaN 2002). Spinosauridae include two subfamilies
grouped according to the characters of jaws and teeth: Baryonychinae and
Spinosaurinae. Teeth from baryonychines have serrated mesial and distal
carinae with extremely fine denticles, approximateiy seven per millimetre,
much smaller than those in IPS-G1, and characteristic longitudinal ridges
extending along the height of the crown (CHARIG & MILNER 1997; CANUDO
& Ruiz-OMENAca 2003). They differ from IPS-G 1, which has no ornamen-
tation. Spinosaurines have teeth with reduced labiolingual compression, and
slightly recurved or straight crowns without denticles (MILNER 1997). The
tooth ISP-G 1 is well flattened and presents denticles in both carinae.
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5.3. Comparison with Allosaurocidea or Carnosauria (Carcharo-
dontosauridae, Sinraptoridae and Allosauridae)

Allosauroidea semsu ALLAIN (2002) or Carnosauria seisu Horrz &
OsMoLsKa (2004) is an avetheropodan clade that includes at least three
families: Carcharodontosauridae, Allosauridae and Sinraptoridae (ALLAIN
2002; Horrz & OsMOLSKA 2004). Carcharodontosaurids come from the
uppermost Early Cretaceous and Late Cretaceous of Africa and South
America (Coria & SALGADO 1995; SERENO et al. 1996) and are not known
from Laurasia. In fact their current occurrence suggests a gondwanian
distribution.

Some Allosauroided, like Acrocanthosairus from the Lower Cretaceous
of North America and Neovenator from the Lower Cretaceous of United
Kingdom, have been sometimes regarded as carcharodontosaurids (RAUHUT
2003; Hourz et al. 2004). This discussion is out of our paper, but 4cro-
canthosaurus atid Neovenator have tooth without ¢urved enamel wrinkles
(see below). Maybe represent a sister group of gondwanan carcharodonto-
saurids with a laurasian representation:

The carcharodontosaurids Giganotosaurus carolinii CORIA & SALGADO,
1995 and ‘Carcharodontosatirus saharicus (DEPERET & SAVORNIN, 1927)
were similar to Tyrannosaurus in size, and probably longer and heavier. A
distinctive character-of carcharodontosaurid teeth is the presence of curved
enamel wrinkles anterior to the serrations on the lingual and/or medial sides
(SERENO et al. 1996; VERALLI & CaLvo 2004; CANUDO et al. 2004). The
tooth IPS-G1 has smooth enamel without wrinkles; unlike :carcharodonto-
saurids.

Allosaurids have a wide distribution. They are’ known from the Liate
Jurassic and Early Cretaceous of North America, Portugal, the United King-
dom and France (MADSEN 1976; PEREZ-MORENO et al. 1993, 1999; Hutr
et al. 1996; Harris 1998 MILNER 2002; BAKKER & BIr 2004; HoLTZ et al.
2004), but up to the present they have not been found in Spain. The tooth
IPS-G1 has a general morphology similar to that of allosaurids. The DSDI
for the Late Jurassic Allosaurus and Early Cretaceous Acrocanthosaurus as
well as for IPS-G1 is 1 (RaUHUT & WERNER 1995; HARRIS 1998). The size
and morphology of denticles are plesiomorphic and similar in IPS-G1 and
allosaurids. The denticles of these allosaurids are sharp (chisel-like) with
an acute apex directed toward the crown tip (BAKKER & Bir 2004). In
Allosaurus fragilis the mesial row of serrations on each tooth is shorter than
the distal one (MADSEN 1976), as in IPS-G 1. The systematic interest of this
character can be object of discussion. The length of carina mesial could
vary within the tooth row and especially, with the state of eruption of
teeth (O. RAUHUT, personal communication). Similar serration pattern is
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present in Neovenafor salerii (HUTT et 4l. 1996) from the Barremian of
England. Its teeth présent 12 serrations per 5 mim (11 in IPS-G1). The
enamel of the allosaurids is smooth without wrinkles (BAKKER & BIR 2004),
unlike in carcharodontosaurids. Allosaurids' are well known in the Kim-
meridgiar-Tithonian of Portugal (PEREZ-MORENO et al. 1999; ANTUNES &
Marteus 2003) and in the Lower Cretaceous of the United Kingdom (HuTT et
al. 1996). Possibly, although smaller, allosaurid teéth from the Berriasian of
the United Kingdom have also been-described (MiLNER 2002).

Sinraptorids are a group of highly pneumatized Late Jurassic Chinese
allosauroids represented by at least two genera, Sinraptor and Yangchuano-
saurus (DONG et al. 1978; CURRIE & ZHAO 1994). There are possible: pre-
sences outside China: Metriacanthosaurus from the Jurassic -of England
(PauL. 1988) and. Lourinhanosaurus antunesi MATEUS, 1998 from the
Kimmeridgian-Tithonian of Portugal (MATEUS 1998), but it is.necessary to
have more material in order to-confirm the existence of this group in Europe.
Teeth from Sinraptor dongi CURRIE & ZHAO, 1994 have not been described
in detail. Those of Sinraptor hepingensis-Gno, 1992 ate serrated on anterior
and posterior edges, with 24 denticles:per 10 min. The fourth maxillary tooth
hasa FABL of 28 mm (Gao 1992). The upper and lower teeth of Yangchua-
nosaurus shangyuensis DONG et al., 1978 are laterally flattened and curved
posteriorly, with serrated anterior and posterior ridges (12 denticles per
5 mm), a number similar to- Sinraptor; allosaurids and IPS-G1. From the
above, it seems that given current knowledge the teeth of sinraptorids are
indistinguishable from those of allosaurids.

5.4. Comparison with Dromaeosauridae

Dromaeosaurids are small to-medium-sized maniraptoriform theropods, but
there are also.some big ones (KIRKLAND et al. 1993; NORELL & MAKOVICKY
2004). Dromaeosaurids are abundant and widely distributed in the Creta-
ceous of Laurasia (CURRIE et al. 1990; MILNER 2002; SANKEY et al. 2002;
SWEETMAN 2004), and apparently scarcer, but they were also present in
Gondwana (RAUHUT & WERNER 1995; Novas & PoL, 1995). Isolated teeth
of dromaeosaurids are very abundant in the Hauterivian and Barremian
of the Iberian Peninsula (RAUHUT 2002; CANUDO & Ruiz-OMENACA 2003)
;f) Owell as in Portugal and Great Britain (Raunurt 2002; SWEETAMN
4).

Traditionally, Dromaeosauridae have been divided into two subfamilies:
Velociraptorinae and Dromaeosaurinae. The teeth of Velociraptorinae are
characterised by the absence of denticles in the mesial carina or by mesial
denticles smaller than the -distal ones (CURRIE et al. 1990). Thus, the velo-
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ciraptorinae denticle size difference index is approximately 1.5 (RAUHUT &
WERNER 1995), very-different from IPS-G1.-A different pattern is present in
Dromaedsaurifiae; the type species Dromuaeosaurus has teeth with a DSDI
of 0.937+3 denticles in mesial .and 3.2 in distal, CURRIE 1995). A similar
pattern has been observed in other dromaeosaurids, such as Utahraptor from
the Barremian of the USA. The teeth of the holotype of Utahraptor show a
DSDI variation from 0.846 t6-0.916 (KiRkLAND et al. 1993). This pattern is
differerit from IPS=G1, where the DSDI is-equal to-one.

5.5. Comparison with Tyrannosauroidea

Tyrannosauroids ‘were the largest Late Cretaceous carnivoroug dinosaurs,
with especially large heads, heterodont dentition and robust bodies (CURRIE
et al. 2003). Furthermore, current evidence suggests that Late Juras31c.~and
Early Cretaceous tyrannosauroids (except Tyrannosauridae sensu' stricto)
were rather small dinosaurs (HUTT et al. 2001; Ravnut 2003). Late Creta-
ceous tyrannosaurids show denticles similar in size and shap‘e‘ to IPS:GI:
chisel-shaped and oriented parallel to the base of the tooth, with 2 denticles
per millimetre (approximately 10 per 5 -mm) and DSDI = 1. However, the
serrations of tyrannosaurid teeth show well developed blood grooves
between the bases of the denticles, oriented towards the base of the crown
(CURRIE et al. 1990; FarLow et al. 1991; ABLER 1992). These significant
blood grooves are not present in IPS-G1. Moreover, the crowns of tyranno-
saurid téeth are nearly conical in shape and slightly laterally compressed
(SAMMAN et al. 2002), whereas IPS-G1 is well-compressed labiolingually.
Early Cretaceous tyrannosauroids such as Eotyrannus from thg Wessqx
Formation (Barremian) have a DSDI = 1.5 (HurT et al. 2001). This value is
high compared to Late Cretaceous tyrannosaurids and the Galve IPS-G1
tooth, and it is more simildr to-dromaeosaurids-(HuTT etial. 2001).

The Berriasian theropod record from Laurasia is poorly known, but could be
very useful for a better understanding of the faunal change betweep the old
Jurassic and the modern Cretaceous dinosaur assefriblages; which is poorly
documented in Europe. The Iberian Peninsula record is of special interest
from the palacobiogeographic point of view because of its location bqt\yeen
Laurasia and Gondwana. In the Galve area (NE Spain) there is a significant
dinosaur record of the upper Tithonian-middle Berriasian interval. The dino-
saurs are represented, at least, by two small and one large T}xeropoda
(IPS-G 1), one Sauropoda and one Ornithopoda (ichnological remains).
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The tooth studied in this paper is the first representative of a very big
theropod from the Berriasian of Iberia. IPS-G 1 had been previously assigned
to' “Charcharodontosaurus” and Megalosaurus, ‘but it has riever been
formally described before. It is a plesiomorphic tooth, with smooth enamel,
chisel-shaped denticles of the same average size in both carinae and without
blood grooves. After comparisons with several groups of large theropods, we
conclude that IPS-G1 differs from the teeth of ceratosaurids, abelisaurids,
spinosaurids, carcharodontosaurids, dromaeosaurids and tyrannosauroids.
The basal tetanurans, torvosaurids (“megalosaurids™) and allosauroids pre-
sent similar tooth crowns and it is difficult to identify isolated tooth crow.
In general they show a DSDI around 1 and have chisel-like denticles, both
are symplesiomorphies of theropods. If we consider the temporal and geo-
graphic context of tooth studied (there are no “megalosaurids” in European
Cretaceous), IPS-G1 could represent an -allosauroid different from Car-
charodontosauridae.

Up to the present, the presence of very big theropods in the Berriasian of
Europe has only been supported by ichnological evidence from the Wealden
of Germany (LockLEy 2000) and the Huerteles Alloformation in Spain
(Cameros Basin), provinces of Soria (Barco et al. 2005) and La Rioja
(CasanNovas et al. 1995). The presence of big allosauroids in the Berriasian
of Europe was previously suggested by the gigantic theropod footprints from
the provinces of Soria and La Rioja (BARcCoO et al. 2005), and by an isolated
tooth ‘from the United Kingdom (MiLngr 2002). The tooth IPS-G1 re-
presents the first skeletal fossil remain of Allosauroidea from Spain and the
biggest theropod tooth of the European Betriasian.
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