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ESTRUCTURAL FORMAL Y UNIDAD TEMÁTICA

 Esta tesis se ha realizado por compendio de publicaciones siguiendo la normativa 
de la Universidad de Zaragoza. Las aportaciones científicas presentadas en el volumen de la 
tesis doctoral representan una unidad temática en torno a los dientes aislados de dinosaurios 
terópodos del Jurásico Superior y Cretácico Inferior de España. Los artículos que forman parte 
de esta tesis suponen aportaciones novedosas al conocimiento de los dinosaurios terópodos 
de la península ibérica y son relevantes para los objetivos planteados en la tesis doctoral. 
Además de los artículos que forman el compendio de publicaciones, se incluye un artículo en 
preparación. Los artículos originales publicados se han incluido en los anexos. 
 El volumen se compone de un resumen, ocho capítulos y cinco anexos. El capítulo 1 
es una introducción general a la tesis. El capítulo 2 explica los materiales y métodos utilizados 
mientras que el capítulo 3 trata del contexto geográfico y geológico de donde procede el 
material estudiado. Los capítulos 4 a 7 son manuscritos de trabajos científicos, donde el 5, 6 y 
7 han sido publicados en revistas internacionales incluidas en el Journal Citation Reports. El 
capítulo 4 es un manuscrito inédito en preparación que será enviado próximamente. El capítulo 
8 corresponde a las conclusiones de la tesis. El Anexo 1 corresponde al análisis cladístico del 
trabajo inédito del Jurásico Superior de Asturias (Capítulo 4). Los Anexos 2 al 5 corresponden 
a los artículos publicados en las revistas Historical Biology (Anexo 2), Cuadernos del Museo 
Geominero (Anexo 3) y Journal of Iberian Geology (Anexos 4 y 5). Estos últimos, además, 
incluyen el desarrollo de los análisis filogenéticos realizados en ambos trabajos. Por último, los 
datos de los análisis estadísticos realizados en las publicaciones se incluyen en archivos .xlsx en 
el CD adjunto. 
 Los capítulos del 4 al 7 están escritos en inglés, dado que son manuscritos de artículos 
bien inéditos (Capítulo 4) o bien ya publicados (Capítulos 5, 6 y 7). La tesis opta a mención 
internacional, de forma que el resumen y las conclusiones están escritas en inglés y en castellano. 
 
Capítulo 1: Introducción
 Escrita en castellano. En este capítulo se realiza una introducción a la temática tratada 
en la tesis, explicando brevemente el origen, las relaciones, las características y los principales 
grupos de dinosaurios terópodos. Asimismo se han realizado unos antecedentes para los restos 
de terópodos del Jurásico Superior y Cretácico Inferior de Europa occidental y la península 
ibérica, junto a una introducción específica de los dientes de dinosaurios terópodos. Finalmente 
se plantean los objetivos de la tesis doctoral.

Capítulo 2: Material y métodos
 Capítulo escrito en castellano. Aquí se incluye una relación del material estudiado, los 
museos donde se encuentra depositado y una breve explicación de la metodologia de estudio 
y actividades relacionadas llevadas a cabo por el doctorando como la prospección y excavación 
de yacimientos paleontológicos. 
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Capítulo 3: Contexto geográfico y geológico
 Escrito en castellano. En este apartado se realiza una introducción a los aspectos 
geográficos y las características geológicas de las áreas de las que proceden los dientes aislados 
de terópodos, identificando las formaciones geológicas, los medios de depósito y el contexto 
general de las cuencas donde se depositaron.

Capítulo 4: Revisión de la paleobiodiversidad de grandes terópodos del jurásico Superior 
de Asturias (N España) a partir de dientes aislados.
 Escrito en inglés. Se trata de un manuscrito inédito donde se realiza un estudio de los 
dientes aislados de dinosaurio terópodo de las Formaciones Vega, Tereñes y Lastres 
del Kimmeridgiense de la cuenca de Gijón-Villaviciosa y su comparación con faunas 
contemporáneas de Europa occidental y la península ibérica. A partir de este estudio se ha 
identificado la diversidad de terópodos en el área empleando análisis estadístico y filogenético 
(Anexo 1).
 
Capítulo 5: Sobre los dientes de terópodos espinosaurios del yacimiento La Cantalera 1 
(Barremiense inferior, Cretácico Inferior)
 Escrito en inglés. Este capítulo corresponde al manuscrito del artículo publicado 
en 2016 en la revista científica Historical Biology, incluído en el Anexo 2. En él se realiza 
un estudio de los morfotipos de espinosáuridos presentes en el yacimiento y se realiza un 
análisis multivariante de componentes principales (ACP).  Se plantea la posible presencia de 
terópodos espinosaurinos en el yacimiento, además de los de tipo barioniquino, y se realiza 
una comparación con otros yacimientos del Cretácico Inferior de España.

Capítulo 6: Una nueva contribución al conocimiento de los grandes terópodos del 
Barremiense de la península ibérica: el yacimiento de Barranco del Hocino (España)
 Escrito en inglés. Este capítulo corresponde a los manuscritos publicados en 2016 y 
2018 en las revistas Cuadernos del Museo Geominero y Journal of Iberian Geology, incluidos 
en los anexos 3 y 4. En estos artículos se realiza una evaluación de la paleobiodiversidad de 
vertebrados continentales de un nuevo yacimiento de la secuencia superior de la Formación 
Blesa, particularmente de los dinosaurios terópodos en base a los dientes aislados hallados. Se 
distinguen varios morfotipos de tetanuros incluyendo un morfotipo de espinosáurido y un 
posible carcarodontosaurio, empleando análisis estadísticos y filogenéticos.
 
Capítulo 7: Dientes aislados de terópodos asociados con restos de un saurópodo del 
yacimiento El Oterillo II de Salas de los Infantes (Burgos, España)
 Escrito en inglés. Este capítulo corresponde al manuscrito publicado en 2017 en la 
revista científica Journal of Iberian Geology incluido en el Anexo 5. En este trabajo se identifica 
la asociación de terópodos presente en el yacimiento, identificándose una asociación de 
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tetanuros basales y derivados. Además se discute el posible aprovechamiento de la carcasa 
del titanosauriforme Europatitan eastwoodi por parte de los terópodos, mediante rasgos de 
la acumulación y la presencia de marcas de dientes en algunos de los huesos del saurópodo, 
comparándose con casos similares.

Capítulo 8: Conclusiones
 Escrito en castellano y en inglés. En este capítulo se presentan las principales 
conclusiones obtenidas en el desarrollo de la tesis. 
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FORMAL STRUCTURE AND THEMATIC UNIT 

 This PhD dissertation is presented as a compendium of scientific papers. The 
contributions included in this dissertation represent a thematic unit around the isolated 
theropod teeth from the Late Jurassic and Early Cretaceous of Spain. The scientific papers 
included in this volume represent new contributions to the knowledge of theropod dinosaurs 
of the Iberian Peninsula; they are relevant to the objectives of the PhD. In addition to the 
published papers, a new manuscript is included. The original papers have been included in the 
Appendices.
 The PhD dissertation consists of an abstract, eight chapters and five appendices. Chapter 
1 is a general introduction to the dissertation. Chapter 2 explains the materials and methods 
used during the study and the Chapter 3 is about the geographical and geological setting 
of the areas where the studied material comes from. Chapters 4 to 7 are the manuscripts of 
scientific publications; the Chapters 5, 6 and 7 are already published in international scientific 
journals included in the Journal Citation Reports. Chapter 4 is an inedit manuscript  that will 
be submitted soon. Chapter 8 presents the general conclusions of the dissertation. Appendix 
1 includes the cladistic analysis of the inedit manuscript on the theropod palaeobiodiversity 
from the Late Jurassic of Asturias (Chapter 4). The Appendices 2 to 5 include the original 
papers published in scientific journals. Appendices 4 and 5 also include the philogenetic 
analyses performed in those works. In addition, the statistic datasets used in these manuscripts 
are included in the attached CD. 
 Chapters 4 to 7 are written in english. This PhD dissertation opts to an international 
mention so the abstract and conclusions are written in English as well as in Spanish. 

Chapter 1: Introduction
 Chapter written in Spanish. This chapter introduces the general topic of the dissertation, 
explainig the origin, relations, main traits and relevant clades of Theropoda. Besides, there is an 
overview on the historical background of the theropod record from the Late Jurassic and Early 
Cretaceous of western Europe and the Iberian Peninsula, and specific remarks concerning 
theropod teeth. In addition, the main goals of the PhD dissertation are presented.  

Chapter 2: Material and methods
 Chapter written in Spanish. It references the studied material, the institutions where 
it is housed and a brief explanation on the methods and activities performed during the PhD, 
including prospection and digging campaings. 

Chapter 3: Geographical and geological setting
 Chapter written in Spanish. This chapter explains the main geographical and geological 
aspects of the areas where the isolated teeth come from; also the geological formations, 
depositional environment and general context are described. 
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Chapter 4: A revision of the large-bodied theropod (Dinosauria: Saurischia) 
palaeobiodiversity from the Late jurassic of Asturias (N Spain) on the basis of isolated 
teeth. 
 Chapter written in English. This is an inedit manuscript where the isolated theropod 
teeth from the Vega, Tereñes and Lastres Formations (Kimmeridgian in age) are studied. In 
addition there is a comparison between this material and contemporary faunas of western 
Europe and the Iberian Peninsula. The palaeobiodiversity of theropods is identified; 
philogenetic (Appendix 1) and statistic analyses were performed.

Chapter 5: On the spinosaurid theropod teeth from the early Barremian (Early Cretaceous) 
La Cantalera 1 site
 Chapter written in English. This chapter corresponds to the paper included in Appendix 
2,  published in 2016 in Historical Biology. An study on the spinosaurid morphotypes is 
performed using a principal components analysis (PCA). The possible presence of spinosaurine 
theropods is proposed. Also this chapter compares the mprphotypes with teeth from the Early 
Cretaceous Spanish sites. 

Chapter 6: A new contribution to our knowledge of the large-bodied theropods from the 
Barremian of the Iberian Peninsula: the “Barranco del Hocino” site (Spain) 
 Chapter written in English. It includes the manuscripts published in 2016 and 2018 
in Cuadernos del Museo Geominero and Journal of Iberian Geology respectively (Appendices 3 
and 4). This chapter evaluates the terrestrial vertebrate palaeobiodiversity of a new site from 
the upper Blesa Fm. sequence wtih an special focus on the isolated theropod teeth. Several 
morphotypes are described, including spinosaurids and a basal tetanuran probably related to 
Carcharodontosauria. Philogenetic and statistic analyses are performed.

Chapter 7: Isolated theropod teeth associated with sauropod remains from El Oterillo II 
(Early Cretaceous) site of Salas de los Infantes (Burgos, Spain) 
 Chapter written in English. This chapters corresponds to the 2017 paper published 
in the Journal of Iberian Geology (Appendix 5). This work identifies the theropod association 
present in the Oterillo II site. A combination of basal and derived tetanurans is recognized. In 
addition, the possible feeding on the carcass of the sauropod Europatitan eastwoodi is discussed 
on the basis of the accumulation and the presence of tooth marks on some bones. 
 
Chapter 8: Conclusions
 Chapter written in English and Spanish. This chapter presents the main conclusions 
obtained during this PhD. 
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RESUMEN

 Los dinosaurios son un grupo de vertebrados fósiles que ejercen una gran fascinación. 

Los hallazgos paleontológicos suscitan un gran interés entre el gran público, con numerosas 

apariciones en prensa, medios de divulgación, documentales o incluso la ciencia-ficción. El 

interés científico de estos vertebrados es enorme, al haber dominado los ecosistemas terrestres 

durante más de 200 millones de años.

 Los dinosaurios terópodos incluyen a todos los dinosaurios carnívoros estrictos. Su 

estudio es fundamental para el conocimiento de las complejas relaciones de los organismos 

terrestres mesozoicos y para reconstruir una parte fundamental en la historia evolutiva de 

los dinosaurios que aún perduran, las aves. En esta tesis se estudian los dientes aislados de 

dinosaurios terópodos de yacimientos del Jurásico Superior y el Cretácico Inferior de España.   

 Los restos del Jurásico Superior, del Kimmeridgiense, provienen de la llamada “costa 

de los dinosaurios” en la comunidad de Asturias, de yacimientos localizados en las formaciones 

Vega, Lastres y Tereñes. Los dientes aislados del Cretácico Inferior provienen de la Cordillera 

Ibérica, de yacimientos localizados en la provincia de Teruel (Aragón): La Cantalera 1, situado 

en el entorno de Josa, y Barranco del Hocino 1, un yacimiento descubierto recientemente en 

el término municipal de Estercuel. También se ha estudiado la asociación de un yacimiento de  

la provincia de Burgos, El Oterillo II, en el entorno de Salas de los Infantes.

 Esta tesis se presenta como compendio de artículos publicados en revistas 

internacionales e incluye un manuscrito inédito preparado para publicación. El Capítulo 1 es 

una introducción a los dinosaurios terópodos donde se repasan los antecedentes del estudio de 

dinosaurios terópodos y de dientes aislados. En los Capítulos 2 y 3 se presentan la metodología 

y contexto geográfico y geológico de las áreas estudiadas. El Capítulo 4 es un manuscrito 

inédito sobre la paleobiodiversidad de terópodos del Jurásico Superior de Asturias donde se 

reconocen megalosáuridos, un posible abelisáurido y averostra indeterminados. El Capítulo 5 

se presenta un estudio de los dinosaurios espinosáuridos del yacimiento de La Cantalera 1. En 

el Capítulo 6 se presenta la diversidad de vertebrados mesozoicos y en particular de terópodos 

del nuevo yacimiento de Barranco del Hocino 1, que incluye un morfotipo de espinosáurido 

y otros tetanuros basales. En el Capítulo 7 se presentan los resultados obtenidos en el estudio 

de la asociación de terópodos, que incluye espinosáuridos, posibles carcarodontosaurios, 

dromaeosaurios y un singular coelurosario de El Oterillo II y su relación con los restos de un 

saurópodo. 

 Finalmente, el capítulo 8 presenta las conclusiones de la Tesis Doctoral.
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ABSTRACT

 Dinosaurs are one of the most popular groups in Paleontology. Paleontological 

discoveries have a deep impact among the media, the press or even sci-fiction. The scientific 

interest of this group is big due to their prominent role on the terrestrial ecosystems for more 

than 200 million years. 

 Theropod dinosaurs include all the strictly carnivorous dinosaurs. The study of 

theropods has a big importance in order to understand the complex relationships between 

terrestrial Mesozoic organisms and it is also key to reconstruct the evolutionary history of the 

extant dinosaurs, the birds. In this PhD dissertation isolated theropod teeth from the Late 

Jurassic and Early Cretaceous of Spain are studied. 

 Late Jurassic theropod teeth come from the “dinosaur coast” in Asturias region (N 

Spain), from sites located in the Vega, Tereñes and LastresFormations. Isolated theropod teeth 

from the Early Cretaceous come from the Iberian Range. Two sites are located in Aragón 

(Teruel province): La Cantalera 1, located within the municipality of Josa, and Barranco del 

Hocino 1, a new fossiliferous locality near the town of Estercuel. In addition, another locality 

from the Iberian Range has been studied: El Oterillo II site, near Salas de los Infantes (Burgos 

province). 

 This PhD dissertation is presented as a compendium of scientific papers published 

in international journals and also includes an inedit manuscript that will be submitted soon. 

The first Chapter is a general introduction on Theropoda and theropod teeth. Chapters 2 and 

3 explain the general methodology and the geographical and geological setting. The Chapter 

4 is an inedit work on the theropod palaeobiodiversity from the Late Jurassic of Asturias. 

Chapter 5 is a published paper on the spinosaurids from La Cantalera 1. Chapter 6 studies 

the vertebrate assemblage of Barranco del Hocino 1, with the focus on theropods. Chapter 

7 studies the relationship between a broad set of theropods and a sauropod carcass  from El 

Oterillo II site. 

 The last chapter presents the general conclusions of the PhD dissertation. 
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INTRODUCCIÓN
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CAPÍTULO 1.   Introducción

1. INTRODUCCIÓN

 Los dinosaurios son un grupo de vertebrados fósiles que ejercen una gran fascinación. 

Los hallazgos paleontológicos suscitan un gran interés entre el gran público, con numerosas 

apariciones en prensa, medios de divulgación, documentales o incluso la ciencia-ficción. El 

interés científico de estos vertebrados es enorme, al haber dominado los ecosistemas terrestres 

durante más de 200 millones de años.

 Los dinosaurios terópodos incluyen a todos los dinosaurios carnívoros estrictos. Su 

estudio es fundamental para el conocimiento de las complejas relaciones de los organismos 

terrestres mesozoicos y para reconstruir una parte fundamental en la historia evolutiva de los 

dinosaurios que aún perduran, las aves. 

 Los restos de dinosaurios terópodos son escasos dado su menor número en los 

ecosistemas respecto a los dinosaurios herbívoros y las condiciones de fosilización que dificultan 

la preservación de sus restos, al ser más gráciles que otros grupos de dinosaurios (Canudo, 

2007). En estas condiciones, es habitual que los dientes aislados de dinosaurios terópodos 

sean la única evidencia existente en las formaciones mesozoicas, debido al mayor potencial de 

fosilización que posee el esmalte, la parte biomineralizada más dura de un vertebrado. Suelen 

ser los restos de dinosaurios más abundantes en las formaciones geológicas del Mesozoico; una 

abundancia también propiciada con el reemplazo constante de dientes en los terópodos,  que 

permitía que un único ejemplar pudiera producir cientos de dientes susceptibles de fosilizar 

(Torices, 2007).

 Desde finales del siglo XX (Currie et al., 1990) el estudio de dientes aislados de 

dinosaurios terópodos se ha convertido en una línea de investigación de gran interés debido 

a la aparición de nuevas metodologías que han permitido realizar nuevas aportaciones en 

cuestiones de sistemática, funcionalidad, afinidad paleobiogeográfica y cuantificación de la 

paleobiodiversidad. 

 La península ibérica posee un registro de dientes aislados de dinosaurios terópodos de 

gran interés. En general se trata de material fragmentario con un significativo interés científico 

que en muchos casos no ha sido estudiado o puede ser reestudiado a la luz de los últimos avances 

metodológicos que complementa la información aportada por otros restos esqueléticos. Este 

conjunto de evidencias permite comprende la paleobiodiversidad, distribución y características 

de este clado con mayor precisión. 
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2. SOBRE LOS DINOSAURIOS 

 El Diccionario de la lengua española, en su 23ª edición, define dinosaurio como 

“reptil fósil de gran tamaño, con cabeza pequeña, cuello largo, cola robusta y larga, y, en general, 

extremidades posteriores más largas que las anteriores”. Es una definición imprecisa y que 

hace únicamente referencia a los dinosaurios saurópodos. Los dinosaurios son un grupo de 

tetrápodos amniotas diápsidos que aparece durante el Triásico y que perdura en la actualidad 

en las aves, el grupo de vertebrados tetrápodos más diverso, con casi 10.000 especies (Monroe 

y Sibley, 1993).

 Los primeros vertebrados, desde su aparición en el Cámbrico hace aproximadamente 

525 millones de años, inician su historia evolutiva como animales acuáticos. No será hasta 

el Devónico superior cuando se produce uno de los hitos evolutivos más importantes para 

este grupo: la aparición, primero, de formas transicionales y en torno a unos 10 millones de 

años después, durante el Frasniense superior y Fameniense, de verdaderos tetrápodos (sensu 

Anderson en Laurin y Anderson, 2004), con extremidades y dedos como Acanthostega e 

Ichthyostega (Clack, 2012). De esta forma se inicia la ocupación de medios continentales por 

parte de los vertebrados.

 Uno de los retos de los primeros anfibios a la hora de ocupar nichos terrestres fue la 

necesidad de retornar a un entorno acuático para la reproducción. Esta dificultad es superada 

con la aparición del huevo amniota durante el Carbonífero, estructura que protege el embrión, 

permitiendo su desarrollo, respiración y nutrición. Es también en el Carbonífero cuando 

aparecen los primeros reptiles a partir de anfibios reptiliomorfos (Clack, 2012).

 La clase Reptilia (Laurenti, 1768) en su definición histórica constituye un grupo 

parafilético al no incluir a todos sus descendientes; actualmente se incluye bien dentro o 

como equivalente a Sauropsida (Goodrich, 1916; Watson, 1957; Gauthier, 1994). El uso de 

Sauropsida sensu Gauthier (1994) como grupo monofilético ha sido considerado inadecuado 

debido a incertidumbres sobre la posición filogenética de las tortugas, por lo que Modesto y 

Anderson (2004) definen Reptilia como el clado más inclusivo que contiene a Lacerta agilis y 

Crocodilus niloticus pero no a Homo sapiens. 

 Los dinosaurios pertenecen al linaje de los diápsidos (Osborn, 1903a), caracterizados 

por la presencia de dos fenestras temporales a ambos lados del cráneo. Dentro de Diapsida, 

los dinosaurios se encuentran dentro del clado Archosauria (Cope, 1869), linaje que incluye 

a los crocodilomorfos, pterosaurios y dinosaurios (Figura 1). Durante el Triásico aparece el 

antepasado común al clado Ornithodira (Gauthier, 1986) que engloba a los pterosaurios 

y a los dinosauriomorfos, entre los que se encuentran los lagerpetónidos, silesáuridos o los 
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dinosaurios.

 El término Dinosauria (“lagarto terrible”) fue definido por Sir Richard Owen en 1842, 

e incluía originalmente a Megalosaurus, Hylaeosaurus e Iguanodon pero no a otros taxones como 

Streptospondylus, considerado un cocodrilo en aquel momento (Hendrickx et al., 2015a). En 

la actualidad, Dinosauria se define, habitualmente, como el clado que contiene al ancestro 

común más reciente de Triceratops horridus (Marsh, 1889) y Passer domesticus (Linnaeus, 1758) 

y a todos sus descendientes (Sereno, 2005; Butler et al., 2008). 

Los caracteres diagnósticos más consistentes del clado Dinosauria son (Brusatte et al., 2010b):

	 •	 Cresta	dectopectoral	alargada.

	 •	 Acetábulo	perforado.

	 •	 Musculatura	temporal	que	se	extiende	anteriormente	hacia	la	parte	superior		

  del cráneo.

	 •	 Presencia	de	epipófisis	en	las	vértebras	cervicales.	

	 •	 Una	faceta	articular	de	la	fíbula	que	ocupa	menos	del	30%	de	la	anchura		

  transversal del astrágalo.

	 •	 Cuarto	trocánter	asimétrico.

	 •	 Proceso	posterior	del	yugal	bifurcado	para	articular	con	el	cuadradoyugal.	

Fig. 1: Cladoglama simplificado con la relación de Dinosauria con otros tetrápodos. Siluetas de PhyloPic (http://
www.phylopic.org). Crédito a Nobu Tamura, A. Vèrriere, Scott Hartman, Mark Witton y Anthony Caravaggi.
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 Sin embargo, esta hipótesis ha sido disputada recientemente con el trabajo de Baron et 

al. (2017a) donde se propone una nueva clasificación de Dinosauria. En esta nueva hipótesis 

filogenética se recupera el término Ornithoscelida, originalmente propuesto por Huxley 

(1870), que aquí incluye a los clados Ornithischia y Theropoda (Figura 2b), y definido como 

el clado menos inclusivo que contiene a Passer domesticus y Triceratops horridus (Marsh, 1889). 

La propuesta de Baron et al. (2017a)  también redefine el clado Saurischia incluyendo a los 

herrerasáuridos y sauropodomorfos, o el clado menos inclusivo que contiene a Diplodocus 

carnegii (Hatcher, 1901) pero no a Triceratops horridus. Esta hipótesis también ha sido 

Algunos caracteres considerados tradicionalmente diagnósticos pero que también están 

presentes en otros dinosauriomorfos incluyen:

	 •	 Presencia	de	fosa	brevis.

	 •	 Presencia	de	al	menos	tres	vértebras	sacras.

 

 Tradicionalmente, los dinosaurios se han diferenciado según la estructura de la cadera 

(Seeley, 1888), distinguiéndose dos órdenes: Saurischia (“cadera de reptil”) y Ornithischia 

(“cadera de ave”). En la configuración de la cadera de los saurisquios el pubis apunta hacia 

la parte anterior, mientras que en los ornitisquios el pubis se orienta hacia la parte posterior, 

paralelamente al isquion. 

 Dentro del orden Saurischia se han incluido los clados Theropoda y Sauropodomorpha, 

mientras que el orden Ornithischia incluye a Fabrosauridae, Ornithopoda, Thyreophora y 

Marginocephalia (Figura 2a). 

Fig. 2: Clasificación simplificada de Theropoda. a) Clasificación tradicional; b) hipótesis de Baron et al., (2017a) 
simplificada. Siluetas de PhyloPic (http://www.phylopic.org. Crédito Scott Harman.
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denominada Pachypodosauria-Ornithoscelida, según Holtz (2017).

 Esta propuesta supuso una pequeña revolución, con posturas en contra y a favor. 

Así Langer et al. (2017) recodifican los caracteres que consideran erróneos y añaden taxones, 

recuperando un árbol filogenético con la división tradicional de Saurischia + Ornithischia. 

Baron et al. (2017b) recodifican la matriz y vuelven a recupera de nuevo a Theropoda y 

Ornithischia como grupo hermano de Sauropodomorpha, con el cambio de Herrerasauridae 

como grupo hermano de Dinosauria. Otros análisis han apoyado al clado Ornithoscelida 

(Müller y Dias-da-Silva, 2017; Parry et al., 2017, 2018). Se trata por tanto de una cuestión 

abierta, dado lo inestable de la matriz de los dinosaurios en su primera radiación. La solución 

pasa por el descubrimiento de nuevos y más completos ejemplares que ayuden a clarificar las 

complejas relaciones filogenéticas de los primeros dinosaurios y sus formas hermanas.

 Las evidencias de fósiles de dinosaurios más antiguas conocidas provienen de depósitos 

de Sudamérica, de las Formaciones Ischigualasto en Argentina y Santa María en Brasil (Langer 

et al., 2018), en el Triásico Superior, aunque se ha apuntado que pudieron aparecer en el Triásico 

Medio (Nesbitt et al., 2010). Tradicionalmente su origen ha sido situado en Gondwana (por 

ej., Nesbitt et al., 2009, 2010; Brusatte et al., 2010b) aunque algunos autores han propuesto 

recientemente un posible origen laurasiático (Baron et al., 2017a). 

 Los primeros dinosaurios eran animales relativamente pequeños y bípedos (Langer, 

2003; Brusatte et al., 2010b) como Herrerasaurus (Reig, 1963), Eoraptor (Sereno et al., 1993), 
Saturnalia (Langer et al., 1999) o Eodromaeus (Martinez et al., 2011). Durante el Triásico 

Superior y Jurásico Inferior aparecen los principales clados de Dinosauria, consiguiendo una 

distribución global (Brusatte et al., 2010b; Hendrickx et al., 2015a).

 La posición filogenética de algunos grupos basales de dinosaurios es incierta. Los 

herrerasáuridos han sido recuperados en análisis filogenéticos como saurisquios basales (Novas 

et al., 2010), terópodos basales (Sues et al., 2011), grupo hermano de Sauropodomorpha 

(Baron et al., 2017a), grupo hermano de Dinosauria (Baron et al., 2017b) o como grupo 

hermano de Sauropodomorpha y Ornithoscelida (Cau, 2018).

2.1 ¿Qué es un terópodo?

 El término Theropoda (“pie de bestia”) fue acuñado por el paleontólogo norteamericano 

Othniel Charles Marsh en 1881 para incluir a los dinosaurios triásicos y a los carnívoros del 

Jurásico y el Cretácico. Los terópodos constituyen un grupo de dinosaurios bípedos que incluye 

a las aves y a los dinosaurios carnívoros estrictos (Hendrickx et al., 2015a) aunque algunos 

grupos desarrollan estrategias de alimentación herbívoras (Kirkland et al., 2005; Zanno y 
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Makovicky, 2011) u omnívoras (Holtz et al., 1998; Lee et al., 2014; Larson et al., 2016) . En 

este grupo se encuentran algunos de los dinosaurios más pequeños, como Microraptor (Xu, 

et al., 2000) junto con alguno de los mayores depredadores terrestres, como Tyrannosaurus 

(Osborn, 1906b) o Spinosaurus (Stromer, 1915). Actualmente Theropoda está definido como 

el clado más inclusivo que contiene a Passer domesticus (Linnaeus, 1758) pero no a Saltasaurus 

loricatus (Bonaparte y Powell, 1980; Sereno, 2005). 

 Los dinosaurios terópodos se pueden caracterizar por la presencia de ectopterigoides 

con una fosa ventral; el solapamiento entre el dentario y los huesos postdentarios se reduce, 

produciendo una articulación intramandibular; las epipófisis cervicales son elongadas; poseen 

huesos pneumatizados; las zigapófisis anteriores de las vértebras caudales distales son alargadas; 

las manos experimentan una transformación, con la reducción del dedo V y la aparición de 

facetas articulares intermetacarpales entre los metacarpos I y III; y la presencia de depresiones 

extensoras profundas en los metacarpos I y III (Holtz y Osmólska, 2004). 

2.2 Clasificación de los terópodos

 El terópodo más antiguo conocido, Eodromaeus murphi (Martinez et al., 2011)  

proveniente de los depósitos del Carniense de la Formación Ischigualasto en Argentina. Los 

primeros terópodos son animales bípedos, de cráneo alargado y pequeño tamaño que retienen 

la dentición zifodonta, presente en arcosaurios más primitivos (Holtz, 2012; Hendrickx et al., 

2015a). A continuación se presenta un repaso de los principales clados de terópodos (Figura 

3).

 Durante el Triásico Superior surge el clado Neotheropoda (Bakker, 1986) apareciendo 

clados de terópodos más derivados como Coelophysoidea (Nopsca, 1928) de pequeño 

y mediano tamaño que sobreviven el tránsito del Triásico al Jurásico, o Dilophosauridae 

(Hendrickx et al., 2015a), terópodos de tamaño medio a grande del Jurásico Inferior. 

 Averostra (Paul, 2002) es el clado que engloba a los dos grupos principales de 

dinosaurios terópodos: Ceratosauria (Marsh, 1884) y Tetanurae (Gauthier, 1986). 

 El clado Ceratosauria aparece en el Jurásico Inferior e incluye a terópodos de pequeño 

a gran tamaño, principalmente carnívoros. Este grupo incluye a los ceratosáuridos, con 

los géneros Ceratosaurus (Marsh, 1884), uno de los dinosaurios icónicos de la Formación 

Morrison de Norteamérica, con una estructura similar a un cuerno en los huesos nasales y 

osteodermos; y Genyodectes (Rauhut, 2004). Hay evidencias de ceratosáuridos en Europa 

(Mateus et al., 2006), Norteamérica (Madsen y Welles, 2000), Sudamérica (Rauhut, 2004; 

Soto y Perea, 2008) y África (Rauhut, 2011). Los ceratosáuridos poseen dentición zifodonta, 
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muy comprimida en los dientes laterales y dientes mesiales más engrosados, que en el caso 

de Ceratosaurus están ornamentados con estrías en la cara lingual (Madsen y Welles, 2000; 

Rauhut, 2011; Mateus et al., 2006).

 Ceratosauria también incluye a Abelisauroidea, dividido en las familias Abelisauridae 

y Noasauridae, formas que aparecen en el Jurásico y tienen gran desarrollo en el Cretácico 

de Gondwana (Delcourt, 2018). Los abelisáuridos se caracterizan por ser terópodos de 

Fig. 3: Distribución estratigráfica y filogenia de los clados de dinosaurios terópodos. Extraído de Hendrickx et 
al., 2015a.
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tamaño medio a grande, con un cráneo corto, robusto, ornamentado y con protuberancias 

óseas (Carrano y Sampson, 2008; Canale et al., 2009; Pol y Rauhut, 2012), con manos y 

extremidades reducidas (Ruiz et al., 2011) y dientes zifodontos robustos, poco curvados y 

elongados, con las carenas cubriendo ambos márgenes (Hendrickx y Mateus, 2014b; Smith, 

2007). Los noasáuridos, por su parte, son un grupo de terópodos pequeños y gráciles como 

Masiakasaurus (Sampson et al., 2001). Estudios recientes han sugerido que también incluyen 

a los dinosaurios relacionados con Elaphrosaurus (Canale et al., 2009; Rauhut y Carrano, 

2016). La dentición de los noasáuridos es de pequeño tamaño, con dientes mesiales folidontos  

y dientes laterales zifodontos con carenas que alcanzan el cérvix y dentículos distales mayores 

que los mesiales (Sampson et al., 2001; Hendrickx et al., 2015b).

 El clado Tetanurae se define como el clado más inclusivo que contiene a Passer 

domesticus pero no a Ceratosaurus nasicornis (Allain et al., 2012) (Figura 4a). Es un clado con 

gran diversidad de tamaños y estrategias de alimentación, y que incluye a las aves y al primer 

dinosaurio que recibió un nombre válido, Megalosaurus (Buckland, 1824; Mantell, 1827). Los 

primeros tetanuros aparecen en el Jurásico Inferior y durante el Jurásico Medio alcanzan una 

distribución global (Carrano et al., 2012).  

 Una radiación importante de los tetanuros es la que da lugar al clado Megalosauroidea 

(Fitzinger, 1843), que contiene a Piatnitzkysauridae (Carrano et al., 2012), Megalosauridae 

(Fitzinger, 1843) y Spinosauridae (Stromer, 1915). El descubrimiento de un megalosauroideo 

muy completo del Jurásico Superior de Alemania (Rauhut et al., 2012) que muestra protoplumas 

ha probado la presencia de estas estructuras en tetanuros basales.

 Los piatnitzkysáuridos son un grupo de terópodos de tamaño medio de América 

(Madsen, 1976a; Bonaparte, 1986; Rauhut, 2005), con dientes zifodontos con dentículos 

distales mayores que los mesiales, no muy comprimidos labiolingualmente (Hendrickx et al., 

2015b). Por su parte, los megalosáuridos son un grupo de terópodos del Jurásico Medio y 

Superior de tamaño medio a muy grande (Hendrickx et al., 2015a) que probablemente se 

extinguieron en el tránsito Jurásico-Cretácico (Carrano et al., 2012). Incluye a alguno de 

los dinosaurios terópodos más grandes que se conocen, como Torvosaurus (Galton y Jensen, 

1979). Los dientes de megalosáuidos son zifodontos, presentan una carena mesial que no 

alcanza el cérvix, carena distal a lo largo de todo el margen; ambas carenas están centradas 

en la corona, los dentículos tienen un tamaño similar y pueden alcanzar grandes tamaños 

(Hendrickx et al., 2015b).

 Los espinosáuridos constituyen uno de los grupos más particulares dentro de los 

terópodos, con un cráneo alargado y distintivo (Figura 4b), dientes cónicos con estrías 

longitudinales y dentículos pequeños (Charig y Milner, 1997; Sereno et al., 1998; Canudo 
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et al., 2008a; Buffetaut, 2012). Estos caracteres son interpretados como evidencia de una 

tendencia piscívora, apoyada por el alargamiento del cráneo, el contenido estomacal, la 

composición isotópica de los huesos y los datos biomecánicos (Charig y Milner, 1997; Rayfield 

et al., 2007; Amiot et al., 2010), aunque hay evidencias de alimentación en pterosaurios u 

otros dinosaurios (Charig y Milner, 1997; Buffetaut et al., 2004; Allain et al., 2012). Estudios 

recientes han apuntado a una serie de posibles adaptaciones del taxón Spinosaurus congruentes 

con un estilo de vida semiacuático (Ibrahim et al., 2014; Arden et al., 2019), aunque otros 

autores (Henderson, 2018) señalan más bien una posible adaptación a medios de vida costeros 

o señalan con esta novedosa reconstrucción de Spinosaurus de 2014 (Evers et al., 2015). 

 Los espinosáuridos son abundantes durante el Cretácico Inferior, apareciendo en el 

norte de África, Europa, Asia y Sudamérica (Kellner et al., 2011; Allain et al., 2012; Fanti 

et al., 2014; Alonso y Canudo, 2016; Sales y Schultz, 2017) desapareciendo en el Cretácico 

Superior (Hone et al., 2010). Se ha observado una correlación positiva en la presencia de 

espinosáuridos en paleoambientes cercanos a la costa (Sales et al., 2016; Gasca et al., 2018) 

vista en otros megalosauroideos (Rauhut et al., 2016). 

 Avetheropoda es el clado menos inclusivo que incluye a Allosaurus fragilis y a Passer 

domesticus (Allain et al., 2012), contiene a Allosauroidea y a Coelurosauria. Los alosauroideos 

constituyen un grupo importante de dinosaurios terópodos que abarca a metriacantosáuridos, 

alosáuridos, neovenatóridos y carcarodontosáuridos. 

 Metriacanthosauridae, descrito por Paul, (1988) es similar a Sinraptoridae (Currie y 

Zhao, 1993) e incluye a terópodos del Jurásico de Asia y Europa (Von Huene, 1923; Dong 

et al., 1978; Dong, 1984; Wu et al., 2009) y a un género del Cretácico Inferior de Tailandia 

(Buffetaut et al., 1996) con dientes zifodontos poco curvados y borde distal prácticamente 

recto (Hendrickx et al., 2015b).

 Allosauridae (Marsh, 1878) es un grupo de terópodos del Jurásico Superior de 

Norteamérica (Madsen, 1976b) y Portugal (Mateus et al., 2006) caracterizado por la estructura 

del lacrimal. Son zifodontos con dientes mesiales en sección de D y laterales con la carena distal 

desplazada a labial (Madsen, 1976b; Hendrickx et al., 2015b). Son dinosaurios carnívoros de 

tamaño grande y unos de los depredadores importantes de sus ecosistemas. Incluye al conocido 

Allosaurus (Marsh, 1877). 

 Neovenatoridae (Benson et al., 2010) es un clado que incluye terópodos carnívoros 

gráciles y de gran tamaño, con dentición zifodonta (Figura 4c), como Neovenator (Hutt et al., 

1996; Brusatte et al., 2008). 

 Dentro de los alosauroideos destaca el clado Carcharodontosauridae (Stromer, 1931). 

Es un grupo de carnívoros cuyas primeras evidencias aparecen el Jurásico (Rauhut, 2011; 
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Malafaia et al., 2018a) experimentando una gran diversificación y llegando a ser parte de los 

depredadores más importantes durante el Cretácico Inferior y “medio” en Europa (Ortega 

et al.,  2010), Asia (Brusatte et al., 2009), África (Rauhut, 1995; Brusatte y Sereno, 2007) y 

América (Currie y Carpenter, 2000; Novas et al., 2005; Coria y Currie, 2006). Poseen dientes 

Fig. 4:  Diversidad morfológica del clado Theropoda. a) Ceratosaurus nasicornis (dibujo de Dmitry Bogdanov); b) 
Baryonyx walkeri (ilustración de Nobu Tamura); c) Neovenator salerii (Fred Wierum); d) Nothronychus mkinleyi 
(Arthur Weasley); e) Oviraptor philoceratops (Julius Cstonyi); f ) Deinonychus antirrhopus (Emily Willoughby); g) 
Microraptor gui (Fred Wierum); h) Passer domesticus (www.pngall.com).
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zifodontos comprimidos que pueden alcanzar gran tamaño, con la carena mesial generalmente 

extendiéndose hasta el cérvix (Hendrickx et al., 2015b).

 Coelurosauria (Von Huene, 1914a) es el clado más inclusivo que contienen a Passer 

domesticus pero no a Allosaurus fragilis, Sinraptor dongi o Carcharodontosaurus saharicus (Sereno, 

2005). Es un clado con una amplia diversidad de terópodos derivados que contiene a las aves 

y a formas carnívoras, herbívoras y omnívoras. 

 Uno de los grupos más populares de los coelurosaurios son los tiranosauroideos, clado 

que incluye a la familia Proceratosauridae (Rauhut et al.,  2010), Tyrannosauridae (Osborn, 

1906a) y, según algunos autores, a Megaraptora (Benson et al.,  2010). 

 Megaraptora es un clado de terópodos de tamaño medio del Cretácico de Sudamérica, 

Asia y Australia, que sobrevive hasta el Cretácico Superior (Azuma y Currie, 2000; Currie y 

Azuma, 2006; Novas et al., 2008; Porfiri et al., 2014, 2018; White et al., 2015; Coria y Currie, 

2016), caracterizados por un cráneo alargado y extremidades largas y robustas (Hendrickx et 

al., 2015a). Existe incertidumbre en la posición de Megaraptora dentro de Neovenatoridae o 

como grupo hermano de Tyrannosauroidea (Novas et al., 2013; Zanno y Makovicky, 2013; 

Canale et al., 2014a; Porfiri et al., 2014; Bell et al., 2016; Coria y Currie, 2016; Rolando et 

al., 2019). Poseen dientes zifodontos recurvados con una carena distal serrada y una mesial 

reducida (White et al., 2015). 

 Los proceratosáuridos son un clado de terópodos de pequeño tamaño de Europa y 

Asia cuyo rango abarca del Jurásico Medio (Rauhut et al., 2010) al Cretácico Inferior (Ji et al., 

2009), caracterizados por una cresta sagital en los huesos nasales (Averianov et al., 2010). 

 En Tyrannosauroidea también se incluyen una serie de géneros de pequeño y mediano 

tamaño  del Jurásico Superior y Cretácico de Norteamérica, Europa y Asia como  Aviatyrannis, 

Juratyrant, Eotyrannus o Dilong (Hutt, 2001; Rauhut, 2003; Xu et al., 2004; Brusatte y Benson, 

2013).

 La familia más icónica es sin duda Tyrannosauridae (Brusatte et al., 2010a), conocida 

por especies como Tyrannosaurus rex (Osborn, 1906b) y otros grandes depredadores del 

Cretácico Superior de Norteamérica como Albertosaurus (Osborn, 1905) o Daspletosaurus 

(Russell, 1970). Los tiranosáuridos son animales de gran tamaño y robustez, con grandes 

cráneos y mandíbulas potentes y extremidades reducidas, dos dedos funcionales en las manos 

(Holtz, 2004; Hendrickx et al., 2015a) y dientes con coronas engrosadas (Smith, 2005). 

También aparecen representantes en Asia, como Tarbosaurus (Maleev, 1955) o Alioramus 

(Kurzanov, 1976), un tiranosáurido de Cretácico Superior de Mongolia grácil y de rostro 

alargado (Brusatte et al.,  2012). 

 Se han estudiado numerosos aspectos de la paleobiología de los tiranosaurios, como la 
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locomoción (Sellers et al., 2017), la alimentación (Erickson y Olson, 1996; Jacobsen, 1998; 

Gignac y Erickson, 2017), los sistemas sensoriales, la audición y la visión (Stevens, 2006; 

Witmer y Ridgely, 2009; Carr et al., 2017), la dentición (Samman et al., 2005; Smith, 2005; 

Buckley et al., 2010) o los aspectos paleobiogeográficos (Loewen et al., 2013). 

 Coelurosauria también engloba a clados de terópodos derivados como Compsognathidae 

(Cope, 1871), terópodos gráciles de pequeño tamaño (Holtz et al., 2004) del Jurásico Superior 

y Cretácico Inferior de Europa (Bidar et al., 1972; Göhlich y Chiappe, 2006), América (Naish 

et al., 2004) y Asia (Hwang et al., 2004). Los dientes son de pequeño tamaño, zifodontos y 

con dentículos muy pequeños en la carena distal (Hendrickx et al., 2015b). 

 Ornithomimosauria (Barsbold, 1976) es un grupo de terópodos omnívoros y 

herbívoros (Zanno y Makovicky, 2011; Lee et al., 2014) de tamaño pequeño a grande del 

Cretácico, con cráneos ligeros, extremidades alargadas, cuyos representantes basales conservan 

una dentición reducida que desaparece en taxones más derivados (Makovicky et al.,  2004). Se 

han hallado restos en Europa (Pérez-Moreno et al., 1994) Asia, (Kobayashi y Lü, 2003; Liyong, 

Jun y Godefroit, 2012), África (De Klerk et al., 2000; Choiniere et al., 2012) y Norteamérica 

(Russell, 1972).

 El grupo hermano de Ornithomimosauria es Maniraptora (Gauthier, 1986), definido 

como el clado más inclusivo que contiene a Passer domesticus pero no a Ornithomimus velox 

(Marsh, 1890; Maryańska et al.,  2002). Estos terópodos se caracterizan por un proceso 

lateral del cuadrado muy desarrollado, un esternón con placas esternales osificadas y un carpal 

semilunar (Holtz, 2012; Hendrickx et al.,  2015). 

 Los maniraptores más basales incluyen a los alvarezsauroideos, terizinosaurios y 

oviraptores.  Alvarezsauroidea (Choiniere et al., 2010) incluye a terópodos de pequeño tamaño, 

gráciles, con el cráneo alargado y dentición zifodonta y folidonta, de pequeño tamaño y con 

constricción basal (Choiniere et al., 2010; Hendrickx, 2015). Therizinosauria (Russell, 1997) 

(=Segnosauria, Barsbold y Perle, 1980), por su parte, pueden alcanzar grandes tamaños, y se 

caracterizan por una cabeza pequeña y cuerpo y brazos robustos rematados por largas garras 

(Figura 4d), con dientes folidontos pequeños, con constricción basal y dentículos en los 

taxones más primitivos (Kirkland et al., 2005; Hendrickx, 2015), apareciendo en el Cretácico 

de Norteamérica y Asia (Clark et al., 2004; Kirkland et al., 2005). Oviraptorosauria (Barsbold, 

1976) son otro grupo derivado de maniraptores de tamaño variable, caracterizado por cráneos 

cortos, extremidades anteriores con dedos alargados y colas cortas (Figura 4e), que retienen 

dientes folidontos sin dentículos (Hendrickx, 2015) que se pierden en los derivados; teniendo 

una alimentación parcialmente herbívora (Maryańska et al., 2002; Lü et al., 2013; Hendrickx 

et al., 2015a)
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 El resto de maniraptores se engloban dentro del clado Paraves (Sereno, 1997), definido 

como el clado más inclusivo que contiene a Passer domesticus pero no a Oviraptor philoceratops 

(Osborn, 1924; Holtz y Osmólska, 2004) e incluye a dos grupos de terópodos no avianos y a 

las aves. 

 Dromaeosauridae (Matthew y Brown, 1922; Colbert y Russell, 1969) constituye un 

grupo de dinosaurios carnívoros de tamaño pequeño a grande de gran extensión geográfica 

que probablemente aparecen en el Jurásico junto a otros miembros de Paraves (Hendrickx et 

al., 2015a) y que se distribuyen en todos los continentes durante el Cretácico Superior. Este 

clado incluye a dinosaurios muy conocidos, como Dromaeosaurus (Matthew y Brown, 1922), 

Velociraptor (Osborn, 1924) o Deinonychus (Ostrom, 1969) (Figura 4f). A partir del estudio 

de este último comienza un cambio en la manera de ver los dinosaurios, de animales lentos 

grandes y torpes a animales activos y ágiles, generando la dinosaur renaissance (Bakker, 1975). 

Se trata de dinosaurios bípedos, con tres dedos en las extremidades anteriores rematadas por 

garras afiladas y tres dedos en las extremidades posteriores con dedo II alargado y retráctil 

(Norell y Makovicky, 2004), aunque el taxón Balaur bondoc también tiene el dedo I elongado 

en el pie (Csiki et al., 2010). Algunos taxones de dromeosáuridos han revelado una serie de 

adaptaciones interpretadas como propias de una vida semiacuática, parecida a la de algunas 

aves actuales (Cau et al., 2017). Otros grupos, como los microraptores, han revelado una serie 

de caracteres interpretados como adaptaciones al planeo (Xu et al., 2003)(Figura 4g). Los 

dientes son zifodontos pudiendo aparecer taxones sin carena mesial o con la carena mesial 

desplazada a lingual, dentículos de diferente tamaño en las carenas mesial o distal y la presencia 

de concavidades en las superficie labial o lingual (Currie et al., 1990; Hendrickx et al., 2015b).

 Troodontidae (Gilmore, 1924) es un clado de terópodos derivados no avianos de 

pequeño tamaño, ligeros, del Cretácico de Asia y Norteamérica (Makovicky y Norell, 2004). 

Es un grupo de dinosaurios probablemente herbívoros en sus formas basales (Hendrickx et 

al., 2015a), adquiriendo una dieta carnívora u omnívora en taxones más derivados, aunque 

limitada por la morfología dental (Zanno y Makovicky, 2011; Torices et al., 2018).  Los dientes, 

de pequeño tamaño, pueden ser zifodontos o folidontos, con dentículos poco numerosos y de 

gran tamaño (Currie et al., 1990; Hendrickx, 2015; Torices et al., 2018).

 Avialae (Gauthier, 1986) es el clado más inclusivo que contiene a Passer domesticus 

pero no a Dromaeosaurus albertensis o Troodon formosus (Leidy, 1856; Godefroit et al., 2013). 

Tradicionalmente, la distinción entre terópodos no avianos y aves se ha situado alrededor 

de Archaeopteryx (Meyer, 1861; Cau, 2018) y su posición presenta cierta incertidumbre, 

recuperado bien como Avialae basal (Agnolín y Novas, 2013), como Avialae más derivado 

(Godefroit et al., 2013) o como deinonicosaurio (Xu et al., 2011). En cambio, trabajos 
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recientes enfatizan en la adquisición del plan corporal aviano como un proceso que se extiende 

durante 160 millones de años en sucesivas etapas no reducibles a la aparición de un único 

taxón o a única adaptación (Cau, 2018). 

 Algunos grupos de aves fueron los únicos dinosaurios que sobrevivieron a la extinción 

de finales del Cretácico (Figura 4h). Recientemente se ha propuesto la hipótesis de la pérdida 

de la dentición y la aparición del pico como un posible factor, al permitir un cambio en la dieta 

orientado al consumo de semillas (Brusatte, 2016; Larson et al.,  2016). Para la aparición del 
pico también se ha propuesto la hipótesis de que la formación de dientes limita la velocidad 

de desarrollo embrionario, permitiendo la pérdida de dientes un desarrollo más rápido y un 

tiempo de incubación menor (Yang y Sander, 2018). Las aves son un grupo de gran éxito con 

una distribución global (Monroe y Sibley, 1993). 

3. ANTECEDENTES DE HALLAZGOS EN EL JURÁSICO SUPERIOR Y EL 
CRETÁCICO INFERIOR DE EUROPA

 Es en Europa durante el siglo XIX donde se identifican los primeros fósiles de 

dinosaurios terópodos. Anteriormente diversos restos fósiles habían sido encontrados por 

humanos de diferentes culturas, atribuidos a criaturas míticas o legendarias. El primer registro 

de un resto de terópodo publicado corresponde a un fémur incompleto detallado por Rober 

Plot (1677), atribuido en primer lugar a un gigante. El fémur fue ilustrado por el naturalista 

Richard Brookes (1763), que denominó a la figura Scrotum Humanum (Figura 5a), el primer 

nombre binomial dado a un resto de dinosaurio. Es también en el siglo XVII cuando el 

naturalista Edward Lhuy figura dientes aislados de terópodo que identifica como dientes de 

pez (Hendrickx et al., 2015a).

 Habría que esperar hasta el siglo XIX para reconocer y describir al primer dinosaurio 

terópodo, Megalosaurus, por William Buckland (1824) (Figura 5b). Un poco más tarde 

Gideon Mantell (1827) fue el primero en realizar un diagnóstico de los restos y nombrar 

la especie Megalosaurus bucklandii. Poco tiempo después se describen dos nuevas especies 

en Francia, Streptospondylus altdorfensis (Meyer, 1832) y Poekilopleuron bucklandii (Eudes-

Deslongchamps, 1836) todas ellas del Jurásico Medio. Destacan las aportaciones paleontológicas 

de los naturalistas Gideon Mantell, Georges Cuvier y Richard Owen al conocimiento de los 

dinosaurios, entre otros grupos. Estos científicos describieron los dientes de Suchosaurus, que 

atribuyeron a crocodilomorfos y que ahora se consideran cercanos al espinosaurio Baryonyx 

(Mateus et al., 2011).

 A mediados del siglo XIX se describen nuevas especies de terópodo como Nuthetes 

destructor, del Cretácico Inferior de Inglaterra (Owen, 1854), Compsognathus longpipes 
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Fig. 5:  Primeros registros de Theropoda. a) Historia Natural de Robert Plot (1677) e ilustración de la parte distal 
de un fémur izquierdo de terópodo; b) Dentario derecho de Megalosaurus, illustrado por William Buckland 
(1824).

(Wagner, 1861) o Archaeopteryx litographica (Meyer, 1861) del Jurásico Superior de Solnhofen, 

Alemania. Es en esta época cuando comienzan a realizarse descubrimientos de dinosaurios en 

otros lugares del mundo, como Norteamérica. 

 Hacia finales del siglo se realizan nuevas contribuciones, reconociéndose taxones como 

Aristosuchus (Owen, 1876; Seeley, 1887). Pero es durante el siglo XX cuando más se ha ampliado 
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el conocimiento sobre dinosaurios terópodos europeos, describiéndose numerosas especies 

del Jurásico Superior y el Cretácico Inferior y publicándose trabajos que han contribuido a 

ampliar el conocimiento de este grupo (por ej., Von Huene, 1932; Hutt et al., 1996; Charig 

y Milner, 1997; Dal Sasso y Signore, 1998; Hutt, 2001; Milner, 2002; Sweetman, 2004; 

Göhlich y Chiappe, 2006; Peyer, 2006; Brusatte et al., 2008; Lindgren et al., 2008; Benson et 

al., 2009; Naish y Sweetman, 2011; Rauhut et al., 2012; Brusatte y Benson, 2013; Csiki-Sava 

et al., 2016; Gerke y Wings, 2016; Foth y Rauhut, 2017; Louchart y Pouech, 2017; Austen y 

Batten, 2018).  

3.1 Terópodos en el Jurásico Superior-Cretácico Inferior de la península 
ibérica

 Como en el resto de Europa, los primeros hallazgos de dinosaurios terópodos en la 

península se remontan al siglo XIX. El fósil más antiguo conocido en España es un diente de 

terópodo del Jurásico Superior de Asturias, descrito en 1858 como un diente de tiburón por 

el geólogo Justo Egozcue (Pereda-Suberbiola y Ruiz-Omeñaca, 2005). Pocos años después, en 

1863, el ingeniero de minas Carlos Ribeiro descubre dos dientes de terópodo en la localidad 

portuguesa de Porto das Barcas (Antunes y Mateus, 2003). 

 En 1872 el naturalista Juan Vilanova Piera cita unos restos fósiles procedentes de las 

localidades de Utrillas y Morella, que atribuyen en aquel momento a Iguanodon (Figura 6). 

Los restos de Utrillas serán asignados más tarde, en 1927, como pertenecientes a un dinosaurio 

terópodo por José Royo Gómez. (Pereda-Suberbiola y Ruiz-Omeñaca, 2005). 

 A partir de 1940 la investigación de dinosaurios en la península experimenta una 

reactivación con la presencia de paleontólogos como Georges Zbyszewski, Albert Félix de 

Lapparent, Emiliano Aguirre, Walter Kühne y Bernard Krebs. No será hasta los años 70-80 

cuando los estudios ibéricos de dinosaurios comiencen a aflorar, como muestran trabajos como 

el de Santafé et al., (1982) (Cuenca-Bescós et al., 1999; Ortega et al., 2006). Este proceso 

se hace patente al llegar al primer dinosaurio descrito en España, el saurópodo Aragosaurus 

ischiaticus (Sanz et al., 1987).

 Desde los años 90 hasta la actualidad existen numerosos grupos de investigación 

sobre dinosaurios en la península. En los últimos 20 años el estudio de los dinosaurios en 

Aragón ha estado encabezada por los investigadores de la Universidad de Zaragoza del Grupo 

Aragosaurus, dirigido por los profesores Gloria Cuenca-Bescós y José Ignacio Canudo.

 Los lugares más ricos en restos de dinosaurios del Jurásico Superior y el Cretácico 

Inferior de la península ibérica se localizan en la cuenca lusitánica de Portugal, en la “costa de 
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los dinosaurios” de Asturias y en la Cordillera Ibérica.

 En los depósitos del Jurásico Superior, en las Formaciones Lourinhã y Alcobaça se 

han identificado diversos taxones de dinosaurios terópodos, como Lourinhanosaurus antunesi 

(Mateus, 1998),  Avyatirannis jurassica (Rauhut, 2003), Ceratosaurus sp. y Allosaurus europaeus 

(Mateus et al., 2006) y Torvosaurus gurneyi (Hendrickx y Mateus, 2014a), un alosauroideo 

indeterminado en la Formación Praia da Amoreira-Porto Novo (Malafaia et al., 2017a) y un 

carcharodontosaurio indeterminado de la Formación Freixal (Malafaia et al., 2018a). Se han 

identificado otros grupos mediante el estudio de dientes aislados de dinosaurios terópodos, 

tales como abelisáuridos, tetanuros basales, coelurosaurios, maniraptores y cf. Archaeopteryx 

sp. (Rauhut y Kriwet, 1994; Weigert, 1995; Zinke, 1998; Rauhut, 2000; Hendrickx y Mateus, 

2014b; Malafaia et al., 2017b).

 En la Formación Papo Seco del Cretácico Inferior de Cabo Espichel se han identificado 

dientes y un dentario izquierdo y otros restos postcraneales asignados a Baryonyx o afines 

(Mateus et al., 2011; Figueiredo et al.,  2015).

 Las Formaciones Vega, Lastres y Tereñes del Jurásico Superior de Asturias han aportado 

evidencias sobre los dinosaurios del Kimmeridgiense de España (García-Ramos et al., 2006). 

Los restos de terópodo consisten principalmente en dientes aislados (Martínez et al., 2000; 

Ruiz-Omeñaca et al., 2008; Ruiz-Omeñaca et al., 2012a) y una vértebra caudal anterior de 

Fig. 6:  Primera cita de un resto de dinosaurio en España por D. Juan Vilanova y Piera. Extraído de Pereda-
Suberbiola y Ruiz-Omeñaca, 2005.
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gran tamaño de un megalosáurido (Rauhut et al., 2018b) junto con icnitas.

 Entre los fósiles recuperados en España destacan los de la Cordillera Ibérica. En la 

Formación Villar del Arzobispo se han hallado fósiles de terópodos tetanuros, principalmente 

restos aislados (por ej., (Canudo et al., 1997b, 2005a, 2006; Barco y Ruiz-Omeñaca, 2001; 

Canudo y Ruiz-Omeñaca, 2003; Sánchez-Hernández et al.,  2007; Royo-Torres et al., 2009; 

Suñer y Martín, 2009; Gascó et al., 2012; Cobos et al., 2014). 

 En el Cretácico Inferior de Cuenca se han descrito nuevas especies como 

ornitomimosaurio Pelecanimimus polyodon (Pérez-Moreno et al., 1994), Concavenator 

corcovatus, uno de los carcarodontosáuridos más completos del registro fósil (Ortega et al.,  

2010), y las aves Iberomesornis romerali (Sanz y Bonaparte, 1992), Concornis lacustris (Sanz y 

Buscalioni, 1992) y Eoalulavis hoyasi (Sanz et al., 1996), todos del yacimiento de Las Hoyas, 

del Barremiense superior. También se han referido dientes aislados en otros yacimientos de la 

provincia como Uña (Rauhut, 2002) 

 En la Cuenca de Cameros se han citado dientes aislados de terópodos espinosáuridos 

y coelurosaurios (Torcida et al., 1997; Pereda-Suberbiola et al., 1999; Torcida Fernández-

Baldor et al., 2003; Torcida Fernández-Baldor, 2006; Alonso et al., 2017) y restos poscraneales 

atribuidos a Baryonyx (Fuentes Vidarte et al., 1999) provenientes de los yacimientos del 

entorno de Salas de los Infantes (Burgos). En la provincia de la Rioja se ha citado un maxilar 

de Baryonyx (Viera y Torres, 1995), y recientemente se ha llevado a cabo el primer estudio 

sobre dientes aislados de esta región (Navarro-Lorbés y Torices, 2018). 

 El único taxón de terópodo erigido en Aragón es Camarillasaurus cirugedae (Sánchez-

Hernández y Benton, 2012) de la subcuenca de Galve en la Cuenca del Maestrazgo (Teruel). 

Se han citado otros restos pertenecientes a terópodos en esta cuenca como un fémur de un 

carcharodontosaurio del Barremiense de la Formación Mirambel (Gasca et al.,  2014), una 

falange ungueal de un megalosauroide de la Formación El Castellar (Gasca et al., 2018), 

restos postcraneales de espinosáuridos en la Formación Morella (Gómez-Fernández et al., 

2007; Malafaia et al., 2018b), y numerosos restos de dientes aislados de espinosáuridos y 

otros tetanuros basales, junto con maniraptores (por ej., Ruiz-Omeñaca et al.,  1995, 1997; 

Canudo et al., 1997a; Cuenca-Bescós et al., 1999; Ruiz-Omeñaca y Canudo, 2003; Canudo y 

Ruiz-Omeñaca, 2003; Infante et al., 2005; Ruiz-Omeñaca et al., 2005; Canudo et al., 2008a, 

2010, Gasca et al.,  2008, 2009, 2011; Pereda-suberbiola et al., 2010; Alonso y Canudo, 2016; 

Alonso et al., 2018). 

 Durante los últimos años se ha recolectado material de nuevos yacimientos (Alonso et 

al., 2016) de la secuencia superior de la Formación Blesa, una formación con un contenido 

destacado de vertebrados continentales en su parte inferior, como atestigua el yacimiento de La 
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Cantalera 1 (Canudo et al., 2010a). Las nuevas investigaciones aportan resultados prometedores 

sobre el potencial fosilífero de esta formación, para entender la paleobiodiversidad de terópodos 

del Barremiense de la península. 

4. SOBRE LOS DIENTES DE DINOSAURIOS TERÓPODOS

 Los dinosaurios terópodos fueron un grupo diverso y frecuente tal como apuntan las 

evidencias paleoicnológicas y la abundancia de dientes aislados en las formaciones mesozoicas. 

No obstante, los restos óseos son más escasos. Es posible que esté relacionado con la fragilidad 

de los huesos de los terópodos comparada con otros grupos de dinosaurios (Canudo, 2007), 

junto a que los predadores existen en menor número que los consumidores primarios en los 

ecosistemas terrestres. 

 Por esta razón, el estudio de dientes aislados de terópodos tiene gran interés al ser el 

resto que aparece con mayor frecuencia en el registro fósil debido a la elevada resistencia de 

los tejidos dentales (Martin, 1999), permitiendo la identificación de los grupos de terópodos 

incluso a nivel de familia.

 El estudio de dientes aislados comienza en el siglo XIX al observarse su abundancia en 

los depósitos mesozoicos. Como consecuencia de estos estudios se definen numerosos taxones 

que tras la revisión llevada a cabo por Von Huene, (1914b) pasan a ser considerados nomina 

dubia (Torices, 2007). Pasan casi 90 años hasta que Currie et al., (1990) vuelvan a demostrar 

la utilidad sistemática de estos fósiles. Desde ese momento el estudio de dientes de terópodos 

ha sido una línea viva de investigación en dinosaurios, publicándose numerosos trabajos año a 

año. Numerosos investigadores han estudiado la paleobiodiversidad, aspectos morfológicos o 

paleobiológicos. La identificación de los taxones ha mejorado con la determinación de nuevos 

caracteres dentales, mediciones, con el uso de técnicas de análisis multivariante y aportaciones 

recientes como el análisis cladístico, que permite incorporar rasgos no recogidos en estudios 

morfométricos. (por ej., Farlow et al., 1991; Fiorillo, 1991; Fiorillo y Currie, 1994; Rauhut y 

Werner, 1995; Buscalioni et al., 1997; Park et al. 2000; Sankey  et al. 2002; Hasegawa  et al. 

2003; Samman  et al. 2005; Smith, 2005; Smith et al. 2005; Brusatte  et al., 2007; Longrich, 

2008; Casal et al., 2009; Buckley  et al., 2010; Gascó  et al., 2012; Lindoso  et al., 2012; 

Furtado et al., 2013; Larson y Currie, 2013; Torices  et al., 2013, 2018; Serrano-Brañas  et al., 

2014; Williamson y Brusatte, 2014; Hendrickx et al., 2015a, 2015b; Alonso y Canudo, 2016; 

Gerke y Wings, 2016; Serrano-Martínez et al., 2016; Candeiro et al., 2017).

 En la península ibérica destacan los estudios en dientes de terópodos realizados en 

las tesis doctorales de Torices, (2007), centrada en los terópodos del Cretácico Superior de la 

Cuenca Surpirenaica, y Hendrickx, (2015) caracterizando los rasgos de los diferentes clados de 
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Theropoda.  

 Los dientes de terópodo se dividen en corona y raíz. La corona es la parte que sobresale 

de la encía hacia el exterior; está compuesta de una capa de esmalte duro en la parte exterior 

y una capa interior compuesta de dentina excavada por la cavidad pulpar.  La raíz, compuesta 

únicamente de dentina, está insertada en un alveolo (Hillson, 2005). 

 La composición de estas capas de esmalte y dentina es apatito y materia orgánica como 

en	 el	 resto	 de	 vertebrados.	 El	 esmalte	 es	 prácticamente	 inorgánico	 (96%)	 en	 su	 totalidad,	

con	apenas	un	1%	de	materia	orgánica	 siendo	agua	el	 resto.	No	está	 formado	por	células;	

su composición se aproxima al hidroxiapatito. Los cristales de apatito son mayores que los 

presentes en la dentina o en los huesos y se apiñan con gran densidad (Hillson, 2005). La 

dentina	se	compone	de	un	20%	de	materia	orgánica,	principalmente	colágeno,	10%	de	agua	

y	70%	cristales	de	hidroxiapatito.	A	diferencia	del	esmalte	es	un	tejido	vivo,	con	presencia	de	

odontoblastos que ocupan los túbulos de dentina (Hendrickx, 2015). La variación de túbulos 

de dentina también está relacionada con la alimentación, se ha observado que los dinosaurios 

herbívoros tienen mayor densidad que los carnívoros, probablemente debido a la abrasión de 

la dieta (Brink et al., 2016).

 A diferencia de los mamíferos, los terópodos son polifiodontos (Whitlock y Richman, 

2013), reemplazando dientes a lo largo de toda la vida del organismo.  Estudios como Erickson, 

(1996) han estimado una duración funcional de 777 días para un diente de Tyrannosaurus 

adulto, y en torno a 300 para Troodon adulto y Albertosaurus juvenil.

 La mayoría de terópodos poseen dentición zifodonta (D’Amore, 2009), caracterizada 

por presentar dientes comprimidos labiolingualmente, curvados hacia posterior y con carenas 

en los márgenes mesial y distal cubiertos de finas serraciones formadas por dentículos, rasgos que 

facilitan una dieta hipercarnívora (Brink et al., 2015). La zifodoncia es la condición primitiva 

de los terópodos. No obstante, a lo largo de la historia evolutiva del clado surgen diferentes 

morfologías de dientes (Hendrickx et al., 2015c), desarrollando coronas folidontas como las 

de los therizinosaurios (Kirkland et al., 2005), coronas engrosadas como en Tyrannosaurus 

(Smith et al.,  2005), o cónicas como en los espinosáuridos (Sereno et al., 1998).

 La variación en la dentición en el clado Theropoda puede dividirse en (Canudo et al.,  

1999):

 Variación posicional: La mayoría de terópodos poseen pseudoheterodoncia ya que la 

morfología de la corona va cambiando gradualmente dentro de la mandíbula resultando en 

diferencias entre los dientes mesiales y laterales (Torices, 2007; Hendrickx, 2015). Por ejemplo 

en el caso de Ceratosaurus los dientes anteriores tienen sección subcircular y la cara lingual 
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ornamentada con estrías longitudinales en dirección apicobasal, mientras que los dientes 

laterales están fuertemente comprimidos y carecen de ornamentación (Madsen y Welles, 

2000; Rauhut, 2011), algo similar a lo que se observa en Dromaeosaurus (Currie et al., 1990). 

En Tyrannosaurus existen grandes diferencias entre los dientes premaxilares, maxilares y del 

dentario (Smith, 2005; Reichel, 2010). En general los dientes mesiales suelen tener secciones 

más engrosadas que los laterales (Figura 7a), probablemente por sufrir mayores tensiones en 

la depredación y alimentación (Hendrickx, 2015). 

 Variación ontogénica: La variación ontogenética es difícil de calcular debido a la 

falta de registro de especímenes de un taxón en diferentes estados de crecimiento. En algunos 

taxones se han observado casos extremos de variación como Limusaurus, cuyos juveniles poseen 

dientes que son sustituidos por una ranfoteca en adultos (Wang et al., 2017). En el caso de 

Torvosaurus se ha observado que los embriones poseen dientes sin dentículos (Araujo et al., 

2013), a diferencia de los especímenes adultos (Hendrickx y Mateus, 2014a) (Figura 7 b, c, 

d). Diferencias ontogenéticas también se han observado en tiranosáuridos (Samman et al., 

2005; Tsuihiji et al., 2011; Williamson y Brusatte, 2014). Estas diferencias en las proporciones 

del diente han de ser tenidas en cuenta, sobre todo a la hora de realizar análisis morfométricos.

 Variación intraespecífica: Se denomina a la observada entre individuos de la misma 

edad y especie. Puede deberse a dimorfismo sexual, diferencias geográficas o variabilidad 

genética, aunque para realizar un estudio adecuado se necesita un número suficiente de dientes 

de poblaciones conocidas. Se han realizado diversos estudios a este respecto (por ej., Torices, 

2007; Buckley et al., 2010).

 Variación interespecífica: Variación existente entre especies y taxones, debido a la 

morfología de la corona, presencia o ausencia de carenas, dentículos, diferencias en sección, 

densidad de dentículos, tamaño u ornamentación, que permite identificar los dientes aislados 

y asignarlos a distintos clados de Theropoda (Figura 7e, f).

 Variación quimérica: Variación debida a traumas o problemas en el desarrollo que 

generan morfologías anómalas en el diente (Figura 7g). Se ha señalado la presencia de carenas 

divididas (Erickson, 1995) o la presencia de dentículos bilobulados (Hendrickx, 2015)
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Fig. 7:  Variación en dientes de terópodo. a) Variación posicional, arriba premaxilar derecho de Majungasaurus, 
abajo maxilar izquierdo. Obsérvese la variación en el contorno del diente y la posición de las carenas. Extraído 
de Smith,  (2007). b) Maxilar derecho de Torvosaurus (embrión). Extraído de Araújo et al., 2013. c, d) Maxilar 
derecho y detalle dentículos distales de diente de Torvosaurus adulto, extraído de Hendrickx et al., 2014a. e) 
Diente de Carcharodontosaurus, extraído de Brusatte et al., (2007). f ) Diente de espinosaurio barioniquino. g) 
Carena mesial dividida en diente de tiranosaurio. Extraído de Erickson, (1995). Imágenes no a escala. 
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5. OBJETIVOS

 El principal objetivo que se plantea en esta tesis doctoral es aportar nuevos datos al registro 

fósil de dientes aislados de dinosaurios terópodos del Jurásico Superior y Cretácico Inferior de 

España, con énfasis en la Cordillera Ibérica, abordando la sistemática, la paleobiodiversidad y 

aspectos paleobiogeográficos. En este contexto de investigación, los objetivos específicos son 

los siguientes:

 •	 Prospección de las áreas susceptibles de contener dientes aislados de 

dinosaurios terópodos del Cretácico Inferior de la Cordillera Ibérica aragonesa.

 •	 Caracterización geológica y paleoambiental de los yacimientos 

donde se han hallado dientes aislados de dinosaurios terópodos. 

 •	 Excavación de un nuevo yacimiento del Cretácico Inferior 

de la Cordillera Ibérica aragonesa, donde se han encontrado dientes 

aislados de terópodo  (Barranco del Hocino 1, Estercuel, Teruel).

 •	 Estudio de dientes aislados del Barremiense de la Formación Blesa 

(Teruel) y cuantificación de la paleobiodiversidad de grupos de terópodos.

 •	 Estudio de la paleobiodiversidad de terópodos de la Formación Castrillo de la 

Reina, del Barremiense-Aptiense inferior de Burgos a partir de los dientes aislados. 

 •	 Estudio de las evidencias de arpovechamiento en la carcasa del 

saurópodo Europatitan eastwoodi del Barremiense-Aptiense inferior de Burgos. 

 

 •	Comparación de las faunas de terópodos del Jurásico Superior de la cuenca de Gijón-

Villaviciosa (Asturias) con las faunas contemporáneas de Europa occidental y la península ibérica. 
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1. MATERIAL

 En esta tesis doctoral se han estudiado fósiles provenientes de distintas localidades 

de la península ibérica, depositados en el Museo de Ciencias Naturales de la Universidad de 

Zaragoza, el Museo del Jurásico de Asturias (Colunga, Asturias) y el Museo de Dinosaurios 

de Salas de los Infantes (Salas de los Infantes, Burgos). Estas colecciones se componen de 

material recuperado en prospecciones paleontológicas llevadas a cabo por diferentes grupos 

de investigación (incluyendo al doctorando), campañas de excavación, recuperación mediante 

el triado con lupa binocular del material proveniente del lavado-tamizado de sedimentos y 

descubrimientos casuales realizados por aficionados a la paleontología (CD).

2. MÉTODOS 

 El trabajo realizado durante la tesis doctoral puede dividirse en trabajo de campo, 

trabajo de laboratorio y trabajo de gabinete.

2.1 Trabajo de campo. Prospección y excavación paleontológica

Fig. 1: Panorámica de prospección en la Formación Blesa, en el término municipal de Estercuel (provincia de 
Teruel).

 Se ha realizado trabajo de campo con el fin de localizar y ubicar yacimientos susceptibles 

de recuperar dientes aislados de terópodo y otros fósiles de vertebrados del Mesozoico de la 

cordillera ibérica (Figura 1). Se han realizado jornadas de campo en las localidades de Josa, 

Obón y Estercuel (Teruel), donde se documentaron 7 nuevos yacimientos, se recogieron restos 

fósiles de vertebrados en superficie y en alguno de ellos se procedió a la excavación. El trabajo 

de prospección se ha centrado en la Formación Blesa, en la subcuenca de Oliete (Cuenca del 

Maestrazgo). La prospección ha consistido en la búsqueda y recolección de acumulaciones de 

fósiles en superficie tanto en yacimientos ya conocidos, como La Cantalera 1 y 2, como en 

nuevas áreas de los términos municipales citados anteriormente. 
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Fig. 2: Excavación de Barranco del Hocino 1. a) Vista panorámica del yacimiento. b, c) excavación, consolidado 
y engasado de los fósiles. d, e) Dientes aislados de terópodo en el yacimiento. 
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 Asimismo se han realizado, bajo la dirección del doctorando, tres campañas de 

excavación (2016-2018) en el yacimiento Barranco del Hocino-1 del Barremiense (Formación 

Blesa) (Figura 2, a) localizado en el término municipal de Estercuel (Teruel). Estas campañas 

junto a la previa de 2015 han permitido recuperar aproximadamente 500 restos fósiles de 

vertebrados, incluyendo dientes aislados de terópodo. Durante estas campañas se ha procedido 

a una excavación sistemática del yacimiento. El nuevo material fósil ha sido siglado y se le ha 

atribuido un punto en un sistema de coordenadas para determinar posibles orientaciones o 

acumulaciones preferentes, referenciadas en un cuaderno de campo. 

 Los restos han sido excavados con diversas herramientas como punzones metálicos o 

de madera, bisturís, destornilladores y escoplos (Figura 2, b). Los fósiles de vertebrados son 

muy vulnerables tras su exposición, por lo que los restos fueron consolidados con Paraloid 

B72	diluido	al	5%	en	acetona	o	etanol.	Para	proteger	los	restos	y	facilitar	su	extracción,	los	

fósiles fueron sometidos al proceso de engasado, en el cual son cubiertos con pequeñas tiras 

rectangulares	de	gasa	humedecidas	con	Paraloid	al	10%	(Figura 2, c). En el caso de fósiles de 

mayor tamaño ha sido necesario realizar una cubierta de yeso (“momia”) para su protección 

y transporte. Por último los fósiles fueron protegidos con un embalaje y transportados al 

laboratorio de vertebrados de la Universidad de Zaragoza (Figura 3, a) donde se procedió a su 

preparación.

2.2 Trabajo de laboratorio

2.2.1 Preparación paleontológica

 El material debe ser preparado y limpiado previamente a su estudio separando 

la matriz que rodea a los restos fósiles. Las técnicas de preparación y limpieza de los restos 

son convencionales en paleontología de vertebrados.  Los restos fósiles estudiados fueron 

preparados previamente a la tesis por miembros del equipo Aragosaurus-IUCA, el Museo de 

Dinosaurios de Salas de los Infantes y el Museo del Jurásico de Asturias durante las décadas de 

1990-2010. Los dientes aislados del yacimiento Barranco del Hocino 1 fueron preparados por 

el doctorando. 
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2.2.2 Preparación mecánica

 Se ha usado la preparación mecánica que consiste en la eliminación de la roca que 

envuelve al resto fósil mediante abrasión o percusión.

Las herramientas utilizadas durante el proceso de preparación incluyen:

 

	 •	Percutores	de	aire	comprimido.

 

	 •	Chorro	de	arena	con	vitrina	cerrada	y	extractor	de	arena.

 

	 •	Herramientas	de	precisión,	incluyendo	bisturí,	punzones	o	pinceles.

 

	 •	Uso	de	lupas	y	lupa	binocular	para	la	preparación	en	detalle.

 

	 •	Equipo	de	protección	personal	(EPIs).

 Se han usado pegamentos reversibles del tipo imedio o Paraloid B72 poco diluido. En 

algunos casos se han usado pegamentos más permanentes como cianocrilatos o resinas de tipo 

epoxi.

 En la preparación de los fósiles se han realizado las siguientes tareas:

 •	Consolidación	del	resto	fósil.	Fueron	consolidados	utilizando	Paraloid	B72	diluido	al	

5%	en	etanol	o	acetona.	En	esta	concentración	puede	penetrar	en	el	interior	del	resto	dándole	

mayor consistencia, de forma que ha quedado protegido  durante la manipulación. En algunos 

casos se ha preferido evitar la consolidación con Paraloid para evitar el enmascaramiento de 

texturas en el esmalte.

	 •	Limpieza	del	resto	fósil,	que	ha	consistido	en	la	retirada	de	la	matriz	rocosa	que	lo	

envuelve. Para ello se han empleado punzones, bisturí  o percutor. En caso de fractura el resto 

se ha pegado mediante resinas o pegamentos (Figura 3).

	 •	En	 el	 caso	de	 los	huesos	 fósiles	puede	 ser	necesaria	una	 consolidación	final	 y	un	

relleno con resina epoxi en zonas fracturadas para dar mayor consistencia. En el caso de los 

dientes estudiados en esta tesis no ha sido necesario, pero si en otro material excavado en el 

yacimiento de Barranco del Hocino 1.

	 •	Tras	este	procedimiento	se	procedió	al	siglado	y	embalado	de	la	pieza,	construyendo	

los soportes necesarios para su transporte sin que peligrara la integridad del fósil.
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Fig. 3: Trabajo de laboratorio. a) Laboratorio de vertebrados del área de Paleontología de la Universidad de 
Zaragoza. b, c) Limpieza, pegado y consolidación de HOC 26 y HOC 31. d) Limpieza de la superficie de HOC 
26 y HOC 17 tras la eliminación de la matriz que rodeaba los fósiles. e) Observaciones y limpieza empleando 
una lupa binocular. f ) HOC 26, HOC 17 y HOC 31 tras la preparación. 
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2.3 Trabajo de gabinete

2.3.1 Estudio del material fósil

 

 El trabajo de gabinete 

incluye la identificación de los 

diferentes elementos anatómicos, 

descripción de los restos, toma de 

mediciones, realización de fotografías 

y observaciones con lupa binocular, 

la determinación de los taxones, 

el estudio tafonómico y la revisión 

bibliográfica.

 Las mediciones realizadas a los 

dientes han sido posibles mediante el 

uso de un calibre electrónico Mitutoyo 

Digimatic Series Nº 500 y el software 

ImageJ y Matrox Inspector para las 

medidas más pequeñas. También se 

ha utilizado un microscopio digital de 

bolsillo para la toma de fotografías de 

detalle como dentículos y superficie 

del esmalte. La toma de fotografías ha 

sido realizada con una cámara digital 

Sony α200 por el propio doctorando. 

Javier Rubio, de Paleoymás SL 

ha realizado las fotografías de los 
especímenes de Alonso y Canudo, (2016).  El tratamiento de fotografías y preparación de 

figuras se ha realizado mediante Adobe Illustrator y Adobe Photoshop.

 Para la determinación de los taxones se ha realizado una revisión bibliográfica de la 

literatura científica relevante y se han visitado colecciones científicas del Museo del Jurásico 

de Asturias bajo la supervisión de la Dra. Laura Piñuela y el Dr. Juan Carlos García Ramos, 

el Museo de Salas de los Infantes bajo la supervisión del Dr. Fidel Torcida y el Museu da 

Lourinhã bajo la supervisión del Dr. Octávio Mateus (Figura 4). 

Fig. 4: a) Estudio de gabinete, medición y descripción 
de ejemplares en el Museo de Salas de los Infantes 
(Burgos). Crédito Museo de Dinosaurios. b) Museu 
da Lourinhã (Lourinhã, Portugal). c) Museo del 
Jurásico de Asturias (Colunga, Asturias).
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2.3.2 Caracteres cualitativos y cuantitativos 

 

 Para el estudio de los dientes se han estudiado caracteres cuantitativos y cualitativos. 

Los caracteres cualitativos se refieren a las mediciones anatómicas tomadas en cada uno de 

los dientes de terópodo que permiten su estudio estadístico y su comparación con bases de 

datos tomadas de la literatura científica. También se han incluido caracteres cualitativos para 

complementar la información morfométrica, incluyendo la forma del diente (Torices et al., 

2015), la presencia y características de las carenas mesiales y distales (Currie et al., 1990, 

Torices, 2007; Hendrickx, 2015), la morfología y densidad de los dentículos (Currie et al., 

1990; Rauhut y Werner, 1995; Smith et al., 2005; Torices et al., 2013; Hendrickx et al., 

2015c), la sección de la corona, la ornamentación (Brusatte et al., 2007; Hendrickx, 2015) y 

el estado de conservación del diente. 

2.3.3 Análisis estadístico multivariante

 

 Se han realizado análisis estadísticos para entender la variación en las muestras de 

dientes aislados. Estos análisis permiten establecer una comparación entre datos morfométricos 

previamente recopilados por otros autores sobre dientes aislados de terópodo en la península 

ibérica y a nivel mundial. Los análisis estadísticos se han ejecutado con PAST (Hammer et al., 

2001) y SPSS 20.0 (SPSS Inc., Chicago, Illinois).

2.3.3.1 Análisis de componentes principales

 

 Un análisis de componentes principales reduce una matriz de datos con múltiples 

variables en pocas dimensiones, generalmente dos, de forma que preserva la máxima varianza 

posible facilitando su visualización (Hammer y Harper, 2006).

 Se ha realizado un análisis de componentes principales en Alonso y Canudo, (2016) 

sobre los datos morfométricos de Ruiz-Omeñaca et al., (1997); Torcida et al., (1997); Torcida 

Fernández-Baldor et al., (2003); Infante et al., (2005); Smith et al., (2005); Sánchez-Hernández 

et al., (2007); Canudo et al., (2008); Gasca et al., (2008) y las medidas aportadas por los 

autores. 
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2.3.3.2 Análisis discriminante

 

 El análisis discriminante es una técnica de ordenamiento aplicada a datos previamente 

identificados o recopilados para encontrar las variables más discriminantes. Tiene poder 

predictivo y puede clasificar datos desconocidos en los grupos previamente identificados y 

conocidos (Hammer y Harper, 2006).  

 Se ha realizado análisis discriminante en Alonso et al., (2017, 2018, en prep.). Se ha 

empleado la matriz de Hendrickx et al., (2015b), incluyendo datos de White et al., (2015) y 

Csiki-Sava et al., (2016), sumando en total datos morfométricos de más de 1000 dientes de 

terópodo  de los principales clados del grupo.

2.3.4 Análisis filogenético

 Los análisis cladísticos han comenzado a ser utilizados recientemente por algunos 

autores para evaluar la posición filogenética de dientes aislados de terópodo. Los dientes 

estudiados en el volumen han sido analizados utilizando la supermatriz recopilada por 

Hendrickx y Mateus, (2014b). Se han incluido las modificaciones propuestas por Gerke 

y Wings, (2016). Esta supermatriz incluye 60 taxones de terópodos y 1972 caracteres, de 

los cuales 144 están basados en rasgos anatómicos dentales. Los análisis se han realizado 

con TNT  (Goloboff et al., 2008) y TNT 1.5 (Goloboff y Catalano, 2016) (Goloboff y 

Catalano, 2016), empleando Traditional Search,  con 1000 replicaciones, manteniendo 10 

árboles por replicación. El protocolo de Hendrickx y Mateus utilizado también por Gerke 

y Wings empleando New Technology Search, seleccionando Sectorial Search, Ratchet y Drift y 

Tree fusing, estabilizando el consenso dos veces con un factor de 75, junto a una nueva ronda 

de TBR produce los mismos resultados. 
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2.4 Nomenclatura

2.4.1 Nomenclatura anatómica

 

 La nomenclatura utilizada a lo largo del volumen es la propuesta por  Smith y Dodson, 

(2003) y Hendrickx et al., (2015a). Los dientes de terópodo se componen de una corona 

formada por una capa de esmalte y dentina y una raíz formada por dentina. La transición entre 

la raíz y la corona se denomina cérvix. Los extremos de la raíz y la corona se denominan ápices 

de la raíz y de la corona respectivamente. La superficie del diente apuntando hacia el labio 

se denomina labial mientras que la parte del plano sagital medial del cráneo es la lingual. La 

superficie más cercana a la sínfisis mandibular se denomina mesial y la superficie más cercana 

a la articulación de la mandíbula es la distal. La dirección basal se refiere a dirección del ápice 

de la corona al cérvix, mientras que el sentido opuesto, del cérvix al ápice, se denomina apical 

(Figura 5). 

 Los bordes mesial y distal de la corona normalmente presentan estructuras en dirección 

apicobasal denominadas carenas que pueden estar cubiertas de serraciones formadas por 

dentículos. Los dientes pueden presentar ornamentaciones, como ondulaciones del esmalte, 

estrías, surcos, crestas y depresiones en la superficie de la corona. El patrón de la superficie 

se denomina textura del esmalte. Los dentículos se encuentran separados, este espacio se 

denomina espacio interdenticular. Entre los dentículos puede haber surcos en la superficie de 

la corona, denominados surcos interdenticulares (blood grooves sensu Currie et al., 1990). 

2.4.2 Nomenclatura morfométrica

 La nomenclatura morfométrica utilizada en esta tesis sigue las abreviaciones y términos 

propuestos por Rauhut y Werner, (1995), Smith et al., (2005) y Hendrickx et al., (2015a), que 

quedan reflejadas en la siguiente tabla (Tabla 1, Figura 5).

2.4.3 Abreviaciones institucionales

 MPZ, Museo de Ciencias Naturales de la Universidad de Zaragoza; MUJA, Museo del 

Jurásico de Asturias (Colunga, Asturias); MDS, Museo de Dinosaurios de Salas de los Infantes 

(Salas de los Infantes, Burgos).
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Tabla 1: Abreviaciones utilizadas en esta memoria.

Fig. 5: Nomenclatura anatómica y morfométrica empleada en el estudio de dientes aislados de dinosaurios 
terópodos. a, c) vista lateral; b) vista basal en el nivel del cérvix; d) vista dorsal de la mandíbula superior de 
Spinosaurus. Modificado de Dal Sasso et al., (2005).
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1. INTRODUCCIÓN

 El material estudiado en esta tesis doctoral proviene de las comunidades autónomas de 

Asturias, Castilla y León y Aragón.  El material de Asturias proviene de yacimientos localizados 

en la denominada “costa de los dinosaurios”. El material de Castilla y León proviene de la 

provincia de Burgos, de yacimientos en el entorno de la localidad de Salas de los Infantes; los 

restos aragoneses provienen de la provincia de Teruel, de las comarcas de Cuencas Mineras y 

Andorra-Sierra de Arcos (Figura 1). 

Fig. 1: Ubicación de los yacimientos de los que procede el material estudiado en esta tesis. Imagen tomada de 
Google maps.

 Los fósiles estudiados se han encontrado en la cordillera cantábrica y en la cordillera 

ibérica. La cordillera cantábrica comprende el tramo de la cordillera pirenaica emergido situado 

al oeste de la falla de Pamplona (Barnolas y Pujalte, 2004) y es el resultado de la colisión entre 

la placa euroasiática y la microplaca ibérica (Alonso et al., 2009).  La cordillera ibérica es un 

sistema montañoso intraplaca resultado de la inversión de la cuenca ibérica mesozoica (Salas et 

al., 2001). 

 El basamento anterior al Mesozoico de Europa occidental y central estuvo afectado por 

un gran evento de formación de cordilleras denominado orogenia varisca que transcurrió a finales 

del Paleozoico, a consecuencia de la convergencia de los continentes de Laurusia y Gondwana. 

Los materiales del orógeno varisco afloran sobre todo en la zona occidental de la península, 

en el denominado macizo ibérico (Pérez-Estaún et al., 2004). La orogenia varisca resultó en la 

consolidación del basamento de Iberia y un régimen tectónico compresivo. Estas condiciones 

tectónicas cambiaron con la ruptura de Pangea, donde Iberia se vio afectada por procesos 

tectónicos extensionales relacionados con la apertura y expansión hacia el oeste del Tetis y la 
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Fig. 2: Evolución paleogeográfica de Europa y a nivel global durante el Mesozoico. Crédito R. Blakey (http:// 
http://deeptimemaps.com/). 

apertura del Atlántico norte (Salas et al., 2001; López-Gómez et al., 2002) (Figura 2).
 En el sector central de la cordillera cantábrica, un primer episodio extensional dio 
lugar a cuencas permotriásicas que terminaron con las cuencas de plataforma del Jurásico 



NUEVAS CONTRIBUCIONES A LA PALEOBIODIVERSIDAD DE DINOSAURIOS TERÓPODOS DEL JURÁSICO Y CRETÁCICO 
DE ESPAÑA A PARTIR DE DIENTES AISLADOS42

CAPÍTULO 3.  Contexto geográfico y geológico

(Lepvrier y Martínez-García, 1990). Una segunda etapa extensional apareció en el Jurásico 

Superior y Cretácico Inferior relacionado con la apertura del Golfo de Vizcaya, durante la 

que se formaron las principales cuencas mesozoicas. Durante el Terciario, la orogenia alpina 

dio lugar a la inversión tectónica de las cuencas con el levantamiento de los Pirineos. (García-

Ramos, 1997; Alonso et al., 2009).

 Durante el Triásico comenzó a formarse la cuenca ibérica, de dirección NO-SE.  En el 

desarrollo de la cuenca se identifica una primera etapa de rifting durante el Pérmico-Triásico 

relacionada con la expansión del Tetis y la propagación hacia el sur de rift del Atlántico 

Norte, que reactiva fallas de la orogenia varisca. Tras esta primera etapa se identifica una etapa 

post-rift que conlleva el desarrollo de plataformas carbonatadas durante el Jurásico. En el 

Jurásico superior comienza una nueva etapa de rifting  desde el Oxfordiense hasta el Albiense 

que coincide con la propagación hacia el norte del rift del Atlántico central. Durante esta 

etapa se fragmentan las plataformas carbonatadas y aparecen nuevas cuencas extensionales 

que incluyen a las cuencas de Cameros, Maestrazgo, Columbretes y Suribérica. Finalmente, 

durante el Cretácico Superior se da una nueva etapa post-rift que está caracterizada por el 

ascenso del nivel del mar y el desarrollo de extensas plataformas carbonatadas. Durante el 

Terciario comienza la inversión tectónica que dará lugar a la cordillera (Salas et al., 2001; 

Sánchez-Moya y Sopeña, 2004).

2. EL JURÁSICO SUPERIOR DE ASTURIAS

 En la zona central de la cordillera cantábrica afloran principalmente materiales del 

Precámbrico y Paleozoico de la Zona Cantábrica y Asturoccidental Leonesa del macizo ibérico. 

Además de estos afloramientos variscos, se encuentran depósitos posteriores que incluyen 

materiales permotriásicos, con una distribución amplia, y depósitos jurásicos y cretácicos 

(Barnolas y Pujalte, 2004). 

 Los materiales jurásicos afloran en una franja estrecha de casi 60 kilómetros de 

extensión en la zona costera de Asturias (Figura 3), entre el Cabo Torres en Gijón y la playa de 

Arra en Ribadesella (Arenas et al., 2015). Geológicamente se sitúan en  la Cuenca de Gijón-

Villaviciosa (Ramírez del Pozo, 1969), limitada al oeste por la falla de Veriña, y al este por la 

falla de Ribadesella (Lepvrier y Martínez García, 1990; Alonso et al., 2009). Estos depósitos se 

sitúan sobre unidades y estructuras precámbricas, paleozoicas y permotriásicas (Arenas et al., 

2015, Rauhut et al., 2018b).  

 Durante el Jurásico se encuentra emergida parte de la placa ibérica correspondiente con 

el macizo ibérico. Este terreno emergido está rodeado por cuencas intracratónicas ocupadas por 
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Fig. 3: Contexto geológico de la costa de los dinosaurios. Modificado de Lozano et al., (2016).

mares epicontinentales, que incluyen la cuenca Asturiana, la Vasco-Cantábrica, Pirenaica e 

Ibérica (Aurell et al., 2002).

 Entre el final del Jurásico y el Cretácico Inferior tuvieron lugar procesos extensionales 

en el área. Durante el Jurásico Superior se produjo una etapa de rifting y creación de 

semigrabens limitados por fallas de dirección ONO-ESE a NO-SE, que estructuraron el 

área precediendo a la apertura del Golfo de Vizcaya y el Atlántico Central. Las primeras 

evidencias de actividad tectónica aparecen en el Aaleniense-Bajociense (Lepvrier y 

Martínez-García, 1990; Lozano et al., 2016). A consecuencia de esta actividad se produjo el 

levantamiento de una gran área que en la actualidad es Asturias que había permanecido bajo 

el nivel del mar durante el Jurásico Inferior y Medio. En la región suroccidental apareció 

un área elevada cuya erosión produce los primeros aportes siliciclásticos continentales a la 

cuenca (García-Ramos, 1997; Arenas et al., 2015).

 Los depósitos jurásicos pueden dividirse en dos secuencias distintas (Figura 4) 

(Valenzuela et al., 1986). La secuencia inferior incluye a las formaciones Gijón y Rodiles, 

del Triásico Superior, Jurásico Inferior y Medio. La Formación Gijón incluye materiales 

carbonatados y margosos que se formaron en medios litorales y de sebja. Durante el 

Sinemuriense se produjo un aumento del nivel del mar que sumergió  el área y alcanzó 

profundidades de hasta 100 metros, generando los niveles calizos y margosos de la 

Formación Rodiles.  La emersión debida a la actividad tectónica provocó la karstificación 
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de las sucesiones carbonatadas del Triásico y Jurásico Inferior y Medio, apareciendo brechas y 

excavando paleovalles (Arenas et al., 2015).

 

 La secuencia superior es principalmente siliciclástica, de origen fluvial, lagoon 

y deltaica (Valenzuela et al., 1986; Rauhut et al., 2018b) y comprende a las formaciones 

Vega, Tereñes y Lastres, del Kimmeridgiense (Jurásico Superior). La Formación Vega tiene 

una potencia estimada de 150 metros y está formada por capas alternas de areniscas y lutitas 

con intercalación de conglomerados y calizas en diferentes posiciones estratigráficas. Estas 

depósitos se originaron en un sistema meandriforme y llanuras de inundación con desarrollo 

de paleosuelos (García-Ramos et al., 2010; Gutierrez y Sheldon, 2012; Arenas et al., 2015). 

La Formación Tereñes tiene una potencia estimada de 160 metros y está formada por margas, 

niveles de  lumaquelas y limolitas que se depositaron en un lagoon restringido confinado 

tectónicamente (Fürsich  2012).  La Formación Lastres  está formada por areniscas con 

intercalaciones de lutitas, niveles de lumaquelas, margas y algunos niveles calcáreos formados 

en un complejo deltaico con dominio fluvial (Harris et al., 2006; Fürsich et al., 2012; Arenas 

et al., 2015).  

Fig. 4: Columna estratigráfica con las unidades del Jurásico de Asturias en el sector Tazones-Ribadesella 
(modificado de García-Ramos et al., 2006). 
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3. EL CRETÁCICO INFERIOR DE LA CUENCA IBÉRICA

 La segunda etapa de rifting de la Cuenca Ibérica comenzó a finales del Oxfordiense 

extendiéndose hasta el Albiense medio coincidiendo con la apertura progresiva de la cuenca 

oceánica del Atlántico norte (Mas et al., 2004). Esta extensión generó cuatro cuencas con 

una alta subsidencia: Cameros, Maestrazgo, Columbretes y Suribérica (Salas  2001). Su 

evolución estuvo controlada por la actuación de fallas normales de dirección variable, con el 

bloque hundido generalmente hacia el S-SE (Salas y Guimerà, 1996; Aurell et al., 2004). 

 El proceso de rifting se inició en la Cuenca del Maestrazgo para después propagarse al 

resto de cuencas. Durante este inicio en las cuencas del Maestrazgo y Cameros se produjo una 

elevación del nivel marino durante el Jurásico Superior. En el Maestrazgo, la secuencia syn-

rift está caracterizado por el predominio de carbonatos marinos someros hasta el Aptiense y 

Albiense, con la aparición de sistemas deltaicos. La secuencia syn-rift de la Cuenca de Cameros 

está dominada por depósitos aluviales y lacustres con incursiones marinas ocasionales (Mas et 

al., 2004). 

 Paleogeográficamente, el área de la Cuenca Ibérica se caracterizó al inicio de la etapa 

de rifting por la presencia del estrecho de Soria, que conecta el océano Atlántico con el Tetis, 

limitado por el macizo ibérico y el macizo del Ebro. A finales del Jurásico el estrecho se cerró 

durante el Oxfordiense, es reabierto durante el ascenso del nivel del mar del Kimmeridgiense 

y cerrado de nuevo en el Titoniense.  A partir de este momento la subsidencia fue acusada y 

aparecen rellenos continentales o marinos someros. Durante el inicio del Cretácico Inferior 

la actividad tectónica disminuyó y las cuencas adquirieron un carácter local. A partir del 

Aptiense el proceso de rifting vuelve a activarse (Salas et al., 2001; Mas et al., 2004).

3.1 Cuenca del Maestrazgo. Subcuenca de Oliete

 La Cuenca del Maestrazgo es una de las cuencas formadas durante la extensión de 

la Cuenca Ibérica. Está dividida en siete subcuencas (Oliete, Morella, La Salzedella, Galve, 

Penyagolosa, Las Parras, Perelló). Los fósiles estudiados provienen de la subcuenca de Oliete, 

la más noroccidental de la cuenca (Figura 5, a).
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Fig. 5: a) Ubicación de la Cuenca del Maestrazgo y la subcuenca de Oliete. b) Unidades del Cretácico Inferior de 
la subcuenca. c) Mapa de la subcuenca de Oliete; la estrella a indica la ubicación del yacimiento de La Cantalera 
1; la estrella b la posición de Barranco del Hocino 1. Modificado de Aurell et al., 2018. 

3.1.1 Formación Blesa

 La parte más baja de los depósitos cretácicos de la subcuenca de Oliete comprende 

sedimentos en facies Weald (Canudo et al., 2010a) como la Formación Blesa, de edad 

Barremiense, de donde proceden los fósiles aragoneses estudiados en esta tesis. Canerot et al., 

(1982) diferencian cinco formaciones atribuidas al grupo Josa que abarcan del Barremiense 

inferior al Albiense: la Formación Margas y Calizas de Blesa, la Formación Calizas de Alacón, 

la Formación Margas de Forcall, la Formación Calizas de Oliete y la Formación Lignitos de 

Escucha (Figura 5, b). 
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 La Formación Blesa tiene una potencia  entre 90 y 150 metros de espesor, con las 

mayores potencias localizadas en el sector sureste de la subcuenca (Aurell et al., 2018). 

Canerot et al., (1982) definen y dividen a la formación en los miembros Cabezo Gordo, 

Morenillo y Valdejunco. Soria et al., (1995) añaden el nuevo miembro Margas y Calizas con 

Ostreídos de Josa en la parte basal (Soria, 1997). La Formación Blesa está depositada sobre 

unidades jurásicas, como las calizas bioclásticas de Barahona (Pliensbachiense), las margas de 

la Formación Turmiel (Toarciense), la Formación Chelva (Batoniense) y la Formación Pozuel 

(Kimmeridgiense) (Aurell et al., 2004). 

 Trabajos recientes (Aurell et al., 2018) han permitido distinguir tres secuencias en la 

formación: la secuencia Blesa inferior, media y superior.

 Secuencia Blesa inferior: De potencia variable, de entre 10 y 100 metros. Corresponde 

a los miembros Cabezo Gordo y Morenillo. Está formada por materiales depositados en 

ambientes continentales, con depósitos de margas y arcillas con intercalaciones de niveles 

de arenisca y conglomerados en su parte inferior. La parte inferior de la secuencia muestra 

evidencias de laterización con pisoides ferruginosos en arcillas rojas. Esta secuencia se formó, 

en su parte inferior, en mudflats y depósitos de debris-flow. La parte superior muestra margas 

y arcillas con depósitos de wackstone y packstone formados en depósitos palustres, lacustres y 

aluviales (Aurell et al., 2018). Los restos fósiles de la secuencia inferior incluyen una amplia 

diversidad de vertebrados terrestres, como se evidencia en el yacimiento de La Cantalera 1 

(Canudo et al., 2010a).

 

 Secuencia Blesa media: Con una potencia entre 25 y 50 metros, los depósitos de esta 

secuencia se formaron en una bahía restringida somera y ambientes costeros, con ocasionales 

depósitos lacustres y palustres (Aurell et al., 2018). Estos niveles muestran mayor riqueza 

de fósiles de vertebrados marinos como plesiosaurios, testudines, picnodontiformes y peces 

osteíctios junto con algunos resto de pterosaurios y dinosaurios terópodos y saurópodos 

(Holgado et al., in press; Medrano-Aguado et al., 2018a, 2018b; Parrilla-Bel y Canudo, 2015, 

2018).

 Secuencia Blesa superior: de potencia variable, entre 15 y 70 metros, formada por 

depósitos aluviales, palustres y lacustres con influencia marina local, e incluye margas y arcillas, 

wackestone-packstone de ostrácodos y carofitas, margas y niveles de areniscas (Aurell et al., 

2018). Hallazgos recientes (Alonso et al., 2016, 2018) han puesto de manifiesto el potencial 

fosilífero de esta secuencia.
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3.1.1.1 Secuencia Blesa inferior. El yacimiento de La Cantalera 1 

 El yacimiento está situado al NE de la península ibérica, en el entorno de la localidad 

de Josa (Figura 5). Los restos fósiles aparecen en arcillas grises (Figura 6) caracterizadas por 

la presencia de carofitas, ostrácodos y gasterópodos. También aparecen cantos jurásicos con 

fósiles de invertebrados marinos, tales como braquiópodos y ammonites. La presencia de 

nódulos cementados se ha interpretado como evidencia de paleosuelos debido a cambios en el 

nivel freático. Estas facies son el resultado de depósitos de arcillas distales de abanicos aluviales 

(Aurell et al., 2004; Canudo et al., 2010a).  

Fig. 6: Panorámica del yacimiento La Cantalera 1.

 Los invertebrados reconocidos en el yacimiento incluyen gasterópodos de agua dulce 

(Viviparidae indet. y Basommatophora indet.). Otros microfósiles incluyen ostrácodos y 

carofitas. Entre los ostrácodos se ha reconocido a Cypridea (Ulwellia) soriana (Kneuper-Haack, 

1966) que aparece en el Hauteriviense y Barremiense de la península ibérica. Respecto a las 

carofitas, se han identificado utrículos de Hemiclavator adnatus (Martín-Closas y Grambast-

Fessard, 1986; Schudack, 1989) y Clavatoraxis sp. (Martín-Closas y Diéguez, 1998). La 

presencia de oogonios de Atopochara trivolvis triquetra ha permitido datar esta sección de 

la formación como Barremiense inferior (Riveline et al., 1996; Canudo et al., 2010a; ver 

discusión en Canudo et al., 2012). La asociación de carofitas es similar bioestratigráficamente 
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a la Formación El Castellar de la subcuenca de Galve (Canudo et al., 2010a). 

 Las carofitas y ostrácodos de La Cantalera 1 son compatibles con entornos de agua dulce 

y salobre; sin embargo, los gasterópodos vivipáridos se encuentran exclusivamente en agua 

dulce, por lo que se puede descartar un  ambiente salobre. Estos gasterópodos son frecuentes 

en las facies Weald, asociados con moluscos bivalvos como Anodonta, Emiodon, Margaritifera, 

Teruella y Unio (ver Ruiz-Omeñaca et al., 1997b y referencias ahí) en entornos dulceacuícolas. 

No obstante, estos moluscos no aparecen en La Cantalera 1. Esto evidencia la ausencia de 

un cuerpo de agua temporal, dado que estos invertebrados son más sensibles a los entornos 

áridos que los gasterópodos vivipáridos (Ruiz-Omeñaca et al., 1997b). El paleoambiente de La 

Cantalera-1 se ha interpretado como un medio palustre con una lámina de agua intermitente 

y rodeada por un relieve calcáreo Jurásico (Aurell et al., 2004; Canudo et al., 2010a). 

 El yacimiento de La Cantalera-1 presenta la una de las mayores paleobiodiversidades 

de vertebrados del Barremiense (Canudo et al., 2010a) europeo. Entre los restos de dinosaurios 

se han identificado anquilosaurios emparentados con Polacanthus, saurópodos, ornitópodos, 

con hasta tres taxones de iguanodontios y terópodos; incluyendo tetanuros basales de tipo 

espinosáurido, carcharodontosaurios, y diversos maniraptores (Canudo et al., 2010a; Alonso y 

Canudo, 2016; Aurell et al., 2018). También se han recuperado numerosos dientes aislados de 

crocodilomorfos (Puértolas-Pascual et al., 2015), junto con restos de peces osteíctios, anfibios, 

lacértidos, testudines, mamíferos y abundantes cáscaras de huevo (Badiola et al., 2008; Canudo 

et al., 2010a; Moreno-Azanza et al., 2014a, b, 2015).

3.1.1.2 Secuencia Blesa superior. El yacimiento de Barranco del Hocino 1

 El yacimiento de Barranco del Hocino 1 está situado en el término municipal de 

Estercuel, en la provincia de Teruel, en la secuencia superior de la Formación Blesa, donde los 

hallazgos de fósiles son más escasos que en el resto de secuencias. A comienzos de la década 

de los 2010, el aficionado Juan Rubio, vecino de Estercuel, informó del descubrimiento de 

los primeros fósiles de vertebrados en esta área. El equipo de investigación Aragosaurus ha 

realizado cuatro campañas de excavación hasta la fecha (2015, 2016, 2017 y 2018) donde 

se han recuperado aproximadamente 500 restos fósiles de vertebrados que hasta el momento 

revelan la paleobiodiversidad del yacimiento. La presencia de oogonios de carofitas atribuidos 

a Atopochara trivolvis triquetra en la parte baja de la Formación Blesa indica una edad de 

Barremiense inferior en esa parte del depósito (Riveline et al., 1996; Canudo et al., 2010a, 

2012). El tránsito del Barremiense inferior al superior se considera presente en la parte media 
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de la formación (Aurell et al., 2018).

 La capa de Barranco del Hocino 1 (Figura 7) está depositada sobre una sucesión 

estratigráfica de lutitas y margas, con desarrollo de paleosuelos alternados con calizas grises con 

evidencias de bioturbación. La capa fosilífera consiste en lutitas grises con moteado rojo, verde 

y amarillento, con presencia de bioturbación (trazas de invertebrados), nódulos de carbonato y 

calcretas. El contenido fósil consiste en moluscos bivalvos, gasterópodos, ostrácodos, carofitas 

y vertebrados. El paleoambiente de depósito ha sido interpretado como una llanura aluvial 

con exposición aérea, episodios palustres y desarrollo de paleosuelos. Los restos fósiles han 

aparecido dispersos en un área de más de 10 metros de extensión lateral.

 Los restos fósiles de vertebrados de este yacimiento incluyen elementos desarticulados 

incompletos con un alto grado de fractura, abrasión y meteorización; algunos restos presentan 

marcas de dientes. La asociación está dominada por macrorrestos aislados de dinosaurios 

ornitópodos, junto a los que han aparecido restos de anquilosaurios, dientes de terópodo, 

microvertebrados (dientes de crocodilomorfos y osteíctios), fragmentos de placas de tortugas, 

coprolitos y cáscaras de huevo (Alonso et al., 2016, 2018).

Fig. 7: Panorámica del yacimiento Barranco del Hocino 1.
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3.2 Cuenca de Cameros

 

 La Cuenca de Cameros se forma durante el periodo de extensión del Jurásico Superior 

y Cretácico Inferior de la Cuenca Ibérica. Se trata de un semigraben rellenado durante el 

Jurásico Superior y el Cretácico Inferior (Platt, 1986, 1990; Martin-Closas y Alonso Millán, 

1998; Salas et al., 2001; Mas et al., 2004) por una sucesión de sedimentos fluviales y lacustres 

con casi 9000 metros de potencia en su depocentro (Clemente y Pérez-Arlucea, 1993; Salas y 

Casas, 1993; Salas et al., 2001). 

 La cuenca se ha dividido tradicionalmente en las áreas este y oeste. En la zona este se 

encuentra el depocentro y los depósitos han sufrido metamorfismo de grado bajo, escaseando 

los restos fósiles óseos aunque sí aparecen icnitas (Canudo et al., 2010b; Castanera et al., 

2014). La zona oeste, también denominada subcuenca occidental de Cameros, presenta una 

mayor abundancia de restos de vertebrados e icnitas (Torcida Fernández-Baldor, 2006). 

 La estratigrafía de la Cuenca de Cameros es compleja y se han realizado diferentes 

propuestas, habiéndose dividido los sedimentos en los grupos Tera, Oncala, Urbión, Enciso y 

Oliván (Platt, 1989; Arribas et al., 2003; Clemente, 2010). Los fósiles estudiados provienen 

del área oeste de la cuenca, en concreto en la Formación Castrillo de la Reina, perteneciente al 

grupo Urbión (Torcida Fernández-Baldor et al., 2017).

Fig. 8: Situación geográfica y geológica del yacimiento El Oterillo II.
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3.2.1 Formación Castrillo de la Reina. Yacimiento El Oterillo II

 

 Formación compuesta por conglomerados y una alternancia de capas de arenisca de 50 

a 200 cm intercaladas por niveles de lutitas rojas. La formación representa un sistema fluvial-

aluvial distal originado en la zona suroeste que drenaba la cuenca hacia el noreste. De acuerdo 

a los estudios bioestratigráficos, la formación tiene una edad Barremiense superior-Aptiense 

inferior (Martin-Closas y Alonso Millán, 1998; Schudack y Schudack, 2009) 

 Geográficamente, el yacimiento de El Oterillo II se encuentra en la provincia de 

Burgos (NE España), a unos 6.5 kilómetros al noroeste de la localidad de Salas de los Infantes 

(Figura 8). Los restos de dinosaurio en el yacimiento de El Oterillo II se recuperaron en la 

parte superior de un canal de arenisca de unos 0.5 metros de espesor con clastos de cuarcita de 

entre 1 y 2.5 cm de diámetro. La capa de arenisca es de color rojizo y marrón y pasa a colores 

grises y azules a techo según el tamaño de grano disminuye cambiando a lutitas. Los huesos de 

dinosaurio están parcialmente articulados y han sido asignados a un nuevo saurópodo llamado 

Europatitan eastwoodi (Torcida Fernández-Baldor et al., 2009, 2017).

 En relación a los restos de Europatitan se recuperaron dientes aislados de terópodo 

(Figura 9) y crocodilomorfos. Las paleocorrientes indican una dirección oeste, aunque no se 

ha detectado una orientación preferente en los dientes aislados (Alonso et al., 2017).

Fig. 9: Diente aislado de terópodo espinosáurido en el yacimiento de El Oterillo II. Crédito Museo de Dinosaurios 
de Salas de los Infantes.
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1. INTRODUCTION

 Among saurischians, the study of theropods is of particular interest due to the 

prominent role that they occupied in the Mesozoic continental ecosystems, with some clades 

being the apex or main predators of those associations. Understanding theropods is necessary 

to know the complex relationships among Mesozoic terrestrial organisms.

The Late Jurassic fossil record yields some of the most popular theropods such as Allosaurus 

(Marsh, 1877) or Ceratosaurus (Marsh, 1884) and other faunas from the North American 

Morrison Formation (Foster and Lucas, 2006). There are evidences in other parts of the 

world such as South America (e.g. Rauhut and Pol, 2017), Africa (e.g. Janensch, 1920, 1925; 

Rauhut, 2011) and Asia (e.g. Currie and Zhao, 1993; Xu et al., 2009)

Concerning Europe, there are Upper Jurassic theropod evidences in France, England, Germany, 

Switzerland and the Iberian Peninsula (see Rauhut et al., 2018b and references therein). 

Remains from the Lusitanian Basin (Mateus, 2006) include Torvosaurus (Hendrickx and 

Mateus, 2014a), Lourinhanosaurus (Mateus, 1998) and Allosaurus (Mateus et al., 2006), and 

also carcharodontosaurids (Malafaia et al., 2018a) and other evidences suggested by isolated 

theropod teeth (e.g. Zinke, 1998; Hendrickx and Mateus, 2014b; Malafaia et al., 2017b).

 In Spain, remains from the Upper Jurassic appear on the Iberian range and the 

“dinosaur coast” in Asturias (N Spain). Several skeletal remains and tracksites have been 

reported. Isolated theropod teeth from this area has been previously reported or studied (see 

Martínez et al., 2000; Ruiz-Omeñaca et al., 2009; Ruiz-Omeñaca et al., 2012a). The main 

goal of this paper is to perform a revision of the theropod palaeobiodiversity from the Upper 

Jurassic Vega, Tereñes and Lastres formations (Kimmeridgian in age).

 

2. MATERIALS AND METHODS

 The fossils were recovered during fieldwork campaigns carried out by the Museo del 

Jurásico de Asturias team. The material recovered is housed in this institution. Observations 

were made with a stereomicroscope and a Dino-Lite digital microscope. The teeth were 

measured with a Mitutoyo Digimatic Digital Calliper, Series No. 500. Ten theropod teeth 

(Supplementary appendix A) from the Vega, Tereñes and Lastres Formations were analysed 

during the course of this research (Table 1).
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Specimen Fm  Locality
4262    
1226  Vega  Acantilados de playa de Vega (Leces, Ribadesella)
4443  Lastres  Acantilados de Aranzón (Quintueles, Villaviciosa)
0813  Tereñes  Tereñes (Ribadesella)
1219  Lastres  Puerto de Tazones (Tazones, Villaviciosa)
1217  Lastres  Arroyo de la Escalera (Quintes, Villaviciosa)
1018  Vega  Acantilados de playa de Vega (Leces, Ribadesella)
1218  Lastres  Puerto de Tazones (Tazones, Villaviciosa)
0856  Lastres  Acantilados de Aranzón (Quintueles, Villaviciosa)
3697  Vega  Acantilados de Abeu (Leces, Ribadesella)

2.1 Statistical analysis

 A discriminant function analysis (DFA) was carried out using PAST3 (Hammer et al., 

2001) on the dataset of Hendrickx et al. (2015b) as explained in Chapter 2 (Materials and 

Methods). The dataset includes more than 1000 teeth from different theropod clades as well 

as the Asturias teeth (CD). 

 Due to their state of preservation, not all the teeth were analysed; this was in order to 

avoid interference. Only MUJA 0813, MUJA 0856, MUJA 1018, MUJA 1218, MUJA 1219, 

MUJA 4262 and MUJA 4443 were included. 

 The variables used are CBL, CBW, CH, AL, MC and DC. In order to better reflect a 

normal distribution all data were log-transformed (see rationalization in Samman et al., 2005 

and references therein). When a character was absent or missing it was coded with a question 

mark. (CD). Two different analyses were performed separating mesial and lateral teeth due to 

the pseudoheterodonty and differentiation between mesial and lateral dentition in theropods. 

 

2.2 Cladistic analysis

 Cladistic analysis has been used by some authors to classify isolated theropod teeth and 

to evaluate their phylogenetic position (Hendrickx and Mateus, 2014b; Gerke and Wings, 

2016; Csiki-Sava et al., 2016; Alonso et al., 2018).The teeth from the Vega, Tereñes and 

Lastres formations were analysed as explained in Chapter 2 (Materials and Methods).

Table 1. Specimens and locations.
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3.RESULTS

3.1 Systematic palaeontology

DINOSAURIA Owen, 1842

SAURISCHIA Seeley, 1888

THEROPODA Marsh, 1881

3.1.1 Theropoda indet.

Material: One shed tooth, MUJA 0856

Horizon and location: Lastres Formation, Acantilados de Aranzón (Quintueles, Villaviciosa), 

Kimmeridgian, Upper Jurassic.

3.1.1.1 Description

 This morphotype comprises one theropod tooth crown partially embedded in the 

limestone holder (Figure 1). Only the left side of the crown is exposed. The surface has 

transverse fractures on the apical part of the crown and the apex is eroded. The tooth crown is 

ziphodont, serrated and distally curved. 

 The tooth crown is small-sized, with a crown base length (CBL) 8.78 of mm, an 

estimated crown base width (CBW) of around 5 mm (exposed half is 2.4 mm), and a crown 

height of 12.09 mm. The estimated CBR is around 0.55 and the CHR value is 1.37; the 

crown is labiolingually compressed and weakly elongated. The exposed side of the crown has 

a flattened surface centrally positioned from base to mid-crown. 

 In lateral view, MUJA 9856 has a convex mesial margin and a concave distal margin; 

being the mesial margin more recurved than the distal profile. Both margins are covered by 

carinae bearing serrations. The tip of the crown surpasses the base mesiodistally. 

 In mesial view, the mesial carina of MUJA 0856 seems to be centrally positioned on 

the crown. The mesial carina does not seem to reach the cervix, finishing at the mid-crown.

In distal view, the distal carina is serrated and runs along the entire distal margin; it seems to 

be centrally positioned as well. 

 In apical view, the first half of the tooth has a lenticular cross-section and the serrated 

edges make the margins both acute. In basal view, the central flattened surface on the exposed 

side of the crown creates a half eight-shaped cross-section at the level of the cervix. 

 The mesial carina shows around 25 denticles per 5 mm at the mid-crown. The mesial 

denticles are perpendicular to the mesial margin of the tooth. The preserved denticles are 

subquadrangular in shape, with parabolic and symmetrically convex external margins. 
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 The distal carina has around 27 denticles per 5 mm at the mid-crown, and the denticle 

size density index (DSDI) is around 1. The denticles are perpendicular to the distal margin of 

the crown. The denticles have a gradual decrease in size towards the base. The distal denticles 

are proximodistally elongated and the external margin is parabolic or semi-circular, either 

symmetrically or asymmetrically convex. The space between denticles is broad and deep, and 

there are interdenticular sulci on the distocentral area of the crown, short, basally inclined and 

poorly developed. 

 The crown surface texture is ornamented with transverse undulations which are 

apically concave. The transverse undulations are numerous but they are better seen at a certain 

angle. The enamel texture seems to be braided (sensu Hendrickx et al., 2015c). 

Fig. 1: Theropoda indet. a) lateral view. b) basal depression and enamel texture. 
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3.1.1.2 Discussion

 The most relevant characters of this morphotype are the distal curvature, both carinae 

bearing serrations, a central depression on the exposed side of the crown, braided enamel 

texture, the presence of transverse undulations on the enamel surface and the presence of 

interdenticular sulci on the central area of the distal carina. This morphology excludes clades 

with no ziphodont dentition, unserrated carinae and big or minute denticles, including 

spinosaurids, derived tyrannosaurids, compsognathids, ornithomimosaurs, alvarezsauroids, 

therizinosaurs, oviraptorosaurs and troodontids (Csiki-Sava et al., 2016).

 The discriminant analysis considers (CD) this morphotype as a non-averostran 

neotheropod. The cladistics analysis (Appendix 1) recovers this morphotype with 

PIatnitzkysaurus and Erectopus. A reduced strict consensus using the prining option in TNT 

recovers this morphotype as the sister taxon of Averostra, or as the sister taxon of Piatnitzkysaurus 

(Appendix 1). Piatnitzkysaurus has higher DSDI, concave area adjacent to the distal carina 

and a mesial carina reaching the cervix (Hendrickx, 2015). Other piatnitzkysaurids such as 

Condorraptor (Rauhut, 2005) have  a mesial carina that terminates in the apical half of the 

crown but the mesial profile is not as recurved as in MUJA 0856 and they are also larger and 

elongated, around 30 mm, and do not display interdenticular sulci. Marshosaurus (Madsen, 

1976a) teeth have mesial serrations smaller than the distal ones and an eight-shaped cross-

section which cannot be assured in this tooth (Hendrickx, 2015).

 Small-sized and recurved theropod crowns are usually classified as dromaeosaurids. 

However, dromaeosaurids are not the only theropods presenting these features, like 

Proceratosaurus (Rauhut et al., 2010), among others. In addition, a recurved profile is 

not only present in small taxa but in juvenile specimens as well (e.g Rauhut et al., 2012). 

Ontogenetic teeth changes in theropods are not completely known due to the scarcity of 

complete ontogenetic series. In the case of Torvosaurus, the hatchling crowns lack the denticles 

(Araujo et al., 2013) and differences among juvenile and adult tyrannosaurids have also been 

noticed (e.g. Tsuihiji et al., 2011; Williamson and Brusatte, 2014). The possibility of this 

morphotype representing a juvenile crown cannot be ruled out.

 Due to the uncertainty and preservation here we prefer to consider this morphotype 

as Theropoda indet. 
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AVEROSTRA Paul, 1988

3.1.2 Averostra indet. 1.

Material: One shed tooth, MUJA 0813

Horizon and location: Tereñes Formation, Tereñes (Ribadesella), Kimmeridgian, Upper 

Jurassic.

3.1.2.1 Description

 This morphotype comprises one theropod tooth crown (Figure 2). The enamel surface 

of the crown is worn and is covered by apicobasal, transverse and diagonally oriented fractures 

and scratches. Some parts of the enamel are missing. The left side of the crown is the worst 

preserved; both mesial and distal margins were eroded and miss part of the enamel and some 

of the denticles. The tooth crown is ziphodont, labiolingually compressed and distally curved.

The tooth crown is medium-sized, with a crown base length (CBL) of 16.59 mm, a crown base 

width (CBW) of 7.38 mm, and a crown height (CH) of 30.6 mm. With a CBR and a CHR 

of 0.44 and 1.84 respectively, the crown is strongly flattened and moderately elongated. The 

cross-section is ovoid. One of the sides has a concave surface adjacent to the distal carina; this 

concavity appears on the central and basal parts of the surface.  

 The tooth crown has a convex mesial margin and the distal profile is slightly concave. 

Both margins are covered by carinae bearing serrations along the entire crown length. In mesial 

view, the mesial carina of MUJA 0813 is placed on the central area of the mesial margin. The 

left side of the tooth crown is basoapically convex while the right side is straight.  In distal 

view, the distal carina is straight and it is very slightly displaced to the right side. Both mesial 

and distal surfaces are mesiodistally convex. 

 In apical view, the tooth crown has a lenticular cross-section and the serrated edges 

make the margins sharp.  In basal view, the cross-section at the level of the mid-crown and at 

the level of the cervix is lenticular. 

 The mesial carina displays around 16 denticles per 5 mm at the mid-crown but 

unfortunately they are not entirely preserved so the shape of the denticles cannot be determined. 

The distal carina has 15 denticles per 5 mm at the mid-crown, and the denticle size density 

index (DSDI) is around 1. The denticles are perpendicular to the distal margin of the tooth. 

The denticles have a gradual increase in size towards the base. The preserved denticles are 

horizontal subrectangular and the external margin is parabolic and the space between denticles 

is broad. The interdenticular sulci are present on the right side of the distal carina as well as on 

the left side of the mesial margin; the sulci are short and basally inclined. 

 The crown surface is ornamented with transverse undulations, apically concave. The 
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enamel texture is braided (sensu Hendrickx et al., 2015c). 

3.1.2.2 Discussion

 This tooth was previously cited by García-Ramos and Aramburu (2010) and was 

previously described by Ruiz-Omeñaca et al. (2012). 

 The most relevant traits of this morphotype are serrated mesial and distal carinae that 

reach the cervix, a concave surface adjacent to the distal carina, a lenticular and strongly 

compressed cross-section and a DSDI close to 1. Those characters are seen in a broad set 

of theropod taxa, including ceratosaurids, allosaurids, neovenatorids, and tyrannosauroids 

(Hendrickx, 2015).

DFA (CD) classifies this morphotype as a megalosaurid tooth. The cladistic analysis (Appendix 

1) recovers this morphotype in a polytomy with carcharodontosaurids, Australovenator, 

neovenatorids, Allosaurus, Sinraptor, Piatnitzkysaurus and Erectopus. A reduced strict consensus 

was calculated using the pruning trees option in TNT. The tooth is either recovered as the 

sister taxon of Piatnitzkysaurus, the sister taxon of Erectopus, as the sister taxon of Berberosaurus 

+ Genyodectes + Ceratosaurus, as the sister taxon of Australovenator + Fukuiraptor, as the sister 

Fig. 2: Averostra indet. 1. a, b) lateral views. c) distal view. d) mesial view. e) detail on enamel texture. f ) mesial 
carina and eroded denticles. g) depression adjacent to the distal carina and denticles. dca: distal carina; mca: 
mesial carina. 
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taxon of Carcharodontosauridae or within this clade. 

 Piatnitzkysaurids usually have smaller denticles on the mesial carina and are thicker 

labiolingually (Madsen, 1976a; Hendrickx et al., 2015b; Canale et al., 2017). Megalosaurids 

usually have a mesial carina that does not reach the cervix and lack a concave surface adjacent 

to the distal carinae (Hendrickx et al., 2015b).

 Erectopus is a basal allosauroid from the Albian of France (Allain, 2005) and is 

considered a possible metriacanthosaurid (Carrano et al., 2012). The Erectopus teeth have 

similarities with this morphotype: a concave surface adjacent to the lingual carina, a mesial 

carina that reaches the cervix, 15 denticles per 5 mm on the mesial carina and 13 denticles per 

5 mm on the distal carina. 

 The Australovenator lateral dentition is characterized (White et al., 2015) by an eight-

shaped cross-section, a mesial carina that presents denticles occasionally, around 9-15 mid-

crown denticles per 5 mm on the distal carina and they are not strongly flattened as seen in 

this morphotype. On the other hand, Fukuiraptor has strongly labiolingually compressed teeth 

with serrations on both carinae and hooked distal denticles, which are not present in MUJA 

0813 (Azuma and Currie, 2000; Currie and Azuma, 2006).

 This tooth shares traits with ceratosaurids. The lateral teeth of ceratosaurids usually 

are heavily compressed (Rauhut, 2004; Malafaia et al., 2017b) as seen in this tooth and 

the presence of a concave or flat surface adjacent to the carinae has been interpreted as a 

ceratosaurian synapomorphy; however this character is present in other theropod groups 

(Hendrickx, 2015). 

The morphology of the tooth also resembles the lateral dentition of some carcharodontosaurids 

with a mesial carina reaching the cervix and a distal profile almost straight (Hendrickx et al., 

2015b). Among carcharodontosaurians, neovenatorids have a concave surface adjacent to the 

carinae (Hendrickx, 2015).

 The presence of both ceratosaurids and carcharodontosaurians has been documented 

in the Late Jurassic (Rauhut, 2011) and it is also known in the Iberian Peninsula (Mateus et 

al., 2006; Malafaia et al., 2018a). 

 The analyses of the morphotype leave uncertainty on its producer and the preserved 

traits are shared by different theropod groups, so here we prefer to be cautious and consider 

this morphotype as Averostra indet.
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3.1.3 Averostra indet. 2.

Material: One shed tooth, MUJA 1218

Horizon and location: Lastres Formation, Puerto de Tazones (Tazones, Villaviciosa), 

Kimmeridgian, Upper Jurassic.

3.1.3.1 Description

 The morphotype comprises one tooth which lacks the root (Figure 3). In its present 

state, there are several areas where the enamel is lacking, mostly the apex and the base; parts of 

the carinae are missing. The apical zone of the mesial margin shows an apicobasally oriented 

wear facet composed by two grooves. The tooth crown is ziphodont, labiolingually compressed 

and distally curved.

 MUJA 1218 is a medium-sized theropod tooth, with a crown base length (CBL) of 

10.57 mm, a crown base width (CBW) of 5.44 mm and an estimated crown height (CH) of 

35-36 mm. With a CBR and a CHR of 0.51 and 1.69 respectively, the crown is labiolingually 

compressed and elongated. 

 In lateral view, the mesial margin of the crown is convex and the distal margin is 

concave. The apex surpasses the base mesiodistally. The apex is not acute due to its state of 

preservation. The tooth has a distal carina along the entire height of the crown. As stated 

before, the mesial margin is worn and this precludes the recognition of a possible mesial 

carina. In mesial view, the exposed surfaces of the crown are mesiodistally convex. In distal 

view, the distal carina bears denticles and it is slightly displaced labially.

 In basal view, the cross-section of the crown is slightly eight-shaped at the level of the 

cervix, with depressions on both the labial and lingual basal surfaces. In apical view, the cross-

section at the level of the mid-crown is lenticular-lanceolate. 

 The distal carina has around 18 denticles per 5 mm at the mid-crown. The denticles 

are perpendicular to the distal margin of the crown. The denticles are proximodistally 

subrectangular and the external margin is parabolic, either symmetrically or asymmetrically 

convex. The interdenticular space is broad and deep. There are interdenticular sulci on the 

distal carinae, short, basally inclined and poorly developed. The remaining enamel on the 

crown surface shows apically concave transversal undulations and the enamel texture is braided 

(sensu Hendrickx et al., 2015c). 

 The crown surface is worn and the enamel surface shows horizontally oriented 

transverse undulations, apically concave, and they curve towards the apex as they approach 

the carinae. The enamel texture is braided (sensu Hendrickx et al., 2015c), easily visible with 

light. 
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Fig. 3: Averostra indet. 2. in a) labial, b) lingual, c) mesial, d) distal, e) apical and f ) basal views. 
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3.1.3.2 Discussion

 The most striking feature of this morphotype is the eight-shaped cross-section due to 

the slight depressions both in the labial and lingual areas of the base. The eight-shaped cross-

section has been noticed in Berberosaurus, metriacanthosaurids such as Sinraptor (Hendrickx 

and Mateus, 2014b), basal tyrannosauroids such as Proceratosaurus, Alioramus (Rauhut 

et al., 2010; Brusatte et al., 2012), megaraptorans including Megaraptor, Orkoraptor and 

Australovenator (Porfiri et al., 2014; White et al., 2015), dromaeosaurids such as Pyroraptor 

(Gianechini et al., 2011), Saurornitholestes, the enigmatic Richardoestesia (Currie et al., 1990; 

Sankey et al., 2002), and troodontids (Hendrickx et al., 2015b).

 The discriminant analysis (CD) recovers this morphotype as Neovenatoridae. 

Neovenatorid teeth do not have the figure-eight-shaped cross-section, so this result could be a 

consequence of the size-dependent classification of this type of analysis. The cladistic analysis 

(Appendix 1) recovers this morphotype in a polytomy with Tyrannosaurus, Alioramus, Raptorex, 

Eotyrannus, Proceratosaurus, Sinraptor, Piatnitzkysaurus and Erectopus. Using the pruning 

option in TNT recovers this morphotype as the sister taxa of Berberosaurus + Ceratosaurus + 

Genyodectes, as the sister taxa of Sinraptor and as the sister taxa of Tyrannosaurus. 

 Neither Piatnitzkysaurus nor Erectopus have an eight-shaped cross-section but it does 

appear on the metriacanthosaurid Sinraptor and some tyrannosauroids (Hendrickx, 2015). 

Tyrannosauroid taxa are known in the Late Jurassic, such as Aviatyrannis (Rauhut, 2003) from 

the Late Jurassic of Portugal, Stokesosaurus (Madsen, 1974) from North America or Juratyrant 

(Benson, 2008; Brusatte and Benson, 2013) from the United Kingdom. Other authors have 

reported the presence of tyrannosauroids from the Late Jurassic of Germany using isolated 

teeth (Gerke and Wings, 2016).

 The state of preservation of this tooth does not leave much information to make a 

precise attribution. For this reason here we prefer to be cautious and consider MUJA 1218 as 

Averostra indet. 2.
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3.1.4 Averostra indet. 3.

Material:  Two shed teeth, MUJA 1018 and MUJA 4443

Horizon and location: MUJA 1018, Vega Formation, playa de Vega (Leces, Ribadesella), 

Kimmeridgian; MUJA 4443, Lastres Formation, Aranzón (Quintueles, Villaviciosa), 

Kimmeridgian, Upper Jurassic.

3.1.4.1 Description

 This morphotype includes two teeth which have the base still embedded in the 

limestone holder (Figure 4). The surface of MUJA 1018 is worn due to erosion and wear. 

There are breaks on the base and minor fractures; and some parts of the enamel are missing as 

well as some denticles on both carinae; it also lacks the tip of the crown. The enamel surface 

of MUJA 4443 is worn and lacks parts of the enamel. It also has transverse breaks across the 

crown and lacks part of the basal and labial area. 

 The teeth are ziphodont with the typical blade-like morphology of theropods with 

labiolingually compressed and a distally curved crown. The mesial and distal carinae are 

eroded; and some parts of the enamel are missing as well as some denticles on both carinae.

MUJA 1018 and 4443 are medium-sized theropod teeth. The crown base length (CBL) is 

13.74mm and 14.14 mm respectively, the crown base width (CBW) is around 7 mm and 

the crown height (CH) is around 36 mm and 35.1 mm respectively. The crown is strongly 

labiolingually compressed (CBR = 0.56, 0.49) and elongated (CHR = 2.6 and 2.48), with an 

ovoid cross-section at its base. 

 In lateral view, the mesial margin of the teeth is convex and the distal margin is concave. 

The crowns possess mesial and distal carinae; both carinae are serrated. In MUJA 1018, the 

distal carina extends along the whole distal margin whereas the mesial carina extends more 

than two thirds of the crown height. The labial surface has a planar surface adjacent to the 

distal carina. In the case of MUJA 4443; the mesial carina extends from the apex to the half 

of the crown, from this point it is not preserved. On the other hand, the distal carina extends 

from the apex to the base of the crown. The planar surface adjacent to the distal carina is not 

seen, probably due to preservation.

 In mesial view, the mesial carina bears denticles and it is placed on the mesiodistal axis 

of the crown. Towards the base, the carina of MUJA 1018 is slightly twisted lingually. The 

lingual side of MUJA 4443 is slightly basoapically sigmoid; the labial side is not well preserved 

enough to tell. 

 In distal view, the distal carina is strongly displaced labially and it is not bowed on the 

distal margin. The labial surface is mesiodistally flattened, whereas the lingual side is convex. 
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 In apical view, the crowns have a lenticular cross-section with both the mesial and 

distal margins acute. In basal view, the cross-section of the crowns at the level of the cervix 

is oval-lanceolate while the cross-section at the level of the mid-crown remains lenticular in 

shape. 

 The mesial carina of MUJA 1018 has 18-19 denticles per 5 mm at the level of the mid-

crown. The remaining denticles are subquadrangular in shape, perpendicular to the external 

margin of the crown and the external margin is parabolic; they are either symmetrically or 

asymmetrically convex. The space between denticles is broad.

 The mesial carina of MUJA 4443 preserves 19-20 denticles per 5 mm at the mid-

crown. In lateral view, the apicobasal and mesiodistal axis of the denticles is roughly the same 

size, giving them a subquadrangular outline. The external margin of the denticles is parabolic 

and they are perpendicular to the carina. 

 The distal carina of MUJA 1018 has around 18 denticles per 5 mm at the mid-crown. 

They are perpendicularly placed to the distal margin of the crown and decrease in size towards 

the base. The denticles are proximodistally subrectangular and the external margin is parabolic. 

As seen in the mesial carina, the margin is either symmetrically or asymmetrically convex. 

The space between denticles is broad and deep. The interdenticular sulci are located on both 

sides of the distal carina, short and basally inclined; they are not easily seen. The distal carina 

of MUJA 4443 has around 18 denticles per 5 mm at the mid-crown and none of them are 

preserved.

 The crown surface displays marginal and transverse undulations, they are short and 

are better seen at certain angles. Transverse undulations are apically concave and they curve 

towards the apex as they approach the carinae. There are interdenticular sulci on the mesial 

and distal carinae. The enamel texture seems to be braided (sensu Hendrickx et al., 2015c).

light. 
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Fig. 4: Averostra indet. 3. MUJA 1018 in a) labial, b) lingual, c) mesial, and d) distal views. e) Surface adjacent 
to the distal carina. f ) apical view. g) detail on distal carina. MUJA 4443 in h) labial, i) lingual, j) mesial and k) 
distal views. 
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3.1.4.2 Discussion

 The principal traits of MUJA 1018 and 4443 are a mesial carina that does not reach the 

cervix, a distal carina strongly displaced labially, the presence of a planar surface adjacent to the 

distal carina on the labial surface, around 20 and 18 denticles per 5 mm at the mid-crown on 

the mesial and distal carina respectively (DSDI= 1.1), braided enamel texture, interdenticular 

sulci, and the presence of marginal and transverse undulations on the enamel.

 With a strongly compressed cross-section at the level of the cervix, this tooth is 

considered a lateral tooth. The size of the crown, number of denticles and general morphology 

excludes basal theropods, spinosaurids, derived tyrannosauroids, and derived coelurosarians 

such as therizinosaurs, ornithomimosaurs, troodontids or alvarezsauroids (Brusatte et al., 

2010a; Turner et al., 2012; Hendrickx and Mateus, 2014b; Csiki-Sava et al., 2016; Alonso 

and Canudo, 2016).

 A distal carina strongly displaced labially can be found on ceratosaurids (Hendrickx, 

2015). A mesial carina that does not reach the cervix excludes the lateral dentition of 

Ceratosaurus but not Genyodectes (Rauhut, 2004; Hendrickx et al., 2015b). 

Unlike abelisaurids, which usually have low and weakly recurved teeth, MUJA 4443 is an 

elongated and recurved crown (Hendrickx and Mateus, 2014b; Smith, 2007). In addition, 

abelisaurids have an irregular enamel texture.

 Piatnitzkysaurids usually have a mesial carina that does not reach the cervix, but some 

taxa such as Marshosaurus and Piatnitzkysaurus have a DSDI higher than 1.2, which is not 

shared by this tooth (Madsen, 1976a; Hendrickx, 2015). 

Megalosaurid lateral teeth are labiolingually compressed, have braided enamel texture, the 

mesial carina does not reach the cervix, they could possess marginal and transverse undulations 

but they do not have a strongly labially offset distal carina and lack the flat surface adjacent to 

the carina (Hendrickx et al., 2015b).

 Regarding metriacanthosaurids, there are some differences between them and MUJA 

4443. Metriacanthosaurid teeth usually have a concave surface adjacent to carinae, an eight-

shaped cross-section, a weakly recurved distal margin and the mesial denticles reach the cervix 

(Hendrickx, 2015).

 The discriminant analysis (CD) classifies MUJA 1018 as Piatnitzkysauridae and 

MUJA 4443 as Erectopus. The cladistic analysis (Appendix 1) recovers this morphotype at 

the base of Averostra close to Piatnitzkysaurus and Erectopus. A reduced strict consensus was 

calculated using the pruning trees option in TNT. The pruning of this morphotype either 

recovers it as the sister taxon of Piatnitzkysaurus + Erectopus or as the sister taxon of Genyodectes 

+ Ceratosaurus + Berberosaurus. 
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 The possible presence of piatnitzkysaurids has been cited in other Late Jurassic 

associations (Gerke and Wings, 2016; Malafaia et al., 2017b) based on isolated teeth. However, 

as stated above, this morphotype does not have a DSDI higher than 1.2, also the distal carina 

of Piatnitzkysaurus is not labially offset. Regarding Erectopus, the mesial carina reaches the 

cervix, which is not the case on MUJA 1018 and 4443 (Allain, 2005). Berberosaurus has an 

eight-shaped cross-section, which is not found on this morphotype (Hendrickx, 2015).

Due to the ambiguity of the characters on this morphotype, these teeth are tentatively 

attributed to Averostra indet. on the basis of both the DFA and cladistic analyses. 

 It is remarkable that the teeth of this morphotype come from different formations. 

This could mean that the same taxon extended along the Kimmeridgian or, at least, related 

taxa, or maybe that different taxa produced the same morphotype. Further remains are needed 

in order to clarify this point.

CERATOSAURIA Marsh, 1884

ABELISAUROIDEA Bonaparte, 1991

ABELISAURIDAE Bonaparte and Novas, 1995

3.1.5 Abelisauridae? indet.

Material: One shed tooth, MUJA 1219

Horizon and location: Lastres Formation, Puerto de Tazones (Tazones, Villaviciosa) 

Kimmeridgian, Upper Jurassic.

3.1.5.1 Description

 MUJA 1219 is a well-preserved theropod tooth crown. The surface of the crown is 

covered by diagonally oriented fractures plus minor breaks. The crown is worn and parts of 

the enamel are missing as well as some areas on the mesial and distal margins. The carinae 

are eroded and the external margin of some denticles is missing (Figure 5). The tooth is 

ziphodont; it shares the blade-like morphology of most theropod teeth. 

 MUJA 1219 is a medium-sized tooth crown. The crown base length (CBL) is 9.18 

mm, the crown base width (CBW) is 4.16 mm and the crown height is 16.7 mm. The crown 

is strongly labiolingually compressed (CBR = 0.45) and slightly elongated (CHR = 1.81), and 

it has an elliptical cross-section. 

 In lateral view, the mesial profile is convex and the distal profile is straight. Both 

margins have carinae bearing denticles. In mesial view, the mesial carina is centrally positioned 

on the mesial margin and has serrations. The left side of the crown is basoapically convex and 
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the right side seems to be basoapically sigmoid with the basal part of the crown concave and 

the apical convex. However this could be a result of the fractures present in this tooth. 

 In distal view, the distal carina is not displaced and bears denticles all along the edge. 

Both right and left sides are mesiodistally convex. 

 In apical view, the tip is distally positioned on the crown and the cross-section at the 

mid-crown is lenticular. In basal view, the cross-section at the level of the base is elliptical, with 

basal flattened surfaces on both sides, with the mesial and distal margins both acute. 

 The mesial carina of MUJA 1219 has around 20 denticles per 5 mm at the mid-crown. 

The size of the denticles increases from the apex towards the mid-crown and they display 

a regular variation in size. In lateral view, the apical-central denticles possess a horizontal 

subrectangular outline. The mesial denticles became subquadrangular towards the apex and 

then vertical subrectangular close to the tip and the external margin is parabolic. 

 The distal carina of MUJA 1219 has around 20 denticles per 5 mm at the mid-crown, 

and the denticle size difference index (DSDI) has a value of around 1. The denticles are 

smaller on the base and on the tip of the crown. They are chisel-shaped and proximodistally 

subrectangular; the mesiodistal axis that is greater than the apicobasal axis except in the apical 

and basal denticles which are subquadrangular in shape. The main axis of the denticle is 

apically inclined. 

 The external margin of both mesial and distal denticles is parabolic and either 

symmetrically or asymmetrically convex. The interdenticular space between denticles is broad 

and deeper in the distal denticles. There are sulci between the denticles, short and basally 

inclined along the margins of both carinae. 

 The crown surface is covered with scratches due to wear and erosion. The enamel has 

both marginal and transverse undulations; the marginal undulations are diagonally oriented. 

The transverse undulations are apically concave, covering the enamel surface, and are better 

seen at certain angles. 

The original enamel texture appears to be irregular (sensu Hendrickx et al., 2015c). 
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3.1.5.2 Discussion

 The most relevant traits of this morphotype are serrated mesial and distal carina that 

reaches the cervix, a straight distal carina, a strongly compressed cross-section, a DSDI close 

to 1 and the apically inclined distal denticles.

 Apically inclined are present in numerous theropod taxa, including abelisaurids, 

allosaurids and carcharodontosaurids, tyrannosauroids, dromaeosaurids and troodontids 

(Carrano et al., 2012; Hendrickx and Mateus, 2014b; Malafaia et al., 2017b; Sweetman, 

2004; Tavares et al., 2014).

 A straight distal carina appears on basal theropods, ceratosaurids, noasaurids, 

allosauroids, tyrannosauroids and some coelurosaurs (Hendrickx, 2015), but the size, age 

and teeth features exclude basal theropods, noasaurids and most clades of coelurosaurs 

(Csiki-Sava et al., 2016; Lindoso et al., 2012; Sampson et al., 2001; Smith et al., 2005). 

Among the clades aforementioned, an irregular enamel texture excludes carcharodontosaurids 

but that trait could be present in some theropod taxa such as allosaurids, tyrannosaurids 

and most coelurosaurs, whereas a centrally positioned distal carina excludes allosaurids such 

as Allosaurus and some tyrannosauroids (Hendrickx, 2015).

Fig. 5: Abelisauridae? indet.  MUJA 1219 in a), b) laterial views, c) mesial, and d) distal views. e) mesial, apical 
and distal denticles. f ) basal view. g) apical view. 
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 A DSDI lower to 1.2 excludes microraptorinae dromaeosaurids and the shape and 

number of denticles also is different to those of troodontids (Currie et al., 1990; Hendrickx, 

2015; Holtz et al., 1998; Torices et al., 2018).

 The discriminant analysis (CD) classifies this morphotype as a non-tyrannosaurid 

tyrannosauroid. The cladistics analysis (Appendix 1) recovers this morphotype in a polytomy 

within Abelisauridae, among Majungasaurus and Kryptops. Abelisaurids are known from the 

Late Jurassic of Portugal (Hendrickx and Mateus, 2014b). 

 Given the combination of features and the results of the cladistics analysis here we 

tentatively consider this morphotype as Abelisauridae? indet.

TETANURAE Gauthier, 1986

MEGALOSAUROIDEA Fitzinger, 1843

MEGALOSAURIDAE Fitzinger, 1843

3.1.6 Megalosauridae indet. 1.

Material: One tooth, MUJA 4262

Horizon and location: 

3.1.6.1 Description

 MUJA 4262 is a ziphodont tooth preserving most of the crown and part of the root 

(Figure 6). In its present state, one of the sides of the tooth is embedded in the limestone 

holder. It preserves the basal-most part of the root, and it is more complete near the anterior 

margin. The enamel shows small fractures and some parts are missing; the tip and the base 

of the crown have damaged areas which lack fragments of the crown. A transverse break is 

located on the apical-central area. The enamel surface is covered with micro scratches and 

parts of the original enamel are worn due to abrasion. 

 Despite this condition, the tooth is well-preserved. The crown base length (CBL) 

is 26.62 mm. Since the tooth is embedded in the limestone, the exact crown base width 

(CBW) is difficult to determine. However, the exposed half width is 10.2 mm, so here we 

consider the real crown base width value around 20 mm. The crown height (CH) is 67.76 

mm. The tooth morphology is ziphodont. According to the estimated CBR (>0.75) and 

CHR (2.54), the crown is weakly labiolingually compressed and basoapically elongated, 

with a broad cross-section at its base. 

 In lateral view, the mesial and distal profiles are convex and slightly concave, 

respectively. The crown is moderately recurved; being the mesial profile more recurved than 
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the distal profile. The base length of the crown is longer than the mid-crown mesiodistally.  

 In mesial view, the mesial surface bears a mesial carina. The mesial carina is serrated 

and ends before the cervix. In addition, the mesial carina stands centrally located on the 

crown, facing mesially.  

 In distal view, the distal carina bears denticles and extends along the whole distal 

edge. It is centrally positioned on the crown and does not show twisting. In apical view, the 

tip is distally positioned on the crown and the exposed side is convex. In basal view, the cross-

section of the crown is difficult to verify due to the embedding in the limestone holder but it 

probably is elliptical-lanceolate. The serrated margins are both acute. 

 The mesial carina has a low number of denticles per 5 mm (8) at the mid-crown. 

The denticles vary gradually in size towards the basalmost area of the crown. Denticle size 

decreases towards the base, thus there is a higher number of denticles basally than at the mid-

crown and the apex. Denticles are better preserved at the tip and the main axis is inclined 

apically from the mesial margin. Apical denticles are longer mesiodistally than basoapically, 

being proximodistally subrectangular. Mesiocentral and mesiobasal denticles seem to be 

subquadrangular and vertically subrectangular, respectively.  The external margin of the 

denticles is parabolic; they are symmetrically or asymmetrically convex. The interdenticular 

space is broad. There are short and basally inclined interdenticular sulci present on the 

mesioapical and mesiocentral areas. 

 The distal carina has a low number of denticles per 5 mm as well (7). The denticles 

are perpendicular to the distal margin of the crown and they decrease in size towards the 

base as previously seen on the mesial carina, displaying a gradual variation. The distoapical 

and distocentral denticles are proximodistally subrectangular, while the distobasal denticles 

become broader and shorter, giving them a subquadrangular shape. The external margin 

of the denticles is parabolic, symmetrically or asymmetrically convex. The space between 

denticles is broad and deep on the apical and central denticles and narrow on the basal 

denticles. There are interdenticular sulci on the distoapical area of the crown, short, basally 

inclined and poorly developed. 

 The crown surface is worn and covered with micro scratches due to erosion and wear. 

The enamel surface also shows horizontally oriented transverse undulations, apically concave, 

but they are not too numerous, they are better seen at a certain angle.

The enamel texture of the crown is braided (sensu Hendrickx et al., 2015c) and it is clearly 

visible with light. 
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Fig. 6: Megalosauridae indet. 1. MUJA 4262 in a), lateral view. b) basal view. c) detail on the apex of the crown 
and enamel texture. 
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3.1.6.2 Discussion

 One of the most conspicuous characters of this tooth crown is the low number of 

denticles per 5 mm both in mesial and distal carinae. A similar number of denticles per 5 mm 

(around 7-9) has been reported among the clade Ceratosauridae (Ceratosaurus); Abelisauridae 

(Abelisaurus, Indosuchus, Rugops and Majungasaurus), Megalosauridae (Afrovenator, 

Duriavenator, Megalosaurus, Torvosaurus); Allosauridae (Allosaurus); Carcharodontosauridae 

(Carcharodontosaurus, Mapusaurus, Giganotosaurus); Tyrannosauridae (Gorgosaurus, 

Daspletosaurus, Tyrannosaurus) and Troodontidae (Troodon, Pectinodon) (Madsen and Welles, 

2000; Smith et al., 2005; Smith, 2007; Longrich, 2008; Sankey, 2008; Hendrickx et al., 

2015b). The size of this tooth is also notable, almost 70 mm in crown height; it was produced 

by a large theropod. Among the aforementioned taxa, troodontids do not reach those sizes and 

abelisaurid teeth are usually smaller (e.g. Majungasaurus crown height varies between 18-36 

mm; Smith et al., 2005 dataset). In addition, abelisaurid crowns are low and weakly recurved 

(Hendrickx and Mateus, 2014b).

 Due to the high estimated CBR (>0.75) MUJA 4262 is interpreted as a mesial tooth. 

In theropods, lateral teeth are usually more compressed than the mesial ones, probably due 

to the higher stress that the mesial dentition received during prey capture, biting and feeding 

(Hendrickx, 2015).

 Teeth of a comparable size were produced by North American Late Cretaceous 

tyrannosaurids such as Gorgosaurus, Daspletosaurus and Tyrannosaurus. Those taxa have 

heterodont dentition with D or U-shaped premaxillary teeth and incrassate lateral crowns 

(Currie et al., 1990; Samman et al., 2005). However, it is unlikely that the Asturias tooth 

was produced by one of those derived tyrannosaurid taxa due to the huge temporal gap from 

the Late Jurassic to the Late Cretaceous. It is remarkable that earlier tyrannosauroid taxa 

do not have the incrassate lateral crowns (Rauhut et al., 2010) and are smaller in size. In 

addition, MUJA 4262 does not have a U-shaped cross-section (Hendrickx et al., 2015b), so 

the tyrannosauroid origin of this tooth has been ruled out. 

 Ceratosaurid, megalosaurid, allosaurid and carcharodontosaurid remains are known 

from the Upper Jurassic of the Iberian Peninsula, particularly in the Lusitanian Basin (Mateus 

et al., 2006; Hendrickx and Mateus, 2014a,b; Malafaia et al., 2018a). In Spain, there are Late 

Jurassic megalosaurid remains in Asturias and the Iberian Range (e.g. Cobos et al., 2014; 

Rauhut et al., 2018b).

 Premaxillary teeth of Ceratosaurus and its closest relatives are easily recognizable due 

to the striations present on the lingual side of the crown (Madsen and Welles, 2000; Soto and 

Perea, 2008; Rauhut, 2011) and some crowns lack a mesial carina (Currie and Carpenter, 
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2000). On the other hand, Genyodectes lacks these striations on the lingual surface, has 12 

denticles per 5 mm mesially and distally (Rauhut, 2004, 2011) and the mesial carina covers 

the apical half of the crown, the distal carina is displaced labially and premaxillary teeth are 

strongly elongated (Hendrickx et al., 2015b).

 MUJA 4262 does not meet the criteria to be considered a mesial Ceratosaurus tooth. 

There are no striations (at least on the exposed side), the mesial carina is serrated and it is 

strongly elongated (CHR= 2.54). On the other hand, it is more similar to Genyodectes mesial 

teeth: It is strongly elongated and the mesial carina does not reach the cervix, but in MUJA 

4262 surpasses two thirds whereas in Genyodectes covers the apical half. It is difficult to tell if 

the distal carina is offset, but it is true than the number of denticles per 5 mm is lower than in 

Genyodectes. 

 The lateral teeth of ceratosaurs are strongly compressed labiolingually (Madsen and 

Welles, 2000; Rauhut, 2004) and usually have a flat or concave surface adjacent to the mesial 

or distal carinae (Malafaia et al., 2017b). It also has been noticed that Ceratosaurus has apical 

denticles inclined apically from mesial margin (Hendrickx and Mateus, 2014b dataset) on the 

lateral teeth. In Ceratosaurus both carinae reach the cervix (Hendrickx et al., 2015b; Malafaia 

et al., 2017b) whereas in Genyodectes extends on the apical half of the crown. While it is true 

that MUJA 4262 have the apically inclined apico-mesial denticles, it does lack the flat or 

concave surface adjacent to one or both the carinae and the compressed cross-section, so the 

ceratosaur origin of the tooth as lateral dentition remains unlikely.

 Mesial teeth of Allosaurus have a D-shaped cross-section due to the twisting of the 

mesial carina towards the lingual side (Hendrickx et al., 2015b) which is not the case of MUJA 

4262. The lateral dentition, on the other hand, is not as elongated and broad as MUJA 4262 

(Smith et al., 2005 dataset). MUJA 4262 does not have apically inclined distal denticles (Han 

et al., 2011; Gerke and Wings, 2016; Malafaia et al., 2017b). It is difficult to tell if the distal 

carina is offset labially, as usual in allosaurids (Hendrickx et al., 2015b). 

 The mesial dentition of carcharodontosaurids has a mesial carina facing mesially and 

a distal carina strongly displaced labially (Hendrickx et al., 2015b) so the mesial and distal 

carinae are not aligned (Hendrickx and Mateus, 2014b). In the case of MUJA 4262 both 

carinae seem to be located on the same plane.

 The lateral dentition of carcharodontosaurine carcharodontosaurids reaches the cervix 

or finish just above it. However those teeth usually have marginal undulations on the surface 

of the crown that MUJA 4262 lacks (Hendrickx et al., 2015b).

It is remarkable that Carcharodontosaurus, Giganotosaurus and Mapusaurus do not reach CBR 

and CHR values comparable to MUJA 4262 (Smith et al., 2005 dataset). 
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 Megalosaurid teeth, on the other hand, share a set of traits with MUJA 4262. The 

lateral dentition is ruled out due to the labiolingual compression of the crowns. However, the 

mesial teeth could reach comparable CBR (from 0.63 to 0.75) and CHR values (from 2 to 2.8) 

(Hendrickx et al., 2015b). According to the these authors, megalosaurid mesial dentition has a 

centrally	positioned	mesial	carina	that	does	not	reach	the	cervix	and	occupy	between	55-65%	

of the crown height, a distal centrally positioned distally carina that faces posteriorly  (avoiding 

D, U or J-shaped cross-sections), a DSDI close to 1, and tenuous transverse undulations. 

MUJA 4262, as described above, shares these traits. 

 In summary, MUJA 4262 resembles either the ceratosaur Genyodectes mesial teeth or 

the mesial dentition of megalosaurids. Both ceratosaurids and megalosaurids are known from 

the Late Jurassic of the Iberian Peninsula. 

 The discriminant analysis (CD) excluding lateral dentition classifies MUJA 4262 as a 

tyrannosaurid tooth; this could be related to the size-dependant classification of this type of 

analysis. The cladistics analysis (Appendix 1) recovers MUJA 4262 within a polytomy with 

Torvosaurus, Megalosaurus, Duriavenator and Afrovenator; all of them megalosaurids. For these 

reasons, here we consider MUJA 4262 a megalosaurid mesial tooth. 

3.1.7 Megalosauridae indet. 2.

Material: One tooth, MUJA 1226

Horizon and location: Vega Formation, playa de Vega (Leces, Ribadesella), Kimmeridgian, 

Upper Jurassic.

3.1.7.1 Description

 The morphotype comprises one tooth lacking the root and part of the base (Figure 7). 

The tooth is embedded in the limestone holder, displaying one side of the crown. The tooth is 

a ziphodont theropod crown, with a labiolingually compressed and curved morphology. The 

tooth crown has apicobasal breaks: There are two major breaks along the crown plus minor 

fractures. The mesial region is worst preserved, it is eroded, lacks some fragments and some 

denticles are missing. 

 MUJA 1226 is a big-sized theropod tooth, with a preserved crown base length (CBL) 

of 28.48 mm and a preserved crown height (CH) of 44.45 mm. The crown could have reached 

a crown height larger than 60 mm. The exact preserved crown base width (CBW) is difficult 

to ascertain. The width of the exposed side is 4.33 mm, so here we consider the value of CBW 

around 10-11 mm. In that case, the tooth crown is strongly labiolingually compressed (CBR 
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<0.4) and is not strongly elongated. 

 In lateral view, the mesial margin of the tooth crown is convex whereas the distal 

margin is straight; the apex does not surpass the distobasal region. The apex is acute and does 

not have spalled surfaces at least on the exposed side. The tooth crown has both mesial and 

distal carinae; both carinae extend along the whole preserved margins of the crown. 

In mesial view, the mesial carina bears denticles, and it is placed on the mesiodistal axis of the 

crown. The mesial carina is not twisted. 

 In distal view, the distal carina bears serrations, and it seems to be positioned on the 

mesiodistal axis of the tooth. The exposed surface of the crown is mesiodistally convex. In 

basal view, the cross-section of the crown seems to be lenticular at the level of the mid-crown 

and at the level of the cervix, with the mesial and distal margins both acute due to the carinae. 

In apical view, the tip bears denticles.

 The mesial carina has 8 denticles per 5 mm at the preserved mid-crown. The denticles 

display a gradual decrease in size towards the basalmost part of the crown; they are also smaller 

on the tip of the tooth. Mesial denticles are not completely preserved on the apex and mid-

section; the basal denticles are proximodistally horizontal in shape and are perpendicular 

to the mesial margin of the tooth. The external margin of the denticles is parabolic and 

symmetrically or asymmetrically convex. The space between denticles is broad and deep. There 

are interdenticular sulci on the preserved areas of the mesiocentral area; they are short, basally 

inclined and are easily visible.

 The distal carina has 8 denticles per 5 mm at the preserved mid-crown. The denticles 

are perpendicular to the distal margin of the tooth. The denticles decrease in size towards the 

base; they are also smaller on the tip. The distocentral, distobasal and most of the distoapical 

denticles are proximodistally subrectangular. The denticles become subquadrangular and then 

apicobasally subrectangular towards the tip. The external margin of the denticles, as seen on 

the mesial carina, is parabolic and they are either symmetrically or asymmetrically convex. The 

interdenticular space is broad and deep. There are interdenticular sulci all along the carina, 

short, basally inclined and easily visible. 

 The crown surface is worn and the enamel surface shows horizontally oriented 

transverse undulations, apically concave, and they curve towards the apex as they approach 

the carinae. The enamel texture is braided (sensu Hendrickx et al., 2015c) and is easily visible 

with light.
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Fig. 7: Megalosauridae indet. 2. MUJA 1226. a) lateral view. b) basal view. c) mesial carina. d) distobasal denticles. 
e) interdenticular sulci. f ) enamel texture and mesial carina. 
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3.1.7.2 Discussion

 This tooth was previously reported by Martínez et al. 2000 and described by Ruiz-

Omeñaca et al. (2009) which considered it Theropoda indet. and stated that it was similar 

to Torvosaurus tanneri teeth. MUJA 1226 is mentioned by Rauhut et al. (2018) and it is 

considered a megalosaurid tooth. 

 As seen in MUJA 4262, MUJA 1226 has a size and number of denticles per 5 mm 

that exclude most of theropod clades, leaving ceratosaurids, megalosaurids, allosaurids, and 

carcharodontosaurids as the probable producers. Late Cretaceous tyrannosaurids have been 

excluded for the same reason as MUJA 4262.

 Unlike MUJA 4262, MUJA 1226 is most likely a lateral tooth due to the strong 

labiolingual compression of the crown. There is no evidence of concave or flat surfaces close 

to the mesial or distal carinae or apically oriented denticles (Rauhut, 2004; Hendrickx and 

Mateus, 2014b; Hendrickx et al., 2015b; Malafaia et al., 2017b) as seen in ceratosaurid lateral 

dentition. 

 The lateral dentition of allosaurids usually has a distal carina displaced labially, which 

is hard to determine in MUJA 1226, but it does not have apically inclined distal denticles 

(Han et al., 2011; Gerke and Wings, 2016; Malafaia et al., 2017b).

 The traits seen in MUJA 1226 are similar to those in both megalosaurids and 

carcharodontosaurids. The preserved crown has a relatively straight distal margin; however, 

it lacks other traits with affinities to carcharodontosaurids, like marginal undulations in the 

enamel that are well visible in normal light (Csiki-Sava et al., 2016). 

 There are a few skeletal remains of carcharodontosaurians from this age such as 

Veterupristisaurus milneri from the Upper Jurassic of Tendaguru (Tanzania) (Rauhut, 2011) 

and an indeterminate carcharodontosaurian from the Upper Jurassic of Portugal (Malafaia et 

al., 2018a) but those remains consist of postcranial material. Rauhut, (2011) also describes a 

possible carcharodontosaurid tooth (Megalosaurus (?) ingens Janensch, 1920) from Tendaguru 

as well. The marginal enamel wrinkles on the Tendaguru tooth are well marked.

 The cladistics analysis (Appendix 1) recovers MUJA 1226 in a polytomy with 

megalosaurids, carcharodontosaurids, the metriacanthosaurid Sinraptor, Allosaurus and 

Piatnitzkysaurus. A reduced strict consensus was calculated using the pruning trees option in 

TNT. The pruning of this morphotype either recovers MUJA 1226 at the base of Torvosaurus 

+ Megalosaurus or at the base of Mapusaurus + Giganotosaurus. Both Mapusaurus and 

Giganotosaurus are carcharodontosaurids from the Late Cretaceous of Argentina. 

 In general MUJA 1226 is more similar to megalosaurid teeth than to 

carcharodontosaurids. Due to the incompleteness of the tooth and the embedding in the 
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limestone holder is difficult to determine a more precise evaluation of the relevant characters. 

However, due to the similarity of the tooth to those of megalosaurids, and the distance both 

spatial and temporal to the Late Cretaceous of Argentina, here we consider that the most likely 

producer of this tooth was a megalosaurid theropod.

 There are differences between this morphotype and Megalosauridae indet 1. (MUJA 

4262). The latter is a mesial tooth whereas the former is lateral dentition. Also they could be 

produced by different megalosaurid taxa.

3.18 Megalosauridae indet. 3.

Material: Two teeth, MUJA 1217 and MUJA 3697

Horizon and location: MUJA 3697, Vega Formation, Abeu (Leces, Ribadesella), 

Kimmeridgian; MUJA 1217, Lastres Formation, Arroyo de la Escalera (Quintes, Villaviciosa), 

Kimmeridgian, Upper Jurassic.

3.1.8.1 Description

 MUJA 1217 is an incomplete theropod tooth preserving part of the crown and part 

of the root (Figure 8). The tooth is not well preserved: It lacks the mesiobasal area; some 

parts of the enamel are missing, especially on the right side of the crown. The enamel shows 

small fractures and there are damaged areas on the margins. There are transverse breaks on the 

apical/central area. The enamel surface is covered with microscratches and the crown is worn 

due to wear and abrasion. 

 MUJA 3697 is a poorly preserved theropod tooth crown. The crown lacks the apex 

and the basal area; only the apico-central zone and part of the distal margin are preserved (Fig. 

8). The surface has some fractures and parts of the enamel are missing due to erosion and wear. 

MUJA 1217 and MUJA 3697 are big-sized theropod teeth. The crown base lengths (CBL) 

are 30 mm and 36 mm, the crown base widths (CBW) are 11.28 mm and 16 mm and the 

crown heights (CH) are 57.15 mm and around 75 mm. The teeth are ziphodont, displaying 

the blade-like morphology typical of theropods. The crown base ratio (CBR) and the crown 

height ratio (CHR) are around 0.4 and 1.9. The crowns are strongly labiolingually compressed 

and basoapically elongated, with an ovoid cross-section at its base. 

 In lateral view, the teeth have a convex mesial margin and a concave distal profile. The 

crown is moderately recurved being the mesial profile more recurved than the distal margin; 

the tip surpasses the base of the distal carina. 

 In mesial view, the mesial margin bears a serrated mesial carina. The carina extends 
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along the preserved mesial surface, centrally positioned on the crown, facing mesially. The 

complete extension of the mesial carina cannot be determined due to the state of preservation 

of the teeth. 

 In distal view, the distal carina is serrated and extends along the entire distal margin. 

It is centrally positioned in MUJA 1217 and slightly offset labially in MUJA 3697. The carina 

does not twist. In apical view, the tip of MUJA 1217 is distally positioned and the sides of the 

crown are convex and the cross-section is lenticular. The cross-section varies along the tooth 

crowns. In basal view, the cross-section of the crown is elliptical-lanceolate, with both sides of 

the crown convex. Both margins are acute due to the carinae. 

 The mesial carinae have a low number of denticles per 5 mm, around 7-8. Denticles 

are better preserved at the apical third of the crown and the main axis is perpendicular to the 

mesial margin. The tip of the denticles is eroded thus it is difficult to determine the shape 

and morphology. Some parts of the mesial carina seem to have short and basally inclined 

interdenticular sulci. 

 The distal carinae also have a low number of denticles per 5 mm (7-9). The denticles 

are perpendicular to the distal margin of the crown and they decrease in size towards the 

base, displaying a gradual graduation. In MUJA 1217 the distal denticles are eroded and the 

margins are not preserved but they probably were proximodistally subrectangular. In MUJA 

3697 the preserved denticles are subquadrangular on the apico-central area and horizontal 

subrectangular at the base.  Denticles are smaller on the base so the number of denticles increases 

towards the basalmost part of the crown. The main axis of the denticles is perpendicular to 

the distal carina. The external margin is parabolic and either symmetrically or asymmetrically 

convex. The space between denticles is broad and deep. There are interdenticular sulci among 

mesial and distal denticles. Distal denticles are more developed than the mesial ones. Both 

sulci are short and basally inclined. 

 MUJA 1217 has a worn surface, has microscratches and there are transverse 

undulations, just a few. They are better seen at a certain angle. On the other hand, MUJA 

3697 is ornamented with marginal and transverse undulations. The marginal undulations are 

diagonally oriented. Transverse undulations are basally convex, they are not too numerous and 

are better seen at certain angles. The original enamel texture is braided (sensu Hendrickx et al., 

2015c).
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Fig. 8: Megalosauridae indet. 3. MUJA 1217. a, b) lateral view. c) mesial view. d) distal view) e, f ) apical and 
basal views. MUJA 3697 in g, h) lateral views. i) mesial carina. j) distal carina.
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3.1.8.2 Discussion

 This morphotype is also characterized by large-sized teeth with a low number of 

denticles per 5 mm, braided enamel texture, serrated mesial and distal carinae, centrally or 

slightly displaced carinae, strongly labiolingually compressed crowns with transverse and 

marginal undulations and interdenticular sulci. This combination of traits, as stated above, 

excludes most of theropod clades, leaving ceratosaurids, megalosaurids, allosaurids, and 

carcharodontosaurids as the probable producers. Among those clades, MUJA 1217 and 

MUJA 3697 resemble more the megalosaurid dentition, lacking concave surfaces, displaced 

distal carinae, apically inclined denticles or other relevant traits, as stated in the previous 

morphotypes (Rauhut, 2004; Han et al., 2011; Malafaia et al., 2017b).

The cladistics analysis (Appendix 1) recovers this morphotype within Megalosauridae, as the 

sister-taxon of Afrovenator and Torvosaurus + Megalosaurus. 

 MUJA 1217 was previously described by Ruiz-Omeñaca et al. (2009) and considered 

Theropoda indet., but it was stated that the morphotype was similar to the teeth of Torvosaurus 

tanneri.

 This morphotype is different from Megalosauridae indet. 1. (MUJA 4262) due to 

the labiolingual compression; this one is composed by lateral dentition. Here also prefer to 

distinguish this morphotype from Megalosauridae indet. 2. (MUJA 1226) due to the overall 

differences in shape. Those differences could be related to different positions along the tooth 

row as seen in D’Amore (2009, fig. 12) or maybe due to different taxa.

 It is noteworthy that those teeth come from different formations from the Kimmeridgian. 

This could be related to the presence of the same taxon during the entire Kimmeridgian or 

related taxa in that time and place.

4.DISCUSSION

 The palaeobiodiversity of theropods from the Upper Jurassic is well known in 

productive areas such as the Morrison Formation from the Kimmeridgian-Tithonian of North 

America. So far, this formation has the presence of the ceratosaurid Ceratosaurus (Madsen 

and Welles, 2000), other indeterminate ceratosaurians (Carrano and Sampson, 2008), the 

piatnitzkysaurid Marshosaurus (Madsen, 1976a), the megalosaurid Torvosaurus (Galton 

and Jensen, 1979), allosaurids such as Allosaurus (Madsen, 1976b; Chure, 1995), a broad 

set of coelurosaurs including Ornitholestes (Osborn, 1903b; Carpenter et al., 2005) and the 



Antonio Alonso Germán 87

tyrannosauroids Stokesosaurus, Coelurus and Tanycolagreus (Benson, 2008; Carpenter and 

Miles, 2005; Madsen, 1974; Marsh, 1879).  

 The theropod record from the Upper Jurassic of Western Europe includes taxa such 

as the metriacanthosaurid Metriacanthosaurus from the Oxfordian of England (Von Huene, 

1923; Walker, 1964), the Kimmeridgian megalosauroid Sciuromimus (Rauhut et al., 2012, 

2018b), coelurosaurians such as Juravenator (Göhlich and Chiappe, 2006), Archaeopteryx 

from the Kimmeridgian-Tithonian of Germany (Rauhut et al., 2018a), or the tyrannosauroid 

Juratyrant (Brusatte and Benson, 2013) from the Tithonian of England. In addition, the 

presence of ceratosaurids, abelisauroids, megalosauroids, allosaurids, carcharodontodosaurians 

and tyrannosauroids has been inferred studying isolated theropod teeth from Kimmeridgian 

deposits of Northern Germany (Gerke and Wings, 2016).

 In the Iberian Peninsula, the diversity of theropods from the Upper Jurassic is better 

known in deposits from the Kimmeridgian-Tithonian of Portugal (Mateus, 2006). There 

are evidences of ceratosaurids (Antunes and Mateus, 2003; Mateus et al., 2006), Torvosaurus 

(Hendrickx and Mateus, 2014a; Malafaia et al., 2017c), allosauroids such as Allosaurus (Mateus 

et al., 2006), Lourinhanosaurus (Mateus, 1998) and other remains (Malafaia et al., 2017a), 

carcharodontosaurids (Malafaia et al., 2018a), the tyrannosauroid Avyatirannis (Rauhut, 

2003), and isolated teeth attributed to abelisaurids, Compsognathus, Tyrannosauroidea, 

Dromaeosauridae, Richardoestesia and Archaeopteryx (Zinke, 1998; Hendrickx and Mateus, 

2014b; Malafaia et al., 2017b).

 Concerning the Spanish record of theropods, there is other evidence from Asturias 

region, specifically from the “dinosaur coast” area. Recent studies have revealed the presence 

of large-bodied theropods from the Kimmeridgian including both skeletal remains of a large 

megalosaurine megalosaurid of the Vega Formation and the presence of footprints of at least 

two taxa of giant theropods in the Lastres Formation (Rauhut et al., 2018b). The evidence 

from the Iberian Range also reveals the presence of large megalosauroids (Cobos et al., 2014). 

 Thus the isolated theropod teeth record from the dinosaur coast is congruent with the 

known record of theropods from the Late Jurassic of the Iberian Peninsula. The megalosaurid 

morphotypes described here resemble the mesial and lateral dentition of megalosaurids such 

as Torvosaurus (Hendrickx and Mateus, 2014a; Hendrickx et al., 2015b) and other isolated 

teeth (Malafaia et al., 2017b) and is congruent with the presence of a large megalosaurine 

megalosaurids in the Vega Formation, representing the largest predators of the Late Jurassic 

European landmasses (Rauhut et al., 2018b). Isolated abelisaurid teeth have been described 

from the Kimmeridgian-Tithonian of the Lourinhã Formation (Hendrickx and Mateus, 

2014b).
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 The presence of four smaller theropod morphotypes (Theropoda indet, Averostra 

indet. 1, 2, and 3) could be related to the presence of other theropod clades such allosauroids 

or megalosauroids related to metriacanthosaurids or piatnitzkysaurids.  

5.CONCLUSIONS

 Ten isolated theropod teeth have been studied and eight different morphotypes have 

been identified. One morphotype has been assigned to Theropoda indet; three morphotypes 

have been attributed to Averostra indet, one morphotype has been tentatively attributed to 

Abelisauridae? indet. and three morphotypes have been assigned to Megalosauridae indet. 

These results represent a new contribution to the knowledge of the palaeobiodiversity and 

distribution of theropods from the Kimmeridgian (Late Jurassic) of the Iberian Peninsula.  

The presence of very large isolated teeth related to megalosaurids is congruent with the 

known record of theropods of Iberia. The presence of smaller morphotypes sheds light on 

the possible presence of abelisaurid theropods and other taxa probably related to smaller 

allosauroids or megalosauroids still not identified by other skeletal remains in this area. 
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1. INTRODUCTION

 Spinosaurids are one of the most striking groups among the theropods, featuring an 

elongated, distinctive skull and conical teeth with fluted enamel and small denticles (Charig

and Milner 1997; Sereno et al., 1998; Canudo et al., 2008a; Buffetaut, 2012). These characters 

have been interpreted as evidence of a dominant piscivorous tendency in their eating 

strategies, a hypothesis supported by several observations relating to features such as the skull 

morphology, stomach contents (Charig and Milner, 1997), the oxygen isotopic composition 

of the bones (Amiot et al., 2010) and biomechanical data (Rayfield et al., 2007), though there 

is also evidence of spinosaurids feeding on other vertebrates such as pterosaurs (Buffetaut et al., 

2004) and ornithopods (Charig and Milner, 1997; Allain et al., 2012). Recently, some authors 

(Ibrahim et al., 2014; Arden et al., 2019) have shown a series of adaptations in Spinosaurus that 

fit with a semiaquatic lifestyle, although there is still discussion (Evers et al., 2015; Henderson, 

2018).

 Spinosaurids had a wide distribution both in space and time during the Late Jurassic, 

the Early Cretaceous and the older part of the Late Cretaceous. It has been thought that 

the first reported spinosaurids appeared during the Late Jurassic (Buffetaut, 2012) although 

new research suggests that early spinosaurids are Middle Jurassic in age (Serrano-Martínez 

et al., 2015). They became abundant in the Early Cretaceous, disappearing during the Late 

Cretaceous (Hone et al., 2010). Spinosaurid remains are mainly distributed in North Africa, 

Europe and South America although there is other evidence of them in Asia and Australia 

(Buffetaut & Ingavat, 1986; Hasegawa et al., 2003; Barrett et al., 2011; Allain et al., 2012). 

Most remains of the spinosaurids from the Iberian Peninsula are isolated teeth (Pereda-

Suberbiola et al., 2012). The study of isolated theropod teeth is of particular interest because 

they are the most common fossilised remains. It is due to the resistance of the enamel and the

constant replacement of the teeth during their lifetime (Currie et al., 1990; Torices, 2007).

 La Cantalera-1 (=La Cantalera) is one of the sites with the greatest vertebrate 

palaeobiodiversity in the early Barremian of the Iberian Peninsula. The fossil accumulation 

consists of teeth, postcranial remains, eggshells and coprolites; amphibians, a chelonian, a 

lizard, crocodylomorphs, pterosaurs, ornithopod dinosaurs, a thyreophoran, sauropods and 

theropods have been identified, as well as mammals (e.g. Badiola et al., 2008; Canudo et al., 

2010a; Gasca et al., 2014b; Moreno-Azanza et al., 2014b; Puértolas-Pascual et al., 2015). 

Until recently, La Cantalera-1 was the only site of the Blesa Formation with spinosaurid teeth 

(Ruiz-Omeñaca et al., 2005). In this context, the aim of the present article is to study the 

isolated spinosaurid teeth from the lower Barremian founded in this site.
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1.1 Institutional abbreviations

MPZ, Museo de Ciencias Naturales de la Universidad de Zaragoza, Zaragoza, Spain; UNIZAR, 

Universidad de Zaragoza, Zaragoza, Spain.

1.2 Other abbreviations

 AL, apical length; CBL, crown base length; CBR, crown base ratio; CBW, crown base 

width; CH, crown height; DA, distoapical denticle density; DAVG, average distal denticle 

density; DB, distobasal denticle density; DC, distocentral denticle density; DSDI, denticle 

size density index; FESEM, field emission scanning electron microscope; MA, mesioapical 

denticle density; MAVG, average mesial denticle density; MC, mesiocentral denticle density; 

MB, mesiobasal denticle density.

2. MATERIALS AND METHODS

 The fossils were recovered from surface prospections, excavation campaigns and the 

screen-washing of 3 tons of sediment, using a sieve with a 0.5mm mesh. In addition, another 

20 kg of sediment were screen-washed using a 0.150mm mesh in order to get a representative 

sample of non-vertebrate microfossils (Ruiz-Omeñaca et al., 1997a; Canudo et al., 2010a). 

The recovered teeth show a variable state of preservation, with shed and functional teeth 

without evidence of transport.

 Part of the material had previously been studied by electron microscopy in the 

FESEM service of UNIZAR. Other observations were made with an Olympus SZX7 zoom 

stereomicroscope with a KL1500 LCD lamp. Matrox Inspector 8.0 was used as imaging 

software. The teeth were measured with a Mitutoyo Digimatic Digital Caliper Series No 500 

and Matrox Inspector 8.0 measurement tools. The measurements performed on scanning 

electron microscope images obtained in previous studies were conducted with ImageJ software.

 Seventeen theropod (plus two crocodylomorph) teeth from La Cantalera have been 

analysed during the course of this research. Other teeth from the sites of Vallipón (Castellote) 

(Ruiz-Omeñaca et al., 1998) have been studied; data of spinosaurids from Iberia have also 

been included (Torcida et al., 1997; Torcida Fernández-Baldor et al., 2003; Infante et al., 

2005; Sánchez-Hernández et al., 2007; Canudo et al., 2008a; Gasca et al., 2008).
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2.1 Statistical analysis

 A statistical analysis has been performed in order to understand the variation among 

the spinosaurid teeth from La Cantalera-1 site as explained in Chapter 2 (Materials and 

Methods). In addition, morphometric data from crocodylomorph teeth were also included. 

The main reason was to use them as a control group in the analysis due to the similarity 

between spinosaurid and crocodylomorph teeth.The crocodylomorph teeth included in the 

analysis belong to Morphotype 1 of La Cantalera site crocodylomorphs (Puértolas-Pascual et 

al., 2014, 2015). This morphotype has usually been attributed to Goniopholididae, but it is 

also found in other neosuchians and heterodont crocodylomorphs.

 When studying theropod teeth, it is common to log-transform the values in order to 

better reflect a normally distributed multivariate dataset (Smith et al., 2005; Kear et al., 2013; 

Larson and Currie, 2013; Hendrickx et al., 2015b; see justification in Samman et al., 2005). 

Here the values were not log-transformed, as the absence of mesial and distal denticles was 

taken into account. The absent data were coded with a zero value; the missing data were coded 

with a question mark.

 A PCA analysis has been performed on the dataset; the variables selected are CBL, 

CBW, CH, MAVG and DAVG. All measurements are expressed in mm. The dataset from 

Smith et al., (2005) has been included with the data for isolated teeth from the Iberian Chain. 

The aim is to check the validity of the morphotypes studied in the Systematic Palaeontology, 

and test whether the spinosaurids occupy the same region of the morphospace. A total of 119 

teeth have been included. The measurements from Smith et al., (2005) included in this analysis 

comprise Baryonyx, Suchomimus (Spinosauridae), Carcharodontosauridae, Troodontidae, 

Dromaeosauridae and Ceratosauridae.

3. SYSTEMATIC PALEONTOLOGY

Clade DINOSAURIA Owen, 1842

Clade SAURISCHIA Seeley, 1887

Clade THEROPODA Marsh, 1881

Clade TETANURAE Gauthier, 1986

Superfamily SPINOSAUROIDEA Stromer, 1915

Family Spinosauridae Stromer, 1915
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Subfamily Baryonychinae Sereno, Beck, Dutheil, Gado,

Larsson, Lyon, Marcot, Rauhut, Sadleir, Sidor, Varricchio,

Wilson & Wilson, 1998

3.1 Baryonychinae indet
3.1.1 Material

Thirteen teeth: CAN1 953, CAN1 957, CAN1 958, CAN1 959, CAN1 977, CAN1 983, 

CAN1 984, CAN 1 999, CAN1 1001, CAN1 1616, MPZ 97/468-CAN1 974, MPZ 

2001/207 and MPZ 2001/208.

3.1.2 Description

 Baryonychinae indet. teeth show a variable state of preservation (Fig. 1). The mesial 

margin of the teeth is convex, while the distal margin is concave or straight. The cross-section 

varies between elliptical and subcircular. Crown height ranges from 6 to 28 mm. All teeth have 

mesial and distal carinae, but some teeth do not have serration on the mesial carina. Carinae 

are located on the mesiodistal axis of the crown and start close to the cervix. Denticles are 

chisel-shaped and their height and width vary between 0.1 and 0.12 mm. Denticle density 

per mm ranges from 6 to 12. The denticle size density index values are close to one, so there 

is no difference between the mesial and the distal size of the denticles. The denticles are 

perpendicular to the margin of the teeth. Both faces of the teeth bear enamel ornamentation 

which consists of 6–7 ridges (on average) orientated apicobasally; the ridges do not reach the 

apex.

3.1.3 Discussion

 Unlike other theropods, spinosaurid teeth have a subcircular-elliptical cross-section. 

The crown is usually straight, with very slight distal curvature. Spinosaurid teeth usually have 

fluted enamel and small denticles, and a veined enamel texture (Ruiz-Omeñaca et al., 2005; 

Gasca et al., 2008; Hendrickx et al., 2015b). Baryonychine teeth have an ornamentation 

based on ridges, the cross-section is not as subcircular as in spinosaurine teeth, and the distal 

curvature is more pronounced than in Spinosaurinae (Canudo et al., 2008a).

 Previous papers (Canudo and Ruiz-Omeñaca, 2003; Ruiz-Omeñaca, 2006) have 

differentiated between two morphotypes of baryonychine spinosaurid teeth in the Barremian.

The first morphotype includes all teeth with serration on the mesial and distal carina, and the 

second morphotype only has serration on the distal carina.  
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 Here we do not differentiate these morphotypes because sometimes the presence or 

absence of denticles on the mesial carina is difficult to determine due to the state of preservation 

of the teeth. In addition, this is the only difference between the morphotypes; they share all 

other features. There are no differences in size, denticle density per mm, ridges, enamel texture, 

etc. so we prefer to include them, for the moment, in a one morphotype in La Cantalera-1 site.

 This morphotype of baryonychine teeth differs from that of other spinosaurids. 

Baryonyx walkeri teeth do not have fluted enamel on the labial surface (Charig and Milner, 

1997). Ostafrikasaurus crassiserratus teeth have larger denticles and, in consequence, a lower 

denticle density per mm (Buffetaut, 2012). Asiatic forms such as Siamosaurus suteethorni have 

more ridges on the teeth surface (Buffetaut and Suteethorn, 1999; Hasegawa et al., 2003). 

 It is interesting to draw comparisons between the teeth from La Cantalera and other 

data from Spain. Baryonychine teeth from the early Aptian of the Morella Formation (Canudo 

et al., 2008a) differ from this morphotype; the teeth from La Cantalera-1 lack the enamel 

wrinkles of these teeth. Teeth from El Castellar Fm. (Gasca et al., 2008) show more similarities 

with this morphotype. In addition, El Castellar Fm. is biostratigraphically similar to the Blesa 

Fm. spinosaurid teeth from Barremian-Aptian sites of the Wealden facies of Burgos (Torcida et 

al., 1997; Torcida Fernández-Baldor et al., 2003) have similar features both in terms of ridges 

Fig. 1: Baryonychinae teeth from La Cantalera-1 site in lingual (a, d, g) and labial (b, e, f ) views, with detail of 
mesial denticles (c). (a–c) MPZ 2001/207; (d, e) MPZ 2001/208; (f, g) CAN1 957. Scale bar: 1 cm (a, b, d, g) 
or 1mm (c).
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and denticle density per mm. Teeth from the late Barremian of Vallipón (Ruiz-Omeñaca 

et al., 1998), early Barremian of Ladruñán (Infante et al., 2005) and some teeth from 

the late Hauterivian-early Barremian of Galve (Sánchez-Hernández et al., 2007) show a 

similar appearance to the remains from La Cantalera-1.

Subfamily Spinosaurinae Stromer, 1915

3.2 Spinosaurinae? indet
3.2.1 Material

 Four teeth: CAN1 960, CAN1 968, CAN1 973 and CAN1 990.

3.2.2 Description

 Spinosaurinae? indet. teeth show a variable state of preservation. The teeth have 

a convex mesial margin, while the distalmargin is concave or straight. The teeth have 

a subcircular cross-section. Estimated crown height values range from 16 to 22mm. 

The apex is pointing very slightly towards the distal margin. CHR values are high due 

to the elongation of the crowns. These teeth do not have carinae with the exception 

of CAN1 990, which has a distal carina without any serration (Fig. 2). The teeth 

have ornamentation based on apicobasal crenulation, which is faint and shallow. This 

ornamentation is more subtle and numerous than the ridges of the Baryonychinae indet. 

morphotype.

3.2.3 Discussion

 Four teeth have been tentatively attributed to Spinosaurinae on the basis of their 

features that do not fit in the Baryonychinae subfamily. Spinosaurine teeth are usually 

less curved on the distal margin, ornamentation is less marked or absent, and the cross-

section is heavily subcircular (Martill and Hutt, 1996; Canudo et al., 2008a; Fanti et 

al., 2014), though some spinosaurines such as Irritator (Sues et al., 2002) do not share 

these features. This morphotype can be hard to distinguish from crocodylomorph teeth. 

Crocodylomorph teeth have a lingual curvature, but the teeth from Spinosaurinae? 

indet. lack this trait.
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Fig. 2: Spinosaurinae? indet. teeth from La Cantalera-1 (a–d) and Cerrada Roya sites (e, f ), in labial (a, d), lingual 
(b, c, f ), and distal (e) views. (a, b) CAN1 990; (c, d) CAN1 968; (e, f ) MPZ 2014/444. Scale bar: 1 cm.

 The spinosaurine teeth from La Cantalera site differ from Spinosaurus aegyptiacus 

(Stromer, 1915). The holotype of Spinosaurus does not have fluted enamel (though other 

remains attributed to Spinosaurus do have some ornamentation), and the carinae are unserrated. 

Irritator challengeri (Martill et al., 1996) have teeth with serrated carinae and fluted enamel. 

Oxalaia quilombensis (Kellner et al., 2011) teeth have unserrated carinae and fluted enamel, 

and also enamel wrinkles that do not appear on the teeth from La Cantalera-1.

 The ornamentation of the teeth from La Cantalera bears some similarities with 

Morphotype 5 reported by Fanti et al., (2014) from the Albian of Tunisia. These teeth have a 

faint and shallow crenulation along the tooth crown, extending neither straight nor parallel 

along the crown. However, the teeth from La Cantalera-1 belonging to Spinosaurinae? indet. 

seem to have a higher number of ornamentations than Morphotype 5 from North Africa, and 

there is no difference in number between the lingual and labial surfaces.

 Another tooth, from the site of Cerrada Roya (Camarillas Formation, Barremian) (MPZ 
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2014/444) in Galve, has traits similar to the teeth from La Cantalera-1: the absence of carinae, 

a relatively straight crown, numerous and subtle crenulation, though it is more labiolingually 

compressed. However, this compression could be explained in terms of heterodonty, so we 

consider this tooth to belong to the same morphotype as the above.

 Sánchez-Hernández et al., (2007) have also reported spinosaurine teeth from Galve, 

at the sites of Cerrada Roya and San Cristóbal. These teeth lack ornamentation with the 

exception of one tooth (MPG-SC 2), have both a mesial and distal unserrated carina (the 

ornamented tooth only has a distal carina), and the crown height ranges from 12 to 21 

mm. It is possible that these teeth, though considered non-ornamented, may in fact have 

an ornamentation based on weak crenulation like the Cerrada Roya tooth (MPZ 2014/444) 

because they come from the same site. However, some differences exist. The teeth studied by 

Sánchez-Hernández et al., (2007) have an unserrated mesial and distal carina, absent in the 

teeth from La Cantalera-1 (with the exception of the distal carina of CAN1 990) and the 

Cerrada Roya MPZ tooth. Despite these differences, here we have considered all the teeth 

from Galve to belong to a single morphotype that also includes the Spinosaurinae? teeth from 

La Cantalera-1, due to the heterodonty present in theropods. Nevertheless, further studies are 

required in order to clarify this point.

4. RESULTS

 The principal component analysis shows the variation in the dataset in two axes or 

components (Fig. 3).	The	 first	 component	 (X-axis)	 explains	 95.01%	 of	 the	 variance.	The	

second	component	(Y-axis)	explains	only	2.44%	of	the	variance.	The	first	component	loadings	

are CH, CBL and CBW; these variables show the size of the teeth. DAVG and MAVG load the 

second component and explain the denticle density of the teeth (Hendrickx et al., 2015b).

Quadrant 1 in the plot includes theropods with large teeth and a high denticle density. 

Quadrant 2 has theropods with small teeth and a high denticle density. Quadrant 3 shows 

theropods with small teeth with a low denticle density on the carinae, and quadrant 4 has large 

theropod teeth with a low denticle density.

 The largest theropod teeth (belonging to Suchomimus and Carcharodontosauridae) are 

found in quadrants 1 and 4. Their positions on the Y-axis vary with the denticle density, which 

is higher in spinosaurids.
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 Baryonychine spinosaurids are located between quadrants 1 and 2. It is notable that 

the values for these baryonychine teeth lie in the area around Baryonyx values, while the 

Suchomimus values remain separate from them. The dataset from the Iberian Chain shows 

greater variation than the theropods in the Smith et al., (2005) dataset. The high range of 

variation of the Iberia dataset could be attributed to their origin in isolated teeth, unlike the 

data for the rest of the teeth. Data from isolated teeth may have a larger variation because they 

come from more different specimens. It is also notable that the state of preservation of isolated 

teeth has an effect when measuring and inferring data. 

 Ceratosauridae and Carcharodontosauridae are found in the 4th quadrant, which 

corresponds to medium–large sized teeth and a low denticle density.

 Dromaeosaurid teeth are found between the 2nd and the 3rd quadrant. Small teeth 

with a low denticle density belonging to Troodontidae are located in the 3rd quadrant, close 

to the teeth from Spinosaurinae? indet. from Galve and La Cantalera-1 and Crocodylomorpha 

indet. teeth, with no denticles at all.

 The baryonychine teeth from the Iberian Chain overlap. The teeth with the most 

similar values to the teeth from La Cantalera-1 site are from Vallipón, but these teeth are larger 

in size. The largest teeth from the Iberian Chain belong to the baryonychine spinosaurids of 

Burgos and the Morella Fm.

 The teeth from La Cantalera-1 site are the smallest teeth among the baryonychine 

spinosaurids; only one of them is similar in size to Baryonyx teeth. The overall size is 

comparable with the data from dromaeosaurid, troodontid and other small theropod teeth. 

Fig. 3: Principal component analysis plot using CBL, CBW, CH, MAVG and DAVG.
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Other baryonychine spinosaurids do not share this feature and have large teeth, 

comparable with Baryonyx. Also remarkable is the grouping of the Spinosaurinae? 

indet. teeth of Galve and La Cantalera- 1. Crocodylomorpha indet. teeth remain 

separate from those of Spinosaurinae? indet., the most similar teeth in the dataset. 

5. DISCUSSION

 The grouping of baryonychine spinosaurids from the Iberian Chain around 

the Baryonyx values, as seen in the PCA analysis, suggests that they are closer 

to this dinosaur than to other baryonychine spinosaurids such as Suchomimus 

tenerensis. This is congruent with other fossil remains from the Iberian Chain, 

such as the mandibular fragment reported by Viera and Torres, (1995) in La 

Rioja. This fragment was identified as a left maxilla belonging to Baryonyx walkeri. 

Postcranial remains attributed to baryonychine theropods have also been cited: a 

tibia (Gasulla et al., 2006) and cervical, dorsal and caudal vertebrae (Ortega et al.,  

2006). However, the tooth remains from the Iberian Peninsula do not have the 

same appearance as B. walkeri teeth fromEngland; this is also seen in jaw fragments 

reported by Buffetaut, (2007) from the Barremian of Portugal and attributed to 

Baryonyx sp. These fragments include some teeth that develop ornamentation 

both on the labial and lingual sides. It is possible that this difference between B. 

walkeri and other baryonychine teeth could be explained in terms of geographical 

variation, but in any case herewe prefer to ascribe the teeth from La Cantalera site 

to Baryonychinae indet.

 The possible presence of spinosaurine spinosaurids in the Early Cretaceous 

of Ibera is also of particular interest. The grouping of the teeth from La Cantalera-1 

and Galve suggests that they belong to the same morphotype, as we proposed 

above. The separation between them and crocodylomorph teeth leads us to regard 

them as dinosaur teeth.

 But are they really spinosaurine teeth? These teeth show a set of features 

that differ from the primitive condition in theropods. The primitive condition 

for theropod teeth is to be labiolingually compressed, with serrated carinae and 

the apex facing distally. Spinosaurinae? indet. teeth show scarce labiolingual 

compression, absent or unserrated carinae, and a relatively straight crown; 

these traits are considered present in spinosaurine spinosaurids by some authors 

(Martill & Hutt, 1996; Canudo et al., 2008a; Fanti et al., 2014). They also can 
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lose ornamentation, which is congruent with the subtle ornamentation found on these teeth.

 The derived features in these teeth lead us to rule out their attribution to other basal 

tetanurans which have primitive teeth. Other teeth with derived features can also be found in 

dinosaurs from the Early Cretaceous of the Iberian Peninsula, such as maniraptoran dinosaurs, 

but these have different traits in terms of shape, the presence or absence of denticles, carinae, 

DSDI, cross-section and size, so they can be ruled out. Other groups such as megalosaurids 

have mesial teeth with a rounded outline (Hendrickx and Mateus, 2014b), but the teeth from 

La Cantalera-1 do not share their traits. Features such as the absence of lingual curvature, 

differences in ornamentation and divergent PCA results suggest that they do not belong 

to crocodylomorphs. We consider that the most probable producer of these teeth was a 

spinosaurine spinosaurid.

 It is particularly remarkable that the teeth from La Cantalera are smaller than other 

spinosaurid teeth from Iberia. A taphonomic accumulation produced by transportation is 

ruled out due to the absence of evidence for the transport of the teeth. Other possibilities are 

the presence in La Cantalera-1 of small taxa and the presence of juvenile specimens. The latter 

appears to be the more plausible answer due to the presence of teeth with similar features in 

different parts of Iberia, such as the teeth from the Vallipón and Burgos sites. Nevertheless, 

further studies are required in order to answer this question. 

 Whatever the case, the spinosaurid teeth from La Cantalera-1 are small in size, 

though they are not the only fossil remains from this site with this trait. Other theropod teeth 

with different affinities such as Carcharodontosauridae? indet. teeth are small in size. The 

crocodylomorph teeth also show a small size, as reported by Puértolas-Pascual et al., (2014). 

Fossil remains from sauropods and ornithopods are also characterised by their small size in

comparison with other sites in Iberia.

 A possible explanation for such small-sized remains is attributable to the features of 

La Cantalera-1 site: a marshy environment with periodic droughts, surrounded by a Jurassic 

relief, resulting in a non-permanent body of water and a marshy vegetated area. This small 

lacustrine area has been interpreted as a feeding area for herbivore dinosaurs (Ruiz-Omeñaca 

et al., 1997b). Moreover, the great biodiversity of vertebrates can be explained by the fact 

that palustrine areas tend to undergo an increase in organisms (especially during dry periods) 

due to the displacement of animals to flooded areas where food is found (Puértolas-Pascual 

et al., 2014, 2015). Here we propose that the small size of La Cantalera-1 site did not allow 

the presence of large animals, either crocodylomorphs or dinosaurs: the fact that large animals 

could not be sustained in the area led to the increased biodiversity of small-sized animals 

(juveniles and/or small taxa). 
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 The lack of fish in La Cantalera-1 site implies that the spinosaurid theropods that have 

been found did not have a piscivorous diet. They probably had to feed on herbivore dinosaurs, 

smaller theropods such as maniraptorans, pterosaurs and other organisms found at the site 

(Ruiz-Omeñaca et al., 2005).

6. CONCLUSIONS

 Two morphotypes of spinosaurid teeth have been recognised in the early Barremian of 

La Cantalera-1 site: Baryonychinae indet. and Spinosaurinae? indet.

 Except for their size, the Baryonychinae indet. teeth are quite similar to those from 

other Iberian sites. The teeth from the Morella Fm. have enamel wrinkles that Baryonychinae 

indet. lacks, so it is possibler that the Morella Fm. teeth belong to another baryonychine 

spinosaurid.

 Baryonychine spinosaurids from Iberia are grouped closer to the values for Baryonyx 

walkeri than Suchomimus tenerensis in the PCA analysis. We consider that all the baryonychine 

spinosaurids studied from the Iberian Peninsula teeth are of a type closer to Baryonyx walkeri. 

This is congruent with the presence in Iberia of skull remains attributed to Baryonyx walkeri 

(Viera and Torres, 1995; Mateus et al., 2011).

 Here we present new evidence that supports the idea of the presence of a spinosaurine 

spinosaurid in Iberia during the Early Cretaceous, as first proposed by Sánchez-Hernández et 

al., (2007). We have ruled out attribution to other theropods or crocodylomorphs, although 

we remain cautious due to the scarce fossil record known. Features of these teeth are similar 

to Morphotype 5 of Fanti et al., (2014), which has a different location both in space and 

time, tentatively assigned to cf. Spinosaurus sp. Nevertheless, Spinosaurinae? indet. does not 

fit exactly with any of the described spinosaurine teeth, so we regard them as belonging to an 

unknown spinosaurine spinosaurid, probably closer to Spinosaurus than any other member of 

Spinosaurinae. The presence of this spinosaurine is scarce when compared with its baryonychine 

relatives, which are present in abundance in the sites of the Iberian Chain. Teeth remains of 

Spinosaurinae? indet. are also less frequent than Baryonychinae indet. within La Cantalera-1 

site.

 Small-sized teeth both from Spinosaurinae and Baryonychinae have been observed. 

This small size has also been observed in other fossil remains belonging to other dinosaurs 

and crocodylomorphs, leading us to propose that the characteristics that prevailed at La 

Cantalera-1 site allowed the concentration of small-sized organisms because the ecosystem 

could not sustain large vertebrates.
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1. INTRODUCTION

 The presence of dinosaur remains is well-known in the Early Cretaceous sediments of 

the Iberian Peninsula (e.g., Pereda-Suberbiola et al., 2012). These include theropods, sauropods 

(basal macronarians, titanosauriforms and rebbachisaurid diplodocoids), thyreophorans 

and ornithopods (iguanodontoids, dryosaurids and basal euornithopods). The Cretaceous 

Maestrazgo Basin, located in the Iberian Range, has yielded some of the most remarkable 

examples of these faunas. Particularly noteworthy within this record are dinosaurs such as the 

sauropods Aragosaurus and Tastavinsaurus (Sanz et al., 1987; Canudo et al., 2008b) and the 

ornithopods Gideonmantellia, Delapparentia (which has been recently proposed as belonging 

to Iguanodon sp.) and Morelladon (Ruiz-Omeñaca, 2011; Ruiz-Omeñaca et al., 2012b; Gasulla 

et al., 2015; Verdú et al., 2017), as well as a single theropod taxon, Camarillasaurus from the 

Barremian of Teruel (Sánchez-Hernández and Benton, 2014). However, isolated tetanuran 

theropod teeth and theropod eggshells are also relatively abundant (Ruiz-Omeñaca et al., 

1996; Infante et al., 2005; Sánchez-Hernández et al., 2007; Moreno-Azanza et al., 2014b).

 The Oliete sub-basin, situated in the northwestern part of the Maestrazgo Basin, 

presents a Wealden facies where just a few vertebrate fossil localities are known. The geological

formations of this sub-basin have an enormous potential to add to what is known of the 

Barremian vertebrate faunas of the Iberian Peninsula. A good example is La Cantalera 1 (= 

La Cantalera) site, which has provided the most diverse assemblage of tetrapods (amphibians, 

squamates, mammals, crocodylomorphs and dinosaurs) from the early Barremian of the Iberian 

Peninsula (Badiola et al., 2008; Canudo et al., 2010a; Puértolas-Pascual et al., 2015; Alonso 

and Canudo, 2016). So far, isolated vertebrate remains (ornithopod dinosaurs, plesiosaurs) 

have also been found in other parts of the sub-basin (fossiliferous sites from Obón and Josa, 

Gasca et al., 2014a; Parrilla-Bel and Canudo, 2015). 

 Recently, the amateur palaeontologist Juan Rubio found a new Wealden outcrop in 

the sub-basin. No vertebrate remains were reported here until the discovery of the locality 

of Barranco del Hocino-1 (Alonso et al., 2016). Four fieldwork campaigns (in 2015, 2016, 

2017 and 2018) enabled us to recover roughly 500 bone remains, revealing the vertebrate 

palaeodiversity of the site. The fossil locality of Barranco del Hocino 1 is a bonebed composed 

of disarticulated elements with a notable degree of breakage and incompleteness. The fossil 

association consists of ornithopods, ankylosaurs, theropod teeth, scarce microvertebrate remains 

(crocodylomorph and osteichthyan teeth), turtle shell fragments, coprolites and eggshells are 

also present (Fig. 1).  Isolated macroremains of ornithopods dominate the assemblage. So far, 

craneal and postcranial elements have been recovered (Alonso et al., 2016), including shed 
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teeth, a jugal, dorsal, sacral and caudal vertebrae, complete ribs, an ilium, large bone fragments 

and autopodial elements.

 Among thyreophorans, fossils are represented by osteoderm fragments and two well-

preserved dermal spines that resemble those of La Cantalera 1 site (Canudo et al., 2010a). 

 The fossil remains of crocodylomorphs consist of isolated teeth probably related to 

Goniopholididae? and Atoposauridae. They are similar to isolated teeth from other parts of 

the Blesa Fm. (Puértolas-Pascual et al., 2015).

 The aim of the current paper is to give first insights into the theropod fauna from this 

site.

Fig. 1: Barranco del Hocino 1 remains. a) HOC 32. Coprolite. b, c) HOC 12  and HOC 6. Pollex and shed 
teeth from an styracosternan iguanodont. d,e) HOC 26 and HOC 17. Carcharodontosaurian and spinosaurid 
theropod teeth. f,g) HOC 33, HOC 34. Testudine shell fragment. h) HOC 1. Iguanodont jugal. i) HOC 21. 
Thyreophoran osteoderm. j) HOC 16. Iguanodont caudal vertebra. k) HOC 27. Thyreophoran dermal spine.
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2. MATERIAL AND METHODS

 The fossils were recovered during the fieldwork campaign of 2015 carried out by 

the Aragosaurus-IUCA research team (University of Zaragoza). The material recovered is 

provisionally housed in the Natural History Museum of the University of Zaragoza (“Museo 

de Ciencias Naturales de la Universidad de Zaragoza”, Spain). Observations were made with a 

stereomicroscope. The teeth were measured with a Mitutoyo Digimatic Digital Calliper, Series 

No. 500. Six theropod teeth (Supplementary appendix A) from Barranco del Hocino-1 were 

analysed during the course of this research.

2.1 Statistical analysis

 A discriminant function analysis (DFA, Fig. 2) was carried out using PAST3 (Hammer 

et al., 2001) on the dataset of Hendrickx et al., (2015b); data from White et al. (2015) and Csiki-

Sava et al. (2016) were also included. The dataset contains 1015 teeth from different theropod 

clades and taxa, as well as the Barranco del Hocino-1 teeth: basal saurischians (Eoraptor), 

basal theropods (Ischisaurus = Herrerasaurus, Eodromaeus), non-averostran neotheropods 

(Coelophysis, Liliensternus, Dilophosaurus), Ceratosauridae (Genyodectes, Ceratosaurus), 

Noasauridae (Noasaurus, Masiakasaurus), Abelisauridae (Abelisaurus, Rugops, Indosuchus, 

Majungasaurus, Aucasaurus, Skorpiovenator, Carnotaurus), the possible metriacanthosaurid 

Erectopus, Piatnitzkysauridae (Piatnitzkysaurus), Megalosauridae (Afrovenator, Duriavenator, 

Megalosaurus, Dubreuillosaurus, Torvosaurus), Baryonychinae (Baryonyx, Suchomimus), 

Spinosaurinae (Irritator, Spinosaurus), Allosauridae (Allosaurus), Neovenatoridae (Neovenator), 

Carcharodontosauridae (Acrocanthosaurus, Eocarcharia, Carcharodontosaurus, Giganotosaurus, 

Mapusaurus), Megaraptora (Australovenator, Fukuiraptor, Aerosteon), non-tyrannosaurid 

Tyrannosauroidea (Eotyrannus, Raptorex), Tyrannosauridae (Alioramus, Gorgosaurus, 

Daspletosaurus, Albertosaurus, Tyrannosaurus), the possible dromaeosaurid Nuthetes, 

Dromaeosauridae (Bambiraptor, Deinonychus, Dromaeosaurus, Velociraptor, Saurornitholestes, 

Atrociraptor, Zapsalis), Troodontidae (Troodon, Zanabazar, Pectinodon), and Richardoestesia. 

The analysis performed was a discriminant function analysis (DFA) as explained in Chapter 2 

(Materials and Methods).
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 The variables used are CBL, CBW, CH, AL, MC and DC. Absent data were coded as a 

question mark and missing values were estimated with a mean value for that measurement from 

across the sample. To better reflect a normal distribution, all the data were log-transformed 

(see Samman et al., 2005). In order to avoid interference and overlapping between groups, 

and given the absence of mesial teeth from Barranco del Hocino 1 site, the mesial teeth were 

removed from the dataset.

 The presence of small groups affects the accuracy of the analysis; in this case we 

maintained low number groups due to the relevance of some of them from comparison with 

Barranco del Hocino 1 morphotypes, even though this was at the expense of an improved 

analysis.

 Also, we maintained isolated teeth that have been identified on generic level, for the 

same reason as above. Ideally, the dataset would consist of non-isolated teeth. Nonetheless, 

some taxa include isolated teeth; the relevance of those groups leads us to do not exclude the 

specimens.

	 The	DFA	of	the	860	remaining	teeth	returned	70.99%	correctly	classified	teeth	(CD).	

The functions obtained explain the variance of the dataset. The first and the second functions 

explain	80.58%	of	the	variance	(CD).	These	canonical	functions	can	be	used	to	create	a	plot	

Fig. 2: Results of the DFA conducted on a dataset of 1015 teeth, including Barranco del Hocino-1 teeth. 
The	first	function	explains	the	56.86%	of	variance;	the	second	canonical	function	explains	the	23.72%	of	the	
variance.
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showing the graphical representation of the morphospace occupied by the teeth in a dispersion 

graph. The weight of each variable in the canonical functions can be found in CD.

2.2 Cladistic analysis

 Cladistic analyses have been used by some authors to evaluate the phylogenetic position 

of isolated theropod teeth. The teeth from Barranco del Hocino-1 were analysed as detailed in 

Chapter 2 (Materials and Methods).

3 RESULTS

3.1 Systematic palaeontology

TETANURAE Gauthier, 1986

3.1.1 Tetanurae indet. 1

Material: HOC 24, one shed tooth.

3.1.1.1 Description 

 This morphotype includes one tooth lacking the apex and a small part of the base 

(Fig. 3). The enamel surface is worn, show microstratches and the lingual area has some 

white marks on its apical and central regions that were caused by the roots of modern plants. 

The tooth is ziphodont, with a labiolingually compressed and a distally curved crown. The 

tooth crown also bears serrations but lacks a few denticles on the mesial and distal carina. A 

transverse break is located at the mid-crown. Another break affects the lowermost part of the 

lingual surface, where a small fragment was detached from the crown. In basal view the tooth 

crown reveals the pulp cavity. HOC 24 is a medium-sized theropod tooth, with a crown base 

length (CBL) of 9.43 mm, crown base width (CBW) of 5.63, and preserved crown height 

(CH) of 14.32 mm. The estimated value of the crown height (CH) is 20.2 mm. With a CBR 

and a CHR of 0.6 and 2.15 respectively, the crown is moderately labiolingually flattened and 

moderately elongated, with an ovoid cross-section at its base. The mesial and distal profiles 

are convex and concave, respectively. The mesial margin of the tooth crown is more recurved 

than the distal margin; the crown has carinae on both mesial and distal margins. The mesial 

carina extends from the apex to the basal third of the crown, finishing well above the cervix. 
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On the other hand, the distal carina extends along the entire distal margin. In addition, the 

labial surface adjacent to the distal carina is flattened.

 The mesial carina bears denticles and is centrally positioned. The labial surface is 

slightly basoapically sigmoid with the basal part of the crown convex and the apical part 

concave. The lingual surface, however, seems to remain basoapically convex.

 In distal view, the distal carina is displaced labially and bears denticles all along the 

edge. The labial and lingual surfaces are mesiodistally convex, with the lingual side more 

convex than the labial side.

 In apical view, the tooth crown has a lenticular cross-section and both the mesial 

and distal carinae are acute. In basal view, the cross-section of the crown is oval and slightly 

lanceolate whereas the cross-section at the level of the midcrown is lenticular.

 The mesial carina preserves nine denticles per 2 mm (around 22.5 denticles per 5 

mm). In lateral view, the apicobasal axis of the denticles is greater than the mesiodistal axis, 

giving them an apicobasally subrectangular outline. The external margin of the denticles is 

parabolic.

 The distal carina has around 20 denticles per 5 mm at the mid-crown. The denticles 

gradually decrease in size towards its base. Morphologically, they are chisel-shaped and the 

mesiodistal axis of the denticles is greater than the apicobasal length, which give them a 

subrectangular outline. The denticles are positioned perpendicularly to the carina and the 

external margin is parabolic to semicircular. In addition, the outline of the denticles is either 

symmetrically or asymmetrically convex. The interdenticular space between denticles is narrow 

and deeper in the distal denticles. The distal carina shows interdenticular sulci diagonally 

oriented basally towards the base of the tooth crown. They are short and are better seen at low 

light angle.

 The crown surface is covered with microscratches on both lingual and labial sides 

due to wear and erosion. The surface also displays marginal undulations, which are short and 

are better seen at certain angles. In addition there are transverse undulations covering the 

complete surface of the crown; they are apically concave and they curve towards the apex as 

they approach the carina. The enamel texture is braided (sensu Hendrickx et al., 2015c).

3.1.1.2 Discussion 

 HOC 24 is a moderately compressed crown, suggesting that it is a lateral tooth. 
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Fig. 3: Tetanurae indet. 1. HOC 24. a) Lingual, b) labial, c) mesial, d) distal, e) apical, f ) basal views. g, h) 
Enamel surface and denticles. dca distal carina, mca mesial carina

This tooth is different from other theropod clades. Coelophysids and compsognathids have 

small crowns bearing minute denticles (Buckley, 2009; Hendrickx and Mateus, 2014b). 

The dentition of abelisaurid theropods is usually squat, weakly recurved and some of them 

have hooked denticles and the mesial carina reaches the cervix (Hendrickx et al., 2015b) 

whereas non-abelisaurid ceratosaurs have a mesial carina that extends at a certain distance 

from the cervix. HOC 24 is also clearly different from the conidont teeth with apicobasal 

enamel flutes, minute denticles and deeply veined enamel texture of spinosaurids (Charig and 

Milner, 1997; Canudo et al., 2008a; Hendrickx and Mateus, 2014b). In addition, it does not 

possess the thickened and incrassate crowns of derived tyrannosauroids (Brusatte et al., 2010a; 

Csiki-Sava et al., 2016) and it is significantly different from troodontids, therizinosaurs, 

ornithomimosaurs, alvarezsauroids, oviraptorosaurs or avialans, which have small, conical, 

folidont and/or unserrated crowns. When serrated, the carinae bear either particularly large, 

often hooked denticles, or minute serrations (Pérez-Moreno et al., 1994; Norell et al., 2009; 

Hendrickx and Mateus, 2014b; Hendrickx et al., 2015b; Csiki-Sava et al., 2016).

 One of the most striking features of this morphotype is a mesial carina that does 

not reach the cervix. This trait is seen in basal theropods such as Eoraptor, non-spinosaurid 

megalosauroids and most piatnitzkysaurid mesial and lateral teeth (Hendrickx et al., 

2015b), neovenatorids (Hutt et al., 1996), carcharodontosaurids such as Acrocanthosaurus, 
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megaraptorans (White et al., 2015), therizinosaurs, dromaeosaurids and microraptorans 

(Hendrickx, 2015). The presence of transverse and marginal undulations is common among 

non-neocoelurosaur averostrans (Brusatte et al., 2007; Hendrickx and Mateus, 2014b).

 A slightly concave or planar surface adjacent to the distal carina is seen among non-

neocoelurosaur theropods. The slightly concave or planar surface is observable in Skorpiovenator, 

Erectopus, Piatnitzkysaurus, Afrovenator, Sinraptor, Neovenator, Fukuiraptor and Australovenator, 

as well as Coelophysis, Dilophosaurus and Ceratosaurus (Hendrickx, 2015).

 DFA (CD) classifies HOC 24 as a member of the group Neovenatoridae. The 

cladistic analysis (Appendix 4) recovers HOC 24 as a tyrannosauroid. This tooth shows some 

differences with respect to Tetanurae indet. 2 and Tetanurae cf. Carcharodontosauria indet. 

(see below). The tooth has a thicker cross-section and the general shape of the crown is more 

squat. It also possesses a planar surface adjacent to the distal carina. Despite this, they share 

some common features, including the presence of transverse and marginal undulations, a 

relatively similar denticle density, a mesial carina that does not reach the cervix and a distal 

carina that is displaced labially. The differences between the morphotypes could be explained 

by ontogenetic variation, different tooth positions, or the presence of two different taxa.

 Given the incompleteness of the tooth crown here we prefer to be cautious and consider 

this morphotype as Tetanurae indet.

3.1.2 Tetanurae indet. 2

Material: HOC 31, a shed tooth.

3.1.2.1 Description 

 The morphotype comprises one tooth lacking the root and part of the base (Fig. 

4). The enamel surface is worn and shows microscratches. The tooth is ziphodont, with a 

labiolingually compressed and curved crown. The tooth crown has transverse breaks and the 

basalmost part is broken; this is the most damaged area. In basal view, it reveals a pulp cavity 

filled with sediment. 

 HOC 31 is a medium-sized theropod tooth, with a preserved crown base length (CBL) 

of 8.75 mm, a preserved crown base width (CBW) of 4.2 mm, and preserved crown height 

(CH) of 25.2 mm. The tooth crown is strongly labiolingually compressed (CBR around 0.4) 

and elongated (CHR around 2.8).

 In lateral view, the mesial margin of the tooth crown is convex, while the distal margin 

is concave. The mesial margin is more recurved than the distal margin. The apex is acute 
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and has spalled surfaces both on labial and lingual sides. The tooth crown has mesial and 

distal carinae, and the mesial carina terminates well above the cervix whereas the distal carina 

extends on the whole crown. 

 In mesial view, the mesial carina bears denticles and is located on the mesiodistal 

axis of the crown. The labial surface of HOC 31 is slightly sigmoid basoapically, with the 

basalmost part of the crown convex whereas the apical part is concave.

 In distal view, the distal carina bears serrations as well and is very slightly displaced 

labially. The labial and lingual surfaces of the tooth crown are weakly mesiodistally convex.

 In apical view, the tip is distally positioned on the crown. In basal view, the cross-

section of the crown is lanceolate at the level of the cervix with the mesial surface being 

broader than the distal surface. The cross section at the level of the mid-crown is lenticular 

with the mesial and distal margins both acute.

 The mesial carina has 24 denticles per 5 mm at the midcrown. The denticles display 

a gradual variation in size towards the basalmost part of the crown. The mesial denticles have 

the same basoapical and mesiodistal length which give them a subquadrangular shape. The 

external margin of the denticles is parabolic.

 The distal carina has 20 denticles per 5 mm at the midcrown, and the denticle size 

density index (DSDI) is 1.2. The denticles are perpendicular to the distal margin of the tooth.

The denticles decrease in size towards the base, displaying a gradual variation. The distocentral 

denticles are subquadrangular. There is, however, variation in shape: the distobasal denticles 

are proximodistally subrectangular. The main axis of the denticles is perpendicular to the 

mesial carina and the external margin of the denticles is parabolic to semicircular; they are 

either symmetrically or asymmetrically convex. The space between denticles is narrow and 

deeper in the distal denticles. There are interdenticular sulci; they are short, basally inclined 

and they are present on the distal margin.

 The crown surface is worn and is covered with microscratches probably due to wear 

and erosion. The enamel surface displays horizontally oriented marginal undulations which 

bend towards the tip of the crown near the mesial and distal carinae. In addition, there are 

horizontally oriented transverse undulations, which are apically concave, and they curve 

apically as they approach the carinae. The transverse undulations completely cover the enamel 

surface of the tooth crown.

 The original enamel texture appears to be braided (sensu Hendrickx et al., 2015c).

3.1.2.2 Discussion 
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Fig. 4: Tetanurae indet. 2. HOC 31 in a) labial, b) lingual, c) mesial, d) distal view. e) detail of undulations, 
mesial and distal carinae. f ) Apical, g) basal views. h) Enamel surface, i) mesial carina.

 This tooth share traits commonly found in non-maniraptoriform tetanurans. HOC 

31 is strongly labiolingually compressed, the mesial carina does not reach the cervix, the 

distal carina is slightly displaced labially, and it also has transverse and marginal undulations, 

interdenticular sulci, a braided enamel texture and a lenticular crosssection. However, the 

tooth crown shows some differences with respect to Tetanurae cf. Carcharodontosauria indet.

(see below). The DSDI is 1.2 and the distocentral denticles are subquadrangular instead of 

proximodistally subrectangular. The labial and lingual surfaces are similarly mesiodistally 

convex instead of a lingual surface more mesiodistally convex in shape.

 DFA analysis (CD) classifies this tooth as Erectopus. The cladistic analysis (Appendix 

4) recovers a polytomy at the base of Averostra. A reduced strict consensus was calculated 

using the pruning trees option in TNT (Appendix 4), resulting in the pruning of HOC 31. 

It is recovered either as the sister taxon of Averostra, as the sister taxon of Dubreuillosaurus, as 

the sister taxon of Piatnitzkysaurus or as the sister taxon of Spinosauridae.

 The difference in size between the mesial and distal denticles in this morphotype is 

remarkable. This character is present in the lateral dentition of noasaurids such as Noasaurus and 

Masiakasaurus, piatnitzkysaurids such as Marshosaurus and Piatnitzkysaurus, non-tyrannosaurid 

Tyrannosauroidea such as Proceratosaurus (Rauhut et al., 2010), Dilong, Guanlong, Eotyrannus 

and Xiongguanlong. Dromaeosaurids such as Velociraptor and Deinonychus show this condition 
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as well (Hendrickx, 2015).

 Despite the similarity between Tetanurae cf. Carcharodontosauria indet. (see below) 

and this tooth, the high denticle size index (DSDI) and the absence of this feature in 

allosauroids leads us to consider this morphotype as another morphotype of Tetanurae indet. 

However, we do not exclude that the differences between this morphotype and Tetanurae 

cf. Carcharodontosauria indet. could be explained by ontogenetic variation, different tooth 

positions, or the presence of two different taxa. New discoveries are required to resolve this 

issue.

TETANURAE Gauthier, 1986

MEGALOSAUROIDEA Fitzinger, 1843

Spinosauridae Stromer, 1915

Spinosaurinae Sereno, Beck, Dutheil, Gado, Larsson,

Lyon, Marcot, Rauhut, Sadleir, Sidor, Varricchio, Wilson

and Wilson, 1998

3.1.3 Spinosaurinae? indet.

Material: HOC 17, HOC 28, two shed teeth.

3.1.3.1 Description 

 HOC 17 is a conical tooth from a theropod dinosaur preserving most of the crown and 

a small part of the root (Fig. 5). The enamel shows small fractures, and some parts are missing. 

A transverse break is located at the end of the apical third. The lingual surface has a damaged 

area in its basal region, which is lacking fragments of the crown. The surface is also covered 

with microscratches, and some parts of the original enamel texture are worn, possibly due to 

abrasion. HOC 28 is a poorly preserved theropod tooth fragment but here it is considered to 

represent the same morphotype as HOC 17 because of its general similarity and the presence 

of longitudinal flutes along the crown. Therefore, the description of this morphotype is based 

on the better-preserved tooth, HOC 17.

 HOC 17 is a medium-sized tooth from a theropod dinosaur, with a crown base length 

(CBL) of 10.27 mm, crown base width (CBW) of 8.61 mm, and crown height (CH) of 

23.25 mm. The tooth is conidont (sensu Hendrickx et al., 2015c). With a CBR and a CHR 

of 0.8 and 2.26 respectively, the crown is weakly labiolingually compressed and moderately 

elongated, with a broad and rounded cross-section at its base.
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 In lateral view, the mesial and distal profiles are convex and concave, respectively. The 

crown is moderately recurved and its curvature is greater mesially than distally. The base of the 

crown is longer than the mid-crown mesiodistally.

 In distal view, the mesial and distal profiles are curved towards the lingual side of the 

crown. The labial and lingual surfaces are mesiodistally convex with the enamel extending 

to the same level basally. The distal carina is centrally positioned on the distal margin of the 

crown and reaches the cervix. It does not show any serrations.

Fig. 5: Spinosaurinae? indet. HOC 17: a) lingual, b) labial, c) mesial, d) distal view. e) Enamel surface and 
ornamentation. f ) basal view. g) apical views. dca distal carina, flu flutes.
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 In mesial view, the mesial surface is worn, and this precludes the recognition of a 

possible mesial carina. The mesial carina, if it was originally present, extended significantly 

(5.5 mm) above the cervix and was medially positioned. In apical view, the tip is slightly 

lingually oriented.

 The cross-sections at the level of the cervix and the midcrown are elliptical to 

subcircular; the mesial margin is wider than the distal margin. Both labial and lingual surfaces 

are mesiodistally convex along the crown; mesial and distal margins are convex as well.

 The distal carina is partially eroded, but the central part, which is better preserved, 

lacks denticles, suggesting that the distal carina is unserrated.

 The apex of the crown has a spalled surface extending along the apical third of the 

crown on both the mesial and distal surfaces. Numerous flutes running apicobasally are visible 

on the lingual and labial sides of the crown. Five and eight flutes are present on the labial and 

lingual sides, respectively.

 Some parts of the enamel are smooth due to erosion and wear. The preserved enamel 

surface texture corresponds to the veined texture described by Hendrickx et al., (2015a). The 

texture is basoapically oriented in the middle of the crown but curves towards the carina at the 

distal margin. The enamel texture is best preserved between the apicobasal ridges delimiting 

each flute.

3.1.3.2 Discussion 

 The tooth has a combination of features seen in spinosaurid teeth such as a slight 

distal curvature, a subcircular cross-section, fluted enamel on both labial and lingual sides 

of the crown and a veined enamel texture. Spinosaurid teeth either have minute denticles or 

unserrated carinae (Charig and Milner, 1997; Sereno et al., 1998; Ruiz-Omeñaca et al., 2005; 

Canudo et al., 2008a; Gasca et al., 2008).

 Some authors have pointed out the presence of a morphotype of spinosaurid tooth 

from the Barremian of Teruel Province with an unserrated mesial carina (Artoles Formation, 

Ruiz-Omeñaca et al., 1998; El Castellar Formation, Gasca et al., 2008). However, this cannot 

be established in the case of this tooth. The mesial carina, if present, was not reaching the 

cervix.
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 The presence of flutes is characteristic of spinosaurid teeth, although they are present 

in other taxa as well (e.g., Coelophysis, Ceratosaurus, Masiakasaurus, Scipionyx, and some 

dromaeosaurids; Madsen and Welles, 2000; Sampson et al., 2001; Hendrickx, 2015). HOC 

17 has flutes on both sides as in Suchomimus, Spinosaurus and Siamosaurus whereas Baryonyx 

tends to have flutes restricted to one side of the crown (Charig and Milner, 1997). The veined 

enamel texture (sensu Hendrickx et al., 2015c) of the tooth characterizes spinosaurid teeth. It 

has been found in Baryonyx, Suchomimus, Spinosaurus and other spinosaurids (Canudo et al., 

2008a; Serrano-Martínez et al., 2016; Hendrickx ,2015).

 Spinosaurids are divided traditionally into two subfamilies, Baryonychinae and 

Spinosaurinae. There are various morphological differences between their teeth. Baryonychine 

teeth have serrated carinae with minute denticles, more labiolingually compressed teeth than 

spinosaurines and a more pronounced distal curvature of the crown (Charig and Milner,

1997; Canudo et al., 2008a; Alonso and Canudo, 2016). Also, spinosaurine teeth have 

unserrated carinae, as exemplified by Irritator, Angaturama and Spinosaurus (Stromer, 1915;

Kellner and Campos, 1996; Sues et al., 2002). In general, all these differences are plesiomorphies 

in baryonychine teeth, or apomorphies in spinosaurine teeth.

 The DFA analysis classifies HOC 17 as belonging to a member of Spinosaurinae (CD). 

Likewise, the cladistic analysis considers this morphotypeas the sister taxon of the group formed 

by Spinosaurus and Irritator (Appendix 4). The possible presence of spinosaurine spinosaurids in 

the Lower Cretaceous of the Iberian Peninsula has been proposed before (Sánchez- Hernández 

et al., 2007; Alonso and Canudo, 2016), but the most common spinosaurid material belongs 

to Baryonychinae (Infante et al., 2005; Canudo et al., 2008a; Gasca et al., 2008; Mateus et al., 

2011; Alonso and Canudo, 2016).

 Given the combination of features and the results of the analyses here we consider 

tentatively this morphotype as Spinosaurinae? indet.

3.1.4 Tetanurae cf. Carcharodontosauria indet.

Material: HOC 19 and HOC 26, two shed teeth.

3.1.4.1 Description 

 The morphotype comprises two teeth lacking the root and the basalmost part of the 

tooth. The enamel surface is worn and shows microscratches. The shape of the teeth is the 

common blade-like morphology, with labiolingually compressed and distally curved crowns
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bearing serrated carinae (Fig. 6). The crown HOC 19 is the best-preserved tooth; it lacks the 

basal part, and the break reveals the dentine and a narrow pulp cavity filled with sediment. 

The apex and some areas of the labial and lingual surfaces lack the enamel cover, especially the 

lingual surface, which shows a longitudinal area from the basal part to the mid-crown where 

the enamel is missing.

 The crown HOC 26 exhibits transverse breaks over its entire height: at least four large 

breaks plus minor fractures. The base is the most damaged region of the crown and some parts 

are missing. It also has a series of white marks which are more evident on the lingual surface of 

the crown. These marks were caused by the roots of modern plants that damaged the enamel.  

 HOC 19 and HOC 26 are medium-sized theropod teeth, with a preserved crown base 

length (CBL) of 14.8 and 16.2 mm respectively; a preserved crown base width (CBW) of 6.8 

and 7.5 mm respectively; and preserved crown height (CH) of 39.1 and 50.6 mm respectively. 

All the crowns are strongly to moderately labiolingually compressed (CBR value around 0.4) 

and elongated (CHR around 2.6–3). The teeth have a narrow, teardrop-shaped cross-section 

at their bases.

 In lateral view, the mesial and distal profiles are convex and concave, respectively. The 

mesial margins of the crowns are more recurved than the distal margins. The apices are acute, 

pointed and have spalled surfaces. The crowns have carinae on both mesial and distal margins, 

and the extension of these carinae varies: the mesial carina extends along two-thirds of the 

preserved crown height whereas the distal carina seems to reach the cervix.

 In distal view, the distal carina is slightly displaced labially and bears serrations all along 

the crown. The labial and lingual surfaces are mesiodistally convex, with the lingual side more 

convex than the labial side, which is weakly mesiodistally convex, almost flattened. In mesial 

view, the mesial carina bears serrations and extends significantly above the cervix. The mesial 

carina of HOC 19 is placed slightly labially. On the other hand, the mesial carina of HOC 26 

is placed labially at the tip but curves slightly towards the base, becoming centrally positioned. 

The labial surfaces of HOC 19 and HOC 26 are slightly sigmoid, with the basalmost part of 

the crowns and the apical part being convex and concave, respectively. The converse situation 

is found on the lingual surfaces, where the basal part is concave and the apical part is convex.

 In apical view, the tip is distally positioned on the crown and slightly lingually oriented. 

Both the mesial and distal carinae are acute. In basal view, the cross-section of the crowns is 

lanceolate at the level of the cervix with a rounded and wide labial margin whereas the lingual 

margin is acute. The cross-section at the level of the mid-crown is lenticular with the mesial 

and distal margins both acute.

 The mesial carinae of HOC 19 and HOC 26 have around 21–22 denticles per 5 
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mm at the mid-crown, respectively. The size of the denticles decreases towards the basalmost 

part of the crown and they display a regular variation in size, i.e. not sporadic or sudden. In 

lateral view, the denticles possess a subquadrangular outline, with the same basoapical and 

mesiodistal length. They are positioned perpendicularly to the carina.

 The distal carinae of HOC 19 and HOC 31 have 18–19 denticles per 5 mm at the 

mid-crown, respectively, and the denticle size difference index (DSDI) has a value of around 

1. The denticles also decrease in size towards the base, displaying a gradual variation. They are 

chisel-shaped and proximodistally subrectangular, with a mesiodistal axis that is greater than 

the apicobasal axis except in the apical denticles, which are subquadrangular in shape. The 

main axis of the denticles is perpendicular to the distal carina.

 The external margin of the mesial and distal denticles is parabolic to semicircular and 

either symmetrically or asymmetrically convex; they do not hook towards the tooth apex. 

The lingual and labial surfaces of the denticles are convex. The interdenticular space between 

denticles is narrow and deeper in the distal denticles. There are short and basally inclined 

interdenticular sulci between the distal denticles; they are better seen at a low light angle.

 The crown surface is covered with microscratches due to erosion and wear. The external 

enamel shows diagonally oriented marginal undulations which bend towards the tip of the 

crown near the carinae. They are abundant, and they are restricted to the carina. Where the 

carina is not present (e.g. the mesial margin of the basalmost part of the crown), the marginal 

undulations are absent. These wrinkles are clearly visible whereas the transverse undulations are 

better seen at certain angles. The transverse undulations are apically concave, curving apically 

as they approach the carina, and they completely cover the enamel surface of the crowns. The 

original enamel texture appears to be braided (sensu Hendrickx et al., 2015c).
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Fig. 6: Tetanurae cf. Carcharodontosauria indet. HOC 19 in a) labial, b) lingual, c) mesial, d) distal view. 
e) Undulations and denticles on the distal carina. f ) Apical view, g) basal views, h) enamel surface, i) mesial 
carina. HOC 26 in j) labial, k) lingual, l) mesia, m) distal, n) apical, o) basal views, p) enamel surface. dca distal 
carina, mca mesial carina, mun marginal undulations.
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3.1.4.2 Discussion 

 The teeth of this morphotype share traits commonly found in non-maniraptoriform 

tetanurans. They are strongly labiolingually compressed, as seen in the lateral dentition 

(Hendrickx et al., 2015b). The mesial carina does not reach the cervix, the distal carina is slightly 

displaced labially, and they also have marginal and transverse undulations, interdenticular 

sulci, a braided enamel texture and a lenticular cross-section. Megalosauroids and allosauroids

share these characteristics (Hendrickx, 2015; Hendrickx et al., 2015b). A mesial carina that 

does not reach the cervix is seen in megalosaurids (Hendrickx et al., 2015b), Neovenator (Hutt 

et al., 1996), Australovenator (Hocknull et al., 2009; White et al., 2015), Alioramus (Brusatte 

et al., 2012), Therizinosauria and Microraptorinae, and is also seen in Acrocanthosaurus and 

Dromaeosaurus (Hendrickx, 2015). The labial side of the teeth is weakly mesiodistally convex 

and comparatively flat. A surface centrally positioned on the crown roughly flattened on the 

labial side of lateral teeth is seen in non-abelisauroid ceratosaurs and neovenatorids (Hendrickx 

and Mateus, 2014b; Hendrickx, 2015); unlike non-abelisauroid ceratosaurs the mesial carina 

of this morphotype does not reach the cervix.

 Teeth with a weak displacement of the distal carina are common in non-

maniraptoriform theropods. Only a few clades such as Ceratosauridae, Masiakasaurus, 

Allosaurus, Tyrannosauroidea and Dromaeosaurus show a distal carina strongly deflected 

labially (Hendrickx, 2015). Another characteristic of HOC 19 and HOC 26 is the presence 

of transverse and marginal undulations, a widespread feature among theropods (Brusatte 

et al., 2007). The braided texture of the enamel is also widespread and can be observed in 

megalosauroids, allosauroids, tyrannosauroids and basal ceratosaurians (Hendrickx, 2015).

 DFA (CD) classifies HOC 19 and HOC 26 as Erectopus. Erectopus is a basal allosauroid 

from the Albian of France (Allain et al., 2005). Some differences exist between this morphotype 

and the dentition of Erectopus: Erectopus has a concave surface on the lingual side adjacent to 

the distal carina (Hendrickx and Mateus, 2014b), the mesial carina reaches the cervix (Allain 

et al., 2005) and the denticle density is slightly different. The cladistic analysis (Appendix 4) 

places HOC 19 in a polytomy with Piatnitzkysaurus and Erectopus. On the other hand, the 

cladistics analysis of HOC 26 recovers a polytomy at the base of Averostra. A reduced strict 

consensus was calculated using the pruning trees option in TNT. The pruning of HOC 26 

from the consensus tree increased the resolution of the consensus (Appendix 4). HOC 26 is 

either recovered as the sister taxon of Erectopus or within Megalosauridae.

 HOC 19 and HOC 26 share some traits with megalosaurids. The mesial carina does 

not reach the cervix, they are strongly to moderately labiolingually compressed, the enamel 
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surface displays marginal and transverse undulations, and some of the denticle traits are 

relatively similar. In addition, a flattened labial surface is seen on Erectopus.

 Despite these similarities some differences exist: Erectopus has a planar surface adjacent 

to the distal carina on the lingual margin of the crown and the mesial carina reaches the cervix. 

Besides, the labial surface of megalosaurids is not flattened (Hendrickx, 2015).

 The presence of non-spinosaurid basal tetanurans is known for the deposits of 

the Lower Cretaceous of western Europe. Nevertheless, these are allosauroids related to 

Carcharodontosauria; if Afrovenator is of Jurassic age (Rauhut and López-Arbarello, 2009) 

then the youngest skeletal record of megalosaurids is Torvosaurus from the Kimmeridgian/ 

Tithonian of Portugal and western USA (Hendrickx and Mateus, 2014a). The only tetanuran 

described from the Early Cretaceous of Spain, Concavenator corcovatus from the upper 

Barremian of Las Hoyas (Cuenca province), is a basal carcharodontosaurid (Ortega et al., 

2010). Another carcharodontosaurid specimen comes from other Barremian deposits in 

Teruel, where an isolated distal femur (Gasca et al., 2014a) has been found, sharing affinities 

with Acrocanthosaurus. Recently, a single carcharodontosaurid theropod tooth from the 

Valanginian of Romania (Csiki-Sava et al., 2016) has been proposed as the earliest evidence of 

Carcharodontosauridae in Europe. Carcharodontosaurid carcharodontosaurians are also found 

in Gondwanan deposits from the Early Cretaceous (Novas et al., 2005; Fanti et al., 2014), and 

in North America they are represented by the Albian genus Acrocanthosaurus (Sereno et al., 

1996; Harris, 1998; Brusatte and Sereno, 2008; Csiki-Sava et al., 2016), becoming abundant 

and diverse in the course of the “middle” and Late Cretaceous (Csiki-Sava et al., 2016). Non-

carcharodontosaurid carcharodontosaurians are represented by Neovenator (Hutt et al., 1996) 

from the Barremian Wealden of England, which shares the features seen in this morphotype.

 Given the absence of non-spinosaurid megalosauroid theropods from the Early 

Cretaceous of the Iberian Peninsula, these teeth are here considered as belonging to an 

indeterminate Carcharodontosauria, pending the discovery of additional skeletal material to 

support this hypothesis.

4. DISCUSSION

 The palaeobiodiversity of theropods from the Early Cretaceous of the Iberian 

Peninsula includes a broad set of neotheropods. The ceratosaur Camarillasaurus cirugedae 

(Sánchez-Hernández and Benton, 2014) has been described in the Barremian deposits of 

the Galve sub-basin. Among tetanurans there is a combination of basal and derived taxa. 

Basal tetanurans for which there is evidence include spinosaurids (Buffetaut, 2007; Canudo 
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et al., 2008a; Gasca et al., 2008; Mateus et al., 2011; Alonso and Canudo, 2016) and 

carcharodontosaurians such as Concavenator corcovatus (Ortega et al., 2010), as well as other 

indeterminate carcharodontosaurids (Gasca et al., 2014a). There is also evidence of derived 

tetanurans such as coelurosaurs, including ornithomimosaurs such as Pelecanimimus (Pérez-

Moreno et al., 1994), maniraptorans such as dromaeosaurids (i.e., Ruiz-Omeñaca et al., 

1996; Rauhut, 2002; Canudo et al., 2010a) as well as birds (i.e., Sanz et al., 1988). Thus the 

theropod fossil record from Barranco del Hocino-1 is congruent with the known record of 

theropods from the Early Cretaceous of the Iberian Peninsula. However, according to our 

phylogenetic analyses, these teeth would extend the non-spinosaurid megalosauroid lineage 

into the Early Cretaceous. HOC 19, HOC 24, HOC 26 and HOC 31 share some traits with 

some megalosauroids (e.g. a mesial carina that does not reach the cervix, they are strongly to 

moderately labiolingually compressed, the enamel surface displays marginal and transverse 

undulations, and some of the denticle traits are relatively similar).

 Previous studies have supported the reliability of cladistics analyses applied to isolated 

teeth (e.g. Hendrickx and Mateus, 2014b; Csiki-Sava et al., 2016). Nevertheless, it is interesting 

to point out that the state of preservation of Barranco del Hocino 1 teeth is deficient; partially 

explaining the results. The absence of relevant information about the crown and root could 

input a considerable amount of noise in our analyses.

 In addition, the dataset does not include theropods from the Barremian of the Iberian 

Peninsula. It would be interesting to draw a comparison between Barranco del Hocino 1 

morphotypes and theropods such as Concavenator (Ortega et al., 2010). A comprehensive 

study of its dentition would probably improve the identification of isolated teeth from the 

Early Cretaceous of the Iberian Peninsula.

 The association of spinosaurids and other basal tetanurans is also found in other places, 

such as the Wealden of England, which has Baryonyx (Charig and Milner, 1997) and Neovenator 

(Hutt et al., 1996) and other indeterminate basal tetanurans (Benson et al., 2009; Gasca et al., 

2014a). This association represents the megapredators of the epoch. These clades are also found 

in the north of Africa, where there are spinosaurine and baryonychine spinosaurids such as 

Spinosaurus from the Cenomanian of Egypt (Stromer, 1915) and Suchomimus from the Aptian/

Albian of Niger (Sereno et al., 1998) and carcharodontosaurians such as Carcharodontosaurus 

from the Cenomanian of Morocco and Eocarcharia from the Aptian/Albian of Niger (Brusatte 

and Sereno, 2007; Brusatte et al., 2007; Sereno and Brusatte, 2008; Fanti et al., 2014).
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 The absence of other theropod taxa in the Barranco del Hocino-1 fossil assemblage, 

especially smaller theropods, is remarkable. In contrast, other fossil sites in the Blesa 

Formation, such as La Cantalera-1, have evidence of the presence of small theropods. This 

may be explained by the taphonomic characteristics of the remains. Another explanation is the 

amount of sediment sampled. Small-sized teeth are usually recovered when screen-washing is 

carried out. Three tonnes of sediment have been screen-washed from the La Cantalera-1 site, 

whilst just a few kilograms have been screen-washed here at Barranco del Hocino-1. This bias 

could affect the palaeobiodiversity that comes to light. 

 Barranco del Hocino 1 shows similarities with other sites such as La Cantalera 1 site 

both in composition and formation. Fossil vertebrates are often worse preserved in Barranco del 

Hocino 1, this could be related to a prolongued subaerial exposition of these remains, and also 

to the effect of paedogenetic processes and scavenging. So far, theropods and crocodylomorphs 

are scarcer and less diverse than in La Cantalera 1. In addition we do not have evidence of 

other taxa such as sauropods, pterosaurs or mammals. Ostheichtian and testudines remains are 

scarce as seen in La Cantalera 1; a different situation is found in other barremian formations 

such as El Castellar Fm of the Galve and Peñagolosa subbasins (Gasca et al., 2015).

5. CONCLUSIONS

 Barranco del Hocino-1 is a new fossil site in the Oliete subbasin within the Maestrazgo 

Basin. Among the vertebrate fossils recovered from the site are remains from large-sized theropods 

which consist of isolated teeth. Four different morphotypes of theropod tooth have been 

identified. One morphotype has been assigned to Spinosauridae. The other morphotypes have 

been assigned to Tetanurae and one has been a tentatively attributed to Carcharodontosauria 

indet. in the light of the known record of basal tetanurans from the Barremian of the Iberian 

Peninsula and western Europe. These results represent a new contribution to our knowledge 

of the palaeobiodiversity and distribution of theropods from the Barremian of the Iberian 

Peninsula. They also provide further evidence of the palaeontological interest of this area.
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1. INTRODUCTION

 Several authors have pointed out the relationship between the carcasses of herbivorous 

dinosaurs and isolated theropod teeth (Buffetaut and Suteethorn, 1989; Maxwell and Ostrom, 

1995; Canudo et al., 2009; Canale et al., 2014b). This usually includes the presence of a 

partially articulated individual dinosaur carcass and some isolated theropod teeth located 

close to the bone remains or concentrated in specific parts of the carcass (Corro, 1966; 

Buffetaut and Suteethorn, 1989; Maxwell and Ostrom, 1995; Jacobsen, 1998; Canudo et 

al., 2009). The most parsimonious explanation seems to be that theropod dinosaurs fed on 

the herbivore carcass. In addition, tooth marks on the bone remains of herbivorous dinosaurs 

are well documented (Jacobsen, 1998; Paik et al., 2011). El Oterillo II is a vertebrate site 

where a partially articulated individual titanosauriform sauropod, Europatitan eastwoodi, has 

been found. The fossil remains consist of a tooth, cervical, dorsal and caudal vertebrae, two 

scapulae, two ischia, two pubes (Torcida Fernández-Baldor, 2006; Pereda-Suberbiola et al., 

2012; Torcida Fernández-Baldor et al., 2009, 2017), cervical and dorsal ribs, haemal arches, 

a coracoid and two metacarpals in association with isolated theropod and crocodylomorph 

teeth. The aim of this work is to study the palaeobiodiversity of the theropod teeth and to 

discuss their palaeoecological relationship with the carcass of the sauropod of El Oterillo II.

1.1 Institutional abbreviations

 MDS Museo de Dinosaurios (Salas de los Infantes, Burgos, Spain).

2 MATERIALS AND METHODS

 The fossils were recovered from excavation campaigns in 2004–2006 by the Colectivo 

Arqueológico y Paleontológico de Salas de los Infantes, with the corresponding permits from 

the Dirección General de Patrimonio of the regional government of Castilla y León (dossiers 

307/04-BU; 257/05-BU; 262/06-BU). The recovered material is deposited in the Museo de 

Dinosaurios de Salas de los Infantes (Salas de los Infantes, Burgos, Spain). Observations were 

made with a stereomicroscope, and pictures taken with a Sony α200 digital camera. The teeth 

were measured with a Mitutoyo Digimatic Digital Calliper, Series Nº 500. Thirty theropod 

teeth (CD) from El Oterillo II were analysed during the course of this research.

 In addition, bone remains from the sauropod dinosaur were studied to establish the 

possible presence of tooth marks.
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2.1 Statistical analysis

 Multivariate statistical analyses were performed in order to ascertain the variation 

among the theropod teeth from El Oterillo II site. The statistical analyses (discriminant 

function analyses) were performed using PAST v3.0 (Hammer et al. 2001) and SPSS 20.0 

(SPSS Inc., Chicago, Illinois) on the dataset of Hendrickx et al. (2015b), which includes data 

from Farlow et al.(1991), Sankey et al., (2002), Currie and Varrichio (2004), Sankey et al.  

(2005), Smith et al. (2005), Smith and Lamanna (2006), Smith and Dalla Vecchia (2006), 

Fanti and Therrien (2007), Sereno and Brusatte (2008), Longrich (2008), Sankey (2008), 

Hocknull et al. (2009), Molnar et al. (2009), Rauhut et al. (2010), Ösi et al. (2010), Larson 

and Currie (2013) and Hendrickx et al. (2015b); data from White et al. (2015) and Csiki-Sava 

et al. (2016) were also included. The dataset comprises 1022 teeth from different theropod 

taxa including El Oterillo II teeth. Discriminant function analysis DFA) was performed on the 

dataset. DFA is an ordination technique applied to previously identified data in order to find 

the best discriminant variables. It also has predictive power and is able to classify unknown 

data in the previously known groups (Hammer and Harper, 2006).

 Due to their state of preservation, not all the teeth from El Oterillo II site were analysed; 

this was in order to avoid interference. Only MDS-OTII,73, MDS-OTII,78, MDSOTII, 

82, MDS-OTII,91, MDS-OTII,92, MDS-OTII,99, MDS-OTII,100, MDS-OTII,101 and 

MDS-OTII,102 were included. The variables used are CBL, CBW, CH, AL, CBR, CHR, MC 

and DC. In order to better reflect a normal distribution all data were log-transformed (see 

rationalization in Samman et al., 2005). When a character was absent or missing it was coded 

with a question mark. The dependent variable was not the species taxonomic level but a larger 

taxonomic unit (such as Megalosauridae or basal Tyrannosauroidea). The only exception was 

made with uncertain genera such as Erectopus or Nuthetes and Spinosauridae, which has been 

split into two different groups: Baryonychinae and Spinosaurinae.

 The first analysis was conducted with PAST v3.0 using all the variables. Due to the 

low	percentage	of	correctly	identified	teeth	(<65%),	some	changes	were	made	to	the	dataset.	

Firstly we differentiated absent data (anatomical traits not present in the specimen, coded as a 

zero) from missing data (traits that may be absent due to breakage, coded as a question mark). 

Secondly, the dataset was logtransformed using the formula log (1 + x), as seen in Gerke and 

Wings, (2016), to properly account for zero values. Third, we removed the variable AL from 

the dataset due to the large number of missing data. Finally, all the cases with remaining 

missing data were also removed from the dataset. The following analyses were performed with 

SPSS 20.0, using the stepwise method with Mahalanobis distance and using a within-group 
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covariance matrix. SPSS allows better control of the statistical procedure. The SPSS analysis of 

the dataset without AL and missing data (901 teeth) returned a better percentage of correctly 

classified	teeth	(79.7%)	(Appendix A). A third analysis was performed separating mesialmost 

and lateral teeth due to the pseudoheterodonty and differentiation between mesial and

lateral	dentition	in	theropods.	The	percentage	of	correctly	classified	teeth	went	down	(74.6%).	

In order to avoid interference and overlapping between groups, and given the absence of 

mesialmost teeth from El Oterillo II site, the mesial teeth were removed from the dataset. A 

fourth SPSS analysis (777 teeth) showed an improvement in the percentage of teeth correctly 

classified	(82.5%).

 The presence of small groups affects the accuracy of DFA. In this case we maintained 

low-number groups due to the relevance of some of them for comparison with El Oterillo II 

morphotypes, even though this was at the expense of an improved analysis.

 The analyses obtained functions that explain the variance of the dataset. The first 

and	 the	 second	 functions	 explain	 >90%	 of	 the	 variance	 (91.8%	 analysis	 without	missing	

data;	90.8%	analysis	without	missing	data	and	without	mesial	dentition;	separation	between	

mesialmost	 and	 lateral	 teeth	 explains	 88.1%	 of	 variance,	 CD).	These	 canonical	 functions	

were used to produce a graphical representation of the relative positions of the teeth, creating 

a morphospace in a dispersion graph (Fig.1). The weight of each variable in the canonical 

functions is represented in CD. 

2.2 Cladistic analysis

In addition to the statistical analyses, cladistic analyses were performed (Appendix 5) The 

supermatrix comprises 60 theropod taxa with 1972 characters from Xu et al., (2009), Brusatte 

et al., (2010), Martínez et al., (2011), Senter et al., (2011), Pol and Rauhut, (2012), Carrano et 

al., (2012) and Hendrickx and Mateus, (2014b). 141 characters are tooth-based. The analysis 

was performed on TNT 1.1 (Goloboff et al. 2008) using the protocol described in Chapter 2 

(Materials and Methods).
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Fig. 1:  DFA of 901 teeth dataset results, including El Oterillo II morphotypes (Coelurosauria indet., Baryony-
chinae indet., Tetanurae indet. cf. Carcharodontosauria, Dromaeosauridae indet. 1 and Dromaeosauridae indet. 
2)	and	excluding	AL	and	teeth	with	missing	data.	The	first	function	explains	the	63.4%	of	variance;	the	second	
canonical	function	explains	the	28.4%	of	the	variance.

2.3 Tooth mark analysis

 In order to verify the presence of tooth marks on the sauropod carcass, various skeletal 

remains were studied, including dorsal and caudal vertebrae, haemal arches and autapodial 

elements. The distribution, morphology and abundance of the tooth marks were taken into 

account (Hunt et al., 1994).

 It is important to note that not all the bone remains were studied, so the interpretation 

of the results may lack important information about the type and distribution of the tooth 

marks. The conclusions derived from these observations should thus be taken with caution.
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3 RESULTS

3.1 Systematic palaeontology

DINOSAURIA Owen 1842.

SAURISCHIA Seeley 1887.

THEROPODA Marsh 1881.

Theropoda indet.

Material Two teeth (MDS-OTII,88; MDS-OTII,89).

Description (after Hendrickx et al., 2015c).

 Two incomplete crowns that lack the basalmost part (Fig. 2). There are some horizontal 

fractures and parts of the enamel are missing. The carinae are damaged and MDS-OTII,88 

lacks the mesial carina. The enamel surfaces have microscratches. 

 These are medium-sized, incomplete crowns with moderately compressed and distally 

curved ziphodont morphology. The CBR values are among the highest from El Oterillo II 

with the exception of spinosaurid teeth (0.6). Due to the absence of the basalmost part of 

the crown these values were not measured at the level of the cervix, so the real values of CBR 

could be slightly different. The absence of reliable values for these teeth makes it impossible to 

include them in the statistical analyses (CD). These teeth could represent mesial dentition. The 

elongation of the crown shows normal values according to Hendrickx and Mateus (2014b), 

but again this is not the real but the preserved elongation. The apex points towards the lingual 

side and seems to extend beyond the basal length of the crown. The mesial lateral profile of 

the crown is convex and the distal lateral profile is concave. The lingual surface is convex and 

the labial is almost planar.

 MDS-OTII,89 has mesial and distal carinae. MDSOTII, 88 lacks the mesial carina. 

The carinae are well developed and serrated; the mesial carina is slightly twisted lingually and 

the distal carina of the teeth is strongly displaced labially. The distal carina seems to reach the 

cervix whereas the mesial carina does not extend along the whole mesial margin but finishes 

before the cervix. There are concave surfaces adjacent to the distal carinae, on the labial side of 

the crown. These surfaces are better developed toward the basal part of the preserved crowns. 

The preserved cross-section has a lanceolate-oval morphology, but this is not the cross-section 

at the level of the cervix.
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Fig. 2:  Theropoda indet. MDS-OTII,89: a) labial, b) lingual, c) mesial, d) distal, e) apical, f ) basal views. g) 
detail of the denticles and the apex. MDSOTII, 88: h lingual, i labial, j mesial, k distal, l basal and m distal carina.

 The distal carina of both teeth has 18 denticles per 5 mm, the largest denticles are 

located in the middle part of the carina. The denticles are chisel-shaped,they are proximodistally 

subrectangular and perpendicular to the carina. The external margin is symmetrically convex. The 

interdenticular space is broad, and the interdenticular slit is concave. There are interdenticular 

sulci on the distal margin on both the labial and lingual sides. The interdenticular sulci are 

straight, short and basally oriented.

 There are spalled surfaces on the tips of the crowns. MDSOTII, 88 also has awear facet 

on the lingual surface. There are no flutes. The teeth have transversal undulations that cover 

the whole enamel surface and are visible at a certain angle. The enamel is polished and smooth 

but the original texture seems to be braided. The root is not preserved.

Discussion 

 The preserved crown base ratio (sensu Smith et al., 2005) of these teeth is among the 

highest of the El Oterillo II teeth with the exception of the conical crowns of spinosaurids. 

The CBR does not exceed the 0.64 value proposed by Hendrickx (2015) as the most common 

value distinguishing mesial and lateral dentition. However, the basalmost parts of the teeth are 

not preserved, and its real value could well be greater.

 Other interesting features of the teeth are the slightly twisted mesial carina, the distal 

carina that is deflected labially, and the concave surface adjacent to the carina. A distal carina that 

is strongly displaced labially appears in some basal theropods, ceratosaurids, tyrannosauroids,

allosauroids, dromaeosaurids and troodontids (Hendrickx, 2015). Specifically, this deflection 

occurs in the mesial dentition of allosauroids, including carcharodontosaurids such as 

Acrocanthosaurus (Coria and Salgado, 1995) and Mapusaurus (Coria and Currie, 2006) and 
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other possible carcharodontosaurians such as Fukuiraptor (Currie and Azuma, 2006; Hendrickx 

,2015). It is also present in the mesialmost dentition of tyrannosauroids such as Alioramus and 

Proceratosaurus. Allosaurus (Hendrickx et al., 2015b), ceratosaurids such as Genyodectes and 

dromaeosaurids such as Dromaeosaurus (Currie et al., 1990) share this trait for the whole 

dentition. Another dromaeosaurid, Deinonychus, has this character in the mesial dentition 

only (Ostrom, 1969; Hendrickx, 2015).

 The concave surface adjacent to the carina is also widespread among theropods. The 

mesial dentition of abelisaurids, Allosaurus, tyrannosauroids and some deinonychosaurs has 

concavities on the margins of the crowns (Smith, 2005, 2007; Hendrickx, 2015). In addition, 

the lateral dentition of basal theropods, ceratosaurids, neovenatorids and metriacanthosaurids 

may also have concave surfaces in the labiodistal part of the crowns (Rauhut, 2004; Azuma 

and Currie, 2000; Hendrickx, 2015).

 The morphotype was not analysed with DFA due to the incompleteness of the tooth 

remains. The teeth were included in the cladistic analysis instead, coded separately as mesialmost 

and lateral dentition. The cladistic analysis (Appendix 5) recovered the teeth as mesial dentition 

in a polytomy with dromaeosaurids, Piatnitzkysaurus, Erectopus, Dilophosaurus and Coelophysis. 

A reduced strict consensus was calculated using the pruning trees option in TNT (Appendix 

5), the morphotype being recovered either as the sister taxon of Dilophosaurus  or within 

dromaeosaurids. According to a new cladistic analysis coding the teeth as lateral dentition, the 

morphotype corresponds to the sister taxon of Dromaeosaurus. Given the absence of relevant 

parts of the teeth, here we prefer to be cautious and consider this morphotype as Theropoda 

indet. The preserved measurements used in the cladistic analysis could deviate from the real 

measurements, and there could be relevant traits that are not preserved.

 It cannot be ruled out that this morphotype represents a mesialmost morphotype 

related to other lateral tooth morphotypes from El Oterillo II site, such as Tetanurae indet. or 

Coelurosauria indet.

TETANURAE Gauthier 1986.
SPINOSAUROIDEA Stromer 1915.

Spinosauridae Stromer 1915.
Baryonychinae. Sereno, Beck, Dutheil, Gado, Larsson, Lyon, Marcot,

Rauhut, Sadleir, Sidor, Varricchio, Wilson and Wilson, 1998.
Baryonychinae indet.

Material Five teeth (MDS-OTII,81; MDS-OTII,84; MDSOTII, 85; MDS-OTII,86; MDS-

OTII,99).
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Description 

 The teeth show different states of preservation. The majority of them are broken and 

incomplete, with the exception of MDS-OTII,99, which preserves the whole crown and some 

parts of the root (Fig. 3). Small fractures can be found on the enamel surface. The enamel is 

absent in some parts of the crown; the original enamel texture has been polished, probably

 due to abrasion. The enamel may show differences in polishing between different parts of the 

crown in these teeth. For instance, MDS-OTII,99 has more polished enamel on the apical, 

central and lingual parts of the crown. Usually, this polished enamel also shows microscratches 

on its surface.

 The teeth show a curved distal profile with a slight tilt to the lingual surface. They are 

conidont crowns (sensu Hendrickx et al., 2015c). The crown base ratio ranges between 0.6 

and 0.8, typical of normal-subcircular crowns. The elongation of the crown (CHR around 2) 

shows normal values according to Hendrickx and Mateus (2014b). The apex of MDS-OTII,99 

extends beyond the basal length. The mesial profile of the teeth in lateral view is convex and 

the distal profile is slightly concave, with the basalmost part almost straight. In distal view the 

mesial and distal profile are curved towards the lingual side. Both labial and lingual sides have 

convex surfaces. The enamel extension is similar on both sides.

 The teeth have well-developed, serrated carinae on both the mesial and distal margins 

of the crown. Interestingly, the basal distal carina of MDS-OTII,99 is split, an unusual feature 

in theropods (Hendrickx, 2015). The carinae are located in central positions of the margins 

and reach the cervix. There are no adjacent surfaces or depressions on the basal part of the 

crowns. The cross-section of the crown at the level of the cervix is subcircular-elliptical; this 

is also the case at the level of the mid-crown. The carinae are densely serrated with minute 

denticles. MDS-OTII,99 has around 30 denticles per 5 mm. The state of preservation of the 

other crowns has prevented precise measurement, but there seem to be around 40 denticles per 

5 mm, this higher number probably due to their small size. The DSDI values are around 0.9, 

which means that the denticles are similar in size in mesial and distal carinae. The denticles are 

small and may exhibit a sporadic variation in size along the carina, but generally they are bigger 

in the middle part. The denticles are subquadrangular and are located perpendicularly to the 

adjacent carina. The outline of the external margin of the denticle is symmetrically convex. 

The interdenticular space is shallow and narrow. The denticles have a diaphysis between them. 

The interdenticular slit is concave and shallow, and the denticles do not have interdenticular 

sulci.

 MDS-OTII,99 and MDS-OTII,85 have a spalled surface on the apex of the crown. 

Wear facets have not been observed or are not preserved. The enamel surface bears flutes 
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running apicobasally both on the lingual and labial sides. The number of flutes ranges between 

5 and 9.

 In addition to this ornamentation, MDS-OTII,99 has marginal and transversal 

enamel undulations. The undulations are scarce, around six per side, and extend horizontally 

except for the basal third of the crown. They are more easily visible at a certain angle. The 

enamel texture corresponds to the veined texture of Hendrickx et al., (2015a). The texture is 

of an apical-adapical direction in the middle of the crown but curves toward the carinae at the 

margins.

 The root is partially preserved in some of the teeth. The width is slightly greater than 

that of the crown and is of subcylindrical morphology. The surface of the root of MDS-

OTII,99 has an ornamentation made up of undulations that are more visible on the lingual 

side. This tooth also has a small depression in this zone. The cross-section of the root is 

subcircular except for MDS-OTII,99, where the lingual depression makes the morphology 

slightly reniform. The dentine width of the root is about 4 mm.

Discussion 

Spinosaurids have distinctive teeth with straight crowns or slight distal curvature, subcircular-

elliptical cross-sections, fluted enamel, minute denticles or unserrated carinae, and a veined 

enamel texture (Charig and Milner, 1997; Sereno et al., 1998; Sues et al., 2002; Ruiz-

Omeñaca et al., 2005; Canudo et al., 2008a; Hendrickx and Mateus, 2014b; Gasca et al., 

2008; Hendrickx et al., 2015b; Serrano-Martínez et al., 2016; Alonso and Canudo, 2016).

 The spinosaurid teeth from El Oterillo II have a CBR greater than 0.64. CBR values 

higher than 0.64 are common for mesial teeth, which are broader than the lateral ones. This 

has been proposed as a dental feature by Hendrickx, (2015). Nevertheless, some clades have 

a CBR greater than 0.64 for non-mesial teeth, a feature seen in Allosauridae, Spinosauridae, 

Tyrannosauridae, Ornithomimosauria, Alvarezsauroidea and Therizinosauria (Hendrickx 

2015).

 The mesial carina reaches the cervix, a feature present in all theropod clades other than 

Megalosauridae and Therizinosauria. The presence of a mesial carina that reaches the cervix 

has been proposed as characteristic of all spinosaurids (Hendrickx et al., 2015b) but some 

authors (Serrano-Martínez et al., 2016) have noticed the occurrence of some spinosaurid teeth 

with mesial carinae that do not reach the cervix (CMP3-760, Canudo et al., 2008a; Fig. 6), 

so there may be variation in this general trait. MDS-OTII,99 has an abnormal distal carina. A 

split mesial carina has been reported in tyrannosaurid theropods, Allosaurus and indeterminate 

carcharodontosaurids (Currie et al., 1990; Erickson, 1995; Abler, 1997; Smith, 2005; Brusatte 
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and Sereno, 2007; Candeiro and Tanke, 2008; Cillari, 2010; Hendrickx, 2015). The split 

mesial carina is common in Tyrannosauridae, as shown by Erickson (1995). This author also 

points to its possible causes: trauma, genetic factors and aberrant tooth replacement. This 

abnormal feature present in MDS-OTII,99 (given both its rarity and its location, the distal 

carina) seems to be the first evidence of the presence of this condition in Spinosauridae.

Fig. 3:  Baryonychinae indet. MDS-OTII,99 in a) labial, b) lingual, c) mesial, d) distal, e) basal and f ) enamel 
texture, marginal undulations and denticles on the distal carina.

 More than 30 denticles per 5 mm are seen in non-tetanuran theropods, baryonychine 

spinosaurids and coelurosaurs. Baryonyx and Suchomimus have around 35 denticles per 5 mm 

(Hendrickx, 2015), values that are comparable to the teeth from El Oterillo II. The dental 

evolution of Spinosauridae seems to have resulted in robust crowns (Charig and Milner, 

1997) with a reduction in the number of denticles in baryonychine spinosaurids, leading 

to unserrated crowns in Spinosaurinae (Charig and Milner, 1997; Buffetaut, 2011; Serrano-

Martínez et al., 2016). Other theropod taxa (Ceratosaurus, Tyrannosaurus) have carinae with a 

large number of denticles, but this is related to the great size of the crowns and the number of 

denticles per 5 mm is lower (Smith et al., 2005; Hendrickx, 2015). The variation in denticle 

size along the carinae has been noted in the spinosaurids Suchomimus and Baryonyx and has 

been proposed as a feature of Baryonychinae (Mateus et al., 2011; Hendrickx, 2015). 
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 Fluted crowns are common in piscivorous tetrapods. The presence of flutes 

is characteristic of spinosaurid teeth, although they are also present in other taxa such as 

Ceratosaurus and some Dromaeosauridae (Madsen and Welles, 2000; Hendrickx and Mateus, 

2014b). Baryonyx tends to have flutes restricted to one side of the crown (Charig and Milner, 

1997), whereas Suchomimus shows flutes on both sides (Sereno et al., 1998; Hendrickx, 2015).

 Transverse and marginal undulations are a common feature of theropod teeth and 

have a widespread distribution among theropods (Brusatte et al., 2007); they have been seen 

in spinosaurid theropods such as Baryonyx, Irritator and Suchomimus (Hendrickx, 2015) and 

in other indeterminate spinosaurid teeth (Canudo et al., 2008a). The teeth studied here have 

a veined enamel texture (sensu Hendrickx et al., 2015c). A veined enamel texture comprising 

alternating grooves and long sinuous ridges (Hendrickx et al., 2015c) characterizes spinosaurid 

teeth; it has been found in Baryonyx, Suchomimus, Spinosaurus and other indeterminate 

spinosaurids (Canudo et al., 2008a; Serrano-Martínez et al., 2016).

 This conjunction of dental features indicates that these teeth from El Oterillo II 

belong to Spinosauridae. The family Spinosauridae has been divided into two subfamilies: 

Baryonychinae and Spinosaurinae. Baryonychine teeth have an ornamentation based on ridges, 

a cross-section that is not as subcircular as in spinosaurine teeth, and a more pronounced distal 

curvature of the crown (Canudo et al., 2008a; Alonso and Canudom 2016). Spinosaurine 

teeth also tend to have unserrated carinae, as in Irritator, Angaturama and Spinosaurus 

(Stromer, 1915; Kellner and Campos, 1996; Sues et al., 2002; Hendrickx, 2015). In addition, 

the sporadic variation in size of denticles has been proposed as a feature of Baryonychinae 

(Mateus et al.,  2011).

 DFA (CD) classifies MDS-OTII,99 as a member of the group Baryonychinae with 

100%	probability.	The	cladistic	 analysis	 (Appendix	5)	places	 this	morphotype	 as	 the	 sister	

taxon of a clade composed of all other spinosaurid theropods (Spinosaurus, Irritator, Baryonyx 

and Suchomimus). The teeth belonging to Baryonychinae indet. from El Oterillo II show 

no significant dissimilarity with respect to other baryonychines from the Iberian Peninsula 

(Torcida Fernández-Baldor et al., 1997, 2003; Ruiz-Omeñaca et al., 1998; Infante et al., 2005; 

Canudo et al., 2008a; Gasca et al., 2008; Mateus et al., 2011; Figueiredo et al., 2015; Alonso 

and Canudo, 2016).
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TETANURAE Gauthier 1986.

Tetanurae indet. cf. Carcharodontosauria.

Material Six teeth (MDS-OTII,75; MDS-OTII,77; MDS-OTII, 78; MDS-OTII,92; MDS-

OTII,93; MDS-OTII,95).

Description 

 Four crown fragments and two teeth (MDS-OTII, 78 and MDS-OTII,92) belong 

to this morphotype. The two teeth are almost complete so the description is based on them. 

These teeth have horizontal fractures and are missing parts of the crown. Some areas lack 

enamel, and other parts of the teeth are broken or absent. The crowns have a labiolingually 

compressed and distally curved ziphodont morphology (Fig. 4). 

Fig. 4:  Tetanurae indet. cf. Carcharodontosauria. MDS-OTII,92 in a) labial, b) lingual, c) mesial, d) distal, 
e) basal views. f ) detail of the apex and denticles of mesial and distal carinae. g) marginal undulations. MDS-
OTII,78 in h) labial, i) lingual, j) mesial, k) distal and l) basal views, m) distal denticles.

 The crowns are labiolingually compressed (CBR = 0.4) and moderately ellongated 

(CHR around 2.3). The apex is distally oriented and extends beyond the basal length. The 

mesial profile of the crown in lateral view is convex and the distal margin is concave. The 

distal profile of the crown is sigmoidal. The labial and lingual surfaces are convex;  the enamel 

extension is similar on the lingual and labial sides.

 The crowns have well-developed, serrated carinae on both margins. The distal carina 

is displaced labially. The distal carina reaches the cervix; the mesial carina extends along 2/3 of 

its margin, finishing before the cervix. The mesial carina is diagonally oriented and the distal 

carina is sigmoidal. The cross-section of the crowns is lanceolate at the level of the cervix and 
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lenticular at the mid-level.

 The crowns have a similar denticle number on both carinae, between 19 and 21 

denticles per 5 mm. The DSDI has a value of around 1. The denticles show a regular variation 

in size and they are smaller at the apex and base and larger in the central area. The denticles are 

chisel-shaped and proximodistally subrectangular. They are perpendicularly positioned towards 

the carinae. The marginal contour of the denticle is convex and parabolic. The interdenticular 

space is broad and the diaphysis is not clearly visible due to the state of preservation. The 

interdenticular slit is concave. There are interdenticular sulci on both mesial and distal carinae; 

these are short, straight and basally inclined.

 There are spalled surfaces on the apex of the crown. Wear facets are not observed and 

the teeth have no flutes. There are marginal and transversal undulations, which are abundant 

and horizontally oriented. They are more visible at a certain angle. The enamel texture is 

braided (sensu Hendrickx et al., 2015c), and the braids are straight in the middle part of the 

crown and inclined towards the carina at the margin.

 Some parts of the root are preserved. The root has a similar width to the crown and 

is labiolingually compressed. There is no constriction between the crown and the root. The 

root has depressions both on its labial and lingual sides, giving it a figure-eight-shaped cross-

section. The dentine width in this part of the root has values around 1.6–1.9 mm.

Discussion 

 By comparison with the dental features proposed by Hendrickx (2015), these teeth 

have no basal constriction. The CBR is lower than 0.64, suggesting that they are lateral teeth 

due to their lateral compression. The crown height is less than 70 mm, and they are serrated 

both on mesial and distal carinae.

 The mesial carina of this morphotype does not reach the cervix. This trait is seen in 

Megalosauridae (Hendrickx et al., 2015b), Eoraptor, Neovenator (Hutt et al., 1996),

Australovenator (White et al., 2015), basal tyrannosauroids such as Alioramus (Brusatte et 

al., 2012), Therizinosauria and Microraptorinae, and it is also seen in Acrocanthosaurus and 

Dromaeosaurus (Hendrickx, 2015).

 The distal carina of these teeth seems to be displaced labially. A strongly displaced distal 

carina has been observed in several theropod clades, such as Ceratosauridae, Allosauroidea 

and Tyrannosauroidea (Hendrickx, 2015). Nevertheless, this morphotype does not present 

the distal carina at the level of the labial margin. Teeth with a weak displacement of the 

distal carina have been identified in the whole dentition of Abelisauridae (Hendrickx and 

Mateus, 2014b) and Megalosauroidea and in the lateral dentition of Metriacanthosauridae, 
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Neovenatoridae, Tyrannosauroidea and in neocoelurosaurs except Dromaeosaurus (Hendrickx, 

2015). This weak displacement is more congruent with the morphotype’s displacement.

 Another significant characteristic of these teeth is the presence of transversal and 

marginal undulations, a widespread feature among non-neocoelurosaur averostrans

(Brusatte et al., 2007; Hendrickx and Mateus, 2014b). They also have interdenticular sulci, 

another trait present in nonneocoelurosaur averostrans. The braided texture of the

enamel, present in non-neocoelurosaur neotheropods, can be observed in Megalosauroidea, 

Allosauroidea, Tyrannosauroidea and basal Ceratosauria (Hendrickx, 2015).

 The characteristics seen in this morphotype are shared by many different theropod 

clades. Nevertheless, these traits are more specifically found in basal tetanurans such as 

megalosaurids or carcharodontosaurian theropods. The presence of non-spinosaurid basal 

tetanurans is known in the Early Cretaceous deposits of Western Europe (Hutt et al., 1996; 

Pereda-Suberbiola et al., 2012; Csiki-Sava et al., 2016). The Iberian Peninsula record has one 

of the bestpreserved tetanurans of the Early Cretaceous, Concavenator corcovatus from the 

upper Barremian of Cuenca (Ortega et al., 2010). Other evidence of carcharodontosaurian 

theropods comes from the Barremian deposits of Teruel (Gasca et al., 2014a), where a distal 

femur with affinities to Acrocanthosaurus has been found.

 Other carcharodontosaurian theropod remains have been found in the Weald of 

England, an example being Neovenator. Related theropods, such as Fukuiraptor, are represented

in Asian sediments from this age (Azuma and Currie, 2000). The presence of carcharodontosaurid 

theropods in north Africa is also well-known (e.g. Fanti et al., 2014).

 The DFA analyses classify these teeth as Erectopus	(41-50,	33.4-43.5	and	35.4-43.3%	

probability, CD). Erectopus is an enigmatic theropod with allosauroid affinities from the 

Lower Cretaceous (lower Albian) of France (Allain, 2005). Some differences exist between this 

morphotype and the dentition of Erectopus: the serrated mesial and distal carinae of Erectopus 

run along the entire margins; moreover, the denticle density is slightly different. Notably, the 

small size of the Erectopus group could have had a negative effect on the DFA analyses.

 On the other hand, the cladistic analysis (Appendix 5) places this morphotype as the 

sister taxon of Afrovenator and includes it within the clade Megalosauridae. Despite the size 

differences, they share some features, including a mesial carina terminating well above the 

cervix, the presence of enamel undulations, short interdenticular sulci, similar CBR values and 

similar morphology (Hendrickx et al., 2015b).

 The traits present in this El Oterillo II morphotype show a variety of affinities 

with some of the basal tetanuran clades. Due to the degree of uncertainty, we attribute this 

morphotype to Tetanurae indet. cf. Carcharodontosauria, since the presence of megalosaurid 
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theropods, unlike that of carcharodontosaurian theropods, is not known in the Barremian 

or Early Cretaceous of Spain. Megalosaurids are well-known in the Upper Jurassic of the 

Iberian Peninsula (e.g. Malafaia et al., 2017c). However, the discrepancy with respect to the 

cladistic analysis suggests that this conclusion should be taken with caution until new material 

is found.

 If these teeth belong to theropod dinosaurs other than carcharodontosaurid 

carcharodontosaurians, this means that the palaeobiodiversity of the theropods of the Early 

Cretaceous of Spain could be greater than previously thought (Gasca et al., 2014a), including 

spinosaurids, diverse non-spinosaurid basal tetanurans such as carcharodontosaurids (Ortega 

et al., 2010; Gasca et al., 2014a) and other clades (Canudo et al., 2006), ceratosaurs (Sánchez-

Hernández and Benton, 2014) and different coelurosaurs such as ornithomimosaurs (Pérez-

Moreno et al., 1994), maniraptorans and birds (Sanz et al., 1988; Lacasa-Ruiz, 1989; Sanz and 

Buscalioni, 1992; Sanz et al., 1996; Sereno, 2000). Nevertheless, further work is required to 

find more diagnostic skeletal remains in order to clarify this question.

TETANURAE Gauthier 1986.

COELUROSAURIA von Huene 1914.

Coelurosauria indet.

Material One tooth (MDS-OTII,82).

Description 

 MDS-OTII,82 is an incomplete crown which lacks the apex and the basalmost part. 

The surface shows horizontal fractures. Some parts of the enamel are missing (Fig. 5). 

 MDS-OTII,82 is a labiolingually compressed (CBR=0.46), distally curved and 

moderatelly ellongated ziphodont crown (CHR = 1.85). The apex extends beyond the basal 

length. The mesial lateral profile of the crown is convex, and the distal lateral profile concave. 

The crown is slightly curved towards the lingual side in distal view. The labial and lingual 

surfaces are slightly convex; the preserved enamel shows a constant extension along the crown.

 The distal carina is well developed and there is no mesial carina, and the possibility 

of its loss due to abrasion cannot be ruled out. The distal carina runs along the whole distal 

margin. The carina is strongly displaced labially. There are no concave surfaces adjacent to 

the carina, but there are shallow depressions both in the labial and basalmost lingual areas of 

the crown, conferring a figure-eight-shaped crosssection  At the level of the mid-crown the 

cross-section is lanceolate. The distal carina has 15 denticles per 5 mm. The variation in size 
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of the denticles along the carina is regular, with the larger denticles located in the middle part 

and decreasing in size towards the base. The denticles are chiselshaped and are proximodistally 

subrectangular. They are perpendicular to the carina. The exterior margin of the denticle is 

convex and parabolic. The interdenticular space is broad. The interdenticular slit is concave, 

and there are interdenticular sulci both on labial and lingual sides. The sulci are short, straight 

and inclined towards the base.

 There is a possible wear facet on the lingual side of the crown. The exposed dentine 

shows diagonal scratches that are mesioapically-distobasally oriented. The crown has no flutes. 

There are abundant transversal and marginal undulations, horizontally oriented and with the 

concavity pointing to the apex. The undulations are visible at a certain angle and cover most of 

the enamel surface. The original enamel texture seems to be braided. This is difficult to assess 

due to the polished enamel and the microscratches that cover the tooth surface. The root is not

preserved.

Fig. 5:  Coelurosauria indet. MDS-OTII,82. a) labial, b) lingual, c) mesial, d) distal, e) basal view. f, g) Denticles 
and marginal enamel undulations of the distal carina. h) MDS-C15,7 in labial view. i) MDS-C15,6 in lingual 
view.
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Discussion 

This tooth has a series of interesting traits, most notably the figure-eight-shaped cross-section 

and the distal carina that is strongly displaced labially. This is not the only tooth from the 

Salas the los Infantes area with these features. Two other teeth from the Early Cretaceous 

have been recovered from the Tenadas de la Rosada site: MDS-C15,6 and MDS-C15,7 

(Torcida Fernández-Baldor et al., 2003) (Fig.5). The distal carina that is strongly displaced 

labially is seen in the whole dentition in ceratosaurids, allosaurids, tyrannosauroids and some 

dromaeosaurids (Hendrickx, 2015). The figure-of-eight shape is produced by the presence of two 

depressions in the basalmost part of the crown. This has been noted in the metriacanthosaurid 

Sinraptor (Hendrickx, 2015) and in coelurosaurian theropods. The figure eight- shaped 

cross-section is seen in Berberosaurus (Hendrickx and Mateus, 2014b), dromaeosaurids 

such as Saurornitholestes (Currie et al., 1990; Sankey et al., 2002), Tsaagan (Norell et al., 

2006), Pyroraptor (Allain and Taquet, 2000; Gianechini et al., 2011, Hendrickx and Mateus, 

2014b) and Buitreraptor (Gianechini et al., 2011; Hendrickx and Mateus, 2014b), and other 

taxa such as Richardoestesia (Currie et al., 1990) and troodontids such as Byronosaurus and 

Xixiasaurus (Hendrickx, 2015). Given the size of MDS-OTII,82, it is reasonable to look for 

another non-maniraptoran theropod as the possible owner. The lateral teeth of Sinraptor have 

a concave surface adjacent to the distal carina in the labiobasal part of the crown, which this 

morphotype does not possess. The figure-eight-shaped cross-section has been noted among 

the basal tyrannosauroids Proceratosaurus (Rauhut et al., 2010) and Alioramus (Brusatte et 

al., 2012; Hendrickx, 2015). Megaraptorans such as Megaraptor, Orkoraptor (Porfiri et al., 

2014) and Australovenator (White et al., 2015) have been reported to share this trait for the 

lateral dentition. Unlike this morphotype, Proceratosaurus teeth show a significant difference 

in size between mesial and distal denticles (Rauhut et al., 2010) (MDS-C15,7 preserves the 

mesial carina, which shows a similar number to the distal carina). This morphotype shows 

certain affinities with the teeth of Alioramus altai. The number of denticles is similar (14–15 

denticles per 5 mm); the distal carina is deflected labially and the mesial carina lingually; and 

there are enamel undulations and interdenticular sulci (Brusatte et al., 2012). Compared with 

Alioramus, the mesial carina is shorter.

 The teeth from Orkoraptor and Megaraptor have strongly curved, low crowns 

and unserrated mesial carinae (Porfiri et al., 2014) whereas this morphotype could have a 

denticulated mesial carina. The teeth from Murusraptor (Coria and Currie, 2016) also have a 

similar outline but the carinae are centrally positioned.

 As seen in Australovenator, the morphotype from El Oterillo II could lack mesial 

denticles or have a reduced mesial carina; it also has transverse undulations and a similar 
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number of denticles (around 15 per 5 mm) (White et al., 2015). Despite these similarities 

some differences exist: The tooth from El Oterillo II does not show the lingual deviation of 

the distal carina and it has interdenticular sulci; marginal undulations of the enamel are also 

present.

	 DFA	(CD)	locates	this	morphotype	within	Megalosauridae	(<47%).	Given	the	poor	

results, this must be taken with caution. Megalosaurid teeth do not have the figure-eight-

shaped cross-section, so this result could be a consequence of the size-dependent classification 

of this type of analysis. The cladistic analysis (Appendix 5) recovers the morphotype in a 

polytomy with tyrannosauroids, Sinraptor, Piatnitzkysaurus and Erectopus. The pruning of the 

morphotype from the consensus tree increased the resolution of the consensus (Appendix 5) 

and is either recovered as the sister taxon of Piatnitzkysaurus, as the sister taxon of Sinraptor 

or within tyrannosauroids. This morphotype lacks the concave surface adjacent to the distal 

carina that appears on Sinraptor. In addition, Piatnitzkysaurus and Sinraptor are Jurassic taxa, 

so here we consider that the most likely producer was an unknown coelurosaurian.

 Given the uncertainty, this tooth has been classified as Coelurosauria indet. so as not 

to exclude the possibility of it being produced by a basal tyrannosauroid, a large maniraptoran 

or a megaraptorid theropod. The position of Megaraptora among theropods is currently a 

subject of discussion, with a suggested placement within Neovenatoridae or Tyrannosauroidea 

(Hendrickx et al., 2015c). The phylogenetic analyses run by Coria and Currie, (2016) on two 

alternative data matrices based on the dataset of Carrano et al., (2012) plus the modifications 

by Zanno and Makovicky, (2013), and the dataset of Novas et al., (2013) plus the modifications 

by Porfiri et al., (2014), show Megaraptora positioned within Neovenatoridae or as the sister 

group of Tyrannosauridae. Bell et al., (2016) also state that the position of Megaraptora 

remains equivocal. Here we prefer to consider Megaraptora within Tyrannosauroidea in order 

to include all the possible owners of the morphotype within the clade Coelurosauria, as in the

phylogeny of Hendrickx et al., (2015c).

 This morphotype could represent a singular taxon of coelurosaurian theropods from 

the Early Cretaceous of the Iberian Peninsula. The presence of basal tyrannosauroids is 

known in the deposits of the Upper Jurassic-Lower Cretaceous of Western Europe, especially 

England and Portugal (Hutt et al., 2001), with genera such as Proceratosaurus and Eotyrannus. 

Megaraptorans have been found in Asia, Australia and South America (Bell et al., 2016). The 

possible presence of these taxa opens a new scenario including more diverse theropods than 

previously thought. Nevertheless, new information is required to corroborate the distribution 

of these clades in the Early Cretaceous of the Iberian Peninsula.
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TETANURAE Gauthier 1986.

COELUROSAURIA von Huene 1914.

MANIRAPTORA Gauthier 1986.

PARAVES Sereno 1997.

Dromaeosauridae Matthew and Brown 1922.

Dromaeosauridae indet. 1.

Material Three teeth (MDS-OTII,73; MDS-OTII,100; MDS-OTII,102).

Description 

 The crowns are well preserved. Some parts of the carinae and enamel are missing 

and they may bear horizontal fractures. The teeth have a ziphodont morphology; they are 

labiolingually compressed and distally curved (Fig. 6). The crowns are small (CH = 4–14 

mm). The CBR values are around 0.5. The elongation of the crowns varies among weak-

normal values according to Hendrickx and Mateus, (2014b) (CHR = 1.4–1.9). The crowns 

are curved and the apex extends beyond the basal length. The mesial lateral profile of the 

crowns is convex and the distal lateral profile is slightly concave, almost straight. The labial 

and lingual surfaces are convex. The distal profile is straight and the enamel shows a constant 

extension along the crown. 

 The teeth have mesial and distal carinae. The carinae are serrated and are located in 

central positions along the mesial and distal margins. The distal carina reaches the cervix, 

whereas the mesial carina only extends along the apical half of the crown. Carinae run along the 

tip of the crown. The outline of the teeth at the level of the cervix has a lanceolate morphology. 

The cross-section at the midlevel is lenticular.

 The mesial carina has around 30–35 denticles per 5 mm, whereas the distal carina 

has 20 denticles per 5 mm. The mesial denticles are smaller (DSDI = 1.5–1.8) than the distal 

ones. The largest denticles on the mesial carina are located on the apex and decrease towards 

the base. The largest denticles on the distal carina are on the basalmost part of the crown. The 

variation in denticle size is regular. The denticles are chisel-shaped and are proximodistally 

subrectangular. The denticles are located perpendicular to the carina. The external margin has 

a convex outline. The interdenticular space is broad and the interdenticular slit is concave and 

shallow. There are no interdenticular sulci.

 There are spalled surfaces on the tips of the crowns. MDS-OTII,102 also has a possible 

wear facet on the lingual side of the crown. There are some transversal undulations on the 
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Fig. 6:  Dromaeosauridae indet. 1. MDS-OTII,102 in a) lateral, b) mesial, c) distal and d) basal views. e, f )
MDS-OTII,73 in lateral views. MDS-OTII,100 in g, h) lateral and i) distal view.

enamel surface. The undulations are horizontally oriented and are visible at a certain angle. 

The enamel texture is polished and smooth in some parts of the crown, but the original texture 

seems to be irregular. The root is not preserved.

Discussion 

 Small teeth size and high DSDI values have usually been considered typical of 

dromaeosaurid dentition. However, a DSDI greater than 1.2 is present in various clades of 

theropods, including Noasauridae, Piatnitzkysauridae, Tyrannosauroidea, Microraptorinae 

and Eudromaeosauria (Rauhut et al., 2010; Hendrickx, 2015). The DFA (CD) with mesialmost 

dentition	includes	this	morphotype	(<50%)	within	Dromaeosauridae,	with	the	exception	of	

MDS-OTII,102, which is reclassified as a basal tyrannosauroid. This is not unusual, given the 

similarities that some tyrannosauroids and dromaeosaurids show in their dentition (Rauhut 

et al., 2010; Hendrickx and Mateus, 2014b; Gerke and Wings, 2016). The DFA without the 

mesialmost	dentition	classified	all	the	teeth	as	Dromaeosauridae	(around	40%	probability).	

The cladistic analysis (Appendix 5) likewise recovers the morphotype in a polytomy among 

other dromaeosaurids.



NUEVAS CONTRIBUCIONES A LA PALEOBIODIVERSIDAD DE DINOSAURIOS TERÓPODOS DEL JURÁSICO Y CRETÁCICO 
DE ESPAÑA A PARTIR DE DIENTES AISLADOS150

CAPÍTULO 7.  Isolated theropod teeth associated with sauropod remains from El Oterillo II (Early Cretaceous) site of 
                          Salas de los Infantes (Burgos, Spain)

 The presence of dromaeosaurid theropods in the Salas de los Infantes area has been 

cited before (Torcida Fernández-Baldor et al., 2003). Theropod teeth from the Wealden 

facies of England have been attributed to dromaeosaurids (see for example Milner, 2002 and 

Sweetman, 2004). In the light of the convergence of results between the analyses, we thus 

classify the teeth as Dromaeosauridae indet.

Dromaeosauridae indet. 2.

Material Two teeth (MDS-OTII,91; MDS-OTII,101).

Description 

 The crowns are well preserved. Some parts of the carinae and enamel are missing. 

MDS-OTII,91 also lacks part of the base and apex. The crowns are small (4–8 mm). They 

have ziphodont morphology (Fig. 7). The CBR values are 0.4–0.5. The elongation of the 

crowns is normal (1.5-1.8). The crowns are distally curved with the apex extending beyond 

the basal length, and they are low and squat in appearance. The mesial lateral profile is convex, 

and the distal lateral profile slightly concave-almost straight. The labial and lingual surfaces are 

slightly convex. MDS-OTII,101 has serrated mesial and distal carinae. MDS-OTII,91 lacks 

the mesial carina. The carinae are located in central positions along the margins. The distal 

carina reaches the cervix but the mesial carina does not, for it only extends along the apical half 

of the crown. The carinae of MDS-OTII,101 cross the apex. The cross-section at the level of 

the cervix is figure-eight-shaped. At the level of the mid-crown the cross-section is lenticular.

 These teeth have a large number of denticles along the carinae. The mesial carina has 

an estimated number of 45 denticles per 5 mm whereas the distal carina has 35 denticles 

per 5 mm. The largest denticles on the distal carina are located in the basalmost part, and 

the largest on the mesial carina are on the apex. The variation in size of the denticles is 

smooth and regular. The denticles have a chisel-shaped morphology, they are proximodistally 

subrectangular and they are located perpendicular to the carina. The external margin of the 

denticle is symmetrically convex. They have a broad interdenticular space; the interdenticular 

slit is concave and shallow. Interdenticular sulci have not been observed.

 There are spalled surfaces on the tips of the crowns. The crowns also have transversal 

undulations on the surface of the basal and central areas; these are visible at a certain angle. The 

enamel texture of MDS-OTII,101 is smooth. MDS-OTII,91 has a braided enamel texture.  

The root is not preserved.
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Fig. 7:  Dromaeosauridae indet. 2. MDS-OTII,101 in a, b) lateral and c) basal view. MDS-OTII,101 in d, e)
lateral, f ) mesial, g) distal and h) basal view.

 

Discussion 

 As noted for the previous morphotype, the small size of the crowns and the high 

DSDI have often been considered dromaeosaurid characters. Nevertheless, these features 

are shared by other theropod groups (Rauhut et al., 2010; Hendrickx and Mateus, 2014b). 

Unlike Dromaeosauridae indet.1, Dromaeosauridae indet. 2 possess a figure-eight-shaped 

cross-section, which is present in metriacanthosaurids, tyrannosauroids, Berberosaurus, 

megaraptorans and dromaeosaurids (Hendrickx, 2015).

 The DFA analyses (CD) recover MDS-OTII,91 as belonging to Richardoestesia 

(51%,	50.9%,	59.8%)	and	MDS-OTII,101	as	belonging	to	Nuthetes	(44.9,	57	and	39.3%).	

Richardoestesia is a genus from the Late Cretaceous of North America (Currie et al., 1990; 

Baszio 1997; Sankey et al., 2002). Material from the Upper Jurassic of Portugal (Zinke, 1998; 

Hendrickx and Mateus, 2014b), the Lower Cretaceous of Spain (Rauhut, 2002), the Upper 

Cretaceous of Spain (Torices et al., 2004, 2015) and the Upper Cretaceous of Romania (Codrea 

et al., 2002; Weishampel et al., 2010) has been referred to this taxon. MDS-OTII,91 shares 

the figure-eight-shaped cross-section, but the basal constriction is not observed. Nuthetes is 

a possible dromaeosaurid taxon from the Early Cretaceous of England (Milner, 2002). One 

tooth from the Lower Cretaceous deposits of France has been cited as Nuthetes sp. (Pouech et 

al., 2006). These teeth share the small-sized crowns, which are strongly distally recurved, and 

smaller denticles on the mesial carina and the basal surfaces.
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 The cladistic analysis (Appendix 5) recovers these teeth in a polytomy with 

dromaeosaurids, Compsognathus, Piatnitzkysaurus, Erectopus and Eodromaeus. A reduced strict 

consensus was calculated using the pruning trees option in TNT.  The new consensus recovers 

this morphotype as the sister taxon of Eodromaeus or within dromaeosaurids. We consider 

that it is unlikely that this morphotype was produced by a basal theropod so here we consider 

it as dromaeosaurid teeth. Given the similar morphologies among dromaeosaurid teeth, here 

we prefer not to assign this morphotype to a specific genus. Instead, we classify these teeth as 

Dromaeosauridae indet. The possibility that the difference between Dromaeosauridae indet.1 

and Dromaeosauridae indet. 2 (the variation in cross-section) is due to variations in the 

position of the tooth row cannot be ruled out.

4 TOOTH MARKS

 Some bones belonging to the El Oterillo II titanosauriform present unusual marks 

on their surface. Marks on the surface of bones are known among dinosaurs and they can 

be related to traumas, predation and scavenging. Marks due to predatory behaviour are 

difficult to prove, but sometimes it is possible to identify possible evidence in the fossil record 

(Carpenter, 1998; Canudo et al., 2005b; Cruzado-Caballero, 2012; DePalma et al., 2013). 

Hunt et al., (1994) distinguish between the marks produced by predatory and scavenging 

behaviour. Multiple, related marks are typical of scavenging on a stationary carcass. Living 

organisms try to avoid bites and consequently the marks appear more isolated and separated 

from each other, due to the movement of the prey. Also scavenger animals try to eat first the 

parts with high concentrations of soft tissues.

 Different bioerosion traces have been recognized on the titanosauriform bones (Fig. 

8). The marks are scarce and have been identified on vertebral elements: a dorsal vertebra 

(MDS-OTII,1), a caudal vertebra (MDS-OTII,8) and a haemal arch (MDS-OTII,25). The 

dorsal vertebra MDSOTII, 1 has a few unusual marks. The most apparent is a subcircular 

mark (Fig. 8a) located on the left spinopostzygapophyseal lamina perpendicular to the 

surface. The orifice is 12-14 mm in diameter and about 10 mm in depth; it has parallel sides. 

Subcircular morphologies are often attributed to invertebrates (Britt et al., 2008; Cruzado- 

Caballero, 2012). Another mark is located on the prezygapophysis. This mark (Fig. 8b) has 

furrow morphology. The furrow comprises an irregular trace, 20 mm in length, 4-7 mm in 

width, and 2-5 mm in depth. Interestingly, it remains isolated and there is no other evidence 

in the surrounding area. Other possible tooth marks are located on the distolateral part of 

the vertebral centrum, opposite the caudal surface. This area has two parallel grooves with 
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v-shaped sections, both of them 21 cm long and 3 mm deep.

 MDS-OTII,25 is a haemal arch. It has one trace (Fig. 8c), 24 mm long, 8 mm wide 

and 2 mm deep, located on the spine.

 The caudal vertebra MDS-OTII,8 has five different marks. The first one (Fig. 8d) is 

located on the left lateral side of the vertebral centrum. The puncture is 15 mm in length and 

8 mm in width. Interestingly, it has an oval outline. The preserved depth is 5 mm but the 

interior has been filled with sediment. The oval outline and dimensions are congruent with the 

cross-section of theropod teeth found in the site, specifically with basal tetanurans. Moreover, 

there is a set of furrows (Fig. 8e) located on the left lateral surface of the neural spine. The 

arrangement of the marks resembles the letter lambda (λ), with a long trace 45 mm in length 

and two related smaller traces of 25 and 17 mm. The width of the furrows is 5 mm and the 

section is u-shaped. These marks could have been produced by invertebrates. The lateral left 

side of the postzygapophysis also has a diagonally oriented furrow (Fig. 8e). This is 17 mm in 

length, 2 mm in width and 2 mm in depth.

 The caudal surface of the centrum shows two additional marks. There is a puncture 

(Fig. 8f) in the lower right area, 18 mm in length and 6 mm in width. As in the other 

puncture, the interior is filled with sediment. The outline of the puncture is oval. Like the 

lateral mark, the morphology is congruent with some of the teeth recovered in this site. The 

upper left part of the caudal surface also has a furrow (Fig. 8g), which is diagonally oriented. 

Fig. 8:  Marks. a subcircular orifice on the left spinopostzygapophyseal lamina of MDS-OTII,1. b Furrow on the 
prezygapophysis of MDS-OTII,1. c Furrow on MDS-OTII,25. d Puncture on the left lateral side of the caudal 
vertebra MDS-OTII,8. e Furrows on the left lateral surface of the neural spine of MDS-OTII,8. f Puncture on 
the articular surface of MDS-OTII,8. g Possible mark on the articular surface of MDS-OTII,8.
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It is 36 mm in length, 12 mm in maximum width and 6.5 mm in depth. The right side of the 

furrow is convex and the left side is concave.

5 DISCUSSION

 The feeding of theropod dinosaurs on carcasses has been proposed by some authors 

due to the accumulation of isolated teeth or the presence of tooth marks on the surface of the 

bones, specifically on sauropod remains (Buffetaut and Suteethorn, 1989; Chure et al., 1998; 

Canudo et al., 2009; Paik et al., 2011; Canale et al., 2014b) as well as other remains (Fiorillo, 

1991; Currie and Jacobsen, 1995; Maxwell and Ostrom, 1995; Erickson and Olson, 1996; 

Jacobsen, 1998; Rogers et al., 2003; Bell and Currie, 2010; De Valais et al., 2012). Feeding 

seems the most parsimonious explanation for the accumulation of theropod teeth around the 

carcass. 

 Most of the teeth from El Oterillo II only preserve the crown or the crown and the 

basalmost part of the crown, and most likely represent shed teeth (Fiorillo and Currie, 1994). 

This is congruent with them being lost when processing food (Hendrickx et al., 2015c). 

The scarcity of tooth marks among the examined bones is remarkable. There are no multiple 

tooth marks as seen in other dinosaur bones (e.g. Erickson and Olson, 1996; Jacobsen, 1998; 

Paik et al., 2011). A possible explanation is the presence of soft tissues when the scavenging 

was occurring, thus protecting the bone surface. Some of the tooth marks are located on 

articular surfaces, meaning that they could not have been made when the sauropod was alive 

and are not related to predatory behaviour. The presence of these traces on articular surfaces 

suggests that the feeding could have contributed to the partial disarticulation of the sauropod 

(Buffetaut and Suteethorn, 1989).

 The sauropod remains are located on channel deposits, and the westbound trend and 

the accumulations of sand on the eastern part of the bones suggest the presence of water

currents when the sauropod remains were deposited. The presence of water also influences 

the disarticulation of the titanosauriform dinosaur along with the theropods. The degree of 

disarticulation of the bones suggests that the channel was not a high-energy environment.

 Another possible explanation for the presence of theropod teeth could be transport 

along the channel (Torcida Fernández-Baldor et al., 2009). This could be congruent with the 

presence of quartzite clasts of similar size and density. In addition, Argast et al., (1987) show 

that fossilized theropod teeth could resist long periods of transportinduced abrasion. However, 

a few points contradict this interpretation, at least for most of the teeth. The presence of 

well-preserved enamel textures in some of the teeth is not congruent with transport-induced 

abrasion. Further, a polished enamel surface does not necessarily mean that the tooth was 
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transported; it could be caused by tooth wear (Hendrickx and Mateus, 2014b).

 The experimental procedure of Argast et al., (1987) provides an explanation for the 

presence of Tertiary theropod teeth but may not be applicable to the present case because 

the experiment was performed with fossilized teeth. Fossilized teeth may not actually be 

homologous to recent, fresh teeth due to the process of mineralization, which interferes with 

the physical properties of the teeth, hardening them. As mentioned above, the presence of 

shed teeth with herbivore remains produced by scavenging is not uncommon, and this is a 

simpler explanation than a casual accumulation around the sauropod carcass.

 The presence of tooth marks reinforces the notion of scavenging by theropod 

dinosaurs. Some of the marks are similar to the outline of theropod teeth both in dimensions 

and morphology, and could be related to teeth similar to the Tetanurae and Coelurosauria 

morphotypes, attributed to medium-sized tetanurans.

 Theropod teeth are distributed all over El Oterillo II site. There is a major accumulation 

in the southern part of the site. Most of the dromaeosaurid teeth are located in the northern 

part close to fragmented bone remains. A preferred orientation has not been recorded. 

 The scarcity of tooth marks on the bones is intriguing. A possible explanation is 

their rapid burial when the carcass was deposited, preventing a greater exploitation of the 

remains and a further disarticulation of the skeleton. The sudden burial of dinosaur remains 

has been proposed by Gianechini and De Valais, (2016) as a possible explanation of the semi-

articulation of the remains of Buitreraptor.

6 CONCLUSIONS

 Isolated theropod teeth related to a titanosauriform sauropod carcass have been stu-

died. Six different morphotypes have been distinguished, including baryonychine spinosau-

rids, basal tetanurans, a singular tooth that could be related to basal coelurosaurian theropods, 

and two dromaeosaurid morphotypes. This is congruent with the known record of theropods 

from the Early Cretaceous of the Iberian Peninsula, represented by spinosaurids, carcharo-

dontosaurians, ornithomimosaurians and maniraptorans such as dromaeosaurids and birds, 

as well as with the European Wealden record, with carcharodontosaurians such as Neovenator 

and tyrannosauroids such as Eotyrannus. The possibility of the presence of tyrannosauroids, re-

presented by Coelurosauria indet., raises new questions about the distribution of these groups 

and points to a greater palaeobiodiversity of theropods than previously thought.

 The relationship between the isolated theropod teeth and a sauropod carcass has been 

studied. Given the presence of shed teeth and tooth marks, the most probable explanation for 
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the association seems to be the scavenging of the carcass by theropod dinosaurs. An exhaustive 

work identifying the tooth marks on the sauropod is required in order to understand this 

relationship more fully. The diversity of theropod tooth morphotypes suggests that a variety of 

different theropods exploited the sauropod remains.
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 1. Se han estudiado diez dientes aislados del Jurásico Superior (Kimmeridgiense ) 

de la costa de los dinosaurios de Asturias, permitiendo la identificación de ocho morfotipos: 

Theropoda indet, Averostra indet. 1, 2 y 3; Abelisauridae? indet, y Megalosauridae indet. 1, 

2 y 3. Este estudio representa una nueva contribución al conocimiento de los terópodos del 

Jurásico Superior de España. 

 2. Los dientes de Theropoda indet. y Averostra indet. pueden estar relacionados con 

terópodos de tamaño medio relacionados con allosauroideos o megalosauroideos.  

 3. Se plantea por vez primera la posible presencia de abelisáuridos en el Jurásico 

Superior de Asturias, grupo representado en otras áreas de la península ibérica como Portugal.

 4. Se identifican tres morfotipos de dientes de gran tamaño relacionados con 

megaterópodos megalosáuridos, probablemente relacionados con Torvosaurus o similiares; un 

morfotipo de diente mesial y dos con dientes laterales. La presencia de grandes megalosáuridos 

en el Jurásico Superior de la península es conocida por otros restos esqueléticos y dientes 

aislados en Portugal, Asturias o la cordillera ibérica. La identificación de estos morfotipos 

supone la primera atribución de dientes aislados del Jurásico de Asturias a Megalosauridae tras 

un estudio estadístico y filogenético. 

 5. 17 dientes aislados atribuidos a terópodos espinosáuridos han sido estudiados en 

el yacimiento de La Cantalera 1, del Barremiense inferior de Teruel. Se han identificado dos 

morfotipos: Baryonychinae indet. y Spinosaurinae? indet. 

 6. Los dientes atribuidos a Baryonychinae indet. son muy similares a otros yacimientos 

del Cretácico Inferior de España salvo el tamaño. En tamaño y características son más parecidos 

a Baryonyx que a Suchomimus, lo que es congruente con la presencia de restos craneales 

atribuidos a Baryonyx en la península ibérica. 

 

7. Los dientes tentativamente atribuidos a Spinosaurinae? indet. pueden suponer nueva 

evidencia en la presencia de este grupo en el Cretácico Inferior de la península.  Hasta el 

momento, los restos atribuibles a este grupo son mucho más escasos que los de la subfamilia 

Baryonychinae. 
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 8. El pequeño tamaño de los dientes de Baryonychinae indet. y Spinosaurinae? indet. 

de La Cantalera 1, junto al pequeño tamaño de restos de otros grupos como crocodilomorfos, 

puede suponer evidencia de un área de concentración de organismos de pequeño tamaño 

debido a las características del ecosistema. 

 9. Se han prospectado nuevas áreas de la Formación Blesa en el entorno de las localidades 

de Josa, Obón y Estercuel. En ésta última área se han determinado nuevos yacimientos cerca del 

yacimiento Barranco del Hocino 1. Se pone de manifiesto la riqueza fosilífera de la Formación 

Blesa, en particular de la secuencia superior, menos conocida. 

 10. Se ha estudiado un nuevo yacimiento localizado en el Barremiense de la Formación 

Blesa, Barranco del Hocino 1. Este yacimiento se formó en la secuencia superior de la formación 

en medios continentales aluviales, llanuras pobrementes drenadas y con presencias de agua 

dulce efímeras, condiciones similares a otros yacimientos de la Formación como La Cantalera 

1. 

 

 11. Los restos fósiles de Barranco del Hocino 1 aparecen frecuentemente afectados por 

la meteorización, rotura y exposición subaérea, además de la acción de depredadores. Cuatro 

campañas de excavación (2015-2018), tres de ellas dirigidas por el doctorando,  han permitido 

reconocer la diversidad de vertebrados tras recuperar unos 500 restos fósiles. La asociación 

está dominada por macrorrestos de dinsoaurios ornitópodos, junto a los que aparecen restos 

de dinosaurios tireóforos y dientes aislados de terópodo, junto a crocodilomorfos, testudines, 

peces óseos, numerosos coprolitos y cáscaras de huevo. 

 12. Se han estudiado seis dientes de terópodos de tamaño grande provenientes del 

yacimiento Barranco del Hocino 1. Se han identificado cuatro morfotipos: Un morfotipo 

de espinosáurido probablemente relacionado con Spinosaurinae, dos morfotipos de 

tetanuros indeterminados y un morfotipo de tetanuro basal probablemente relacionado con 

Carcharodontosauria, con similitudes a carcharodontosaurios de esta época como Neovenator 

del Barremiense de Reino Unido. Estos resultados ponen de manifiesto una paleobiodiversidad 

de terópodos mayor de la conocida, con varios espinosáuridos, carcharodontosaurios 

carcharodontosáuridos junto a neovenatóridos, y tetanuros derivados. La asociación es 

congruente con el registro de terópodos conocido del Cretácico Inferior de Europa occidental. 

 13. Se han estudiado dientes aislados provenientes del burgalés yacimiento de El 
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Oterillo II hallados en relación con la carcasa del saurópodo titanosauriforme Europatitan 

eastwoodi. Se han identificado seis morfotipos, incluyendo espinosáuridos de tipo barioniquino, 

tetanuros basales relacionados con Carcharodontosauria muy parecidos a los encontrados en 

Barranco del Hocino, un morfotipo atribuido a Coelurosauria indet. que puede representar la 

presencia de un tiranosauroideo o un maniraptor singular de gran tamaño; y dos morfotipos 

de dromeosáuridos indeterminados, de menor tamaño. 

 14. Debido a las características de la acumulación y la presencia de marcas de dientes 

en elementos vertebrales del saurópodo Europatitan eastwoodi se plantea la hipótesis del 

aprovechamiento de la carcasa del saurópodo por parte de un grupo diverso de terópodos 

tetanuros basales y derivados. La presencia de marcas en superficies articulares sugiere que los 

terópodos contribuyeron a la desarticulación del herbívoro. 

 15. La ausencia de marcas en abundancia en los restos óseos de Europatitan puede estar 

relacionado con un enterramiento rápido de los restos que impide un aprovechamiento más 

exhaustivo. 
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 1.  Ten isolated theropod teeth from the Late Jurassic (Kimmeridgian) of the dinosaur 

coast have been studied. Eight morphotypes have been identified: Theropoda indet., Averostra 

indet. 1, 2 and 3., Abelisauridae? indet. and Megalosauridae indet. 1, 2 and 3. This work 

represents a new contribution on the knowledge of the theropods from the Late Jurassic of 

Spain. 

 2. Theropoda indet. and Averostra indet. morphotypes could be related to medium-

sized theropods close to Megalosauroidea or Allosauroidea. 

 

 3. The possible presence of abelisaurids during the Kimmeridgian of Asturias is 

proposed. This group appears on other areas such as the Late Jurassic of Portugal.

 

 4. Three morphotypes of megatheropod teeth have been identified. They are probably 

related to megalosaurids close to Torvosaurus or related taxa. One morphotype comprises a 

mesial tooth and the other consist of lateral teeth. The presence of large megalosaurids in the 

Late Jurassic of the Iberian Peninsula is well-known; evidences include skeletal remains and 

isolated teeth from Portugal, Asturias and the Iberian Range. These morphotypes represent 

the first Asturias theropod teeth attribution to megalosaurid after statistic and philogenetic 

analyses. 

 

 5. 17 isolated spinosaurid teeth from La Cantalera 1 site (early Barremian, Teruel) have 

been studied. Two morphotypes have been identified: Baryonychinae indet. and Spinosaurinae? 

indet. 

 6.  Except for their size, Baryonychinae indet. teeth from this site are similar to 

other material from the Early Cretaceous of Spain. They are more similar to Baryonyx than 

Suchomimus, which is congruent with the known record of craneal remains of the Iberian 

Peninsula that includes Baryonyx sp.  

 7. The teeth tentatively attributed to Spinosaurinae? indet. could support new evidence 

on the presence of this group during the Early Cretaceous of the Iberian Peninsula. So far, 

Spinosaurine remains are scarcer than baryonychines. 
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 8. The small-sized teeth both from Baryonychinae and Spinosaurinae, and the small-

sized remains from crocodylomorphs could be related to the characteristics that prevailed at 

La Cantalera-1 site, which allowed the concentration of small-sized organisms because the 

ecosystem could not sustain large vertebrates.

 9. Prospection campaigns have been carried out around the localities of Josa, Obón and 

Estercuel. The latter revealed new fossiliferous sites in the area around Barranco del Hocino 

1. This reveals the fossiliferous potential of the Blesa Formation, specifically the Upper Blesa 

sequence.  

 10. A new fossiliferous site from the Barremian of the Blesa Formation has been 

studied, Barranco del Hocino 1. The depositional environment is interpreted as an alluvial plain 

with evidence of shallow freshwater/palustrine episodes and the development of palaeosols, 

conditions that resemble those of La Cantalera 1 site. 

 

 11. The fossils have undergone intense breakage, abrasion and weathering, and also 

scavenging. Four fieldwork campaigns (2015-2018, three of them under the supervision of the 

PhD candidate) enabled us to recover roughly 500 fossil remains. The association is dominated 

by macroremains of ornithopod dinosaurs. In addition, ankylosaur bones, isolated theropod 

teeth, crocodylomorphs, testudines, fishes, coprolites and eggshells have been recovered. 

 12. Six teeth from large-bodied theropods have been studied. Four morphotypes 

have been identified: One spinosaurid morphotype probably related to Spinosaurinae, 

two morphotyes of indeterminate tetanurans and a basal tetanuran probably related to 

Carcharodontosauria. This morphotype resembles other carcharodontosaurians such as 

Neovenator from the Barremian of the United Kingdom. These results manifest a greater 

theropod paleobiodiversity than previously thought, including more than a single spinosaurid, 

carcharodontosaurid carcharodontosaurians along with neovenatorids, and a broad set of 

derived tetanurans. This assemblage is congruent with the known record of theropods from 

the Early Cretaceous of western Europe. 

 13. Isolated theropod teeth from El Oterillo II site (Burgos province) have been 

studied. These teeth have been found close to the sauropod Europatitan eastwoodi remains. 

Six morphotypes have been identified, including baryonychine spinosaurids, basal tetanurans 

probably close to Carcharodontosauria which resemble those from Barranco del Hocino 
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1, a morphotype attributed to Coelurosauria indet that could represent a singular big-

sizedtyrannosauroid or maniraptoran; and two smaller dromaeosaurid morphotypes. 

 14. The accumulation traits and the presence of tooth marks on vertebral elements of 

Europatitan eastwoodi leads us to propose that the sauropod carcass was scavenged by a diverse 

group of basal and derived tetanurans. The presence of tooth marks on articular surfaces 

suggest that the theropods contributed to the partial disarticulation of the sauropod.

 15. The scarcity of tooth marks on the bones could be explained by a rapid burial 

when the carcass was deposited, preventing a greater exploitation of the remains. 
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ANEXO 1

A revision of the large-bodied theropod (Dinosauria: Saurischia) palaeobiodiversity from the Late Jurassic of 

Asturias (N Spain) on the basis of isolated teeth. 
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Morfotipo 1. Theropoda indet.  MUJA 0856 

Cladograma de consenso estricto de 8 árboles parsimoniosos al codificar como dentición 
lateral. 

Codificación: 
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Tree lengths 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 
0 3578 3578 3578 3578 3578 3578 3578 3578 3724 
 

Consistency index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 
0 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.603 
 

Retention index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 
0 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.545 
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Strict consensus of 8 trees (0 taxa excluded)

MUJA_0856

Richardoestesia_gil.

Troodon
Zanabazar

Byronosaurus

Buitreraptor

Saurornitholestes

Dromaeosaurus
Bambiraptor

Velociraptor
Tsaagan

Erlikosaurus
Jianchangosaurus
Shuvuuia

Ornitholestes
Scipionyx

Compsognathus

Tyrannosaurus
Alioramus

Raptorex
Eotyrannus

Proceratosaurus

Mapusaurus
Giganotosaurus

Carcharodontosaurus

Eocarcharia
Acrocanthosaurus

Australovenator
Fukuiraptor

Neovenator
Allosaurus

Sinraptor

Spinosaurus
Irritator_Angaturama
Suchomimus
Baryonyx

Torvosaurus
Megalosaurus

Duriavenator
Dubreuillosaurus

Afrovenator

Eustreptospondylus

Piatnitzkysaurus
Erectopus

Skorpiovenator

Majungasaurus

Indosuchus
Aucasaurus

Abelisaurus

Rugops

Kryptops

Masiakasaurus
Noasaurus

Berberosaurus
Genyodectes
Ceratosaurus

Dilophosaurus
Coelophysis

Eodromaeus
Herrerasaurus

Eoraptor
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Morfotipo 2. Averostra indet. 1.  MUJA 0813 

Cladograma de consenso estricto de 55 árboles parsimoniosos al codificar como dentición 
lateral. 

Codificación: 
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???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????? 
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Tree lengths 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 3578 3578 3578 3578 3578 3578 3578 3578 3578 3578 
10 3578 3578 3578 3578 3578 3578 3578 3578 3578 3578 
20 3578 3578 3578 3578 3578 3578 3578 3578 3578 3578 
30 3578 3578 3578 3578 3578 3578 3578 3578 3578 3578 
40 3578 3578 3578 3578 3578 3578 3578 3578 3578 3578 
50 3578 3578 3578 3578 3578 4047     
 

Consistency index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
10 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
20 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
30 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
40 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
50 0.568 0.568 0.568 0.568 0.568 0.502     
 

Retention index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
10 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
20 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
30 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
40 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
50 0.637 0.637 0.637 0.637 0.637 0.527     
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Strict consensus of 55 trees (0 taxa excluded)

MUJA_0813

Richardoestesia_gil.

Troodon
Zanabazar

Byronosaurus

Buitreraptor

Saurornitholestes

Dromaeosaurus
Bambiraptor

Velociraptor
Tsaagan

Erlikosaurus
Jianchangosaurus
Shuvuuia

Ornitholestes
Scipionyx

Compsognathus

Tyrannosaurus
Alioramus

Raptorex
Eotyrannus

Proceratosaurus

Mapusaurus
Giganotosaurus

Carcharodontosaurus
Eocarcharia
Acrocanthosaurus
Australovenator
Fukuiraptor
Neovenator
Allosaurus
Sinraptor

Spinosaurus
Irritator_Angaturama
Suchomimus
Baryonyx

Torvosaurus
Megalosaurus

Duriavenator
Dubreuillosaurus

Afrovenator

Eustreptospondylus

Piatnitzkysaurus
Erectopus

Skorpiovenator

Majungasaurus

Indosuchus
Aucasaurus

Abelisaurus

Rugops

Kryptops

Masiakasaurus
Noasaurus

Berberosaurus
Genyodectes
Ceratosaurus

Dilophosaurus
Coelophysis

Eodromaeus
Herrerasaurus

Eoraptor
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Posibles posiciones de Averostra indet.1., indicado por a. 

Strict consensus of 55 trees

Richardoestesia_gil.

Troodon
Zanabazar

Byronosaurus

Buitreraptor

Saurornitholestes

Dromaeosaurus
Bambiraptor

Velociraptor
Tsaagan

Erlikosaurus
Jianchangosaurus
Shuvuuia

Ornitholestes
Scipionyx

Compsognathus

Tyrannosaurus
Alioramus

Raptorex
Eotyrannus

Proceratosaurus

Mapusaurus
Giganotosaurus

Carcharodontosaurus

Eocarcharia
Acrocanthosaurus

Australovenator
Fukuiraptor

Neovenator
Allosaurus

Sinraptor

Spinosaurus
Irritator_Angaturama
Suchomimus
Baryonyx

Torvosaurus
Megalosaurus

Duriavenator
Dubreuillosaurus

Afrovenator

Eustreptospondylus

Piatnitzkysaurus
Erectopus

Skorpiovenator

Majungasaurus

Indosuchus
Aucasaurus

Abelisaurus

Rugops

Kryptops

Masiakasaurus
Noasaurus

Berberosaurus
Genyodectes
Ceratosaurus

Dilophosaurus
Coelophysis

Eodromaeus
Herrerasaurus

Eoraptor

>a
>a

>a

a

a

a
a
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Morfotipo 3. Averostra indet. 2. MUJA 1218  

Cladograma de consenso estricto de 20 árboles parsimoniosos al codificar como dentición 
lateral. 

Codificación: 

????????????????????????????????????????????????????????????????111000031???00??00
1?21?[01]?0?10??0???2?01?1?0-100---
001????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????? 
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Tree lengths 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 3575 3575 3575 3575 3575 3575 3575 3575 3575 3575 
10 3575 3575 3575 3575 3575 3575 3575 3575 3575 3575 
20 4046          
 

Consistency index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
10 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
20 0.502          
 

Retention index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 
10 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 
20 0.527          
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Strict consensus of 20 trees (0 taxa excluded)

MUJA_1218

Richardoestesia_gil.

Troodon
Zanabazar

Byronosaurus

Buitreraptor

Saurornitholestes

Dromaeosaurus
Bambiraptor

Velociraptor
Tsaagan

Erlikosaurus
Jianchangosaurus
Shuvuuia

Ornitholestes
Scipionyx

Compsognathus

Tyrannosaurus
Alioramus
Raptorex
Eotyrannus
Proceratosaurus

Mapusaurus
Giganotosaurus

Carcharodontosaurus

Eocarcharia
Acrocanthosaurus

Australovenator
Fukuiraptor

Neovenator
Allosaurus

Sinraptor

Spinosaurus
Irritator_Angaturama
Suchomimus
Baryonyx

Torvosaurus
Megalosaurus

Duriavenator
Dubreuillosaurus

Afrovenator

Eustreptospondylus

Piatnitzkysaurus
Erectopus

Skorpiovenator

Majungasaurus

Indosuchus
Aucasaurus

Abelisaurus

Rugops

Kryptops

Masiakasaurus
Noasaurus

Berberosaurus
Genyodectes
Ceratosaurus

Dilophosaurus
Coelophysis

Eodromaeus
Herrerasaurus

Eoraptor
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Posibles posiciones de Averostra indet.2., indicado por a. 

  

Strict consensus of 20 trees

Richardoestesia_gil.

Troodon
Zanabazar

Byronosaurus

Buitreraptor

Saurornitholestes

Dromaeosaurus
Bambiraptor

Velociraptor
Tsaagan

Erlikosaurus
Jianchangosaurus
Shuvuuia

Ornitholestes
Scipionyx

Compsognathus

Tyrannosaurus
Alioramus

Raptorex
Eotyrannus

Proceratosaurus

Mapusaurus
Giganotosaurus

Carcharodontosaurus

Eocarcharia
Acrocanthosaurus

Australovenator
Fukuiraptor

Neovenator
Allosaurus

Sinraptor

Spinosaurus
Irritator_Angaturama
Suchomimus
Baryonyx

Torvosaurus
Megalosaurus

Duriavenator
Dubreuillosaurus

Afrovenator

Eustreptospondylus

Piatnitzkysaurus
Erectopus

Skorpiovenator

Majungasaurus

Indosuchus
Aucasaurus

Abelisaurus

Rugops

Kryptops

Masiakasaurus
Noasaurus

Berberosaurus
Genyodectes
Ceratosaurus

Dilophosaurus
Coelophysis

Eodromaeus
Herrerasaurus

Eoraptor

a

a

a
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Morfotipo 4. Averostra indet. 3.  MUJA 1018 y MUJA 4443 

Cladograma de consenso estricto de 8 árboles parsimoniosos al codificar como dentición 
lateral. 

Codificación: 

????????????????????????????????????????????????????????????????1[01][12]0011100000
001001221[01][01][01]0110000?10100?1110-
1010200010????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????? 
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Tree lengths 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 
0 3580 3580 3580 3580 3580 3580 3580 3580 3726 
 

Consistency index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 
0 0.567 0.567 0.567 0.567 0.567 0.567 0.567 0.567 0.545 
 

Retention index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 
0 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.603 
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Strict consensus of 8 trees (0 taxa excluded)

MUJA_1018_4443

Richardoestesia_gil.

Troodon
Zanabazar

Byronosaurus

Buitreraptor

Saurornitholestes

Dromaeosaurus
Bambiraptor

Velociraptor
Tsaagan

Erlikosaurus
Jianchangosaurus
Shuvuuia

Ornitholestes
Scipionyx

Compsognathus

Tyrannosaurus
Alioramus

Raptorex
Eotyrannus

Proceratosaurus

Mapusaurus
Giganotosaurus

Carcharodontosaurus

Eocarcharia
Acrocanthosaurus

Australovenator
Fukuiraptor

Neovenator
Allosaurus

Sinraptor

Spinosaurus
Irritator_Angaturama
Suchomimus
Baryonyx

Torvosaurus
Megalosaurus

Duriavenator
Dubreuillosaurus

Afrovenator

Eustreptospondylus

Piatnitzkysaurus
Erectopus

Skorpiovenator

Majungasaurus

Indosuchus
Aucasaurus

Abelisaurus

Rugops

Kryptops

Masiakasaurus
Noasaurus

Berberosaurus
Genyodectes
Ceratosaurus

Dilophosaurus
Coelophysis

Eodromaeus
Herrerasaurus

Eoraptor
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Posibles posiciones de Averostra indet.3., indicado por a. 

  

Strict consensus of 8 trees

Richardoestesia_gil.

Troodon
Zanabazar

Byronosaurus

Buitreraptor

Saurornitholestes

Dromaeosaurus
Bambiraptor

Velociraptor
Tsaagan

Erlikosaurus
Jianchangosaurus
Shuvuuia

Ornitholestes
Scipionyx

Compsognathus

Tyrannosaurus
Alioramus

Raptorex
Eotyrannus

Proceratosaurus

Mapusaurus
Giganotosaurus

Carcharodontosaurus

Eocarcharia
Acrocanthosaurus

Australovenator
Fukuiraptor

Neovenator
Allosaurus

Sinraptor

Spinosaurus
Irritator_Angaturama
Suchomimus
Baryonyx

Torvosaurus
Megalosaurus

Duriavenator
Dubreuillosaurus

Afrovenator

Eustreptospondylus

Piatnitzkysaurus
Erectopus

Skorpiovenator

Majungasaurus

Indosuchus
Aucasaurus

Abelisaurus

Rugops

Kryptops

Masiakasaurus
Noasaurus

Berberosaurus
Genyodectes
Ceratosaurus

Dilophosaurus
Coelophysis

Eodromaeus
Herrerasaurus

Eoraptor

a

a
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Morfotipo 5. Abelisauridae? indet. MUJA 1219 

Cladograma de consenso estricto de 16 árboles parsimoniosos al codificar como dentición 
lateral. 

Codificación: 

????????????????????????????????????????????????????????????????10110002000000010
00221[01][01]00210?01?0100011220-111121000-
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????? 
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Tree lengths 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 3584 3584 3584 3584 3584 3584 3584 3584 3584 3584 
10 3584 3584 3584 3584 3584 3584 3727    
 

Consistency index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.567 0.567 0.567 0.567 0.567 0.567 0.567 0.567 0.567 0.567 
10 0.567 0.567 0.567 0.567 0.567 0.567 0.545    
 

Retention index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
10 0.637 0.637 0.637 0.637 0.637 0.637 0.603    
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Strict consensus of 16 trees (0 taxa excluded)

MUJA_1219

Richardoestesia_gil.

Troodon
Zanabazar

Byronosaurus

Buitreraptor

Saurornitholestes

Dromaeosaurus
Bambiraptor

Velociraptor
Tsaagan

Erlikosaurus
Jianchangosaurus
Shuvuuia

Ornitholestes
Scipionyx

Compsognathus

Tyrannosaurus
Alioramus

Raptorex
Eotyrannus

Proceratosaurus

Mapusaurus
Giganotosaurus

Carcharodontosaurus

Eocarcharia
Acrocanthosaurus

Australovenator
Fukuiraptor

Neovenator
Allosaurus

Sinraptor

Spinosaurus
Irritator_Angaturama
Suchomimus
Baryonyx

Torvosaurus
Megalosaurus

Duriavenator
Dubreuillosaurus

Afrovenator

Eustreptospondylus

Piatnitzkysaurus
Erectopus

Skorpiovenator

Majungasaurus

Indosuchus
Aucasaurus

Abelisaurus

Rugops

Kryptops

Masiakasaurus
Noasaurus

Berberosaurus
Genyodectes
Ceratosaurus

Dilophosaurus
Coelophysis

Eodromaeus
Herrerasaurus

Eoraptor
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Morfotipo 6. Megalosauridae indet. 1. MUJA 4262 

Cladograma de consenso estricto de 40 árboles parsimoniosos al codificar como dentición 
mesial. 

Codificación: 

?????????????????????????????????0?2?110??110000?0331[01][01]00???????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????? 

 

 

 

 

 

 

 

 

 



Antonio Alonso Germán 219

Tree lengths 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 3573 3573 3573 3573 3573 3573 3573 3573 3573 3573 
10 3573 3573 3573 3573 3573 3573 3573 3573 3573 3573 
20 3573 3573 3573 3573 3573 3573 3573 3573 3573 3573 
30 3573 3573 3573 3573 3573 3573 3573 3573 3573 3573 
40 3724          
 

Consistency index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
10 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
20 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
30 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
40 0.545          
 

Retention index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 
10 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 
20 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 
30 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 
40 0.602          
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Strict consensus of 40 trees (0 taxa excluded)

MUJA_4262

Richardoestesia_gil.

Troodon
Zanabazar

Byronosaurus

Buitreraptor

Saurornitholestes

Dromaeosaurus
Bambiraptor

Velociraptor
Tsaagan

Erlikosaurus
Jianchangosaurus
Shuvuuia

Ornitholestes
Scipionyx

Compsognathus

Tyrannosaurus
Alioramus

Raptorex
Eotyrannus

Proceratosaurus

Mapusaurus
Giganotosaurus

Carcharodontosaurus

Eocarcharia
Acrocanthosaurus

Australovenator
Fukuiraptor

Neovenator
Allosaurus

Sinraptor

Spinosaurus
Irritator_Angaturama
Suchomimus
Baryonyx

Torvosaurus
Megalosaurus
Duriavenator

Dubreuillosaurus

Afrovenator

Eustreptospondylus

Piatnitzkysaurus
Erectopus

Skorpiovenator

Majungasaurus

Indosuchus
Aucasaurus

Abelisaurus

Rugops

Kryptops

Masiakasaurus
Noasaurus

Berberosaurus
Genyodectes
Ceratosaurus

Dilophosaurus
Coelophysis

Eodromaeus
Herrerasaurus

Eoraptor



Antonio Alonso Germán 221

 

Morfotipo 7. Megalosauridae indet. 2. MUJA 1226 

Cladograma de consenso estricto de 16 árboles parsimoniosos al codificar como dentición 
lateral. 

Codificación: 

????????????????????????????????????????????????????????????????2??100???00000???0
?331[01][01]00?100?00101001?220-100---
0020???????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????? 
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Tree lengths 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 3577 3577 3577 3577 3577 3577 3577 3577 3577 3577 
10 3577 3577 3577 3577 3577 3577 4268    
 

Consistency index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
10 0.568 0.568 0.568 0.568 0.568 0.568 0.477    
 

Retention index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
10 0.637 0.637 0.637 0.637 0.637 0.637 0.477    
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Strict consensus of 16 trees (0 taxa excluded)
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Posibles posiciones de Megalosauridae indet. 2., indicado por a.  
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Morfotipo 8. Megalosauridae indet. 3. MUJA 1217 y MUJA 3697 

Cladograma de consenso estricto de 24 árboles parsimoniosos al codificar como dentición 
lateral. 

Codificación: 

??????????????????????????????????????????????????????????????0?[12]0100001?00000?
?000441?[01]?1?10?00??010011[12]?0-
10[01]0210020????????????????????0?0??????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????
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Tree lengths 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 3579 3579 3579 3579 3579 3579 3579 3579 3579 3579 
10 3579 3579 3579 3579 3579 3579 3579 3579 3579 3579 
20 3579 3579 3579 3579 3727      
 

Consistency index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
10 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
20 0.568 0.568 0.568 0.568 0.546      
 

Retention index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
10 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
20 0.637 0.637 0.637 0.637 0.603      
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Strict consensus of 24 trees (0 taxa excluded)
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On the spinosaurid theropod teeth from the early Barremian (Early Cretaceous) Blesa
Formation (Spain)

Antonio Alonso* and José Ignacio Canudo

Grupo Aragosaurus-IUCA, Dpto. Ciencias de la Tierra, Facultad de Ciencias, Universidad de Zaragoza, Calle Pedro Cerbuna 12, 50009
Zaragoza, Spain

(Received 14 February 2015; accepted 29 March 2015)

Spinosaurids are one of the most abundant theropods from the Early Cretaceous of the Iberian Peninsula. The published fossil
record consists mainly of teeth. A good example is La Cantalera-1 site in the Blesa Formation (Spain). This site represents a
marshy environment with periodic droughts, resulting in a non-permanent body of water. Theropod dinosaur teeth are frequent.
Seventeen spinosaurid teeth have been studied using qualitative and quantitative features, including a statistical analysis, in order
to compare them with the known spinosaurid record from Spain. In La Cantalera-1 we recognise two different morphotypes:
Baryonychinae indet. and Spinosaurinae? indet. Baryonychinae indet. was produced by baryonychines close to Baryonyx; teeth
with similar morphology have been described in other sites from the Early Cretaceous of the Iberian Peninsula. Teeth tentatively
attributed to Spinosaurinae? indet. were produced by spinosaurines close to Spinosaurus. This morphotype could provide new
evidence of the presence of spinosaurines in the Early Cretaceous of the Iberian Peninsula. The small size of the teeth from La
Cantalera-1 when compared with those from other sites is interpreted as the result of the conditions characteristic of the deposit
area, which represents an ecosystem unable to sustain large-sized organisms.

Keywords: Spinosauridae; teeth; Lower Cretaceous; Blesa Fm.; Spain

1. Introduction

Spinosaurids are one of the most striking groups among the

theropods, featuring an elongated, distinctive skull and

conical teethwith fluted enamel and small denticles (Charig

and Milner 1997; Sereno et al. 1998; Canudo et al. 2008;

Buffetaut 2012). These characters have been interpreted as

evidence of a dominant piscivorous tendency in their eating

strategies, a hypothesis supported by several observations

relating to features such as the skull morphology, stomach

contents (Charig and Milner 1997), the oxygen isotopic

composition of the bones (Amiot et al. 2010) and

biomechanical data (Rayfield et al. 2007), though there is

also evidence of spinosaurids feeding on other vertebrates

such as pterosaurs (Buffetaut et al. 2004) and ornithopods

(Charig and Milner 1997; Allain et al. 2012). Recently,

Ibrahim et al. (2014) have shown a series of adaptations in

Spinosaurus that fit with a semiaquatic lifestyle.

Spinosaurids had a wide distribution both in space and

time during the Late Jurassic, the Early Cretaceous and the

older part of the Late Cretaceous. It has been thought that

the first reported spinosaurids appeared during the Late

Jurassic (Buffetaut 2012) although new research suggests

that early spinosaurids are Middle Jurassic in age

(Serrano-Martı́nez et al. 2015). They became abundant

in the Early Cretaceous, disappearing during the Late

Cretaceous (Hone et al. 2010). Spinosaurid remains are

mainly distributed in North Africa, Europe and South

America although there is other evidence of them in Asia

and Australia (Buffetaut and Ingavat 1986; Hasegawa

et al. 2003; Barrett et al. 2011; Allain et al. 2012).

Most remains of the spinosaurids from the Iberian

Peninsula are isolated teeth (Pereda-Suberbiola et al.

2012). The study of isolated theropod teeth is of particular

interest because they are the most common fossilised

remains. It is due to the resistance of the enamel and the

constant replacement of the teeth during their lifetime

(Currie et al. 1990; Torices-Hernández 2007).

La Cantalera-1 ( ¼ La Cantalera) is the site with the

greatest vertebrate palaeobiodiversity in the early

Barremian of the Iberian Peninsula. The fossil accumu-

lation consists of teeth, postcranial remains, eggshells

and coprolites; amphibians, a chelonian, a lizard,

crocodylomorphs, pterosaurs, ornithopod dinosaurs, a

thyreophoran, sauropods and theropods have been

identified, as well as mammals (Badiola et al. 2008;

Canudo et al. 2010; Gasca et al. 2014; Moreno-Azanza

et al. 2014). La Cantalera-1 is the only site of the Blesa

Formation with spinosaurid teeth (Ruiz-Omeñaca et al.

2005). In this context, the aim of the present article is to

study the isolated spinosaurid teeth from the lower

Barremian founded in this site.

1.1 Geographical and Geological context

La Cantalera-1 site is located in the NE of the Iberian

Peninsula, near the village of Josa (Teruel) in the Iberian

q 2015 Taylor & Francis
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Range. The Iberian Basin of the NE of Spain was an

intracratonic basin that developed during the Mesozoic

extension (Salas et al. 2001). A rifting stage during the

Early Cretaceous allowed the formation of numerous

subsident areas in the Iberian Basin. Geologically, this

site is located in the Mesozoic Oliete sub-basin, which

forms part of the Cretaceous Maestrazgo basin. The

Oliete sub-basin was formed during the second rifting

stage that began in the Early Cretaceous, when the

carbonate platform of the Iberian Basin was fractured due

to its extension, creating several sub-basins (Soria de

Miguel 1997; Salas et al. 2001). The Lower Cretaceous of

the Oliete sub-basin is characterised by four mega-

sequences: the Margas y Calizas de Blesa Formation; the

Calizas de Alacón Formation; the Margas de Forcall

Formation; and the Calizas de Oliete Formation (Soria de

Miguel 1997).

The Blesa Formation lies over Jurassic units, such as

the bioclastic limestones of the Barahona Formation

(Pliensbachian), the marls of the Turmiel Formation

(Toarcian), the Chelva Formation (Bathonian) and the

Pozuel Formation (Kimmeridgian) (Aurell et al. 2004).

The Blesa Fm. can be divided into the lower and upper

Blesa Fm. The lower part shows continental deposits

whilst the upper part shows a coastal influence, with the

presence of ostreids. The coastal lagoonal influence starts

with a ferruginous and encrusted surface over lacustrine

carbonate facies. This surface separates the lower and the

upper Blesa Fm. La Cantalera-1 site is located within the

base of the lower Blesa Fm. (Canudo et al. 2010).

Two different stages of tecto-sedimentary evolution

are also recognised in the lower Blesa Fm. (Aurell et al.

2004). The first stage shows major subsidence due to

normal faults, creating a small, isolated basin. During the

second stage the basin increased in size, and homogeneous

sediments were deposited. Palaeosols with ferruginous

ooids and pisoids developed from the laterisation of clay

sediment (Murat 1983; Aurell et al. 2004).

La Cantalera-1 site is located in the sediments of

stage 1 of the lower Blesa Fm. (Figure 1). The fossil

remains appear in grey clays characterised by the

presence of charophytes, ostracods and gastropods. Some

round edged of Jurassic limestones with invertebrate

marine fossils such as brachiopods and ammonites are

found as well. Clay-cemented nodules are interpreted as

proof of the existence of palaeosols due to changes in the

phreatic level. These facies are the result of deposits of

distal-zone clays of alluvial fans (Canudo et al. 2010).

The invertebrates recognised in this site include

freshwater gastropods such as Viviparidae indet. and

Basommatophora indet. Other microfossils are also

present, the most common being ostracods and char-

ophytes. The ostracods include Cypridea (Ulwellia)

soriana (Kneuper-Haack 1966), which appears in other

sites of the Hauterivian–Barremian of the Iberian

Peninsula. As regards charophytes, utricles and stems

have been identified, mainly from clavatoraceans such as

Hemiclavator adnatus (Martı́n-Closas and Grambast-

Fessard 1986; Schudack 1989) and Clavatoraxis sp.

(Martı́n-Closas and Diéguez 1998). The presence of

oogonia from Atopochara trivolvis triquetra (Grambast

1968) in the site (Ruiz-Omeñaca et al. 1997) has

traditionally allowed the site to be dated as upper

Hauterivian– lower Barremian (Triquetra subzone).

Recently, Canudo et al. (2012) have shown that this

subzone marks the beginning of the Barremian by relating

it to international scales; accordingly, La Cantalera-1 site

belongs to the early Barremian. The charophyte associ-

ation is biostratigraphically similar to the El Castellar Fm.

of the Galve sub-basin (Canudo et al. 2010).

The charophytes and ostracods found at La Cantalera-1

are capable of inhabiting fresh and brackish waters, but

viviparid gastropods are found exclusively in freshwater,

so a continental saltwater environment can be ruled out.

It is easy to find these gastropods in the Wealden facies,

associated with bivalves such as Anodonta, Eomiodon,

Margaritifera, Teruella and Unio (see references in Ruiz-

Omeñaca et al. 1997) in freshwater sites. However, these

bivalves are absent, and the site is interpreted in terms of a

non-permanent body of water, because such bivalves are

more sensitive to dry conditions than viviparid gastropods

(Ruiz-Omeñaca et al. 1997).

La Cantalera-1 site is interpreted as having been

deposited in a marshy environment with periodic droughts

and surrounded by a Jurassic relief, resulting in a non-

permanent body of water and a marshy vegetated area

(Canudo et al. 2010).

1.2 Institutional abbreviations

MPZ, Museo de Ciencias Naturales de la Universidad de

Zaragoza, Zaragoza, Spain; UNIZAR, Universidad de

Zaragoza, Zaragoza, Spain.

1.3 Other abbreviations

AL, apical length; CBL, crown base length; CBR, crown

base ratio; CBW, crown base width; CH, crown height;

DA, distoapical denticle density; DAVG, average distal

denticle density; DB, distobasal denticle density; DC,

distocentral denticle density; DSDI, denticle size density

index; FESEM, field emission scanning electron micro-

scope; MA, mesioapical denticle density; MAVG, average

mesial denticle density; MC, mesiocentral denticle

density; MB, mesiobasal denticle density.

2. Materials and methods

The fossils were recovered from surface prospections,

excavation campaigns and the screen-washing of 3 tons of

2 A. Alonso and J.I. Canudo

D
ow

nl
oa

de
d 

by
 [A

nt
on

io
 A

lo
ns

o]
 a

t 0
1:

31
 0

1 
Ju

ne
 2

01
5 



Antonio Alonso Germán 233

sediment, using a sieve with a 0.5mm mesh. In addition,

another 20 kg of sediment were screen-washed using a

0.150mm mesh in order to get a representative sample of

non-vertebrate microfossils (Ruiz-Omeñaca et al. 1997;

Canudo et al. 2010). The recovered teeth show a variable

state of preservation, with shed and functional teeth

without evidence of transport.

Part of the material had previously been studied by

electron microscopy in the FESEM service of UNIZAR.

Other observations were made with an Olympus SZX7

zoom stereomicroscope with a KL1500 LCD lamp. Matrox

Inspector 8.0 was used as imaging software. The teeth were

measured with aMitutoyo Digimatic Digital Caliper Series

No 500 and Matrox Inspector 8.0 measurement tools. The

measurements performed on scanning electron microscope

images obtained in previous studies were conducted with

ImageJ software.

Seventeen theropod (plus two crocodylomorph) teeth

from La Cantalera have been analysed during the course of

this research. Other teeth from the sites of Vallipón

(Castellote) (Ruiz-Omeñaca et al. 1998) have been studied;

data of spinosaurids from Iberia have also been included

(Torcida et al. 1997; Torcida Fernández-Baldor et al. 2003;

Infante et al. 2005; Sánchez-Hernández et al. 2007; Canudo

et al. 2008; Gasca et al. 2008).

2.1 Anatomical nomenclature

Theropod teeth usually have ziphodont morphology

(D’Amore 2009); they have a conical shape, labiolingually

compressed and curved, with the apex of the crown facing

distally. This general morphology may vary in some taxa.

The anatomical nomenclature used in this work is mainly

based on the recommendations of Smith andDodson (2003)

and Hendrickx et al. (2015). A theropod tooth is composed

of a crown and a root; the junction between them is called

the cervix. The top of the crown and the root is called the

crown or root apex. Carinae are structures running

Figure 1. (Colour online) Geographical and geological context. Geographical and geological location of La Cantalera site (early
Barremian). (1) Stratigraphical setting of the area. (2) Location ofLaCantalera sitewithin theBlesa Formation. (3)Geological context of the
site. (3a) Geological map of the Iberian Peninsula. (3b) Location of palaeogeographic subbasins (Ol: Oliete, Pa: Las Parras, Ga: Galve,Mo:
Morella; Pe: Perelló; Sa: Salzedella, Pg: Peñagolosa)within theMaestrazgo basin. (3c)Geographical location of LaCantalera site near Josa,
Teruel. (4) Geological mapping of the area around La Cantalera (4a) with the local geological units (4b). From Canudo et al. (2010).

Historical Biology 3
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apicobasally on the crown, usually on the edges, facing

mesially or distally. Carinae can be denticulated, showing a

serration formed by several denticles. Flutes are subparallel

longitudinal grooves of similar width separated by straight

and acute ridges on the crown. Longitudinal ridges are

apicobasally long and narrow convexities. Crenulation is

shallow and subtle apicobasal ornamentation. Enamel

wrinkles are enamel undulations running mesiodistally.

Enamel texture refers to the pattern on the crown surface

(Hendrickx et al. 2015). The tooth surface facing outwards

towards the lips is called labial. The opposite surface,which

faces the sagittal midline of the skull, is called lingual, i.e.

towards the tongue. The tooth surface close to the jaw

symphysis is called mesial. The tooth surface close to the

jaw articulation is called distal. Apical refers to the

direction from the cervix to the crown apex. Basal refers to

the direction from the apex to the cervix.

2.2 Morphometric nomenclature

The morphometric terminology (Figure 2) in the present

work follows the terms and abbreviations used in Smith

et al. (2005). The crown base length (CBL) is the

mesiodistal length of the crown at the level of the cervix;

the crown base width is the labiolingual width of the crown

at the cervix level, perpendicular to CBL. The crown base

ratio (CBR) is the ratio of CBW to CBL and shows the

labiolingual compression; crown height (CH) is the

basoapical extent of the distal margin of the crown, from

the most distal point of the cervix to the most apical point

of the apex. The crown height ratio (CHR) is the ratio of

CH to CBL and shows the crown elongation (Hendrickx

et al. 2015).

The apical length (AL) is the basoapical extent of the

mesial margin of the crown. The mesial serration density is

the number of denticles per mm on the mesial margin;

initials change according to the position of the denticles

(MA refers to mesioapical denticles per mm; MC,

mesiocentral denticles per mm; MB, mesiobasal denticles

per mm). The distal serration density is the number of

denticles per mm on the distal margin (DA, distoapical

denticles per mm; DC, distocentral denticles per mm; DB,

distobasal denticles per mm). The average mesial serration

density (MAVG) is the arithmetic mean of denticles per

Figure 2. Positional and tooth nomenclature. (a) Spinosaurid tooth in lateral view. AL, Apical Length; CBL, Crown Base Length; CH,
Crown Height; cx, cervix; flu, fluted enamel; DA, DC, DB, distal denticle density (apical, medial, basal); MA, MC, MB, mesial denticle
density (apical, medial, basal); wfa, wear facet. (b) Cross-section of the tooth at the level of the cervix. CBW, Crown Basal Width; CBL,
Crown Base Length. (c) Dorsal view of an upper jaw of Spinosaurus. Modified from Dal Sasso et al. (2005).
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mm along the mesial carina (MA þ MC þ MB/3). The

average distal serration density (DAVG) is the arithmetic

mean of denticles per mm along the distal carina. The

denticle size density index (DSDI), used by Rauhut and

Werner (1995), shows the difference in size between the

mesial and distal denticles and has been expressed in this

work as the ratio of MAVG to DAVG.

2.3 Qualitative features

A number of qualitative features have been studied in this

work in order to complement the morphometric information

provided by measurements. The main such features are the

shape of the tooth (Torices-Hernández 2007), the position of

the mesial and distal carina (Currie et al. 1990; Torices-

Hernández 2007), the morphology of the denticles (Currie

et al. 1990, Torices-Hernández 2007), the cross-section of

the crown and surface morphology (convex, plano-

convex . . . ), crown ornamentation, denticle position, the

presence or absence of enamel wrinkles (Brusatte et al.

2007), the state of preservation of the toothwith observations

on the presence/absence of broken root remains in order to

identify whether it was a functional/shed tooth (Ruiz-

Omeñaca and Canudo 2003), and the presence or absence of

wear facets.

2.4 Statistical analysis

A statistical analysis has been performed in order to

understand the variation among the spinosaurid teeth from

La Cantalera-1 site. The analysis allows to draw a

comparison between the data for these teeth and the

morphometric data collected by other authors on

spinosaurids from Iberia. Theropods from different parts

of the world have also been included.

The statistical analysis was performed using PAST

(Hammer et al. 2001) on numerical data collected by

Smith et al. (2005), Canudo et al. (2008), Gasca et al.

(2008), Torcida et al. (1997), Torcida Fernández-Baldor

et al. (2003), Ruiz-Omeñaca et al. (1998), Infante et al.

(2005), Sánchez-Hernández et al. (2007) and the

measurements of the teeth from La Cantalera-1 taken by

the authors.

In addition, morphometric data from crocodylomorph

teethwere also included. Themain reasonwas to use them as

a control group in the analysis due to the similarity between

spinosaurid and crocodylomorph teeth.Thecrocodylomorph

teeth included in the analysis belong to Morphotype 1 of La

Cantalera site crocodylomorphs (Puértolas-Pascual et al.

2014). This morphotype has usually been attributed to

Goniopholididae, but it is also found in other neosuchians

and heterodont crocodylomorphs.

When studying theropod teeth, it is common to log-

transform the values in order to better reflect a normally

distributed multivariate dataset (Smith et al. 2005; Kear

et al. 2013; Larson and Currie 2013; Hendrickx et al. 2015;

see justification in Samman et al. 2005). Here the values

were not log-transformed, as the absence of mesial and

distal denticles was taken into account. The absent data

were coded with a zero value; the missing data were coded

with a question mark.

A PCA analysis has been performed on the dataset, in

order to reduce the original variables of the sample without

losing information; the variables selected are CBL, CBW,

CH, MAVG and DAVG. All measurements are expressed

in mm. The dataset from Smith et al. (2005) has been

included with the data for isolated teeth from the Iberian

Chain. The aim is to check the validity of the morphotypes

studied in the Systematic Palaeontology, and test whether

the spinosaurids occupy the same region of the morpho-

space. A total of 119 teeth have been included. The

measurements from Smith et al. (2005) included in this

analysis comprise Baryonyx, Suchomimus (Spinosaur-

idae), Carcharodontosauridae, Troodontidae, Dromaeo-

sauridae and Ceratosauridae.

3. Systematic palaeontology

Clade DINOSAURIA Owen, 1842

Clade SAURISCHIA Seeley, 1887

Clade THEROPODA Marsh, 1881

Clade TETANURAE Gauthier, 1986

Superfamily SPINOSAUROIDEA Stromer, 1915

Family Spinosauridae Stromer, 1915

Subfamily Baryonychinae Sereno, Beck, Dutheil, Gado,

Larsson, Lyon, Marcot, Rauhut, Sadleir, Sidor, Varricchio,

Wilson and Wilson, 1998

3.1 Baryonychinae indet

3.1.1 Material

Thirteen teeth: CAN1 953, CAN1 957, CAN1 958, CAN1

959, CAN1 977, CAN1 983, CAN1 984, CAN 1 999,

CAN1 1001, CAN1 1616, MPZ 97/468-CAN1 974, MPZ

2001/207 and MPZ 2001/208.

3.1.2 Description

Baryonychinae indet. teeth show a variable state of

preservation (Figure 3). The mesial margin of the teeth is

convex, while the distal margin is concave or straight. The

cross-section varies between elliptical and subcircular.

Crown height ranges from 6 to 28mm. All teeth have

mesial and distal carinae, but some teeth do not have

serration on the mesial carina. Carinae are located on the

mesiodistal axis of the crown and start close to the cervix.

Denticles are chisel-shaped and their height and width

vary between 0.1 and 0.12mm. Denticle density per mm
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ranges from 6 to 12. The denticle size density index values

are close to one, so there is no difference between the

mesial and the distal size of the denticles. The denticles are

perpendicular to the margin of the teeth. Both faces of the

teeth bear enamel ornamentation which consists of 6–7

ridges (on average) orientated apicobasally; the ridges do

not reach the apex.

3.1.3 Discussion

Unlike other theropods, spinosaurid teeth have a

subcircular-elliptical cross-section. The crown is usually

straight, with very slight distal curvature. Spinosaurid

teeth usually have fluted enamel and small denticles, and a

veined enamel texture (Ruiz-Omeñaca et al. 2005; Gasca

et al. 2008; Hendrickx et al. 2015). Baryonychine teeth

have an ornamentation based on ridges, the cross-section is

not as subcircular as in spinosaurine teeth, and the distal

curvature is more pronounced than in Spinosaurinae

(Canudo et al. 2008).

Previous papers (Canudo and Ruiz-Omeñaca 2003;

Ruiz-Omeñaca 2006) have differentiated between two

morphotypes of baryonychine spinosaurid teeth in the

Barremian. The first morphotype includes all teeth with

serration on the mesial and distal carina, and the second

morphotype only has serration on the distal carina. Here

we do not differentiate these morphotypes because

sometimes the presence or absence of denticles on the

mesial carina is difficult to determine due to the state of

preservation of the teeth. In addition, this is the only

difference between the morphotypes; they share all other

features. There are no differences in size, denticle density

per mm, ridges, enamel texture, etc. so we prefer to include

them, for the moment, in a one morphotype in La

Cantalera-1 site.

This morphotype of baryonychine teeth differs from that

of other spinosaurids. Baryonyx walkeri teeth do not have

fluted enamel on the labial surface (Charig andMilner 1997).

Ostafrikasaurus crassiserratus teeth have larger denticles

and, in consequence, a lower denticle density per mm

(Buffetaut 2012). Asiatic forms such as Siamosaurus

suteethorni have more ridges on the teeth surface (Buffetaut

and Suteethorn 1999; Hasegawa et al. 2003). Other

spinosaurids such as Suchomimus tenerensis (Sereno et al.

1998) have a microgranular ornamentation on the edges of

the tooth; this ornamentation is absent in La Cantalera-1 site.

It is interesting to draw comparisons between the teeth

from La Cantalera and other data from Spain. Baryony-

chine teeth from the early Aptian of the Morella Formation

(Canudo et al. 2008) differ from this morphotype; the teeth

from La Cantalera-1 lack the enamel wrinkles and

microgranular ornamentation of these teeth. Teeth from

El Castellar Fm. (Gasca et al. 2008) show more similarities

with this morphotype. In addition, El Castellar Fm. is

Figure 3. (Colour online) Baryonychinae teeth from La Cantalera-1 site in lingual (a, d, g) and labial (b, e, f) views, with detail of mesial
denticles (c). (a–c) MPZ 2001/207; (d, e) MPZ 2001/208; (f, g) CAN1 957. Scale bar: 1 cm (a, b, d, g) or 1mm (c).
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biostratigraphically similar to the Blesa Fm. spinosaurid

teeth from Barremian-Aptian sites of the Wealden facies

of Burgos (Torcida et al. 1997; Torcida Fernández-Baldor

et al. 2003) have similar features both in terms of ridges

and denticle density per mm. Teeth from the late

Barremian of Vallipón (Ruiz-Omeñaca et al. 1998), early

Barremian of Ladruñán (Infante et al. 2005) and some

teeth from the late Hauterivian-early Barremian of Galve

(Sánchez-Hernández et al. 2007) show a similar

appearance to the remains from La Cantalera-1.

Subfamily Spinosaurinae Stromer, 1915

3.2 Spinosaurinae? indet

3.2.1 Material

Four teeth: CAN1 960, CAN1 968, CAN1 973 and CAN1

990.

3.2.2 Description

Spinosaurinae? indet. teeth show a variable state of

preservation. The teeth have a convex mesial margin,

while the distal margin is concave or straight. The teeth have

a subcircular cross-section. Estimated crown height values

range from 16 to 22mm. The apex is pointing very slightly

towards the distal margin. CHR values are high due to the

elongation of the crowns. These teeth do not have carinae

with the exception of CAN1 990, which has a distal carina

without any serration (Figure 4). The teeth have ornamenta-

tion based on apicobasal crenulation, which is faint and

shallow. This ornamentation is more subtle and numerous

than the ridges of the Baryonychinae indet. morphotype.

3.2.3 Discussion

Four teeth have been tentatively attributed to Spinosaur-

inae on the basis of their features that do not fit in the

Figure 4. (Colour online) Spinosaurinae? indet. teeth from La Cantalera-1 (a–d) and Cerrada Roya sites (e, f), in labial (a, d), lingual (b,
c, f), and distal (e) views. (a, b) CAN1 990; (c, d) CAN1 968; (e, f) MPZ 2014/444. Scale bar: 1 cm.
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Baryonychinae subfamily. Spinosaurine teeth are usually

less curved on the distal margin, ornamentation is less

marked or absent, and the cross-section is heavily

subcircular (Martill and Hutt 1996; Canudo et al. 2008;

Fanti et al. 2014), though some spinosaurines such as

Irritator (Sues et al. 2002) do not share these features. This

morphotype can be hard to distinguish from crocodylo-

morph teeth. Crocodylomorph teeth have a lingual

curvature, but the teeth from Spinosaurinae? indet. lack

this trait.

The spinosaurine teeth from La Cantalera site differ

from Spinosaurus aegyptiacus (Stromer, 1915). The

holotype of Spinosaurus does not have fluted enamel

(though other remains attributed to Spinosaurus do have

some ornamentation), and the carinae are unserrated.

Irritator challengeri (Martill et al. 1996) have teeth with

serrated carinae and fluted enamel. Oxalaia quilombensis

(Kellner et al. 2011) teeth have unserrated carinae and

fluted enamel, and also enamel wrinkles that do not appear

on the teeth from La Cantalera-1.

The ornamentation of the teeth from La Cantalera

bears some similarities with Morphotype 5 reported by

Fanti et al. (2014) from the Albian of Tunisia. These teeth

have a faint and shallow crenulation along the tooth crown,

extending neither straight nor parallel along the crown.

However, the teeth from La Cantalera-1 belonging to

Spinosaurinae? indet. seem to have a higher number of

ornamentations than Morphotype 5 from North Africa, and

there is no difference in number between the lingual and

labial surfaces.

Another tooth, from the site of Cerrada Roya

(Camarillas Formation, Barremian) (MPZ 2014/444) in

Galve, has traits similar to the teeth from La Cantalera-1:

the absence of carinae, a relatively straight crown,

numerous and subtle crenulation, though it is more

labiolingually compressed. However, this compression

could be explained in terms of heterodonty, so we consider

this tooth to belong to the same morphotype as the above.

Sánchez-Hernández et al. (2007) have also reported

spinosaurine teeth from Galve, at the sites of Cerrada

Roya and San Cristóbal. These teeth lack ornamentation

with the exception of one tooth (MPG-SC 2), have both a

mesial and distal unserrated carina (the ornamented tooth

only has a distal carina), and the crown height ranges

from 12 to 21mm. It is possible that these teeth, though

considered non-ornamented, may in fact have an

ornamentation based on weak crenulation like the

Cerrada Roya tooth (MPZ 2014/444) because they

come from the same site. However, some differences

exist. The teeth studied by Sánchez-Hernández et al.

(2007) have an unserrated mesial and distal carina, absent

in the teeth from La Cantalera-1 (with the exception of

the distal carina of CAN1 990) and the Cerrada Roya

MPZ tooth. Despite these differences, here we have

considered all the teeth from Galve to belong to a single

morphotype that also includes the Spinosaurinae? teeth

from La Cantalera-1, due to the heterodonty present in

theropods. Nevertheless, further studies are required in

order to clarify this point.

4. Results

The principal component analysis shows the variation in

the dataset in two axes or components (Figure 5). The first

component (X-axis) explains 95.01% of the variance. The

second component (Y-axis) explains only 2.44% of the

variance. The first component loadings are CH, CBL and

CBW; these variables show the size of the teeth. DAVG

and MAVG load the second component and explain the

denticle density of the teeth (Hendrickx et al. 2015).

Quadrant 1 in the plot includes theropods with large teeth

and a high denticle density. Quadrant 2 has theropods with

small teeth and a high denticle density. Quadrant 3 shows

theropods with small teeth with a low denticle density on

the carinae, and quadrant 4 has large theropod teeth with a

low denticle density.

The largest theropod teeth (belonging to Suchomimus

and Carcharodontosauridae) are found in quadrants 1 and

4. Their positions on the Y-axis vary with the denticle

density, which is higher in spinosaurids.

Baryonychine spinosaurids are located between quad-

rants 1 and 2. It is notable that the values for these

baryonychine teeth lie in the area around Baryonyx values,

while the Suchomimus values remain separate from them.

The dataset from the Iberian Chain shows greater variation

than the theropods in the Smith et al. (2005) dataset. The

high range of variation of the Iberia dataset could be

attributed to their origin in isolated teeth, unlike the data

for the rest of the teeth. Data from isolated teeth may have

a larger variation because they come from more different

specimens. It is also notable that the state of preservation

of isolated teeth has an effect when measuring and

inferring data.

Ceratosauridae and Carcharodontosauridae are found

in the 4th quadrant, which corresponds to medium–large

sized teeth and a low denticle density.

Dromaeosaurid teeth are found between the 2nd and

the 3rd quadrant. Small teeth with a low denticle density

belonging to Troodontidae are located in the 3rd quadrant,

close to the teeth from Spinosaurinae? indet. from Galve

and La Cantalera-1 and Crocodylomorpha indet. teeth,

with no denticles at all.

The baryonychine teeth from the Iberian Chain

overlap. The teeth with the most similar values to the

teeth from La Cantalera-1 site are from Vallipón, but these

teeth are larger in size. The largest teeth from the Iberian

Chain belong to the baryonychine spinosaurids of Burgos

and the Morella Fm.

The teeth from La Cantalera-1 site are the smallest teeth

among the baryonychine spinosaurids; only one of them is
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similar in size to Baryonyx teeth. The overall size is

comparable with the data from dromaeosaurid, troodontid

and other small theropod teeth. Other baryonychine

spinosaurids do not share this feature and have large teeth,

comparablewithBaryonyx.Also remarkable is the grouping

of the Spinosaurinae? indet. teeth ofGalve andLaCantalera-

1. Crocodylomorpha indet. teeth remain separate from those

of Spinosaurinae? indet., themost similar teeth in the dataset.

5. Discussion

The grouping of baryonychine spinosaurids from the Iberian

Chain around the Baryonyx values, as seen in the PCA

analysis, suggests that they are closer to this dinosaur than to

other baryonychine spinosaurids such as Suchomimus

tenerensis. This is congruent with other fossil remains from

the Iberian Chain, such as the mandibular fragment reported

by Viera and Torres (1995) in La Rioja. This fragment was

identified as a left maxilla belonging to Baryonyx walkeri.

Postcranial remains attributed to baryonychine theropods

have also been cited: a tibia (Gasulla et al. 2006) and cervical,

dorsal and caudal vertebrae (Ortegaet al. 2006).However, the

tooth remains from the Iberian Peninsula do not have the

sameappearance asB.walkeri teeth fromEngland; this is also

seen in jaw fragments reported by Buffetaut (2007) from the

Barremian of Portugal and attributed to Baryonyx sp. These

fragments include some teeth that develop ornamentation

both on the labial and lingual sides. It is possible that this

difference between B. walkeri and other baryonychine teeth

could be explained in terms of geographical variation, but in

any case herewe prefer to ascribe the teeth fromLaCantalera

site to Baryonychinae indet.

The possible presence of spinosaurine spinosaurids in

the Early Cretaceous of Ibera is also of particular interest.

The grouping of the teeth from La Cantalera-1 and Galve

suggests that they belong to the same morphotype, as we

proposed above. The separation between them and

crocodylomorph teeth leads us to regard them as dinosaur

teeth.

But are they really spinosaurine teeth? These teeth show

a set of features that differ from the primitive condition in

theropods. The primitive condition for theropod teeth is to be

labiolingually compressed, with serrated carinae and the

apex facing distally. Spinosaurinae? indet. teeth show scarce

labiolingual compression, absent or unserrated carinae, and a

relatively straight crown; these traits are considered present

in spinosaurine spinosaurids by some authors (Martill and

Hutt 1996; Canudo et al. 2008; Fanti et al. 2014). They also

can lose ornamentation, which is congruent with the subtle

ornamentation found on these teeth.

The derived features in these teeth lead us to rule out

their attribution to other basal tetanurans which have

primitive teeth. Other teeth with derived features can also

be found in dinosaurs from the Early Cretaceous of the

Iberian Peninsula, such as maniraptoran dinosaurs, but

these have different traits in terms of shape, the presence

or absence of denticles, carinae, DSDI, cross-section and

size, so they can be ruled out. Other groups such as

megalosaurids have mesial teeth with a rounded outline

Figure 5. (Colour online) Principal component analysis plot using CBL, CBW, CH, MAVG and DAVG.
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(Hendrickx and Mateus 2014), but the teeth from La

Cantalera-1 do not share their traits. Features such as the

absence of lingual curvature, differences in ornamentation

and divergent PCA results suggest that they do not belong

to crocodylomorphs. We consider that the most probable

producer of these teeth was a spinosaurine spinosaurid.

It is particularly remarkable that the teeth from La

Cantalera are smaller than other spinosaurid teeth from

Iberia. A taphonomic accumulation produced by trans-

portation is ruled out due to the absence of evidence for the

transport of the teeth. Other possibilities are the presence

in La Cantalera-1 of small taxa and the presence of

juvenile specimens. The latter appears to be the more

plausible answer due to the presence of teeth with similar

features in different parts of Iberia, such as the teeth from

the Vallipón and Burgos sites. Nevertheless, further

studies are required in order to answer this question.

Whatever the case, the spinosaurid teeth from La

Cantalera-1 are small in size, though they are not the only

fossil remains from this site with this trait. Other theropod

teeth with different affinities such as Carcharodontosaur-

idae? indet. teeth are small in size. The crocodylomorph

teeth also show a small size, as reported by Puértolas-

Pascual et al. (2014). Fossil remains from sauropods and

ornithopods are also characterised by their small size in

comparison with other sites in Iberia.

A possible explanation for such small-sized remains is

attributable to the features of La Cantalera-1 site: a marshy

environment with periodic droughts, surrounded by a

Jurassic relief, resulting in a non-permanent body of water

and a marshy vegetated area. This small lacustrine area has

been interpreted as a feeding area for herbivore dinosaurs

(Ruiz-Omeñaca et al. 1997). Moreover, the great

biodiversity of vertebrates can be explained by the fact

that palustrine areas tend to undergo an increase in

organisms – especially during dry periods – due to the

displacement of animals to flooded areas where food is

found (Puértolas-Pascual et al. 2014). Here we propose

that the small size of La Cantalera-1 site did not allow the

presence of large animals, either crocodylomorphs or

dinosaurs: the fact that large animals could not be

sustained in the area led to the increased biodiversity of

small-sized animals (juveniles and/or small taxa).

The lack of fish in La Cantalera-1 site implies that the

spinosaurid theropods that have been found did not have a

piscivorous diet. They probably had to feed on herbivore

dinosaurs, smaller theropods such as maniraptorans,

pterosaurs and other organisms found at the site (Ruiz-

Omeñaca et al. 2005).

6. Conclusions

Two morphotypes of spinosaurid teeth have been

recognised in the early Barremian of La Cantalera-1 site:

Baryonychinae indet. and Spinosaurinae? indet.

Except for their size, the Baryonychinae indet. teeth

are quite similar to those from other Iberian sites. The teeth

from the Morella Fm. have microgranular ornamentation

and enamel wrinkles that Baryonychinae indet. lacks, so it

is probable that the Morella Fm. teeth belong to another

baryonychine spinosaurid.

Baryonychine spinosaurids from Iberia are grouped

closer to the values for Baryonyx walkeri than Suchomi-

mus tenerensis in the PCA analysis. However, the Morella

Fm. teeth share their microgranular ornamentation with

Suchomimus (Canudo et al. 2008). We consider that all the

baryonychine spinosaurids studied from the Iberian

Peninsula with the exception of the Morella Fm. teeth

are of a type closer to Baryonyx walkeri. This is congruent

with the presence in Iberia of skull remains attributed to

Baryonyx walkeri (Viera and Torres 1995).

Here we present new evidence that supports the idea of

the presence of a spinosaurine spinosaurid in Iberia during

the Early Cretaceous, as first proposed by Sánchez-

Hernández et al. (2007). We have ruled out attribution to

other theropods or crocodylomorphs, although we remain

cautious due to the scarce fossil record known. Features of

these teeth are similar to Morphotype 5 of Fanti et al.

(2014), which has a different location both in space and

time, tentatively assigned to cf. Spinosaurus

sp. Nevertheless, Spinosaurinae? indet. does not fit exactly

with any of the described spinosaurine teeth, so we regard

them as belonging to an unknown spinosaurine spino-

saurid, probably closer to Spinosaurus than any other

member of Spinosaurinae. The presence of this spino-

saurine is scarce when compared with its baryonychine

relatives, which are present in abundance in the sites of the

Iberian Chain. Teeth remains of Spinosaurinae? indet. are

also less frequent than Baryonychinae indet. within La

Cantalera-1 site.

Small-sized teeth both from Spinosaurinae and

Baryonychinae have been observed. This small size has

also been observed in other fossil remains belonging to

other dinosaurs and crocodylomorphs, leading us to

propose that the characteristics that prevailed at La

Cantalera-1 site allowed the concentration of small-sized

organisms because the ecosystem could not sustain large

vertebrates.

Supplementary material

Supplementary material related to this article is available

online.
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Canudo JI, Gasulla JM, Gómez-Fernández D, Ortega F, Sanz JL, Yagüe
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Univ Paul Sabatier; p. 247.

Ortega F, Escaso F, Gasulla JM, Dantas P, Sanz JL. 2006. Dinosaurios de
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RESUMEN
 

El yacimiento de “Barranco del Hocino 1” es nueva localidad de vertebrados fósiles hallada en la Formación Blesa 
(Barremiense) cerca de la población de Estercuel (Teruel, España). Una campaña de trabajo de campo ha permitido 
la recuperación de un centenar de restos óseos y dientes correspondientes a dinosaurios ornitópodos, tireóforos y 
terópodos, junto a restos de crocodilomorfos, peces óseos, quelonios, además de coprolitos y cáscaras de huevo. Este 
nuevo yacimiento representa una contribución significativa sobre la diversidad de vertebrados en el Barremiense inferior 
de Teruel y la formación de yacimientos de vertebrados en la Subcuenca de Oliete.

Palabras clave: Estercuel, Formación Blesa, Dinosauria, Crocodilomorpha, paleobiodiversidad.

ABSTRACT

Here we present “Barranco del Hocino 1”, a new vertebrate locality from the Blesa Formation (Barremian), near 
the town of Estercuel (Teruel, Spain). One campaign of fieldwork has enabled us to recover one hundred of osteological 
remains. They include ornithopod, thyreophoran and theropod dinosaur postcranial remains and isolated teeth, as well 
as those of crocodylomorphs, chelonians and osteichthyes. Coprolites and eggshell fragments are also present. This new 
vertebrate fossil site represents a significate contribution on the vertebrate diversity in the lower Barremian of Teruel 
and the formation of vertebrate sites in Oliete Sub-Basin.

Key words: Estercuel, Blesa Formation, Dinosauria, Crocodilomorpha, paleobiodiversity.

INTRODUCCIÓN

La parte oriental de la Cuenca del Maestrazgo (subcuenca de Oliete, Teruel) presenta una secuencia de sedimentos 
continentales en facies Weald donde se conocen pocos yacimientos de vertebrados fósiles, aunque alguno de ellos como 

51_PALEONTOLOGIA_Vertebrados_Alonso.indd   303 02/09/16   11:42



NUEVAS CONTRIBUCIONES A LA PALEOBIODIVERSIDAD DE DINOSAURIOS TERÓPODOS DEL JURÁSICO Y CRETÁCICO DE 
ESPAÑA A PARTIR DE DIENTES AISLADOS248

 
 

ActAs de lAs XXXII JornAdAs de lA socIedAd espAñolA de pAleontologíA

 
 

304

La Cantalera-1 (Josa) es uno de los que presenta una mayor paleobiodiversidad de dinosaurios y crocodilomorfos del 
Barremiense inferior de la Península Ibérica (Canudo et al., 2010; Puértolas et al., 2015; Alonso y Canudo, 2016). Además 
hay otros puntos y áreas con fósiles de vertebrados en esta subcuenca, pero en general son descubrimientos aislados (Gasca, 
2015; Parrilla-Bel y Canudo, 2015). Sin embargo hay amplias áreas de sedimentos en facies Weald en esta parte de la Cuenca 
del Maestrazgo en el que no se ha encontrado hasta ahora restos de vertebrados como es el entorno de Estercuel. En este 
contexto, el objetivo de este trabajo es presentar por primera vez la asociación fósil del yacimiento Barranco del Hocino 1.

LOCALIZACIÓN GEOGRÁFICA Y GEOLÓGICA

El yacimiento del Barranco del Hocino 1 se encuentra en el término municipal de Estercuel, provincia de Teruel, 
España. Geológicamente se sitúa en el sector meridional de la subcuenca de Oliete, una de las subcuencas que 
componen la cuenca cretácica del Maestrazgo. El afloramiento del yacimiento se sitúa en la parte media de la Formación 
Blesa, de edad Barremiense (Canudo et al., 2010). 

La sección del Barranco del Hocino se sitúa en una sucesión estratigráfica de niveles de lutitas y margas 
multicolores con indicios de paleosuelos que alternan con calizas grises bioturbadas, correspondientes a depósitos 
aluviales y lacustres someros. El nivel fosilífero consiste en lutitas grises con moteado rojo, verde y amarillento, con 
presencia de bioturbación (trazas de invertebrados), nódulos de carbonato y calcretas. El contenido fósil consiste en 
vertebrados, moluscos bivalvos, gasterópodos, ostrácodos y carofitas. El paleoambiente se interpreta como una llanura 
aluvial con exposición área, episodios palustres y desarrollo de paleosuelos.

RESULTADOS

La campaña de trabajo de campo de 2015 ha permitido la recolección superficial de unos 100 restos fósiles de 
vertebrados. El yacimiento de Barranco del Hocino 1 es una acumulación de huesos desarticulados y fragmentados, muchos 
de ellos inidentificables. Los restos fósiles se encuentran dispersos en una amplia área que se extiende lateralmente una 
decena de metros, sin encontrarse en una acumulación significativa en las partes excavadas.Los huesos presentan alto 
grado de fracturación y meteorización y abrasión variable. Algunas superficies de hueso presentan marcas de dientes. 
La asociación fósil está dominada por macrorrestos de ornitópodos. En menor medida aparecen restos dérmicos de 
anquilosaurios, dientes de terópodosy restos de microvertebrados (dientes de crocodilomorfos y de peces osteíctios), 
fragmentos de placas de tortugas, coprolitos de tamaño medio-pequeño y cáscaras de huevo (Figura 1).

Parte del material ha sido obtenido mediante el lavado y tamizado de sedimento del yacimiento. Se han lavado 10 
kilos de material utilizando una luz de malla de 0.5 mm. Además parte del material ha sido lavado empleando un tamiz 
de luz de malla 0.100 mm para obtener una muestra representativa de microfósiles aparte de los restos de vertebrados.

Dinosaurios

Ornithopoda
Los restos de dinosaurios ornitópodos son los más abundantes dentro de yacimiento de Barranco del Hocino 1, 

relacionados con iguanodontios estiracosternos. Se han encontrado restos craneales y postcraneales fragmentarios y 
desarticulados. Destaca por su conservación un yugal, pero también han aparecido restos de vértebras dorsales, sacras 
y caudales, fragmentos de costillas y de huesos largos y elementos autopodiales.También son frecuentes los dientes 
mudados muy similares a los que se encuentran en el yacimiento de la Cantalera-1 (Canudo et al., 2010)

Thyreophora
Los restos de dinosaurios tireóforos están representados por fragmentos de osteodermos y dos espinas dérmicas 

bastante completas. Su morfología y tamaño son similares a los restos de anquilosaurios de la Cantalera-1 (Canudo et al., 2010).
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Theropoda
Las coronas incompletas y aisladas de dinosaurios terópodos son relativamente abundantes en el yacimiento. 

Los dientes recuperados hasta el momentoson detetanuros de tamaño pequeño a grande. Se han identificado dientes 
de espinosáurido de tipo barioniquino, con dientes cónicos y ornamentados con crestas longitudinales en las caras 
labial y lingual similares a los de la Cantalera-1 (Alonso y Canudo, 2016). Se ha reconocido otra morfología más 
plesiomórfica, con dientes zifodontos y aplastados labiolingualmente, con carenas serradas y ornamentación compuesta 
por ondulaciones transversales y marginales (sensu Hendrickx et al., 2015). Estos dientes han sido atribuido a 
Carcharodontosauridae indet. (Alonso et al., 2016).

Crocodilomorfos

Además de los dinosaurios se han hallado restos de crocodilomorfos en el yacimiento de Barranco del Hocino 
1. Hasta el momento se han recuperado dientes aislados de pequeño tamaño. Se han diferenciado dos morfotipos. 
El primero  corresponde a dientes cónicos, de sección circular, con crestas longitudinales en ambas caras y curvados 
labiolingualmente. Este tipo de dientes ha sido atribuido tradicionalmente a los Goniopholididae. Morfológicamente 
son similares a los dientes de Goniopholididae? de otros yacimientos de la Formación Blesa como La Cantalera-1 
(Puértolas-Pascual et al., 2015).

El segundo morfotipo presenta dientes de pequeño tamaño, lanceolados, comprimidos labiolingualmente, con 
carenas y ornamentados con crestas longitudinales que divergen hacia los márgenes. Este morfotipo es similar a la de 
otros crocodilomorfos atoposáuridos de la Formación Blesa (Puértolas-Pascual et al., 2015).

Figura 1. Restos del Barranco del Hocino 1. A) HOC 32. Coprolito. B, C) HOC 12 y HOC 6. Pollex y diente de iguanodontio estiracosterno. D, E) HOC 

26 y HOC 17. Diente de terópodo carcharodontosáurido y espinosáurido. F, G) HOC 33, HOC 34.Fragmentos de placa de tortuga.H) HOC 1. Yugal de 

iguanodontio. I) HOC 21. Fragmento de osteodermo de anquilosaurio. J) HOC 16. Vértebra caudal de iguanodontio con marcas de dientes. K) HOC 27. 

Espina dérmica de anquilosaurio.
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DISCUSIÓN Y CONCLUSIONES

El yacimiento del Barranco del Hocino presenta bastante similitud con otros de la Formación Blesa como La 
Cantalera-1 (Canudo et al., 2010) tanto en su composición, como en su formación. El ambiente de depósito corresponde 
a medios continentales aluviales, en llanuras pobremente drenadas y con presencia de masas de agua dulce efímeras.
Estas afinidades geológicas se traducen también en el similar contexto de formación de los yacimientos de vertebrados 
con acumulación atricional de los restos biológicos. Los restos fósiles de vertebrados están frecuentemente peor 
conservados en Barranco del Hocino 1 que los de La Cantalera-1, esto podría relacionarse con una exposición subaérea 
más prolongada de los huesos y/o mayor alteración por procesos pedogénicos, además de la acción de predadores. Por 
otra parte, aparentemente el contenido y diversidad en microvertebrados es menor en Barranco del Hocino 1.

Salvando las diferencias en el tamaño de muestra entre los yacimientos estudiados de la Formación Blesa (en La 
Cantalera-1 se ha lavado toneladas de sedimento, Canudo et al., 2010), la fauna de dinosaurios es similar, con gran 
abundancia de restos de dinosaurios ornitópodos, algunas evidencias de tireóforos y terópodos tetanuros. Por otra 
parte, terópodos y crocodilomorfos no muestran hasta el momento tanta variedad como en La Cantalera-1 (Canudo 
et al., 2010; Puértolas-Pascual et al., 2015). Hasta el momento no se han hallado evidencias de otros grupos como 
dinosaurios saurópodos, pterosaurios o mamíferos descritos en La Cantalera-1. Los restos de osteíctios y quelonios 
son escasos en el Barranco del Hocino-1, similar a La Cantalera-1, lo que les diferencia de formaciones barremienses 
como la formación El Castellar que aflora en otras subcuencas (Galve y Peñagolosa) de la Cuenca del Maestrazgo 
(Gasca, 2015).

No obstante, nuevas campañas de trabajo serán necesarias para comprender con mayor profundidad la 
paleobiodiversidad de vertebrados del yacimiento y complementar el conocimiento de la presencia de taxones y 
distribución en esta área de la subcuenca de Oliete.
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Abstract
Introduction Barranco del Hocino-1 is a new fossil site located near Estercuel, Teruel province, Spain. The fossil site is 
located geologically within the Oliete sub-basin, in the Blesa Formation (Barremian in age). Barranco del Hocino-1 shows 
a diverse assemblage of tetrapod vertebrates similar to other sites in the Blesa Formation.
Materials and methods Six isolated teeth belonging to Theropoda have been found. A study of their qualitative and quantita-
tive characters, along with statistical (DFA) and cladistic analyses, enable us to identify four different dental morphotypes.
Results These morphotypes belong to separate tetanuran theropod taxa. One is related to Spinosauridae. The other morpho-
types show affinities with non-spinosaurid tetanurans, probably related to Carcharodontosauria.
Conclusions The results are congruent with the known theropod record of the Iberian Peninsula and western Europe. This 
work is a new contribution to what is known of the palaeobiodiversity and distribution of large-bodied theropods from the 
Barremian of the Iberian Peninsula.

Keywords Lower Cretaceous · Blesa Formation · Theropoda · Dinosaur teeth · Spain

Resumen
Introducción Barranco del Hocino-1 es un nuevo yacimiento localizado en el entorno de Estercuel, provincial de Teruel 
(España). Geológicamente se sitúa en la Formación Blesa (subcuenca de Oliete) de edad Barremiense. El yacimiento presenta 
una asociación diversa de vertebrados similar a otros de la misma formación.
Materiales y métodos Se han encontrado seis dientes aislados de dinosaurios terópodos. Mediante el estudio de los caracteres 
cualitativos y cuantitativos junto con el uso de análisis estadístico multivariante (DFA) y análisis cladístico se han podido 
identificar cuatro morfotipos diferentes.
Resultados Los morfotipos identificados pertenecen a diferentes grupos de tetanuros basales. Uno de los morfotipos está 
relacionado con Spinosauridae, mientras que el resto presentan afinidades con tetanuros no espinosáuridos, posiblemente 
relacionados con el clado Carcharodontosauria.
Conclusiones Los resultados son coherentes con el registro de terópodos conocido tanto en la península ibérica y Europa 
Occidental durante el Cretácico Inferior. El hallazgo supone una nueva contribución al conocimiento de la paleobiodiversidad 
y distribución de grandes terópodos del Barremiense de la península ibérica.

Palabras clave Cretácico Inferior · Formación Blesa · Theropoda · Dientes de dinosaurio · España

1 Introduction

The presence of dinosaur remains is well-known in the 
Early Cretaceous sediments of the Iberian Peninsula (e.g., 
Pereda-Suberbiola et al. 2012). These include theropods, 
sauropods (basal macronarians, titanosauriforms and reb-
bachisaurid diplodocoids), thyreophorans and ornithopods 
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(iguanodontoids, dryosaurids and basal euornithopods). 
The Cretaceous Maestrazgo Basin, located in the Iberian 
Range, has yielded some of the most remarkable examples 
of these faunas. Particularly noteworthy within this record 
are dinosaurs such as the sauropods Aragosaurus and 
Tastavinsaurus (Sanz et al. 1987; Canudo et al. 2008b) and 
the ornithopods Gideonmantellia, Delapparentia (which 
has been recently proposed as belonging to Iguanodon sp.) 
and Morelladon (Ruiz-Omeñaca 2011; Ruiz-Omeñaca et al. 
2012; Gasulla et al. 2015; Verdú et al. 2017), as well as a 
single theropod taxon, Camarillasaurus from the Barremian 
of Teruel (Sánchez-Hernández and Benton 2014). However, 
isolated tetanuran theropod teeth and theropod eggshells are 
also relatively abundant (Ruiz-Omeñaca et al. 1996; Infante 
et al. 2005; Sánchez-Hernández et al. 2007; Moreno-Azanza 
et al. 2014).

The Oliete sub-basin, situated in the northwestern part of 
the Maestrazgo Basin, presents a Wealden facies where just 
a few vertebrate fossil localities are known. The geological 
formations of this sub-basin have an enormous potential to 
add to what is known of the Barremian vertebrate faunas of 
the Iberian Peninsula. A good example is La Cantalera 1 
(= La Cantalera) site, which has provided the most diverse 
assemblage of tetrapods (amphibians, squamates, mammals, 
crocodylomorphs and dinosaurs) from the early Barremian 
of the Iberian Peninsula (Badiola et al. 2008; Canudo et al. 
2010; Puértolas-Pascual et al. 2015; Alonso and Canudo 
2016). So far, isolated vertebrate remains (ornithopod dino-
saurs, plesiosaurs) have also been found in other parts of 
the sub-basin (fossiliferous sites from Obón and Josa, Gasca 
et al. 2014a; Parrilla-Bel and Canudo 2015).

Recently, the amateur palaeontologist Juan Rubio found 
a new Wealden outcrop in the sub-basin. No vertebrate 
remains were reported here until the discovery of the local-
ity of Barranco del Hocino-1 (Alonso et al. 2016). Three 
fieldwork campaigns (in 2015, 2016 and 2017) enabled us to 
recover roughly 250 bone remains, revealing the vertebrate 
palaeodiversity of the site. The fossil locality of Barranco del 
Hocino-1 is a bonebed composed of disarticulated elements 
with a notable degree of breakage and incompleteness. The 
fossil association is dominated by isolated macroremains of 
ornithopod dinosaurs. In addition, ankylosaur bones, thero-
pod teeth, scarce microvertebrate remains (crocodylomorph 
and osteichthyan teeth), turtle shell fragments, coprolites and 
eggshells are also present (Alonso et al. 2016). The aim of 
the current paper is to give first insights into the theropod 
fauna from this site.

1.1  Geographical and geological setting

The Barranco del Hocino-1 fossil site is located within 
the municipality of Estercuel, Teruel province, Spain. 
Geologically, this fossil locality (Fig. 1) is situated in the 

middle part of the Blesa Formation. The Early Cretaceous 
of the Iberian Range in the eastern part of the province 
of Teruel forms part of the Maestrazgo Basin, which is 
further divided into seven sub-basins (Salas et al. 2001). 
One of these is the Oliete sub-basin, where the Barranco 
del Hocino-1 site is located. This site is an outcrop of the 
continental facies from the middle part of the Blesa For-
mation. This geological unit comprises a lower part with 
alluvial to lacustrine sedimentation, followed by an upper 
part with two episodes of coastal lagoonal influence in the 
Josa area (Canudo et al. 2010). In the Estercuel area, it has 
not yet been possible to recognize the level that separates 
these two episodes.

The presence of charophyte oogonia attributed to Ato-
pochara trivolvis triquetra in the lower part of the Blesa 
Formation indicates an early Barremian age (Riveline et al. 
1996; Canudo et al. 2010; see discussion in Canudo et al. 
2012). For the present, we date Barranco del Hocino-1 
(upper part of the Blesa Formation) as Barremian in age, 
pending a more precise evaluation of the age.

The layer of Barranco del Hocino-1 lies within a strati-
graphic succession of marly/lutitic levels, where palaeo-
sols alternate with burrowed grey limestone beds. The 
fossiliferous bed consists of grey lutites with red, green 
and yellowish mottling, with the presence of bioturba-
tion (invertebrate traces), carbonate nodules and calcrete. 
The fossil content consists of vertebrates, bivalves and 
gastropods, along with microfossil remains. Among the 
microfossils, ostracods and charophytes form the major 
bioclastic part of the residue from the 50-µm sieve. The 
depositional environment is interpreted as an alluvial plain 
with evidence of shallow freshwater/palustrine episodes 
and the development of palaeosols. Fossil remains are 
found dispersed over an area that extends laterally about 
ten metres. The bones have undergone intense breakage, 
abrasion and weathering; some of them bear tooth traces 
on the bone surface as well.

2  Materials and methods

The fossils were recovered during the fieldwork campaign 
of 2015 carried out by the Aragosaurus-IUCA research 
team (University of Zaragoza). The material recovered is 
provisionally housed in the Natural History Museum of the 
University of Zaragoza (“Museo de Ciencias Naturales de 
la Universidad de Zaragoza”, Spain). Observations were 
made with a stereomicroscope. The teeth were measured 
with a Mitutoyo Digimatic Digital Calliper, Series No. 500. 
Six theropod teeth (Supplementary appendix A) from Bar-
ranco del Hocino-1 were analysed during the course of this 
research.
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2.1  Anatomical nomenclature

The anatomical nomenclature used in this work follows the 
recommendations provided by Smith and Dodson (2003) 
and Hendrickx et al. (2015a). Each tooth includes a crown 
made of a layer of dentine covered by a layer of enamel, 
and a root consisting of dentine only. The cervix marks 
the transition between the crown and root. The top of the 
crown and root are called the crown or root apices, respec-
tively. The mesial and distal edges of the tooth crown are 
commonly marked by apicobasally extended crests called 
carinae. The carinae may bear elaborate serrations known 
as denticles. Dental ornamentations, such as enamel undu-
lations, flutes, grooves, ridges and depressions are often 
present on the crown surface. The pattern of the enamel 
surface is called the enamel texture (Hendrickx et  al. 
2015a).

The surface of the tooth facing outwards towards the lips 
is referred to as labial; the opposite surface facing the sagit-
tal midline of the skull is called lingual. The surface closer 
to the jaw symphysis is called mesial, and the surface fac-
ing the jaw articulation is called distal. Basal refers to the 
direction from the apex to the cervix. Apical refers to the 
direction from the cervix to the apex.

2.2  Morphometric nomenclature

The morphometric terminology used in this work (Fig. 2) 
follows the terminology and abbreviations used in Smith 
et al. (2005) and Hendrickx et al. (2015a). AL: apical 
length, the basoapical extent of the mesial margin of the 
crown. CBL: crown base length, the mesiodistal length of 
the crown at the level of the cervix. CBR: crown base ratio 
(CBW/CBL), a measure of the lingual compression. CBW: 
crown base width, the labiolingual width of the crown at 
the cervix level, perpendicular to CBL. CH: crown height, 
the basoapical extent of the distal margin of the crown 
from the most distal point of the cervix to the most apical 
point of the apex. CHR: crown height ratio (CH/CBL), a 
measure of the crown elongation. DC: distocentral den-
ticle density, the number of denticles per 5 mm on the 
distal carina at mid-crown. DSDI: denticle size density 
index (MC/DC), introduced by Rauhut and Werner (1995), 
expressing the difference in size between the mesial and 
distal denticles. MC: mesiocentral denticle density, the 
number of denticles per 5 mm on the mesial carina at 
mid-crown.

Fig. 1  a Geographical and geological setting of Barranco del Hocino-1 site. b Stratigraphical setting of the Blesa Formation, from Canudo et al. 
(2010)
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2.3  Qualitative and other features

Qualitative features of the teeth were studied in order to 
complement the morphometric information provided by 
measurements. These dental features include the shape of 
the tooth (Torices et al. 2015), the presence and character-
istics of the mesial and distal carinae (Currie and Sloan 
1990; Hendrickx 2015), the morphology of the denticles 
(Currie and Sloan 1990; Torices et al. 2015; Hendrickx 
et al. 2015a), the crown cross-section at the crown base, 
the crown ornamentations (Hendrickx 2015) and the pres-
ervation of the tooth.

2.4  Statistical analysis

A discriminant function analysis (DFA) was carried out 
using PAST3 (Hammer et al. 2001) on the dataset of Hen-
drickx et al. (2015b); data from White et al. (2015) and 
Csiki-Sava et al. (2016) were also included. The dataset 
contains 1015 teeth from different theropod clades and 
taxa, as well as the Barranco del Hocino-1 teeth: basal sau-
rischians (Eoraptor), basal theropods (Ischisaurus = Her-
rerasaurus, Eodromaeus), non-averostran neotheropods 
(Coelophysis, Liliensternus, Dilophosaurus), Ceratosauri-
dae (Genyodectes, Ceratosaurus), Noasauridae (Noasau-
rus, Masiakasaurus), Abelisauridae (Abelisaurus, Rugops, 
Indosuchus, Majungasaurus, Aucasaurus, Skorpiovenator, 
Carnotaurus), the possible metriacanthosaurid Erectopus, 
Piatnitzkysauridae (Piatnitzkysaurus), Megalosauridae 
(Afrovenator, Duriavenator, Megalosaurus, Dubreuillo-
saurus, Torvosaurus), Baryonychinae (Baryonyx, Sucho-
mimus), Spinosaurinae (Irritator, Spinosaurus), Allo-
sauridae (Allosaurus), Neovenatoridae (Neovenator), 
Carcharodontosauridae (Acrocanthosaurus, Eocarcharia, 
Carcharodontosaurus, Giganotosaurus, Mapusaurus), 
Megaraptora (Australovenator, Fukuiraptor, Aerosteon), 
non-tyrannosaurid Tyrannosauroidea (Eotyrannus, Rap-
torex), Tyrannosauridae (Alioramus, Gorgosaurus, Das-
pletosaurus, Albertosaurus, Tyrannosaurus), the possible 
dromaeosaurid Nuthetes, Dromaeosauridae (Bambiraptor, 
Deinonychus, Dromaeosaurus, Velociraptor, Saurornitho-
lestes, Atrociraptor, Zapsalis), Troodontidae (Troodon, 
Zanabazar, Pectinodon), and Richardoestesia. The analy-
sis performed was a discriminant function analysis (DFA). 
DFA is an ordination technique applied to previously 
identified data in order to find the best discriminant vari-
ables. It also has predictive power and is able to classify 
unknown data in the previously known groups (Hammer 
and Harper 2006).

The variables used are CBL, CBW, CH, AL, MC and 
DC. Absent data were coded as a question mark and miss-
ing values were estimated with a mean value for that meas-
urement from across the sample. To better reflect a normal 
distribution, all the data were log-transformed (see Samman 
et al. 2005). In order to avoid interference and overlapping 
between groups, and given the absence of mesial teeth from 
Barranco del Hocino 1 site, the mesial teeth were removed 
from the dataset.

The presence of small groups affects the accuracy of the 
analysis; in this case we maintained low number groups due 
to the relevance of some of them from comparison with Bar-
ranco del Hocino 1 morphotypes, even though this was at the 
expense of an improved analysis.

Also, we maintained isolated teeth that have been identi-
fied on generic level, for the same reason as above. Ideally, 
the dataset would consist of non-isolated teeth. Nonetheless, 

Fig. 2  DFA variables. AL apical length, CBL crown base length, 
CBW crown base width, CH crown height, DC distocentral denticle 
density, MC mesiocentral denticle density
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some taxa include isolated teeth; the relevance of those 
groups leads us to do not exclude the specimens.

The DFA of the 860 remaining teeth returned 70.99% 
correctly classified teeth (Supplementary appendix A).

The functions obtained explain the variance of the data-
set. The first and the second functions explain 80.58% of 
the variance (Supplementary appendix A). These canonical 
functions can be used to create a plot showing the graphical 
representation of the morphospace occupied by the teeth 
in a dispersion graph (Fig. 3). The weight of each variable 
in the canonical functions can be found in Supplementary 
appendix A.

2.5  Cladistic analysis

Cladistic analyses have been used by some authors to eval-
uate the phylogenetic position of isolated theropod teeth. 
The teeth from Barranco del Hocino-1 were analysed using 
the supermatrix of Hendrickx and Mateus (2014b), with 
the modifications proposed by Gerke and Wings (2016). 
The supermatrix includes 60 theropod taxa with 1972 

characters. Of these 1972 characters, 141 characters are 
dentition-based features. The analysis was carried with 
TNT 1.5 (Goloboff and Catalano 2016) using the “Tra-
ditional search” with 1000 replications, keeping 10 trees 
per replication. The protocol of Hendrickx and Mateus 
(2014b) and Gerke and Wings (2016) was performed as 
well, using the “New Technology Search”, selecting “Sec-
torial Search”, “Ratchet”, “Drift” and “Tree fusing”, and 
stabilizing the consensus trees twice with a factor of 75, 
followed an additional round of TBR using. Both analyses 
produced the same results.

3  Results

3.1  Systematic palaeontology

TETANURAE Gauthier, 1986

Fig. 3  Results of the DFA conducted on a dataset of 1015 teeth, including Barranco del Hocino-1 teeth. The first function explains the 56.86% 
of variance; the second canonical function explains the 23.72% of the variance
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3.1.1  Tetanurae indet. 1

Material: One shed tooth (HOC 24).

3.1.1.1 Description This morphotype includes one tooth 
lacking the apex and a small part of the base (Fig. 4). The 
enamel surface is worn, show microstratches and the lingual 
area has some white marks on its apical and central regions 
that were caused by the roots of modern plants. The tooth is 
ziphodont, with a labiolingually compressed and a distally 
curved crown. The tooth crown also bears serrations but 
lacks a few denticles on the mesial and distal carina.

A transverse break is located at the mid-crown. Another 
break affects the lowermost part of the lingual surface, 
where a small fragment was detached from the crown. In 
basal view the tooth crown reveals the pulp cavity.

HOC 24 is a medium-sized theropod tooth, with a crown 
base length (CBL) of 9.43 mm, crown base width (CBW) of 
5.63, and preserved crown height (CH) of 14.32 mm. The 
estimated value of the crown height (CH) is 20.2 mm. With 
a CBR and a CHR of 0.6 and 2.15 respectively, the crown 
is moderately labiolingually flattened and moderately elon-
gated, with an ovoid cross-section at its base.

The mesial and distal profiles are convex and concave, 
respectively. The mesial margin of the tooth crown is more 
recurved than the distal margin; the crown has carinae on 

both mesial and distal margins. The mesial carina extends 
from the apex to the basal third of the crown, finishing well 
above the cervix. On the other hand, the distal carina extends 
along the entire distal margin. In addition, the labial surface 
adjacent to the distal carina is flattened.

The mesial carina bears denticles and is centrally posi-
tioned. The labial surface is slightly basoapically sigmoid 
with the basal part of the crown convex and the apical part 
concave. The lingual surface, however, seems to remain bas-
oapically convex.

In distal view, the distal carina is displaced labially and 
bears denticles all along the edge. The labial and lingual 
surfaces are mesiodistally convex, with the lingual side more 
convex than the labial side.

In apical view, the tooth crown has a lenticular cross-
section and both the mesial and distal carinae are acute. In 
basal view, the cross-section of the crown is oval and slightly 
lanceolate whereas the cross-section at the level of the mid-
crown is lenticular.

The mesial carina preserves nine denticles per 2 mm 
(around 22.5 denticles per 5 mm). In lateral view, the api-
cobasal axis of the denticles is greater than the mesiodistal 
axis, giving them an apicobasally subrectangular outline. 
The external margin of the denticles is parabolic.

The distal carina has around 20 denticles per 5 mma at the 
mid-crown. The denticles gradually decrease in size towards 

Fig. 4  Tetanurae indet. 1. HOC 24. a Lingual, b labial, c mesial, d distal, e apical, f basal views. g, h Enamel surface and denticles. dca distal 
carina, mca mesial carina
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its base. Morphologically, they are chisel-shaped and the 
mesiodistal axis of the denticles is greater than the apico-
basal length, which give them a subrectangular outline. The 
denticles are positioned perpendicularly to the carina and 
the external margin is parabolic to semicircular. In addi-
tion, the outline of the denticles is either symmetrically or 
asymmetrically convex. The interdenticular space between 
denticles is narrow and deeper in the distal denticles. The 
distal carina shows interdenticular sulci diagonally oriented 
basally towards the base of the tooth crown. They are short 
and are better seen at low light angle.

The crown surface is covered with microscratches on both 
lingual and labial sides due to wear and erosion. The surface 
also displays marginal undulations, which are short and are 
better seen at certain angles. In addition there are transverse 
undulations covering the complete surface of the crown; they 
are apically concave and they curve towards the apex as they 
approach the carina. The enamel texture is braided (sensu 
Hendrickx et al. 2015a).

3.1.1.2 Discussion HOC 24 is a moderately compressed 
crown, suggesting that it is a lateral tooth. This tooth is 
different from other theropod clades. Coelophysids and 
compsognathids have small crowns bearing minute den-
ticles (Buckley 2009; Hendrickx and Mateus 2014b). The 
dentition of abelisaurid theropods is usually squat, weakly 
recurved and some of them have hooked denticles and the 
mesial carina reaches the cervix (Hendrickx et  al. 2015b) 
whereas non-abelisaurid ceratosaurs have a mesial carina 
that extends at a certain distance from the cervix. HOC 24 
is also clearly different from the conidont teeth with api-
cobasal enamel flutes, minute denticles and deeply veined 
enamel texture of spinosaurids (Charig and Milner, 1997; 
Canudo et  al. 2008a; Hendrickx and Mateus 2014b). In 
addition, it does not possess the thickened and incrassate 
crowns of derived tyrannosauroids (Brusatte et  al. 2010; 
Csiki-Sava et al. 2016) and it is significantly different from 
troodontids, therizinosaurs, ornithomimosaurs, alvarezsau-
roids, oviraptorosaurs or avialans, which have small, coni-
cal, folidont and/or unserrated crowns. When serrated, the 
carinae bear either particularly large, often hooked denti-
cles, or minute serrations (Pérez-Moreno et al. 1994; Norell 
et al. 2009; Hendrickx and Mateus 2014b; Hendrickx et al. 
2015b; Csiki-Sava et al. 2016).

One of the most striking features of this morphotype is 
a mesial carina that does not reach the cervix. This trait is 
seen in basal theropods such as Eoraptor, non-spinosaurid 
megalosauroids and most piatnitzkysaurid mesial and lateral 
teeth (Hendrickx et al. 2015b), neovenatorids (Hutt et al. 
1996), carcharodontosaurids such as Acrocanthosaurus, 
megaraptorans (White et al. 2015), therizinosaurs, dromaeo-
saurids and microraptorans (Hendrickx 2015). The presence 
of transverse and marginal undulations is common among 

non-neocoelurosaur averostrans (Brusatte et al. 2007, Hen-
drickx and Mateus 2014b).

A slightly concave or planar surface adjacent to the distal 
carina is seen among non-neocoelurosaur theropods. The 
slightly concave or planar surface is observable in Skorpio-
venator, Erectopus, Piatnitzkysaurus, Afrovenator, Sinrap-
tor, Neovenator, Fukuiraptor and Australovenator, as well as 
Coelophysis, Dilophosaurus and Ceratosaurus (Hendrickx 
2015).

DFA (Supplementary appendix A) classifies HOC 24 
as a member of the group Neovenatoridae. The cladistic 
analysis (Supplementary appendix B) recovers HOC 24 as 
a tyrannosauroid.

This tooth shows some differences with respect to Teta-
nurae indet. 2 and Tetanurae cf. Carcharodontosauria indet. 
(see below). The tooth has a thicker cross-section and the 
general shape of the crown is more squat. It also possesses 
a planar surface adjacent to the distal carina. Despite this, 
they share some common features, including the presence of 
transverse and marginal undulations, a relatively similar den-
ticle density, a mesial carina that does not reach the cervix 
and a distal carina that is displaced labially. The differences 
between the morphotypes could be explained by ontogenetic 
variation, different tooth positions, or the presence of two 
different taxa.

Given the incompleteness of the tooth crown here we pre-
fer to be cautious and consider this morphotype as Tetanurae 
indet.

3.1.2  Tetanurae indet. 2

Material: HOC 31, a shed tooth.

3.1.2.1 Description The morphotype comprises one tooth 
lacking the root and part of the base (Fig. 5). The enamel 
surface is worn and shows microscratches. The tooth is 
ziphodont, with a labiolingually compressed and curved 
crown. The tooth crown has transverse breaks and the basal-
most part is broken; this is the most damagead area. In basal 
view, it reveals a pulp cavity filled with sediment.

HOC 31 is a medium-sized theropod tooth, with a pre-
served crown base length (CBL) of 8.75 mm, a preserved 
crown base width (CBW) of 4.2 mm, and preserved crown 
height (CH) of 25.2 mm. The tooth crown is strongly labio-
lingually compressed (CBR around 0.4) and elongated (CHR 
around 2.8).

In lateral view, the mesial margin of the tooth crown is 
convex, while the distal margin is concave. The mesial mar-
gin is more recurved than the distal margin. The apex is 
acute and has spalled surfaces both on labial and lingual 
sides. The tooth crown has mesial and distal carinae, and 
the mesial carina terminates well above the cervix whereas 
the distal carina extends on the whole crown.
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In mesial view, the mesial carina bears denticles and is 
located on the mesiodistal axis of the crown. The labial sur-
face of HOC 31 is slightly sigmoid basoapically, with the 
basalmost part of the crown convex whereas the apical part 
is concave.

In distal view, the distal carina bears serrations as well 
and is very slightly displaced labially. The labial and lingual 
surfaces of the tooth crown are weakly mesiodistally convex.

In apical view, the tip is distally positioned on the crown. 
In basal view, the cross-section of the crown is lanceolate at 
the level of the cervix with the mesial surface being broader 
than the distal surface. The cross section at the level of the 
mid-crown is lenticular with the mesial and distal margins 
both acute.

The mesial carina has 24 denticles per 5 mm at the mid-
crown. The denticles display a gradual variation in size 
towards the basalmost part of the crown. The mesial denti-
cles have the same basoapical and mesiodistal length which 
give them a subquadrangular shape. The external margin of 
the denticles is parabolic.

The distal carina has 20 denticles per 5 mm at the mid-
crown, and the denticle size density index (DSDI) is 1.2. The 
denticles are perpendicular to the distal margin of the tooth. 
The denticles decrease in size towards the base, displaying a 
gradual variation. The distocentral denticles are subquadran-
gular. There is, however, variation in shape: the distobasal 

denticles are proximodistally subrectangular. The main axis 
of the denticles is perpendicular to the mesial carina and the 
external margin of the denticles is parabolic to semicircular; 
they are either symmetrically or asymmetrically convex. The 
space between denticles is narrow and deeper in the distal 
denticles. There are interdenticular sulci; they are short, 
basally inclined and they are present on the distal margin.

The crown surface is worn and is covered with micro-
scratches probably due to wear and erosion. The enamel 
surface displays horizontally oriented marginal undulations 
which bend towards the tip of the crown near the mesial and 
distal carinae. In addition, there are horizontally oriented 
transverse undulations, which are apically concave, and they 
curve apically as they approach the carinae. The transverse 
undulations completely cover the enamel surface of the tooth 
crown.

The original enamel texture appears to be braided (sensu 
Hendrickx et al. 2015a).

3.1.2.2 Discussion This tooth share traits commonly found 
in non-maniraptoriform tetanurans. HOC 31 is strongly 
labiolingually compressed, the mesial carina does not reach 
the cervix, the distal carina is slightly displaced labially, and 
it also has transverse and marginal undulations, interden-
ticular sulci, a braided enamel texture and a lenticular cross-
section. However, the tooth crown shows some differences 

Fig. 5  Tetanurae indet. 2. HOC 31 in a labial, b lingual, c mesial, d distal view. e Detail of undulations, mesial and distal carinae. f Apical, g 
basal views. h Enamel surface, i mesial carina
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with respect to Tetanurae cf. Carcharodontosauria indet. 
(see below). The DSDI is 1.2 and the distocentral denticles 
are subquadrangular instead of proximodistally subrectan-
gular. The labial and lingual surfaces are similarly mesiodis-
tally convex instead of a lingual surface more mesiodistally 
convex in shape.

DFA analysis (Supplementary appendix A) classifies this 
tooth as Erectopus. The cladistic analysis (Supplementary 
appendix B) recovers a polytomy at the base of Averostra. 
A reduced strict consensus was calculated using the pruning 
trees option in TNT (Supplementary appendix B), resulting 
in the pruning of HOC 31. It is recovered either as the sister 
taxon of Averostra, as the sister taxon of Dubreuillosaurus, 
as the sister taxon of Piatnitzkysaurus or as the sister taxon 
of Spinosauridae.

The difference in size between the mesial and distal 
denticles in this morphotype is remarkable. This charac-
ter is present in the lateral dentition of noasaurids such as 
Noasaurus and Masiakasaurus¸ piatnitzkysaurids such as 
Marshosaurus and Piatnitzkysaurus, non-tyrannosaurid 
Tyrannosauroidea such as Proceratosaurus (Rauhut et al. 
2010), Dilong, Guanlong, Eotyrannus and Xiongguanlong,. 
Dromaeosaurids such as Velociraptor and Deinonychus 
show this condition as well (Hendrickx 2015).

Despite the similarity between Tetanurae cf. Carcharo-
dontosauria indet. (see below) and this tooth, the high 

denticle size index (DSDI) and the absence of this feature in 
allosauroids leads us to consider this morphotype as another 
morphotype of Tetanurae indet. However, we do not exclude 
that the differences between this morphotype and Tetanurae 
cf. Carcharodontosauria indet. could be explained by ontoge-
netic variation, different tooth positions, or the presence of 
two different taxa. New discoveries are required to resolve 
this issue.

TETANURAE Gauthier, 1986
MEGALOSAUROIDEA Fitzinger, 1843
Spinosauridae Stromer, 1915
Spinosaurinae Sereno, Beck, Dutheil, Gado, Larsson, 

Lyon, Marcot, Rauhut, Sadleir, Sidor, Varricchio, Wilson 
and Wilson, 1998

3.1.3  Spinosaurinae indet.

Material: HOC 17, HOC 28, two shed teeth.

3.1.3.1 Description HOC 17 is a conical tooth from a 
theropod dinosaur preserving most of the crown and a 
small part of the root (Fig.  6). The enamel shows small 
fractures, and some parts are missing. A transverse break 
is located at the end of the apical third. The lingual surface 
has a damaged area in its basal region, which is lacking 

Fig. 6  Spinosaurinae indet. HOC 17: a lingual, b labial, c mesial, d distal view. e Enamel surface and ornamentation. f Basal view. g Apical 
views. dca distal carina, flu flutes
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fragments of the crown. The surface is also covered with 
microscratches, and some parts of the original enamel 
texture are worn, possibly due to abrasion. HOC 28 is a 
poorly preserved theropod tooth fragment but here it is 
considered to represent the same morphotype as HOC 17 
because of its general similarity and the presence of longi-
tudinal flutes along the crown. Therefore, the description 
of this morphotype is based on the better-preserved tooth, 
HOC 17.

HOC 17 is a medium-sized tooth from a theropod dino-
saur, with a crown base length (CBL) of 10.27 mm, crown 
base width (CBW) of 8.61 mm, and crown height (CH) of 
23.25 mm. The tooth is conidont (sensu Hendrickx et al. 
2015a). With a CBR and a CHR of 0.8 and 2.26 respectively, 
the crown is weakly labiolingually compressed and moder-
ately elongated, with a broad and rounded cross-section at 
its base.

In lateral view, the mesial and distal profiles are convex 
and concave, respectively. The crown is moderately recurved 
and its curvature is greater mesially than distally. The base 
of the crown is longer than the mid-crown mesiodistally.

In distal view, the mesial and distal profiles are curved 
towards the lingual side of the crown. The labial and lingual 
surfaces are mesiodistally convex with the enamel extend-
ing to the same level basally. The distal carina is centrally 
positioned on the distal margin of the crown and reaches the 
cervix. It does not show any serrations.

In mesial view, the mesial surface is worn, and this 
precludes the recognition of a possible mesial carina. The 
mesial carina, if it was originally present, extended signifi-
cantly (5.5 mm) above the cervix and was medially posi-
tioned. In apical view, the tip is slightly lingually oriented.

The cross-sections at the level of the cervix and the mid-
crown are elliptical to subcircular; the mesial margin is 
wider than the distal margin. Both labial and lingual surfaces 
are mesiodistally convex along the crown; mesial and distal 
margins are convex as well.

The distal carina is partially eroded, but the central part, 
which is better preserved, lacks denticles, suggesting that the 
distal carina is unserrated.

The apex of the crown has a spalled surface extending 
along the apical third of the crown on both the mesial and 
distal surfaces. Numerous flutes running apicobasally are 
visible on the lingual and labial sides of the crown. Five 
and eight flutes are present on the labial and lingual sides, 
respectively.

Some parts of the enamel are smooth due to erosion and 
wear. The preserved enamel surface texture corresponds to 
the veined texture described by Hendrickx et al. (2015a). 
The texture is basoapically oriented in the middle of the 
crown but curves towards the carina at the distal margin. 
The enamel texture is best preserved between the apicobasal 
ridges delimiting each flute.

3.1.3.2 Discussion The tooth has a combination of features 
seen in spinosaurid teeth such as a slight distal curvature, 
a subcircular cross-section, fluted enamel on both labial 
and lingual sides of the crown and a veined enamel texture. 
Spinosaurid teeth either have minute denticles or unser-
rated carinae (Charig and Milner 1997; Sereno et al. 1998; 
Ruiz-Omeñaca et al. 2005; Canudo et al. 2008a; Gasca et al. 
2008).

Some authors have pointed out the presence of a mor-
photype of spinosaurid tooth from the Barremian of Teruel 
Province with an unserrated mesial carina (Artoles Forma-
tion, Ruiz-Omeñaca et al. 1998; El Castellar Formation, 
Gasca et al. 2008). However, this cannot be established in 
the case of this tooth. The mesial carina, if present, was not 
reaching the cervix.

The presence of flutes is characteristic of spinosaurid 
teeth, although they are present in other taxa as well (e.g., 
Coelophysis, Ceratosaurus, Masiakasaurus, Scipionyx, and 
some dromaeosaurids; Hendrickx 2015). HOC 17 has flutes 
on both sides as in Suchomimus, Spinosaurus and Siamo-
saurus whereas Baryonyx tends to have flutes restricted to 
one side of the crown (Charig and Milner 1997; Hendrickx 
2015). The veined enamel texture (sensu Hendrickx et al. 
2015a) of the tooth characterizes spinosaurid teeth. It has 
been found in Baryonyx, Suchomimus, Spinosaurus and 
other spinosaurids (Canudo et al. 2008a; Serrano-Martínez 
et al. 2016; Hendrickx 2015).

Spinosaurids are divided traditionally into two subfami-
lies, Baryonychinae and Spinosaurinae. There are various 
morphological differences between their teeth. Baryonychine 
teeth have serrated carinae with minute denticles, more labi-
olingually compressed teeth than spinosaurines and a more 
pronounced distal curvature of the crown (Charig and Milner 
1997; Canudo et al. 2008a; Alonso and Canudo 2016). Also, 
spinosaurine teeth have unserrated carinae, as exemplified 
by Irritator, Angaturama and Spinosaurus (Stromer, 1915; 
Kellner and Campos 1996; Sues et al. 2002). In general, all 
these differences are plesiomorphies in baryonychine teeth, 
or apomorphies in spinosaurine teeth.

The DFA analysis classifies HOC 17 as belonging to a 
member of Spinosaurinae (Supplementary appendix A). 
Likewise, the cladistic analysis considers this morphotype 
as the sister taxon of the group formed by Spinosaurus and 
Irritator (Supplementary appendix B). The possible pres-
ence of spinosaurine spinosaurids in the Lower Cretaceous 
of the Iberian Peninsula has been proposed before (Sánchez-
Hernández et al. 2007; Alonso and Canudo 2016), but the 
most common spinosaurid material belongs to Baryonychi-
nae (Infante et al. 2005; Canudo et al. 2008a; Gasca et al. 
2008; Mateus et al. 2011; Alonso and Canudo 2016).

Given the combination of features and the results of the 
analyses here we consider this morphotype as Spinosaurinae 
indet.
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TETANURAE Gauthier, 1986

3.1.4  Tetanurae cf. Carcharodontosauria indet.

Material: HOC 19 and HOC 26, two shed teeth.

3.1.4.1 Description The morphotype comprises two teeth 
lacking the root and the basalmost part of the tooth. The 
enamel surface is worn and shows microscratches. The 
shape of the teeth is the common blade-like morphology, 
with labiolingually compressed and distally curved crowns 
bearing serrated carinae (Fig. 7). The crown HOC 19 is the 
best-preserved tooth; it lacks the basal part, and the break 
reveals the dentine and a narrow pulp cavity filled with sedi-
ment. The apex and some areas of the labial and lingual sur-
faces lack the enamel cover, especially the lingual surface, 
which shows a longitudinal area from the basal part to the 
mid-crown where the enamel is missing.

The crown HOC 26 exhibits transverse breaks over its 
entire height: at least four large breaks plus minor fractures. 
The base is the most damaged region of the crown and some 
parts are missing. It also has a series of white marks which 
are more evident on the lingual surface of the crown. These 
marks were caused by the roots of modern plants that dam-
aged the enamel.

HOC 19 and HOC 26 are medium-sized theropod teeth, 
with a preserved crown base length (CBL) of 14.8 and 
16.2 mm respectively; a preserved crown base width (CBW) 
of 6.8 and 7.5 mm respectively; and preserved crown height 
(CH) of 39.1 and 50.6 mm respectively. All the crowns are 
strongly to moderately labiolingually compressed (CBR 
value around 0.4) and elongated (CHR around 2.6–3). The 
teeth have a narrow, teardrop-shaped cross-section at their 
bases.

In lateral view, the mesial and distal profiles are convex 
and concave, respectively. The mesial margins of the crowns 
are more recurved than the distal margins. The apices are 
acute, pointed and have spalled surfaces. The crowns have 
carinae on both mesial and distal margins, and the exten-
sion of these carinae varies: the mesial carina extends along 
two-thirds of the preserved crown height whereas the distal 
carina seems to reach the cervix.

In distal view, the distal carina is slightly displaced labi-
ally and bears serrations all along the crown. The labial and 
lingual surfaces are mesiodistally convex, with the lingual 
side more convex than the labial side, which is weakly mesi-
odistally convex, almost flattened.

In mesial view, the mesial carina bears serrations and 
extends significantly above the cervix. The mesial carina 
of HOC 19 is placed slightly labially. On the other hand, 
the mesial carina of HOC 26 is placed labially at the tip 
but curves slightly towards the base, becoming centrally 
positioned. The labial surfaces of HOC 19 and HOC 26 are 

slightly sigmoid, with the basalmost part of the crowns and 
the apical part being convex and concave, respectively. The 
converse situation is found on the lingual surfaces, where the 
basal part is concave and the apical part is convex.

In apical view, the tip is distally positioned on the crown 
and slightly lingually oriented. Both the mesial and distal 
carinae are acute. In basal view, the cross-section of the 
crowns is lanceolate at the level of the cervix with a rounded 
and wide labial margin whereas the lingual margin is acute. 
The cross-section at the level of the mid-crown is lenticular 
with the mesial and distal margins both acute.

The mesial carinae of HOC 19 and HOC 26 have around 
21–22 denticles per 5 mm at the mid-crown, respectively. 
The size of the denticles decreases towards the basalmost 
part of the crown and they display a regular variation in 
size, i.e. not sporadic or sudden. In lateral view, the denticles 
possess a subquadrangular outline, with the same basoapical 
and mesiodistal length. They are positioned perpendicularly 
to the carina.

The distal carinae of HOC 19 and HOC 31 have 18–19 
denticles per 5 mm at the mid-crown, respectively, and the 
denticle size difference index (DSDI) has a value of around 
1. The denticles also decrease in size towards the base, 
displaying a gradual variation. They are chisel-shaped and 
proximodistally subrectangular, with a mesiodistal axis that 
is greater than the apicobasal axis except in the apical denti-
cles, which are subquadrangular in shape. The main axis of 
the denticles is perpendicular to the distal carina.

The external margin of the mesial and distal denticles is 
parabolic to semicircular and either symmetrically or asym-
metrically convex; they do not hook towards the tooth apex. 
The lingual and labial surfaces of the denticles are convex. 
The interdenticular space between denticles is narrow and 
deeper in the distal denticles. There are short and basally 
inclined interdenticular sulci between the distal denticles; 
they are better seen at a low light angle.

The crown surface is covered with microscratches due 
to erosion and wear. The external enamel shows diagonally 
oriented marginal undulations which bend towards the tip of 
the crown near the carinae. They are abundant, and they are 
restricted to the carina. Where the carina is not present (e.g. 
the mesial margin of the basalmost part of the crown), the 
marginal undulations are absent. These wrinkles are clearly 
visible whereas the transverse undulations are better seen 
at certain angles. The transverse undulations are apically 
concave, curving apically as they approach the carina, and 
they completely cover the enamel surface of the crowns.

The original enamel texture appears to be braided (sensu 
Hendrickx et al. 2015a).

3.1.4.2 Discussion The teeth of this morphotype share traits 
commonly found in non-maniraptoriform tetanurans. They 
are strongly labiolingually compressed, as seen in the lateral 
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Fig. 7  Tetanurae cf. Carcharodontosauria indet. HOC 19 in a labial, 
b lingual, c mesial, d distal view. e Undulations and denticles on the 
distal carina. f Apical view, g basal views, h enamel surface, i mesial 

carina. HOC 26 in j labial, k lingual, l mesia, m distal, n apical, o 
basal views, p enamel surface. dca distal carina, mca mesial carina, 
mun marginal undulations
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dentition (Hendrickx et al. 2015b). The mesial carina does 
not reach the cervix, the distal carina is slightly displaced 
labially, and they also have marginal and transverse undu-
lations, interdenticular sulci, a braided enamel texture and 
a lenticular cross-section. Megalosauroids and allosauroids 
share these characteristics (Hendrickx 2015; Hendrickx 
et al. 2015b). A mesial carina that does not reach the cervix 
is seen in megalosaurids (Hendrickx et al. 2015b), Neove-
nator (Hutt et  al. 1996), Australovenator (Hocknull et  al. 
2009; White et al. 2015), Alioramus (Brusatte et al. 2012), 
Therizinosauria, and Microraptorinae, and is also seen in 
Acrocanthosaurus and Dromaeosaurus (Hendrickx 2015). 
The labial side of the teeth is weakly mesiodistally convex 
and comparatively flat. A surface centrally positioned on the 
crown roughly flattened on the labial side of lateral teeth 
is seen in non-abelisauroid ceratosaurs and neovenatorids 
(Hendrickx and Mateus 2014b; Hendrickx 2015); unlike 
non-abelisauroid ceratosaurs the mesial carina of this mor-
photype does not reach the cervix.

Teeth with a weak displacement of the distal carina are 
common in non-maniraptoriform theropods. Only a few 
clades such as Ceratosauridae, Masiakasaurus, Allosau-
rus, Tyrannosauroidea and Dromaeosaurus show a distal 
carina strongly deflected labially (Hendrickx 2015). Another 
characteristic of HOC 19 and HOC 26 is the presence of 
transverse and marginal undulations, a widespread feature 
among theropods (Brusatte et al. 2007). The braided tex-
ture of the enamel is also widespread and can be observed 
in megalosauroids, allosauroids, tyrannosauroids and basal 
ceratosaurians (Hendrickx 2015).

DFA (Supplementary appendix A) classifies HOC 19 and 
HOC 26 as Erectopus. Erectopus is a basal allosauroid from 
the Albian of France (Allain et al. 2005). Some differences 
exist between this morphotype and the dentition of Erec-
topus: Erectopus has a concave surface on the lingual side 
adjacent to the distal carina (Hendrickx and Mateus 2014b), 
the mesial carina reaches the cervix (Allain et al. 2005) 
and the denticle density is slightly different. The cladistic 
analysis (Supplementary appendix B) places HOC 19 in a 
polytomy with Piatnitzkysaurus and Erectopus. On the other 
hand, the cladistics analysis of HOC 26 recovers a polytomy 
at the base of Averostra. A reduced strict consensus was cal-
culated using the pruning trees option in TNT. The pruning 
of HOC 26 from the consensus tree increased the resolution 
of the consensus (Supplementary appendix B). HOC 26 is 
either recovered as the sister taxon of Erectopus or within 
Megalosauridae.

HOC 19 and HOC 26 share some traits with megalo-
saurids. The mesial carina does not reach the cervix, they 
are strongly to moderately labiolingually compressed, the 
enamel surface displays marginal and transverse undula-
tions, and some of the denticle traits are relatively similar. 
In addition a flattened labial surface is seen on Erectopus. 

Despite these similarities some differences exist: Erectopus 
has a planar surface adjacent to the distal carina on the lin-
gual margin of the crown and the mesial carina reaches the 
cervix. Besides, the labial surface of megalosaurids is not 
flattened (Hendrickx 2015).

The presence of non-spinosaurid basal tetanurans is 
known for the deposits of the Lower Cretaceous of western 
Europe. Nevertheless, these are allosauroids related to Car-
charodontosauria; if Afrovenator is of Jurassic age (Rauhut 
and López-Arbarello 2009) then the youngest skeletal record 
of megalosaurids is Torvosaurus from the Kimmeridgian/
Tithonian of Portugal and western USA (Hendrickx and 
Mateus 2014a). The only tetanuran described from the Early 
Cretaceous of Spain, Concavenator corcovatus from the 
upper Barremian of Las Hoyas (Cuenca province), is a basal 
carcharodontosaurid (Ortega et al. 2010). Another carcharo-
dontosaurid specimen comes from other Barremian deposits 
in Teruel, where an isolated distal femur (Gasca et al. 2014b) 
has been found, sharing affinities with Acrocanthosaurus. 
Recently, a single carcharodontosaurid theropod tooth from 
the Valanginian of Romania (Csiki-Sava et al. 2016) has 
been proposed as the earliest evidence of Carcharodontosau-
ridae in Europe. Carcharodontosaurid carcharodontosaurians 
are also found in Gondwanan deposits from the Early Cre-
taceous (Novas et al. 2005; Fanti et al. 2014), and in North 
America they are represented by the Albian genus Acrocan-
thosaurus (Sereno et al. 1996; Harris 1998; Brusatte and 
Sereno 2008; Csiki-Sava et al. 2016), becoming abundant 
and diverse in the course of the “Middle” and Late Cre-
taceous (Csiki-Sava et al. 2016). Non-carcharodontosaurid 
carcharodontosaurians are represented by Neovenator (Hutt 
et al. 1996) from the Barremian Wealden of England, which 
shares the features seen in this morphotype.

Given the absence of non-spinosaurid megalosauroid 
theropods from the Early Cretaceous of the Iberian Pen-
insula, these teeth are here considered as belonging to an 
indeterminate Carcharodontosauria, pending the discovery 
of additional skeletal material to support this hypothesis.

4  Discussion

The palaeobiodiversity of theropods from the Early Cre-
taceous of the Iberian Peninsula includes a broad set of 
neotheropods. The ceratosaur Camarillasaurus cirugedae 
(Sánchez-Hernández and Benton, 2014) has been described 
in the Barremian deposits of the Galve sub-basin. Among 
tetanurans there is a combination of basal and derived taxa. 
Basal tetanurans for which there is evidence include spi-
nosaurids (Buffetaut 2007; Canudo et al. 2008a; Gasca 
et al. 2008; Mateus et al. 2011; Alonso and Canudo 2016) 
and carcharodontosaurians such as Concavenator corco-
vatus (Ortega et al. 2010), as well as other indeterminate 
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carcharodontosaurids (Gasca et al. 2014b). There is also evi-
dence of derived tetanurans such as coelurosaurs, including 
ornithomimosaurs such as Pelecanimimus (Pérez-Moreno 
et al. 1994), maniraptorans such as dromaeosaurids (i.e., 
Ruiz-Omeñaca et al. 1996; Rauhut 2002; Canudo et al. 2010) 
as well as birds (i.e., Sanz et al. 1988). Thus the theropod 
fossil record from Barranco del Hocino-1 is congruent with 
the known record of theropods from the Early Cretaceous of 
the Iberian Peninsula. However, according to our phyloge-
netic analyses, these teeth would extend the non-spinosaurid 
megalosauroid lineage into the Early Cretaceous. HOC 19, 
HOC 24, HOC 26 and HOC 31 share some traits with some 
megalosauroids (e.g. a mesial carina that does not reach the 
cervix, they are strongly to moderately labiolingually com-
pressed, the enamel surface displays marginal and transverse 
undulations, and some of the denticle traits are relatively 
similar).

Previous studies have supported the reliability of cladis-
tics analyses applied to isolated teeth (e.g. Hendrickx and 
Mateus 2014b; Csiki-Sava et al. 2016). Nevertheless, it is 
interesting to point out that the state of preservation of Bar-
ranco del Hocino 1 teeth is deficient; partially explaining 
the results. The absence of relevant information about the 
crown and root could input a considerable amount of noise 
in our analyses.

In addition, the dataset does not include theropods from 
the Barremian of the Iberian Peninsula. It would be interest-
ing to draw a comparison between Barranco del Hocino-1 
morphotypes and theropods such as Concavenator (Ortega 
et al. 2010). A comprehensive study of its dentition would 
probably improve the identification of isolated teeth from 
the Early Cretaceous of the Iberian Peninsula.

The association of spinosaurids and other basal tetanu-
rans is also found in other places, such as the Wealden of 
England, which has Baryonyx (Charig and Milner 1997) 
and Neovenator (Hutt et al. 1996) and other indeterminate 
basal tetanurans (Benson et al. 2009; Gasca et al. 2014b). 
This association represents the megapredators of the epoch. 
These clades are also found in the north of Africa, where 
there are spinosaurine and baryonychine spinosaurids such 
as Spinosaurus from the Cenomanian of Egypt (Stromer, 
1915) and Suchomimus from the Aptian/Albian of Niger 
(Sereno et al. 1998) and carcharodontosaurians such as Car-
charodontosaurus from the Cenomanian of Morocco and 
Eocarcharia from the Aptian/Albian of Niger (Brusatte and 
Sereno 2007; Brusatte et al. 2007; Sereno and Brusatte 2008, 
Fanti et al. 2014).

The absence of other theropod taxa in the Barranco del 
Hocino-1 fossil assemblage, especially smaller theropods, is 
remarkable. In contrast, other fossil sites in the Blesa Forma-
tion, such as La Cantalera-1, have evidence of the presence 
of small theropods. This may be explained by the tapho-
nomic characteristics of the remains. Another explanation 

is the amount of sediment sampled. Small-sized teeth are 
usually recovered when screen-washing is carried out. 
Three tonnes of sediment have been screen-washed from 
the La Cantalera-1 site, whilst just a few kilograms have 
been screen-washed here at Barranco del Hocino-1. This 
bias could affect the palaeobiodiversity that comes to light.

5  Conclusions

Barranco del Hocino-1 is a new fossil site in the Oliete sub-
basin within the Maestrazgo Basin. Among the vertebrate 
fossils recovered from the site are remains from large-sized 
theropods which consist of isolated teeth. Four different 
morphotypes of theropod tooth have been identified. One 
morphotype has been assigned to Spinosauridae. The other 
morphotypes have been assigned to Tetanurae and one has 
been a tentatively attributed to Carcharodontosauria indet. 
in the light of the known record of basal tetanurans from 
the Barremian of the Iberian Peninsula and western Europe. 
These results represent a new contribution to our knowledge 
of the palaeobiodiversity and distribution of theropods from 
the Barremian of the Iberian Peninsula. They also provide 
further evidence of the palaeontological interest of this area.
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Appendix B. Results from the cladistic analysis and character codings 
of the morphotypes  
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HOC 24.  Strict consensus cladogram of 12 parsimonious trees.  

Strict consensus of 12 trees (0 taxa excluded)
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Consistency index. 

0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
0.568 0.568 0.548        
 

Retention index. 

0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
0.637 0.637 0.607        
 

Tree lengths. 

3577 3577 3577 3577 3577 3577 3577 3577 3577 3577 
3577 3577 3705        
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HOC 31. Strict consensus cladogram of 10 parsimonious trees. 

Strict consensus of 10 trees (0 taxa excluded)
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Consistency index. 

0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
0.532          
 

Retention index. 

0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
0.581          
 

Tree lengths. 

3578 3578 3578 3578 3578 3578 3578 3578 3578 3578 
3817          
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HOC 31. Reduced strict consensus cladogram. All possible positions of HOC 31. a: HOC 31. 
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HOC 17.  Strict consensus cladogram of 8 parsimonious trees.  

Strict consensus of 8 trees (0 taxa excluded)
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Consistency index. 

0.569 0.569 0.569 0.569 0.569 0.569 0.569 0.569 0.547 
 

Retention index. 

0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.605 
 

Tree lengths. 

3574 3574 3574 3574 3574 3574 3574 3574 3716 
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HOC19.  Strict consensus cladogram of 14 parsimonious trees. 

Strict consensus of 14 trees (0 taxa excluded)
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Consistency index.  

0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
0.568 0.568 0.568 0.568 0.538      
 

Retention index. 

0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
0.637 0.637 0.637 0.637 0.591      
 

Tree lengths. 

3580 3580 3580 3580 3580 3580 3580 3580 3580 3580 
3580 3580 3580 3580 3775      
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HOC 19. Reduced strict consensus cladogram. All possible positions of HOC 19. a: HOC 19. 
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HOC 26.  Strict consensus cladogram of 16 parsimonious trees.  

Strict consensus of 16 trees (0 taxa excluded)
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HOC 26. Reduced strict consensus cladogram. All possible positions of HOC 26. a: HOC 26. 

 

 

Strict consensus of 16 trees

Richardoestesia_gil.

Troodon
Zanabazar

Byronosaurus

Buitreraptor

Saurornitholestes

Dromaeosaurus
Bambiraptor

Velociraptor
Tsaagan

Erlikosaurus
Jianchangosaurus
Shuvuuia

Ornitholestes
Scipionyx

Compsognathus

Tyrannosaurus
Alioramus

Raptorex
Eotyrannus

Proceratosaurus

Mapusaurus
Giganotosaurus

Carcharodontosaurus

Eocarcharia
Acrocanthosaurus

Australovenator
Fukuiraptor

Neovenator
Allosaurus

Sinraptor

Spinosaurus
Irritator_Angaturama
Suchomimus
Baryonyx

Torvosaurus
Megalosaurus

Duriavenator
Dubreuillosaurus

Afrovenator

Eustreptospondylus

Piatnitzkysaurus
Erectopus

Skorpiovenator

Majungasaurus

Indosuchus
Aucasaurus

Abelisaurus

Rugops

Kryptops

Masiakasaurus
Noasaurus

Berberosaurus
Genyodectes
Ceratosaurus

Dilophosaurus
Coelophysis

Eodromaeus
Herrerasaurus

Eoraptor

a
a

a



Antonio Alonso Germán 285



NUEVAS CONTRIBUCIONES A LA PALEOBIODIVERSIDAD DE DINOSAURIOS TERÓPODOS DEL JURÁSICO Y CRETÁCICO DE 
ESPAÑA A PARTIR DE DIENTES AISLADOS286



ANEXO 5

Alonso, A., Canudo, J.I., Torcida Fernández-Baldor, F., Huerta, P. 2017. Isolated theropod teeth associated 

with sauropod remains from El Oterillo II (Early Cretaceous) site of Salas de los Infantes (Burgos, Spain). 

Journal of Iberian Geology 43(2), 193-215.



NUEVAS CONTRIBUCIONES A LA PALEOBIODIVERSIDAD DE DINOSAURIOS TERÓPODOS DEL JURÁSICO Y CRETÁCICO DE 
ESPAÑA A PARTIR DE DIENTES AISLADOS288



Antonio Alonso Germán 289

RESEARCH ARTICLE

Isolated theropod teeth associated with sauropod remains from El
Oterillo II (Early Cretaceous) site of Salas de los Infantes (Burgos,
Spain)

A. Alonso1 • J. I. Canudo1,2 • F. Torcida Fernández-Baldor3 •

P. Huerta3

Received: 16 December 2016 / Accepted: 25 April 2017 / Published online: 29 July 2017

� Springer International Publishing AG 2017

Abstract

Introduction The relationship between dinosaur carcasses

and isolated theropod teeth is well known in the fossil

record. The usual explanation is that theropod dinosaurs

fed on the herbivore carcass. Other evidence is provided by

theropod tooth marks on the surface of herbivore skeletal

remains. In this work we study isolated theropod teeth and

the tooth marks in evidence on the bones of the sauropod

from El Oterillo II (Salas de los Infantes, Spain, Lower

Cretaceous). Theropod and crocodylomorph teeth have

been found in relationship with the sauropod carcass. The

fossils lie on channel lag deposits composed of sandstones

with quartzite gravel.

Materials and methods Thirty theropod teeth have been

studied using qualitative features, statistical and cladistics

analysis in addition to the tooth marks present on the

vertebrae.

Results The morphology of the theropod teeth has revealed

greater palaeobiodiversity in these faunas than previously

known, including baryonychine spinosaurids, basal teta-

nurans, dromaeosaurids and a singular coelurosaurian. The

presence of tooth marks and isolated theropod teeth in

close relationship with the sauropod carcass could also

provide new evidence of the scavenging of theropod

dinosaurs on the sauropods of this age and location.

Conclusions Six morphotypes of theropod teeth have been

distinguished; the combination of basal and derived teta-

nurans is congruent with the known record from the Early

Cretaceous of the Iberian Peninsula. The most probable

explanation for the association of isolated theropod teeth

and sauropod remains is the scavenging of the carcass by

theropod dinosaurs.

Keywords Lower Cretaceous � Sauropoda � Theropoda �
Teeth � Palaeocology � Spain

Resumen

Introducción La relación entre carcasas de dinosaurios

herbı́voros y dientes aislados de terópodos es conocida en

el registro fósil. La explicación más habitual es la ali-

mentación de los dinosaurios terópodos de la carcasa del

dinosaurio herbı́voro. Otras evidencias de predación o

carroñeo provienen de las marcas de dientes preservadas en

diferentes partes de los huesos de los dinosaurios

herbı́voros. En este trabajo se estudian los dientes aislados

de dinosaurios terópodos y las marcas de dientes

encontradas en los huesos del saurópodo de Oterillo II

(Salas de los Infantes, España, Cretácico Inferior). Estos
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dientes, además de crocodilomorfos se han encontrado en

relación con la carcasa del saurópodo. Los restos fósiles

aparecen en el fondo de un relleno de canal constituido por

areniscas con cantos cuarcı́ticos de tamaño grava.

Materiales y métodos Se han estudiado 30 dientes aislados

de terópodos utilizando caracteres cualitativos, análisis

estadı́stico y análisis cladı́stico, junto a las marcas de

dientes presentes en las vértebras del saurópodo.

Resultados La morfologı́a de los dientes de terópodo ha

revelado una mayor paleobiodiversidad de estas faunas de

lo conocido previamente, incluyendo espinosáuridos

barioniquinos, tetanuros basales, dromeosáuridos y un

singular coelurosaurio. Además, la existencia de marcas de

dientes y dientes aislados en relación con la carcasa de

saurópodo puede suponer una nueva evidencia del carroñeo

de dinosaurios terópodos en saurópodos para esta edad en

la peninsula ibérica.

Conclusiones Se han distinguido seis morfotipos de dien-

tes de terópodo; la combinación de tetanuros basales y

derivados es congruente con el registro fósil conocido en el

Cretácico Inferior de la peninsula ibérica. La explicación

más probable de la asociación de dientes aislados de

terópodos y los restos de saurópodo es el carroñeo de la

carcasa por parte de los dinosaurios terópodos.

Palabras clave Cretácico Inferior � Sauropoda �
Theropoda � Dientes � Paleoecologı́a � España

1 Introduction

Several authors have pointed out the relationship between

the carcasses of herbivorous dinosaurs and isolated ther-

opod teeth (Buffetaut and Suteethorn 1989; Maxwell and

Ostrom 1995; Canudo et al. 2009; Canale et al. 2014). This

usually includes the presence of a partially articulated

individual dinosaur carcass and some isolated theropod

teeth located close to the bone remains or concentrated in

specific parts of the carcass (Corro 1996; Buffetaut and

Suteethorn 1989; Maxwell and Ostrom 1995; Jacobsen

1998; Canudo et al. 2009). The most parsimonious expla-

nation seems to be that theropod dinosaurs fed on the

herbivore carcass. In addition, tooth marks on the bone

remains of herbivorous dinosaurs are well documented

(Jacobsen 1998; Paik et al. 2011).

El Oterillo II is a vertebrate site where a partially

articulated individual titanosauriform sauropod has been

found. The fossil remains consist of a tooth, cervical, dorsal

and caudal vertebrae, two scapulae, two ischia, two pubes

(Torcida Fernández-Baldor 2006; Torcida Fernández-Bal-

dor et al. 2009; Pereda-Suberbiola et al. 2012), cervical and

dorsal ribs, haemal arches, a coracoid and two metacarpals

in association with isolated theropod and crocodylomorph

teeth. The aim of this work is to study the palaeobiodi-

versity of the theropod teeth and to discuss their palaeoe-

cological relationship with the carcass of the sauropod of

El Oterillo II.

1.1 Geographical and Geological setting

El Oterillo II site is located in Burgos, northern Spain,

6.5 km to the NW of Salas de los Infantes (Fig. 1). The site

is located in the Castrillo de la Reina Fm. of the western

Cameros Basin, which has a basin-fill history from Upper

Jurassic to Lower Cretaceous (Platt 1986, 1990; Martı́n-

Closas and Alonso-Millán 1998; Mas et al. 2004; Salas

et al. 2001). The Castrillo de la Reina Fm. (Clemente and

Pérez Arlucea 1993) is composed of red mudstones,

sandstones and conglomerates which are interpreted as a

fluvial system that drained the basin towards the northeast.

This unit is upper Barremian-lower Aptian in age accord-

ing to biostratigraphic studies (Martı́n-Closas and Alonso-

Millán 1998; Schudack and Schudack 2009).

The dinosaur bones appears at the top of a 0.5 m-thick

sandstone bed with channel geometry. The sandstone bed is

reddish-brown in colour and passes upwards into grey-blue

colours at the top of the bed as the grain size decreases and

passes into mudstones. The bones are partially articulated

and have been assigned to a sauropod dinosaur (Torcida

Fernández-Baldor et al. 2009). The teeth appear very close

to the bones, on a channel reactivation surface with a lag

deposit composed of quartzite clasts (1–2.5 cm in diame-

ter). Palaeocurrents measured in the channel fill indicate

westward directions, although the preferred teeth orienta-

tion has not been detected.

1.2 Institutional abbreviations

MDS Museo de Dinosaurios (Salas de los Infantes, Burgos,

Spain).

2 Materials and methods

The fossils were recovered from excavation campaigns in

2004–2006 by the Colectivo Arqueológico y Paleon-

tológico de Salas de los Infantes, with the corresponding

permits from the Dirección General de Patrimonio of the

regional government of Castilla y León (dossiers 307/04-

BU; 257/05-BU; 262/06-BU). The recovered material is

deposited in the Museo de Dinosaurios de Salas de los

Infantes (Salas de los Infantes, Burgos, Spain). Observa-

tions were made with a stereomicroscope, and pictures

taken with a Sony a200 digital camera. The teeth were

measured with a Mitutoyo Digimatic Digital Calliper,

Series No 500. Thirty theropod teeth (Appendix A) from El

194 J Iber Geol (2017) 43:193–215

123

Author's personal copy



Antonio Alonso Germán 291

Oterillo II were analysed during the course of this research.

In addition, bone remains from the sauropod dinosaur were

studied to establish the possible presence of tooth marks.

2.1 Anatomical nomenclature

The anatomical nomenclature used in this work is mainly

based on the recommendations of Smith and Dodson

(2003) and Hendrickx et al. (2015a) (Fig. 2). A theropod

tooth is composed of a crown, made of dentine and covered

by enamel, and a root, made of dentine. The junction

between them is called the cervix. The top of the crown and

root are called the crown or root apex. Usually, theropod

teeth have structures on their edges running apicobasally

along the crown called carinae. These may be denticulated,

i.e. with a serration consisting of denticles. Other features

commonly present on theropod teeth are marginal and

transversal undulations of the enamel, flutes, depressions

and surfaces. The enamel texture refers to the pattern of the

enamel surface (Hendrickx et al. 2015a).

Theropod teeth come in a variety of shapes and sizes.

The most usual shape of the crown is the ziphodont mor-

phology (D’Amore 2009), which is labiolingually com-

pressed and distally curved. The surface of the tooth facing

outwards towards the lips is called labial; the opposite

surface facing the sagittal midline of the skull is called

lingual. The surface that is close to the jaw symphysis is

called mesial, and the opposite one facing the jaw articu-

lation is called distal. Apical refers to the direction from the

cervix to the crown apex. Basal refers to the direction from

the apex to the cervix (Hendrickx et al. 2015a).

2.2 Morphometric nomenclature

The morphometric terminology used in this work follows

the terms and abbreviations used in Smith et al. (2005) and

Hendrickx et al. (2015a). The mesiodistal length of the

crown at the level of the cervix is called the crown base

length (CBL). The labiolingual width of the crown at the

cervix level, perpendicular to CBL, is called the crown

base width (CBW). The ratio of CBW to CBL is the crown

base ratio (CBR) and shows the labiolingual compression.

The basoapical extent of the distal margin of the crown

from the most distal point of the cervix to the most apical

point of the apex forms the crown height (CH). As a

measure of the crown elongation the crown height ratio

(CHR) has been proposed and is the ratio of CH to CBL.

The basoapical extent of the mesial margin of the crown

is the apical length (AL). The mesial serration density is

the number of denticles per 5 mm on the mesial margin

(MC). The distal serration density is the number of denti-

cles per 5 mm on the distal margin (DC). The denticle size

Fig. 1 Geographical and geological setting of El Oterillo II site
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density index (DSDI), used by Rauhut and Werner (1995),

expresses the difference between the mesial and distal

denticles (Fig. 2).

2.3 Qualitative and other features

In order to complement the morphometric information

provided by measurements, a number of qualitative fea-

tures were studied. These features include the shape of the

tooth (Torices 2007), the presence, position and develop-

ment of the mesial and distal carinae (Currie et al. 1990;

Torices 2007; Hendrickx et al. 2015a), the denticle mor-

phology (Currie et al. 1990; Torices 2007; Hendrickx et al.

2015a), the cross-section of the crown, the crown orna-

mentation, enamel texture (Hendrickx et al. 2015a), enamel

undulations (Brusatte et al. 2007; Hendrickx 2015a) and

the preservation of the tooth.

2.4 Statistical analysis

Multivariate statistical analyses were performed in order to

ascertain the variation among the theropod teeth from El

Oterillo II site. The statistical analyses (discriminant

function analyses) were performed using PAST v3.0

(Hammer et al. 2001) and SPSS 20.0 (SPSS Inc., Chicago,

Illinois) on the dataset of Hendrickx et al. (2015b), which

includes data from Farlow et al. (1991), Sankey et al.

(2002), Currie and Varrichio (2004), Sankey et al. (2005),

Smith et al. (2005), Smith and Lamanna (2006), Smith and

Dalla Vecchia (2006), Fanti and Therrien (2007), Sereno

and Brusatte (2008), Longrich (2008), Sankey (2008),

Hocknull et al. (2009), Molnar et al. (2009), Rauhut et al.

(2010), Ösi et al. (2010), Larson and Currie (2013) and

Hendrickx et al. (2015b); data from White et al. (2015) and

Csiki-Sava et al. (2016) were also included. The dataset

comprises 1022 teeth from different theropod taxa includ-

ing El Oterillo II teeth (see Table 1). Discriminant function

analysis (DFA) was performed on the dataset. DFA is an

ordination technique applied to previously identified data

in order to find the best discriminant variables. It also has

predictive power and is able to classify unknown data in

the previously known groups (Hammer and Harper 2006).

Due to their state of preservation, not all the teeth from

El Oterillo II site were analysed; this was in order to avoid

interference. Only MDS-OTII,73, MDS-OTII,78, MDS-

OTII,82, MDS-OTII,91, MDS-OTII,92, MDS-OTII,99,

MDS-OTII,100, MDS-OTII,101 and MDS-OTII,102 were

included. The variables used are CBL, CBW, CH, AL,

CBR, CHR, MC and DC. In order to better reflect a normal

distribution all data were log-transformed (see rational-

ization in Samman et al. 2005). When a character was

absent or missing it was coded with a question mark. The

dependent variable was not the species taxonomic level but

a larger taxonomic unit (such as Megalosauridae or basal

Tyrannosauroidea) as listed above (Table 1). The only

exception was made with uncertain genera such as Erec-

topus or Nuthetes and Spinosauridae, which has been split

into two different groups: Baryonychinae and

Spinosaurinae.

The first analysis was conducted with PAST v3.0 using

all the variables. Due to the low percentage of correctly

identified teeth (\65%), some changes were made to the

dataset. Firstly we differentiated absent data (anatomical

traits not present in the specimen, coded as a zero) from

missing data (traits that may be absent due to breakage,

coded as a question mark). Secondly, the dataset was log-

transformed using the formula log (1 ? x), as seen in

Gerke and Wings (2016), to properly account for zero

values. Third, we removed the variable AL from the dataset

due to the large number of missing data. Finally, all the

cases with remaining missing data were also removed from

the dataset. The following analyses were performed with

SPSS 20.0, using the stepwise method with Mahalanobis

distance and using a within-group covariance matrix. SPSS

allows better control of the statistical procedure. The SPSS

analysis of the dataset without AL and missing data (901

teeth) returned a better percentage of correctly classified

Fig. 2 Anatomical nomenclature and DFA variables. AL apical

length, CBL crown base length, CBW crown base width, CH crown

height, DC distocentral denticle density, flu flutes, MC mesiocentral

denticle density, mun marginal undulations, tun transversal

undulations
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teeth (79.7%) (Appendix A). A third analysis was per-

formed separating mesialmost and lateral teeth due to the

pseudoheterodonty and differentiation between mesial and

lateral dentition in theropods. The percentage of correctly

classified teeth went down (74.6%). In order to avoid

interference and overlapping between groups, and given

the absence of mesialmost teeth from El Oterillo II site, the

mesial teeth were removed from the dataset. A fourth SPSS

analysis (777 teeth) showed an improvement in the per-

centage of teeth correctly classified (82.5%).

The presence of small groups affects the accuracy of

DFA. In this case we maintained low-number groups due to

the relevance of some of them for comparison with El

Oterillo II morphotypes, even though this was at the

expense of an improved analysis.

The analyses obtained functions that explain the vari-

ance of the dataset. The first and the second functions

explain[90% of the variance (91.8% analysis without

missing data; 90.8% analysis without missing data and

without mesial dentition; separation between mesialmost

and lateral teeth explains 88.1% of variance, Appendix A).

These canonical functions were used to produce a graphical

representation of the relative positions of the teeth, creating

a morphospace in a dispersion graph (Fig. 3). The weight

of each variable in the canonical functions is represented in

Appendix A.

2.5 Cladistic analysis

In addition to the statistical analyses, cladistic analyses

were performed (Appendix B) using the supermatrix of

Hendrickx and Mateus (2014) with the modifications pro-

posed by Gerke and Wings (2016). The supermatrix com-

prises 60 theropod taxa with 1972 characters from Xu et al.

(2009), Brusatte et al. (2010), Martı́nez et al. (2011), Senter

et al. (2011), Pol and Rauhut (2012), Carrano et al. (2012)

and Hendrickx and Mateus (2014). 141 characters are

tooth-based. The analysis was performed on TNT 1.1

Table 1 Theropod taxa used in

this study
Group Taxa Group Taxa

Basal Saurischians Eoraptor Allosauridae Allosaurus

Basal Theropods Ischisaurus Neovenatoridae Neovenator

Eodromaeus Carcharodontosauridae Acrocanthosaurus

Coelophysoidea Coelophysis Eocarcharia

Liliensternus Carcharodontosaurus

Dilophosaurus Giganotosaurus

Ceratosauridae Genyodectes Mapusaurus

Ceratosaurus Megaraptora Australovenator

Berberosaurus Fukuiraptor

Noasauridae Noasaurus Aerosteon

Masiakasaurus Basal Tyrannosauroidea Eotyrannus

Abelisauridae Abelisaurus Raptorex

Rugops Alioramus

Indosuchus Tyrannosauridae Gorgosaurus

Majungasaurus Daspletosaurus

Aucasaurus Albertosaurus

Skorpiovenator Tyrannosaurus

Carnotaurus Nuthetes Nuthetes

Erectopus Erectopus Dromaeosauridae Bambiraptor

Piatnitzskysauridae Piatnitzskysaurus Deinonychus

Megalosauridae Afrovenator Dromaeosaurus

Duriavenator Velociraptor

Megalosaurus Saurornitholestes

Dubreillosaurus Atrociraptor

Torvosaurus Zapsalis

Spinosauridae Baryonyx Troodontidae Troodon

Suchomimus Zanazabar

Irritator Pectinodon

Spinosaurus Richardoestesia Richardnes tesia
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(Goloboff et al. 2008) using the protocol described by

Hendrickx and Mateus (2014) and Gerke and Wings

(2016). Seven different cladograms were obtained with this

analysis. The cladistic analysis (Appendix B) classifies the

morphotypes as a combination of basal tetanurans (Bary-

onychinae, Megalosauridae) and derived tetanurans

(Tyrannosauroidea, Dromaeosauridae).

2.6 Tooth mark analysis

In order to verify the presence of tooth marks on the

sauropod carcass, various skeletal remains were studied,

including dorsal and caudal vertebrae, haemal arches and

autapodial elements. The distribution, morphology and

abundance of the tooth marks were taken into account

(Hunt et al. 1994).

It is important to note that not all the bone remains were

studied, so the interpretation of the results may lack

important information about the type and distribution of the

tooth marks. The conclusions derived from these observa-

tions should thus be taken with caution.

3 Results

3.1 Systematic palaeontology

DINOSAURIA Owen 1842.

SAURISCHIA Seeley 1887.

THEROPODA Marsh 1881.

Theropoda indet.

Material Two teeth (MDS-OTII,88; MDS-OTII,89).

Description (after Hendrickx et al. 2015a).

Two incomplete crowns that lack the basalmost part

(Fig. 4). There are some horizontal fractures and parts of

the enamel are missing. The carinae are damaged and

MDS-OTII,88 lacks the mesial carina. The enamel surfaces

have microscratches.

These are medium-sized, incomplete crowns with

moderately compressed and distally curved ziphodont

morphology. The CBR values are among the highest from

El Oterillo II with the exception of spinosaurid teeth (0.6).

Due to the absence of the basalmost part of the crown these

values were not measured at the level of the cervix, so the

real values of CBR could be slightly different. The absence

of reliable values for these teeth makes it impossible to

include them in the statistical analyses (Appendix A).

These teeth could represent mesial dentition. The elonga-

tion of the crown shows normal values according to Hen-

drickx and Mateus (2014), but again this is not the real but

the preserved elongation. The apex points towards the

lingual side and seems to extend beyond the basal length of

the crown. The mesial lateral profile of the crown is convex

and the distal lateral profile is concave. The lingual surface

is convex and the labial is almost planar.

MDS-OTII,89 has mesial and distal carinae. MDS-

OTII,88 lacks the mesial carina. The carinae are well

developed and serrated. The mesial carina is slightly

twisted lingually and the distal carina of the teeth is

strongly displaced labially. The distal carina seems to reach

Fig. 3 DFA of 901 teeth

dataset results, including El

Oterillo II morphotypes

(Coelurosauria indet.,

Baryonychinae indet.,

Tetanurae indet. cf.

Carcharodontosauria,

Dromaeosauridae indet. 1 and

Dromaeosauridae indet. 2. and

excluding AL and teeth with

missing data. The first function

explains the 63.4% of variance;

the second canonical function

explains the 28.4% of the

variance

198 J Iber Geol (2017) 43:193–215

123

Author's personal copy



Antonio Alonso Germán 295

the cervix. The mesial carina does not extend along the

whole mesial margin but finishes before the cervix. There

are concave surfaces adjacent to the distal carinae, on the

labial side of the crown. These surfaces are better devel-

oped toward the basal part of the preserved crowns. The

preserved cross-section has a lanceolate-oval morphology,

but this is not the cross-section at the level of the cervix.

The distal carina of both teeth has 18 denticles per

5 mm. The largest denticles are located in the middle part

of the carina. The denticles are chisel-shaped and are

proximodistally subrectangular. They are perpendicular to

the carina. The external margin is symmetrically convex.

The interdenticular space is broad, and the interdenticular

slit is concave. There are interdenticular sulci on the distal

margin on both the labial and lingual sides. The interden-

ticular sulci are straight, short and basally oriented.

There are spalled surfaces on the tips of the crowns. MDS-

OTII,88 also has a wear facet on the lingual surface. There are

no flutes. The teeth have transversal undulations that cover the

whole enamel surface and are visible at a certain angle. The

enamel is polished and smooth but the original texture seems

to be braided. The root is not preserved.

Discussion The preserved crown base ratio (sensu Smith

et al. 2005) of these teeth is among the highest of the El

Oterillo II teeth with the exception of the conical crowns of

spinosaurids. The CBR does not exceed the 0.64 value

proposed by Hendrickx (2015) as the most common value

distinguishing mesial and lateral dentition. However, the

basalmost parts of the teeth are not preserved, and its real

value could well be greater.

Other interesting features of the teeth are the slightly

twisted mesial carina, the distal carina that is deflected

labially, and the concave surface adjacent to the carina. A

distal carina that is strongly displaced labially appears in

some basal theropods, ceratosaurids, tyrannosauroids,

allosauroids, dromaeosaurids and troodontids (Hendrickx

2015). Specifically, this deflection occurs in the mesial

dentition of allosauroids, including carcharodontosaurids

such as Acrocanthosaurus (Coria and Salgado 1995) and

Mapusaurus (Coria and Currie 2006) and other possible

carcharodontosaurians such as Fukuiraptor (Currie and

Azuma 2006; Hendrickx 2015). It is also present in the

mesialmost dentition of tyrannosauroids such as Alioramus

and Proceratosaurus. Allosaurus (Hendrickx et al. 2015b),

ceratosaurids such as Genyodectes and dromaeosaurids

such as Dromaeosaurus (Currie et al. 1990) share this trait

for the whole dentition. Another dromaeosaurid,

Deinonychus, has this character in the mesial dentition only

(Ostrom 1969; Hendrickx 2015).

The concave surface adjacent to the carina is also

widespread among theropods. The mesial dentition of

abelisaurids, Allosaurus, tyrannosauroids and some

deinonychosaurs has concavities on the margins of the

crowns (Smith 2005, 2007; Hendrickx 2015). In addition,

the lateral dentition of basal theropods, ceratosaurids,

neovenatorids and metriacanthosaurids may also have

concave surfaces in the labiodistal part of the crowns

(Rauhut 2004; Azuma and Currie 2000; Hendrickx 2015).

The morphotype was not analysed with DFA due to the

incompleteness of the tooth remains. The teeth were

Fig. 4 Theropoda indet. MDS-OTII,89: a labial, b lingual, c mesial, d distal, e apical, f basal views. g detail of the denticles and the apex. MDS-

OTII,88: h lingual, i labial, j mesial, k distal, l basal and m distal carina
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included in the cladistic analysis instead, coded separately

as mesialmost and lateral dentition. The cladistic analysis

(Appendix B) recovered the teeth as mesial dentition

related to Dromaeosauridae. According to a second

cladistic analysis coding the teeth as lateral dentition, the

morphotype corresponds to the sister taxon of Dro-

maeosaurus. Given the absence of relevant parts of the

teeth, here we prefer to be cautious and consider this

morphotype as Theropoda indet. The preserved measure-

ments used in the cladistic analysis could deviate from the

real measurements, and there could be relevant traits that

are not preserved.

It cannot be ruled out that this morphotype represents a

mesialmost morphotype related to other lateral tooth

morphotypes from El Oterillo II site, such as Tetanurae

indet. or Coelurosauria indet.

TETANURAE Gauthier 1986.

SPINOSAUROIDEA Stromer 1915.

Spinosauridae Stromer 1915.

Baryonychinae.

Sereno, Beck, Dutheil, Gado, Larsson, Lyon, Marcot,

Rauhut, Sadleir, Sidor, Varricchio, Wilson and Wilson,

1998.

Baryonychinae indet.

Material Five teeth (MDS-OTII,81; MDS-OTII,84; MDS-

OTII,85; MDS-OTII,86; MDS-OTII,99).

Description The teeth show different states of preservation.

The majority of them are broken and incomplete, with the

exception of MDS-OTII,99, which preserves the whole crown

and someparts of the root (Fig. 5). Small fractures can be found

on the enamel surface. The enamel is absent in someparts of the

crown.The original enamel texture has been polished, probably

due to abrasion. The enamelmay show differences in polishing

betweendifferent parts of the crown in these teeth. For instance,

MDS-OTII,99 has more polished enamel on the apical, central

and lingual parts of the crown. Usually, this polished enamel

also shows microscratches on its surface.

The teeth show a curved distal profile with a slight tilt to

the lingual surface. They are conidont crowns (sensu

Hendrickx et al. 2015a). The crown base ratio ranges

between 0.6 and 0.8, typical of normal-subcircular crowns.

The elongation of the crown (CHR around 2) shows normal

values according to Hendrickx and Mateus (2014). The

apex of MDS-OTII,99 extends beyond the basal length.

The mesial profile of the teeth in lateral view is convex and

the distal profile is slightly concave, with the basalmost

part almost straight. In distal view the mesial and distal

profile are curved towards the lingual side. Both labial and

lingual sides have convex surfaces. The enamel extension

is similar on both sides.

The teeth have well-developed, serrated carinae on both

the mesial and distal margins of the crown. Interestingly, the

basal distal carina of MDS-OTII,99 is split, an unusual

feature in theropods (Hendrickx 2015). The carinae are

located in central positions of the margins and reach the

cervix. There are no adjacent surfaces or depressions on the

basal part of the crowns. The cross-section of the crown at

the level of the cervix is subcircular-elliptical. This is also

the case at the level of the mid-crown. The carinae are

densely serrated with minute denticles. MDS-OTII,99 has

around 30 denticles per 5 mm. The state of preservation of

the other crowns has prevented precise measurement, but

there seem to be around 40 denticles per 5 mm, this higher

number probably due to their small size. The DSDI values

are around 0.9, which means that the denticles are similar in

size in mesial and distal carinae. The denticles are small and

may exhibit a sporadic variation in size along the carina, but

generally they are bigger in the middle part. The denticles

are subquadrangular and are located perpendicularly to the

adjacent carina. The outline of the external margin of the

denticle is symmetrically convex. The interdenticular space

is shallow and narrow. The denticles have a diaphysis

between them. The interdenticular slit is concave and shal-

low, and the denticles do not have interdenticular sulci.

MDS-OTII,99 and MDS-OTII,85 have a spalled surface

on the apex of the crown. Wear facets have not been

observed or are not preserved. The enamel surface bears

flutes running apicobasally both on the lingual and labial

sides. The number of flutes ranges between 5 and 9.

In addition to this ornamentation, MDS-OTII,99 has

marginal and transversal enamel undulations. The undula-

tions are scarce, around six per side, and extend horizon-

tally except for the basal third of the crown. They are more

easily visible at a certain angle. The enamel texture cor-

responds to the veined texture of Hendrickx et al. (2015a).

The texture is of an apical-adapical direction in the middle

of the crown but curves toward the carinae at the margins.

The root is partially preserved in some of the teeth. The

width is slightly greater than that of the crown and is of

subcylindrical morphology. The surface of the root of

MDS-OTII,99 has an ornamentation made up of undula-

tions that are more visible on the lingual side. This tooth

also has a small depression in this zone. The cross-section

of the root is subcircular except for MDS-OTII,99, where

the lingual depression makes the morphology slightly

reniform. The dentine width of the root is about 4 mm.

Discussion Spinosaurids have distinctive teeth with straight

crowns or slight distal curvature, subcircular-elliptical

cross-sections, fluted enamel, minute denticles or unser-

rated carinae, and a veined enamel texture (Charig and

Milner 1997; Sereno et al. 1998; Sues et al. 2002; Ruiz-
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Omeñaca et al. 2005; Canudo et al. 2008; Hendrickx and

Mateus 2014; Gasca et al. 2008; Hendrickx et al. 2015b;

Serrano-Martı́nez et al. 2016; Alonso and Canudo 2016).

The spinosaurid teeth from El Oterillo II have a CBR

greater than 0.64. CBR values higher than 0.64 are com-

mon for mesial teeth, which are broader than the lateral

ones. This has been proposed as a dental feature by Hen-

drickx (2015). Nevertheless, some clades have a CBR

greater than 0.64 for non-mesial teeth, a feature seen in

Allosauridae, Spinosauridae, Tyrannosauridae, Ornithomi-

mosauria, Alvarezsauroidea and Therizinosauria (Hen-

drickx 2015).

The mesial carina reaches the cervix, a feature present in

all theropod clades other than Megalosauridae and Ther-

izinosauria. The presence of a mesial carina that reaches

the cervix has been proposed as characteristic of all spi-

nosaurids (Hendrickx et al. 2015b) but some authors

(Serrano-Martı́nez et al. 2016) have noticed the occurrence

of some spinosaurid teeth with mesial carinae that do not

reach the cervix (CMP3-760, Canudo et al. 2008; Fig. 6),

so there may be variation in this general trait.

MDS-OTII,99 has an abnormal distal carina. A split

mesial carina has been reported in tyrannosaurid theropods,

Allosaurus and indeterminate carcharodontosaurids (Currie

et al. 1990; Erickson 1995; Abler 1997; Smith 2005;

Brusatte and Sereno 2007; Candeiro and Tanke 2008;

Cillari 2010; Hendrickx 2015). The split mesial carina is

common in Tyrannosauridae, as shown by Erickson (1995).

This author also points to its possible causes: trauma,

genetic factors and aberrant tooth replacement. This

abnormal feature present in MDS-OTII,99—given both its

rarity and its location, the distal carina—seems to be the

first evidence of the presence of this condition in

Spinosauridae.

More than 30 denticles per 5 mm are seen in non-teta-

nuran theropods, baryonychine spinosaurids and coelur-

osaurs. Baryonyx and Suchomimus have around 35

denticles per 5 mm (Hendrickx 2015), values that are

comparable to the teeth from El Oterillo II. The dental

evolution of Spinosauridae seems to have resulted in robust

crowns (Charig and Milner 1997) with a reduction in the

number of denticles in baryonychine spinosaurids, leading

Fig. 5 Baryonychinae indet.

MDS-OTII,99 in a labial,

b lingual, c mesial, d distal,

e basal and f enamel texture,

marginal undulations and

denticles on the distal carina
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to unserrated crowns in Spinosaurinae (Charig and Milner

1997; Buffetaut 2011; Gianechini et al. 2011; Serrano-

Martı́nez et al. 2016). Other theropod taxa (Ceratosaurus,

Tyrannosaurus) have carinae with a large number of den-

ticles, but this is related to the great size of the crowns and

the number of denticles per 5 mm is lower (Hendrickx

2015). The variation in denticle size along the carinae has

been noted in the spinosaurids Suchomimus and Baryonyx

and has been proposed as a feature of Baryonychinae

(Mateus et al. 2011; Hendrickx 2015).

Fluted crowns are common in piscivorous tetrapods. The

presence of flutes is characteristic of spinosaurid teeth,

although they are also present in other taxa such as Cer-

atosaurus and some Dromaeosauridae (Hendrickx and

Mateus 2014). Baryonyx tends to have flutes restricted to

one side of the crown (Charig and Milner 1997), whereas

Suchomimus shows flutes on both sides (Hendrickx 2015).

Transverse and marginal undulations are a common

feature of theropod teeth and have a widespread distribu-

tion among theropods (Brusatte et al. 2007); they have

been seen in spinosaurid theropods such as Baryonyx, Ir-

ritator and Suchomimus (Hendrickx 2015) and in other

indeterminate spinosaurid teeth (Canudo et al. 2008). The

teeth studied here have a veined enamel texture (sensu

Hendrickx et al. 2015a). A veined enamel texture com-

prising alternating grooves and long sinuous ridges (Hen-

drickx et al. 2015a) characterizes spinosaurid teeth; it has

been found in Baryonyx, Suchomimus, Spinosaurus and

other indeterminate spinosaurids (Canudo et al. 2008;

Serrano-Martı́nez et al. 2016).

This conjunction of dental features indicates that these

teeth from El Oterillo II belong to Spinosauridae. The

family Spinosauridae has been divided into two subfami-

lies: Baryonychinae and Spinosaurinae. Baryonychine

teeth have an ornamentation based on ridges, a cross-sec-

tion that is not as subcircular as in spinosaurine teeth, and a

more pronounced distal curvature of the crown (Canudo

et al. 2008; Alonso and Canudo 2016). Spinosaurine teeth

also tend to have unserrated carinae, as in Irritator,

Angaturama and Spinosaurus (Stromer 1915; Kellner and

Campos 1996; Sues et al. 2002; Hendrickx 2015). In

addition, the sporadic variation in size of denticles has been

proposed as a feature of Baryonychinae (Mateus et al.

2011).

DFA (Appendix A) classifies MDS-OTII,99 as a mem-

ber of the group Baryonychinae with 100% probability.

The cladistic analysis places this morphotype as the sister

taxon of a clade composed of all other spinosaurid

Fig. 6 Tetanurae indet. cf. Carcharodontosauria. MDS-OTII,92 in

a labial, b lingual, c mesial, d distal, e basal views. f Detail of the
apex and denticles of mesial and distal carinae. g Marginal

undulations. MDS-OTII,78 in h labial, i lingual, j mesial, k distal

and l basal views, m Distal denticles
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theropods (Spinosaurus, Irritator, Baryonyx and Su-

chomimus). The teeth belonging to Baryonychinae indet.

from El Oterillo II show no significant dissimilarity with

respect to other baryonychines from the Iberian Peninsula

(Torcida Fernández-Baldor et al. 1997, 2003; Ruiz-Ome-

ñaca et al. 1998; Infante et al. 2005; Canudo et al. 2008;

Gasca et al. 2008; Mateus et al. 2011; Figuereido et al.

2015; Alonso and Canudo 2016).

TETANURAE Gauthier 1986.

Tetanurae indet. cf. Carcharodontosauria.

Material Six teeth (MDS-OTII,75; MDS-OTII,77; MDS-

OTII,78; MDS-OTII,92; MDS-OTII,93; MDS-OTII,95).

Description Four crown fragments and two teeth (MDS-

OTII,78 and MDS-OTII,92) belong to this morphotype.

The two teeth are almost complete so the description is

based on them. These teeth have horizontal fractures and

are missing parts of the crown. Some areas lack enamel,

and other parts of the teeth are broken or absent.

The crowns have a labiolingually compressed and dis-

tally curved ziphodont morphology (Fig. 6). The crowns

have normal CBR values for lateral teeth (CBR = 0.4)

according to Hendrickx and Mateus (2014). The elongation

of the crowns is normal, lying between 2.3 and 2.4. The

apex is distally oriented and extends beyond the basal

length. The mesial profile of the crown in lateral view is

convex and the distal margin is concave. The distal profile

of the crown is sigmoidal. The labial and lingual surfaces

are convex. The enamel extension is similar on the lingual

and labial sides.

The crowns have well-developed, serrated carinae on

both margins. The distal carina is displaced labially. The

distal carina reaches the cervix; the mesial carina extends

along 2/3 of its margin, finishing before the cervix. The

mesial carina is diagonally oriented and the distal carina is

sigmoidal. The cross-section of the crowns is lanceolate at

the level of the cervix and lenticular at the mid-level.

The crowns have a similar denticle number on both

carinae, between 19 and 21 denticles per 5 mm. The DSDI

has a value of around 1. The denticles show a regular

variation in size. They are smaller at the apex and base and

larger in the central area. The denticles are chisel-shaped

and proximodistally subrectangular. They are perpendicu-

larly positioned towards the carinae. The marginal contour

of the denticle is convex and parabolic. The interdenticular

space is broad and the diaphysis is not clearly visible due to

the state of preservation. The interdenticular slit is concave.

There are interdenticular sulci on both mesial and distal

carinae; these are short, straight and basally inclined.

There are spalled surfaces on the apex of the crown.

Wear facets are not observed and the teeth have no flutes.

There are marginal and transversal undulations, which are

abundant and horizontally oriented. They are more visible

at a certain angle. The enamel texture is braided (sensu

Hendrickx et al. 2015a), and the braids are straight in the

middle part of the crown and inclined towards the carina at

the margin.

Some parts of the root are preserved. The root has a

similar width to the crown and is labiolingually com-

pressed. There is no constriction between the crown and the

root. The root has depressions both on its labial and lingual

sides, giving it a figure-eight-shaped cross-section. The

dentine width in this part of the root has values around

1.6–1.9 mm.

Discussion By comparison with the dental features pro-

posed by Hendrickx (2015), these teeth have no basal

constriction. The CBR is lower than 0.64, suggesting that

they are lateral teeth due to their lateral compression. The

crown height is less than 70 mm, and they are serrated both

on mesial and distal carinae.

The mesial carina of this morphotype does not reach the

cervix. This trait is seen in Megalosauridae (Hendrickx

et al. 2015b), Eoraptor, Neovenator (Hutt et al. 1996),

Australovenator (White et al. 2015), basal tyrannosauroids

such as Alioramus (Brusatte et al. 2012), Therizinosauria

and Microraptorinae, and it is also seen in Acrocan-

thosaurus and Dromaeosaurus (Hendrickx 2015).

The distal carina of these teeth seems to be displaced

labially. A strongly displaced distal carina has been

observed in several theropod clades, such as Ceratosauri-

dae, Allosauroidea and Tyrannosauroidea (Hendrickx

2015). Nevertheless, this morphotype does not present the

distal carina at the level of the labial margin. Teeth with a

weak displacement of the distal carina have been identified

in the whole dentition of Abelisauridae (Hendrickx and

Mateus 2014) and Megalosauroidea and in the lateral

dentition of Metriacanthosauridae, Neovenatoridae,

Tyrannosauroidea and in neocoelurosaurs except Dro-

maeosaurus (Hendrickx 2015). This weak displacement is

more congruent with the morphotype’s displacement.

Another significant characteristic of these teeth is the

presence of transversal and marginal undulations, a wide-

spread feature among non-neocoelurosaur averostrans

(Brusatte et al. 2007; Hendrickx and Mateus 2014). They

also have interdenticular sulci, another trait present in non-

neocoelurosaur averostrans. The braided texture of the

enamel, present in non-neocoelurosaur neotheropods, can

be observed in Megalosauroidea, Allosauroidea, Tyran-

nosauroidea and basal Ceratosauria (Hendrickx 2015).

The characteristics seen in this morphotype are shared

by many different theropod clades. Nevertheless, these

traits are more specifically found in basal tetanurans such

as megalosaurids or carcharodontosaurian theropods. The
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presence of non-spinosaurid basal tetanurans is known in

the Early Cretaceous deposits of Western Europe (Hutt

et al. 1996; Pereda-Suberbiola et al. 2012; Csiki-Sava et al.

2016). The Iberian Peninsula record has one of the best-

preserved tetanurans of the Early Cretaceous, Concavena-

tor corcovatus from the upper Barremian of Cuenca

(Ortega et al. 2010). Other evidence of carcharodon-

tosaurian theropods comes from the Barremian deposits of

Teruel (Gasca et al. 2014), where a distal femur with

affinities to Acrocanthosaurus has been found.

Other carcharodontosaurian theropod remains have been

found in the Weald of England, an example being Neove-

nator. Related theropods, such as Fukuiraptor, are repre-

sented in Asian sediments from this age (Azuma and Currie

2000). The presence of carcharodontosaurid theropods in

north Africa is also well-known (e.g. Fanti et al. 2014).

The DFA analyses classify these teeth as Erectopus

(41–50, 33.4–43.5 and 35.4–43.3% probability, Appendix

A). Erectopus is an enigmatic theropod with allosauroid

affinities from the Lower Cretaceous (lower Albian) of

France (Allain 2005). Some differences exist between this

morphotype and the dentition of Erectopus: the serrated

mesial and distal carinae of Erectopus run along the entire

margins; moreover, the denticle density is slightly differ-

ent. Notably, the small size of the Erectopus group could

have had a negative effect on the DFA analyses.

On the other hand, the cladistic analysis (Appendix B)

places this morphotype as the sister taxon of Afrovenator

and includes it within the clade Megalosauridae. Despite

the size differences, they share some features, including a

mesial carina terminating well above the cervix, the pres-

ence of enamel undulations, short interdenticular sulci,

similar CBR values and similar morphology (Hendrickx

et al. 2015b).

The traits present in this El Oterillo II morphotype show

a variety of affinities with some of the basal tetanuran

clades. Due to the degree of uncertainty, we attribute this

morphotype to Tetanurae indet. cf. Carcharodontosauria,

since the presence of megalosaurid theropods, unlike that

of carcharodontosaurian theropods, is not known in the

Barremian or Early Cretaceous of Spain. Megalosaurids are

well-known in the Upper Jurassic of the Iberian Peninsula

(e.g. Malafaia et al. 2017). However, the discrepancy with

respect to the cladistic analysis suggests that this conclu-

sion should be taken with caution until new material is

found.

If these teeth belong to theropod dinosaurs other than

carcharodontosaurid carcharodontosaurians, this means

that the palaeobiodiversity of the theropods of the Early

Cretaceous of Spain could be greater than previously

thought (Gasca et al. 2014), including spinosaurids, diverse

non-spinosaurid basal tetanurans such as carcharodon-

tosaurids (Ortega et al. 2010; Gasca et al. 2014) and other

clades (Canudo et al. 2006), ceratosaurs (Sánchez-Her-

nández and Benton 2014) and different coelurosaurs such

as ornithomimosaurs (Pérez-Moreno et al. 1994), mani-

raptorans and birds (Sanz et al. 1988; Lacasa-Ruiz 1989;

Sanz and Buscalioni 1992; Sanz et al. 1996; Sereno 2000).

Nevertheless, further work is required to find more diag-

nostic skeletal remains in order to clarify this question.

TETANURAE Gauthier 1986.

COELUROSAURIA von Huene 1914.

Coelurosauria indet.

Material One tooth (MDS-OTII,82).

Description MDS-OTII,82 is an incomplete crown which

lacks the apex and the basalmost part. The surface shows

horizontal fractures. Some parts of the enamel are missing

(Fig. 7).

MDS-OTII,82 is a labiolingually compressed (CBR =

0.46) and distally curved ziphodont crown. The compres-

sion is typical for lateral teeth. The values for the elonga-

tion of the crown are normal according to Hendrickx and

Mateus (2014) (CHR = 1.85). The apex extends beyond

the basal length. The mesial lateral profile of the crown is

convex, and the distal lateral profile concave. The crown is

slightly curved towards the lingual side in distal view. The

labial and lingual surfaces are slightly convex. The pre-

served enamel shows a constant extension along the crown.

The distal carina is well developed. There is no mesial

carina, and the possibility of its loss due to abrasion cannot

be ruled out. The distal carina runs along the whole distal

margin. The carina is strongly displaced labially. There are

no concave surfaces adjacent to the carina, but there are

shallow depressions both in the labial and basalmost lingual

areas of the crown, conferring a figure-eight-shaped cross-

section. At the level of the mid-crown the cross-section is

lanceolate. The distal carina has 15 denticles per 5 mm. The

variation in size of the denticles along the carina is regular,

with the larger denticles located in the middle part and

decreasing in size towards the base. The denticles are chisel-

shaped and are proximodistally subrectangular. They are

perpendicular to the carina. The exterior margin of the

denticle is convex and parabolic. The interdenticular space is

broad. The interdenticular slit is concave, and there are

interdenticular sulci both on labial and lingual sides. The

sulci are short, straight and inclined towards the base.

There is a possible wear facet on the lingual side of the

crown. The exposed dentine shows diagonal scratches that

are mesioapically-distobasally oriented. The crown has no

flutes. There are abundant transversal and marginal undu-

lations, horizontally oriented and with the concavity

pointing to the apex. The undulations are visible at a cer-

tain angle and cover most of the enamel surface. The

original enamel texture seems to be braided. This is
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difficult to assess due to the polished enamel and the

microscratches that cover the tooth surface. The root is not

preserved.

Discussion This tooth has a series of interesting traits, most

notably the figure-eight-shaped cross-section and the distal

carina that is strongly displaced labially. This is not the only

tooth from the Salas the los Infantes area with these features.

Two other teeth from the Early Cretaceous have been

recovered from the Tenadas de la Rosada site: MDS-C15,6

and MDS-C15,7 (Torcida Fernández-Baldor et al. 2003)

(Fig. 7). The distal carina that is strongly displaced labially is

seen in the whole dentition in ceratosaurids, allosaurids,

tyrannosauroids and some dromaeosaurids (Hendrickx

2015). The figure-of-eight shape is produced by the presence

of two depressions in the basalmost part of the crown. This

has been noted in the metriacanthosaurid Sinraptor (Hen-

drickx 2015) and in coelurosaurian theropods. The figure-

eight-shaped cross-section is seen in possible ceratosaurids

such as Berberosaurus (Hendrickx and Mateus 2014), dro-

maeosaurids such as Saurornitholestes (Currie et al. 1990;

Sankey et al. 2002; Hendrickx and Mateus 2014), Tsaagan

(Norell et al. 2006), Pyroraptor (Allain and Taquet 2000;

Gianechini et al. 2011, Hendrickx and Mateus 2014) and

Buitreraptor (Gianechini et al. 2011; Hendrickx and Mateus

2014), and other taxa such as Richardoestesia (Currie et al.

1990) and troodontids such as Byronosaurus and Xixiasaurus

(Hendrickx 2015). Given the size of MDS-OTII,82, it is

reasonable to look for another non-maniraptoran theropod as

the possible owner. The lateral teeth of Sinraptor have a

concave surface adjacent to the distal carina in the labiobasal

part of the crown, which this morphotype does not possess.

The figure-eight-shaped cross-section has been noted among

the basal tyrannosauroids Proceratosaurus (Rauhut et al.

2010) and Alioramus (Brusatte et al. 2012; Hendrickx 2015).

Megaraptorans such asMegaraptor,Orkoraptor (Porfiri et al.

2014) and Australovenator (White et al. 2015) have been

reported to share this trait for the lateral dentition. Unlike this

morphotype, Proceratosaurus teeth show a significant dif-

ference in size between mesial and distal denticles (Rauhut

et al. 2010) (MDS-C15,7 preserves the mesial carina, which

shows a similar number to the distal carina). This morpho-

type shows certain affinities with the teeth of Alioramus altai.

The number of denticles is similar (14–15 denticles per

5 mm); the distal carina is deflected labially and the mesial

carina lingually; and there are enamel undulations and

interdenticular sulci (Brusatte et al. 2012). Compared with

Alioramus, the mesial carina is shorter.

The teeth from Orkoraptor and Megaraptor have

strongly curved, low crowns and unserrated mesial carinae

(Porfiri et al. 2014) whereas this morphotype could have a

denticulated mesial carina. The teeth from Murusraptor

(Coria and Currie 2016) also have a similar outline but the

carinae are centrally positioned.

As seen in Australovenator, the morphotype from El

Oterillo II could lack mesial denticles or have a reduced

mesial carina; it also has transverse undulations and a

similar number of denticles (around 15 per 5 mm) (White

Fig. 7 Coelurosauria indet. MDS-OTII,82. a labial, b lingual, c mesial, d distal, e basal view. f, g Denticles and marginal enamel undulations of

the distal carina. h MDS-C15,7 in labial view. i MDS-C15,6 in lingual view
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et al. 2015). Despite these similarities some differences

exist: The tooth from El Oterillo II does not show the

lingual deviation of the distal carina and it has interden-

ticular sulci; marginal undulations of the enamel are also

present.

DFA (Appendix A) locates this morphotype within

Megalosauridae (\47%). Given the poor results, this must

be taken with caution. Megalosaurid teeth do not have the

figure-eight-shaped cross-section, so this result could be a

consequence of the size-dependent classification of this

type of analysis. The cladistic analysis (Appendix B)

recovers the morphotype within Tyrannosauroidea close to

basal tyrannosauroids.

Given the uncertainty, this tooth has been classified as

Coelurosauria indet. so as not to exclude the possibility of

it being produced by a basal tyrannosauroid, a large

maniraptoran or a megaraptorid theropod. The position of

Megaraptora among theropods is currently a subject of

discussion, with a suggested placement within Neovena-

toridae or Tyrannosauroidea (Hendrickx et al. 2015c). The

phylogenetic analyses run by Coria and Currie (2016) on

two alternative data matrices based on the dataset of Car-

rano et al. (2012) plus the modifications by Zanno and

Makovicky (2013), and the dataset of Novas et al. (2013)

plus the modifications by Porfiri et al. (2014), show

Megaraptora positioned within Neovenatoridae or as the

sister group of Tyrannosauridae. Bell et al. (2016) also

state that the position of Megaraptora remains equivocal.

Here we prefer to consider Megaraptora within Tyran-

nosauroidea in order to include all the possible owners of

the morphotype within the clade Coelurosauria, as in the

phylogeny of Hendrickx et al. (2015c).

This morphotype could represent a singular taxon of

coelurosaurian theropods from the Early Cretaceous of the

Iberian Peninsula. The presence of basal tyrannosauroids is

known in the deposits of the Upper Jurassic-Lower Cre-

taceous of Western Europe, especially England and Por-

tugal (Hutt et al. 2001), with genera such as

Proceratosaurus and Eotyrannus. Megaraptorans have

been found in Asia, Australia and South America (Bell

et al. 2016). The possible presence of these taxa opens a

new scenario including more diverse theropods than pre-

viously thought. Nevertheless, new information is required

to corroborate the distribution of these clades in the Early

Cretaceous of the Iberian Peninsula.

TETANURAE Gauthier 1986.

COELUROSAURIA von Huene 1914.

MANIRAPTORA Gauthier 1986.

PARAVES Sereno 1997.

Dromaeosauridae Matthew and Brown 1922.

Dromaeosauridae indet. 1.

Material Three teeth (MDS-OTII,73; MDS-OTII,100;

MDS-OTII,102).

Description The crowns are well preserved. Some parts of

the carinae and enamel are missing. They may bear hori-

zontal fractures. The teeth have a ziphodont morphology;

they are labiolingually compressed and distally curved

(Fig. 8). The crowns are small (CH = 4–14 mm). The

CBR values are around 0.5. The elongation of the crowns

varies among weak-normal values according to Hendrickx

and Mateus (2014) (CHR = 1.4–1.9). The crowns are

curved and the apex extends beyond the basal length. The

mesial lateral profile of the crowns is convex and the distal

lateral profile is slightly concave, almost straight. The

labial and lingual surfaces are convex. The distal profile is

straight. The enamel shows a constant extension along the

crown.

The teeth have mesial and distal carinae. The carinae are

serrated and are located in central positions along the

mesial and distal margins. The distal carina reaches the

cervix, whereas the mesial carina only extends along the

apical half of the crown. Carinae run along the tip of the

crown. The outline of the teeth at the level of the cervix has

a lanceolate morphology. The cross-section at the mid-

level is lenticular.

The mesial carina has around 30–35 denticles per 5 mm,

whereas the distal carina has 20 denticles per 5 mm. The

mesial denticles are smaller (DSDI = 1.5–1.8) than the

distal ones. The largest denticles on the mesial carina are

located on the apex and decrease towards the base. The

largest denticles on the distal carina are on the basalmost

part of the crown. The variation in denticle size is regular.

The denticles are chisel-shaped and are proximodistally

subrectangular. The denticles are located perpendicular to

the carina. The external margin has a convex outline. The

interdenticular space is broad and the interdenticular slit is

concave and shallow. There are no interdenticular sulci.

There are spalled surfaces on the tips of the crowns.

MDS-OTII,102 also has a possible wear facet on the lin-

gual side of the crown. There are some transversal undu-

lations on the enamel surface. The undulations are

horizontally oriented and are visible at a certain angle. The

enamel texture is polished and smooth in some parts of the

crown, but the original texture seems to be irregular. The

root is not preserved.

Discussion Small teeth size and high DSDI values have

usually been considered typical of dromaeosaurid denti-

tion. However, a DSDI greater than 1.2 is present in vari-

ous clades of theropods, including Noasauridae,

Piatnitzkysauridae, Tyrannosauroidea, Microraptorinae and

Eudromaeosauria (Hendrickx 2015). The DFA (Appendix

A) with mesialmost dentition includes this morphotype
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(\50%) within Dromaeosauridae, with the exception of

MDS-OTII,102, which is reclassified as a basal tyran-

nosauroid. This is not unusual, given the similarities that

some tyrannosauroids and dromaeosaurids show in their

dentition (Rauhut et al. 2010; Hendrickx and Mateus 2014;

Gerke and Wings 2016). The DFA without the mesialmost

dentition classified all the teeth as Dromaeosauridae

(around 40% probability). The cladistic analysis (Appendix

B) likewise recovers the morphotype within Dro-

maeosauridae, as the sister taxon of Dromaeosaurus.

The presence of dromaeosaurid theropods in the Salas

de los Infantes area has been cited before (Torcida Fer-

nández-Baldor et al. 2003). Theropod teeth from the

Wealden facies of England have been attributed to dro-

maeosaurids (see for example Milner 2002 and Sweetman

2004). In the light of the convergence of results between

the analyses, we thus classify the teeth as Dromaeosauridae

indet.

Dromaeosauridae indet. 2.

Material Two teeth (MDS-OTII,91; MDS-OTII,101).

Description The crowns are well preserved. Some parts of

the carinae and enamel are missing. MDS-OTII,91 also

lacks part of the base and apex. The crowns are small

(4–8 mm). They have ziphodont morphology (Fig. 9). The

CBR values are 0.4–0.5. The elongation of the crowns is

normal (1.5–1.8). The crowns are distally curved with the

apex extending beyond the basal length, and they are low

and squat in appearance. The mesial lateral profile is

convex, and the distal lateral profile slightly concave-al-

most straight. The labial and lingual surfaces are slightly

convex. MDS-OTII,101 has serrated mesial and distal

carinae. MDS-OTII,91 lacks the mesial carina. The carinae

Fig. 8 Dromaeosauridae indet.

1. MDS-OTII,102 in a lateral,

b mesial, c distal and d basal

views. d, e MDS-OTII,73 in

lateral views. MDS-OTII,100 in

f, g lateral and h distal view
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are located in central positions along the margins. The

distal carina reaches the cervix but the mesial carina does

not, for it only extends along the apical half of the crown.

The carinae of MDS-OTII,101 cross the apex. The cross-

section at the level of the cervix is figure-eight-shaped. At

the level of the mid-crown the cross-section is lenticular.

These teeth have a large number of denticles along the

carinae. The mesial carina has an estimated number of 45

denticles per 5 mm. The distal carina has 35 denticles per

5 mm. The largest denticles on the distal carina are located

in the basalmost part, and the largest on the mesial carina

are on the apex. The variation in size of the denticles is

smooth and regular. The denticles have a chisel-shaped

morphology and are proximodistally subrectangular. The

denticles are located perpendicular to the carina. The

external margin of the denticle is symmetrically convex.

They have a broad interdenticular space. The interdentic-

ular slit is concave and shallow. Interdenticular sulci have

not been observed.

There are spalled surfaces on the tips of the crowns. The

crowns also have transversal undulations on the surface of

the basal and central areas; these are visible at a certain

angle. The enamel texture of MDS-OTII,101 is smooth.

MDS-OTII,91 has a braided enamel texture. The root is not

preserved.

Discussion As noted for the previous morphotype, the

small size of the crowns and the high DSDI have often

been considered dromaeosaurid characters. Nevertheless,

these features are shared by other theropod groups (Rauhut

et al. 2010; Hendrickx and Mateus 2014). Unlike Dro-

maeosauridae indet.1, Dromaeosauridae indet. 2 possess a

figure-eight-shaped cross-section, which is present in

metriacanthosaurids, tyrannosauroids, Berberosaurus,

megaraptorans and dromaeosaurids (Hendrickx 2015).

The DFA analyses (Appendix A) recover MDS-OTII,91

as belonging to Richardoestesia (51%, 50.9%, 59.8%) and

MDS-OTII,101 as belonging to Nuthetes (44.9, 57 and

39.3%). Richardoestesia is a genus from the Late Creta-

ceous of North America (Currie et al. 1990; Baszio 1997;

Sankey et al. 2002). Material from the Upper Jurassic of

Portugal (Zinke 1998; Hendrickx and Mateus 2014), the

Lower Cretaceous of Spain (Rauhut 2002), the Upper

Cretaceous of Spain (Torices et al. 2004; 2015) and the

Upper Cretaceous of Romania (Codrea et al. 2002;

Weishampel et al. 2010) has been referred to this taxon.

MDS-OTII,91 shares the figure-eight-shaped cross-section,

but the basal constriction is not observed. Nuthetes is a

possible dromaeosaurid taxon from the Early Cretaceous of

England (Milner 2002). One tooth from the Lower Creta-

ceous deposits of France has been cited as Nuthetes sp.

(Pouech et al. 2006). These teeth share the small-sized

crowns, which are strongly distally recurved, and smaller

denticles on the mesial carina and the basal surfaces.

The cladistic analysis (Appendix B) recovers these teeth

within Dromaeosauridae, again as the sister taxon of

Dromaeosaurus. Given the similar morphologies among

Fig. 9 Dromaeosauridae indet. 2. MDS-OTII,101 in a, b lateral and c basal view. MDS-OTII,101 in d, e lateral, f mesial, g distal and h basal

view
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dromaeosaurid teeth, here we prefer not to assign this

morphotype to a specific genus. Instead, we classify these

teeth as Dromaeosauridae indet. The possibility that the

difference between Dromaeosauridae indet.1 and Dro-

maeosauridae indet. 2 (the variation in cross-section) is due

to variations in the position of the tooth row cannot be

ruled out.

4 Tooth marks

Some bones belonging to the El Oterillo II titanosauriform

present unusual marks on their surface. Marks on the sur-

face of bones are known among dinosaurs and they can be

related to traumas, predation and scavenging. Marks due to

predatory behaviour are difficult to prove, but sometimes it

is possible to identify possible evidence in the fossil record

(Carpenter 1998; Canudo et al. 2005; Cruzado-Caballero

2012; DePalma et al. 2013). Hunt et al. (1994) distinguish

between the marks produced by predatory and scavenging

behaviour. Multiple, related marks are typical of scaveng-

ing on a stationary carcass. Living organisms try to avoid

bites and consequently the marks appear more isolated and

separated from each other, due to the movement of the

prey. Also scavenger animals try to eat first the parts with

high concentrations of soft tissues.

Different bioerosion traces have been recognized on the

titanosauriform bones (Fig. 10). The marks are scarce and

have been identified on vertebral elements: a dorsal ver-

tebra (MDS-OTII,1), a caudal vertebra (MDS-OTII,8) and

a haemal arch (MDS-OTII,25). The dorsal vertebra MDS-

OTII,1 has a few unusual marks. The most apparent is a

subcircular mark (Fig. 10a) located on the left spino-

postzygapophyseal lamina perpendicular to the surface.

The orifice is 12–14 mm in diameter and about 10 mm in

depth; it has parallel sides. Subcircular morphologies are

often attributed to invertebrates (Britt et al. 2008; Cruzado-

Caballero 2012). Another mark is located on the prezy-

gapophysis. This mark (Fig. 10b) has furrow morphology.

The furrow comprises an irregular trace, 20 mm in length,

4–7 mm in width, and 2–5 mm in depth. Interestingly, it

remains isolated and there is no other evidence in the

surrounding area. Other possible tooth marks are located on

the distolateral part of the vertebral centrum, opposite the

caudal surface. This area has two parallel grooves with

v-shaped sections, both of them 21 cm long and 3 mm

deep.

MDS-OTII,25 is a haemal arch. It has one trace

(Fig. 10c), 24 mm long, 8 mm wide and 2 mm deep,

located on the spine.

The caudal vertebra MDS-OTII,8 has five different

marks. The first one (Fig. 10d) is located on the left lateral

Fig. 10 Marks. a subcircular orifice on the left spinopostzygapophy-

seal lamina of MDS-OTII,1. b Furrow on the prezygapophysis of

MDS-OTII,1. c Furrow on MDS-OTII,25. d Puncture on the left

lateral side of the caudal vertebra MDS-OTII,8. e Furrows on the left

lateral surface of the neural spine of MDS-OTII,8. f Puncture on the

articular surface of MDS-OTII,8. g Possible mark on the articular

surface of MDS-OTII,8
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side of the vertebral centrum. The puncture is 15 mm in

length and 8 mm in width. Interestingly, it has an oval

outline. The preserved depth is 5 mm but the interior has

been filled with sediment. The oval outline and dimensions

are congruent with the cross-section of theropod teeth

found in the site, specifically with basal tetanurans.

Moreover, there is a set of furrows (Fig. 10e) located on

the left lateral surface of the neural spine. The arrangement

of the marks resembles the letter lambda (k), with a long

trace 45 mm in length and two related smaller traces of 25

and 17 mm. The width of the furrows is 5 mm and the

section is u-shaped. These marks could have been produced

by invertebrates. The lateral left side of the postzy-

gapophysis also has a diagonally oriented furrow

(Fig. 10e). This is 17 mm in length, 2 mm in width and

2 mm in depth.

The caudal surface of the centrum shows two additional

marks. There is a puncture (Fig. 10f) in the lower right

area, 18 mm in length and 6 mm in width. As in the other

puncture, the interior is filled with sediment. The outline of

the puncture is oval. Like the lateral mark, the morphology

is congruent with some of the teeth recovered in this site.

The upper left part of the caudal surface also has a furrow

(Fig. 10g), which is diagonally oriented. It is 36 mm in

length, 12 mm in maximum width and 6.5 mm in depth.

The right side of the furrow is convex and the left side is

concave.

5 Discussion

The feeding of theropod dinosaurs on carcasses has been

proposed by some authors due to the accumulation of

isolated teeth or the presence of tooth marks on the surface

of the bones, specifically on sauropod remains (Buffetaut

and Suteethorn 1989; Chure et al. 1998; Canudo et al.

2009; Paik et al. 2011; Canale et al. 2014) as well as other

remains (Fiorillo 1991; Currie and Jacobsen 1995; Max-

well and Ostrom 1995; Erickson and Olson 1996; Jacobsen

1998; Rogers et al. 2003; Bell and Currie 2010; De Valais

et al. 2012). Feeding seems the most parsimonious expla-

nation for the accumulation of theropod teeth around the

carcass.

Most of the teeth from El Oterillo II only preserve the

crown or the crown and the basalmost part of the crown,

and most likely represent shed teeth (Fiorillo and Currie

1994). This is congruent with them being lost when pro-

cessing food (Hendrickx et al. 2015a).

The scarcity of tooth marks among the examined bones

is remarkable. There are no multiple tooth marks as seen in

other dinosaur bones (e.g. Erickson and Olson 1996;

Jacobsen 1998; Paik et al. 2011). A possible explanation is

the presence of soft tissues when the scavenging was

occurring, thus protecting the bone surface. Some of the

tooth marks are located on articular surfaces, meaning that

they could not have been made when the sauropod was

alive and are not related to predatory behaviour. The

presence of these traces on articular surfaces suggests that

the feeding could have contributed to the partial disartic-

ulation of the sauropod (Buffetaut and Suteethorn 1989).

The sauropod remains are located on channel deposits,

and the westbound trend and the accumulations of sand on

the eastern part of the bones suggest the presence of water

currents when the sauropod remains were deposited. The

presence of water also influences the disarticulation of the

titanosauriform dinosaur along with the theropods. The

degree of disarticulation of the bones suggests that the

channel was not a high-energy environment.

Another possible explanation for the presence of ther-

opod teeth could be transport along the channel (Torcida

Fernández-Baldor et al. 2009). This could be congruent

with the presence of quartzite clasts of similar size and

density. In addition, Argast et al. (1987) show that fos-

silized theropod teeth could resist long periods of transport-

induced abrasion. However, a few points contradict this

interpretation, at least for most of the teeth. The presence

of well-preserved enamel textures in some of the teeth is

not congruent with transport-induced abrasion. Further, a

polished enamel surface does not necessarily mean that the

tooth was transported; it could be caused by tooth wear

(Hendrickx and Mateus 2014).

The experimental procedure of Argast et al. (1987)

provides an explanation for the presence of Tertiary ther-

opod teeth but may not be applicable to the present case

because the experiment was performed with fossilized

teeth. Fossilized teeth may not actually be homologous to

recent, fresh teeth due to the process of mineralization,

which interferes with the physical properties of the teeth,

hardening them. As mentioned above, the presence of shed

teeth with herbivore remains produced by scavenging is not

uncommon, and this is a simpler explanation than a casual

accumulation around the sauropod carcass.

The presence of tooth marks reinforces the notion of

scavenging by theropod dinosaurs. Some of the marks are

similar to the outline of theropod teeth both in dimensions

and morphology, and could be related to teeth similar to the

Tetanurae and Coelurosauria morphotypes, attributed to

medium-sized tetanurans.

Theropod teeth are distributed all over El Oterillo II site.

There is a major accumulation in the southern part of the

site. Most of the dromaeosaurid teeth are located in the

northern part close to fragmented bone remains. A pre-

ferred orientation has not been recorded.

The scarcity of tooth marks on the bones is intriguing. A

possible explanation is their rapid burial when the carcass

was deposited, preventing a greater exploitation of the

210 J Iber Geol (2017) 43:193–215

123

Author's personal copy



Antonio Alonso Germán 307

remains and a further disarticulation of the skeleton. The

sudden burial of dinosaur remains has been proposed by

Gianechini and De Valais (2016) as a possible explanation

of the semi-articulation of the remains of Buitreraptor.

6 Conclusions

Isolated theropod teeth related to a titanosauriform sauropod

carcass have been studied. Six different morphotypes have

been distinguished, including baryonychine spinosaurids,

basal tetanurans, a singular tooth that could be related to

basal coelurosaurian theropods, and two dromaeosaurid

morphotypes. This is congruent with the known record of

theropods from the Early Cretaceous of the Iberian Penin-

sula, represented by spinosaurids, carcharodontosaurians,

ornithomimosaurians and maniraptorans such as dro-

maeosaurids and birds, as well as with the European Weal-

den record, with carcharodontosaurians such as Neovenator

and tyrannosauroids such as Eotyrannus. The possibility of

the presence of tyrannosauroids, represented by Coelur-

osauria indet., raises new questions about the distribution of

these groups and points to a greater palaeobiodiversity of

theropods than previously thought.

The relationship between the isolated theropod teeth and

a sauropod carcass has been studied. Given the presence of

shed teeth and tooth marks, the most probable explanation

for the association seems to be the scavenging of the car-

cass by theropod dinosaurs. An exhaustive work identify-

ing the tooth marks on the sauropod is required in order to

understand this relationship more fully. The diversity of

theropod tooth morphotypes suggests that a variety of

different theropods exploited the sauropod remains.
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Pérez Martı́nez, G., & Urién Montero, V. (2009). Primeros datos

sobre las vértebras caudales del saurópodo de El Oterillo II
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Morfotipo 1. Theropoda indet.  

Cladograma de consenso estricto de 40 árboles parsimoniosos al codificar como dentición 
lateral. 

Codificación: 
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Tree lengths 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 3576 3576 3576 3576 3576 3576 3576 3576 3576 3576 
10 3576 3576 3576 3576 3576 3576 3576 3576 3576 3576 
20 3576 3576 3576 3576 3576 3576 3576 3576 3576 3576 
30 3576 3576 3576 3576 3576 3576 3576 3576 3576 3576 
40 3841          
 

Consistency index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
10 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
20 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
30 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
40 0.529          
 

Retention index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
10 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
20 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
30 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
40 0.575          
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Morfotipo 1. Theropoda indet.  

Cladograma de consenso estricto de 38 árboles parsimoniosos al codificar como dentición 
lateral. 
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Tree lengths 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 3576 3576 3576 3576 3576 3576 3576 3576 3576 3576 
10 3576 3576 3576 3576 3576 3576 3576 3576 3576 3576 
20 3576 3576 3576 3576 3576 3576 3576 3576 3576 3576 
30 3576 3576 3576 3576 3576 3576 3576 3576 4425  
 

Consistency index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
10 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
20 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
30 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.459  
 

Retention index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
10 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
20 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
30 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.438  
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Strict consensus of 38 trees (0 taxa excluded)
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Posibles posiciones de Morfotipo 1 al ser codificado como dentición mesial, indicado por a. 
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Morfotipo 2. Baryonychinae indet.  

Cladograma de consenso estricto de 38 árboles parsimoniosos al codificar como dentición 
lateral. 
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???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????? 

 

 

 

 

 

 

 

 

 



NUEVAS CONTRIBUCIONES A LA PALEOBIODIVERSIDAD DE DINOSAURIOS TERÓPODOS DEL JURÁSICO Y CRETÁCICO DE 
ESPAÑA A PARTIR DE DIENTES AISLADOS320

Tree lengths 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 3580 3580 3580 3580 3580 3580 3580 3580 3580 3580 
10 3580 3580 3580 3580 3580 3580 3580 3580 3580 3580 
20 3580 3580 3580 3580 3580 3580 3580 3580 3580 3580 
30 3580 3580 3580 3580 3580 3580 3580 3580 3769  
 

Consistency index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
10 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
20 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
30 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.539  
 

Retention index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
10 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
20 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
30 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.593  
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Strict consensus of 38 trees (0 taxa excluded)

Morphotype_2

Richardoestesia_gil.

Troodon
Zanabazar

Byronosaurus

Buitreraptor

Saurornitholestes

Dromaeosaurus
Bambiraptor

Velociraptor
Tsaagan

Erlikosaurus
Jianchangosaurus
Shuvuuia

Ornitholestes
Scipionyx

Compsognathus

Tyrannosaurus
Alioramus

Raptorex
Eotyrannus

Proceratosaurus

Mapusaurus
Giganotosaurus

Carcharodontosaurus

Eocarcharia
Acrocanthosaurus

Australovenator
Fukuiraptor

Neovenator
Allosaurus

Sinraptor

Spinosaurus
Irritator_Angaturama
Suchomimus
Baryonyx

Torvosaurus
Megalosaurus

Duriavenator
Dubreuillosaurus
Afrovenator
Eustreptospondylus

Piatnitzkysaurus
Erectopus

Skorpiovenator

Majungasaurus

Indosuchus
Aucasaurus

Abelisaurus

Rugops

Kryptops

Masiakasaurus
Noasaurus

Berberosaurus
Genyodectes
Ceratosaurus

Dilophosaurus
Coelophysis

Eodromaeus
Herrerasaurus

Eoraptor



NUEVAS CONTRIBUCIONES A LA PALEOBIODIVERSIDAD DE DINOSAURIOS TERÓPODOS DEL JURÁSICO Y CRETÁCICO DE 
ESPAÑA A PARTIR DE DIENTES AISLADOS322

Morfotipo 3. Tetanurae indet cf. Carcharodontosauria 

Cladograma de consenso estricto de 7 árboles parsimoniosos al codificar como dentición 
lateral. 

Codificación: 
??????????????????????????????????????????????????????????????0?10110?01100000000
102210022210000-0120?101?0-
1110200010??????????????????0?1???????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????? 

Tree lengths 

 +0 +1 +2 +3 +4 +5 +6 +7 
0 3583 3583 3583 3583 3583 3583 3583 3762 
 

Consistency index 

 +0 +1 +2 +3 +4 +5 +6 +7 
0 0.567 0.567 0.567 0.567 0.567 0.567 0.567 0.540 
 

Retention index 

 +0 +1 +2 +3 +4 +5 +6 +7 
0 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.595 
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Strict consensus of 7 trees (0 taxa excluded)

Morphotype_3

Richardoestesia_gil.

Troodon
Zanabazar

Byronosaurus

Buitreraptor

Saurornitholestes

Dromaeosaurus
Bambiraptor

Velociraptor
Tsaagan

Erlikosaurus
Jianchangosaurus
Shuvuuia

Ornitholestes
Scipionyx

Compsognathus

Tyrannosaurus
Alioramus

Raptorex
Eotyrannus

Proceratosaurus

Mapusaurus
Giganotosaurus

Carcharodontosaurus

Eocarcharia
Acrocanthosaurus

Australovenator
Fukuiraptor

Neovenator
Allosaurus

Sinraptor

Spinosaurus
Irritator_Angaturama
Suchomimus
Baryonyx

Torvosaurus
Megalosaurus

Duriavenator

Dubreuillosaurus

Afrovenator

Eustreptospondylus

Piatnitzkysaurus
Erectopus

Skorpiovenator

Majungasaurus

Indosuchus
Aucasaurus

Abelisaurus

Rugops

Kryptops

Masiakasaurus
Noasaurus

Berberosaurus
Genyodectes
Ceratosaurus

Dilophosaurus
Coelophysis

Eodromaeus
Herrerasaurus

Eoraptor
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Morfotipo 4. Coelurosauria indet. 

Cladograma de consenso estricto de 26 árboles parsimoniosos al codificar como dentición 
lateral. 

Codificación: 
????????????????????????????????????????????????????????????????1[01]100?03?[01]000
0000012[23]10000010000-100001?110-
1110200010????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????? 
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Tree lengths 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 3578 3578 3578 3578 3578 3578 3578 3578 3578 3578 
10 3578 3578 3578 3578 3578 3578 3578 3578 3578 3578 
20 3578 3578 3578 3578 3578 3578 4017    
 

Consistency index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
10 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
20 0.568 0.568 0.568 0.568 0.568 0.568 0.506    
 

Retention index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
10 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
20 0.637 0.637 0.637 0.637 0.637 0.637 0.534    
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Strict consensus of 26 trees (0 taxa excluded)

Morphotype_4

Richardoestesia_gil.

Troodon
Zanabazar

Byronosaurus

Buitreraptor
Saurornitholestes
Dromaeosaurus
Bambiraptor

Velociraptor
Tsaagan

Erlikosaurus
Jianchangosaurus
Shuvuuia

Ornitholestes
Scipionyx

Compsognathus

Tyrannosaurus
Alioramus

Raptorex

Eotyrannus
Proceratosaurus

Mapusaurus
Giganotosaurus

Carcharodontosaurus

Eocarcharia
Acrocanthosaurus

Australovenator
Fukuiraptor

Neovenator
Allosaurus

Sinraptor

Spinosaurus
Irritator_Angaturama
Suchomimus
Baryonyx

Torvosaurus
Megalosaurus

Duriavenator
Dubreuillosaurus
Afrovenator
Eustreptospondylus

Piatnitzkysaurus
Erectopus

Skorpiovenator

Majungasaurus

Indosuchus
Aucasaurus

Abelisaurus

Rugops

Kryptops

Masiakasaurus
Noasaurus

Berberosaurus
Genyodectes
Ceratosaurus

Dilophosaurus
Coelophysis

Eodromaeus
Herrerasaurus

Eoraptor
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a) Posibles posiciones de Coelurosauria indet. 

Strict consensus of 26 trees

Richardoestesia_gil.

Troodon
Zanabazar

Byronosaurus

Buitreraptor
Saurornitholestes
Dromaeosaurus
Bambiraptor

Velociraptor
Tsaagan

Erlikosaurus
Jianchangosaurus
Shuvuuia

Ornitholestes
Scipionyx

Compsognathus

Tyrannosaurus
Alioramus

Raptorex
Eotyrannus

Proceratosaurus

Mapusaurus
Giganotosaurus

Carcharodontosaurus

Eocarcharia
Acrocanthosaurus

Australovenator
Fukuiraptor

Neovenator
Allosaurus

Sinraptor

Spinosaurus
Irritator_Angaturama
Suchomimus
Baryonyx

Torvosaurus
Megalosaurus

Duriavenator
Dubreuillosaurus
Afrovenator
Eustreptospondylus

Piatnitzkysaurus
Erectopus

Skorpiovenator

Majungasaurus

Indosuchus
Aucasaurus

Abelisaurus

Rugops

Kryptops

Masiakasaurus
Noasaurus

Berberosaurus
Genyodectes
Ceratosaurus

Dilophosaurus
Coelophysis

Eodromaeus
Herrerasaurus

Eoraptor

a

a

a
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Morfotipo 5. Dromaeosauridae indet . 1. 

Cladograma de consenso estricto de 56 árboles parsimoniosos al codificar como dentición 
lateral. 

Codificación: 
????????????????????????????????????????????????????????????????[01]1[01][01]0001?00
000000001210000010000-1102010000-100---
000????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????? 
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Tree lengths 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 3575 3575 3575 3575 3575 3575 3575 3575 3575 3575 
10 3575 3575 3575 3575 3575 3575 3575 3575 3575 3575 
20 3575 3575 3575 3575 3575 3575 3575 3575 3575 3575 
30 3575 3575 3575 3575 3575 3575 3575 3575 3575 3575 
40 3575 3575 3575 3575 3575 3575 3575 3575 3575 3575 
50 3575 3575 3575 3575 3575 3575 3841    
 

Consistency index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
10 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
20 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
30 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
40 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
50 0.568 0.568 0.568 0.568 0.568 0.568 0.529    
 

Retention index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 
10 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 
20 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 
30 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 
40 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 0.638 
50 0.638 0.638 0.638 0.638 0.638 0.638 0.575    
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Strict consensus of 56 trees (0 taxa excluded)

Morphotype_5
Richardoestesia_gil.

Troodon
Zanabazar

Byronosaurus

Buitreraptor
Saurornitholestes
Dromaeosaurus
Bambiraptor

Velociraptor
Tsaagan

Erlikosaurus
Jianchangosaurus
Shuvuuia

Ornitholestes
Scipionyx

Compsognathus

Tyrannosaurus
Alioramus

Raptorex
Eotyrannus

Proceratosaurus

Mapusaurus
Giganotosaurus

Carcharodontosaurus

Eocarcharia
Acrocanthosaurus

Australovenator
Fukuiraptor

Neovenator
Allosaurus

Sinraptor

Spinosaurus
Irritator_Angaturama
Suchomimus
Baryonyx

Torvosaurus
Megalosaurus

Duriavenator
Dubreuillosaurus

Afrovenator

Eustreptospondylus

Piatnitzkysaurus
Erectopus

Skorpiovenator

Majungasaurus

Indosuchus
Aucasaurus

Abelisaurus

Rugops

Kryptops

Masiakasaurus
Noasaurus

Berberosaurus
Genyodectes
Ceratosaurus

Dilophosaurus
Coelophysis

Eodromaeus
Herrerasaurus

Eoraptor
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Morfotipo 6. Dromaeosauridae indet . 2. 

Cladograma de consenso estricto de 57 árboles parsimoniosos al codificar como dentición 
lateral. 

Codificación: 
????????????????????????????????????????????????????????????????0[01]100003?[01]000
0000000110000110000-1102010000-100---
00[01]0????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????? 
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Tree lengths 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 3577 3577 3577 3577 3577 3577 3577 3577 3577 3577 
10 3577 3577 3577 3577 3577 3577 3577 3577 3577 3577 
20 3577 3577 3577 3577 3577 3577 3577 3577 3577 3577 
30 3577 3577 3577 3577 3577 3577 3577 3577 3577 3577 
40 3577 3577 3577 3577 3577 3577 3577 3577 3577 3577 
50 3577 3577 3577 3577 3577 3577 3577 4329   
 

Consistency index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
10 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
20 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
30 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
40 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.568 
50 0.568 0.568 0.568 0.568 0.568 0.568 0.568 0.469   
 

Retention index 

 +0 +1 +2 +3 +4 +5 +6 +7 +8 +9 
0 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
10 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
20 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
30 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
40 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
50 0.637 0.637 0.637 0.637 0.637 0.637 0.637 0.461   
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Strict consensus of 57 trees (0 taxa excluded)

Morphotype_6
Richardoestesia_gil.

Troodon
Zanabazar

Byronosaurus

Buitreraptor
Saurornitholestes
Dromaeosaurus
Bambiraptor

Velociraptor
Tsaagan

Erlikosaurus
Jianchangosaurus
Shuvuuia

Ornitholestes
Scipionyx

Compsognathus

Tyrannosaurus
Alioramus

Raptorex
Eotyrannus

Proceratosaurus

Mapusaurus
Giganotosaurus

Carcharodontosaurus

Eocarcharia
Acrocanthosaurus

Australovenator
Fukuiraptor

Neovenator
Allosaurus

Sinraptor

Spinosaurus
Irritator_Angaturama
Suchomimus
Baryonyx

Torvosaurus
Megalosaurus

Duriavenator
Dubreuillosaurus

Afrovenator

Eustreptospondylus

Piatnitzkysaurus
Erectopus

Skorpiovenator

Majungasaurus

Indosuchus
Aucasaurus

Abelisaurus

Rugops

Kryptops

Masiakasaurus
Noasaurus

Berberosaurus
Genyodectes
Ceratosaurus

Dilophosaurus
Coelophysis

Eodromaeus

Herrerasaurus
Eoraptor
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a) Posibles posiciones de Dromaeosauridae indet. 2 

Strict consensus of 57 trees

Richardoestesia_gil.
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Tyrannosaurus
Alioramus

Raptorex
Eotyrannus

Proceratosaurus

Mapusaurus
Giganotosaurus
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