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10:15 | Sesion de comunicaciones / Oral Communications.
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10:45-11:00. Torcida et al., New teeth of a basal Macronaria (Sauropoda) from the
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11:45-12:00. Filippi et al., Infecciones en vértebras caudales de saurépodos titanosaurios
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12:00-12:15. Escanero et al., Cranial and mandibular material from a hadrosauriform
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From notebook to computer: new technologies at the service of dinosaur research
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17:15-17:30. Vila et al., The dominion of large-bodied titanosaurs at the run-up to the end-
Cretaceous extinction in SW Europe (Eusuchia, Crocodylia) during the Maastrichtian (Late
Cretaceous) of the northeastern Iberia.
18:30 | Conferencia plenaria / Conference
C.T. Gee
Feeding herbivorous dinosaurs: Young and old.
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10:00-10:15. Castillo-Visa et al., Nodosaurid osteoderms from the Late Maastrichtian
(Late Cretaceous) of Southern Pyrenees.

10:15-10:30. Cabezuelo Hernandez et al., New data on the appendicular skeleton of the
simosaurid Paludidraco multidentatus holotype (Eosauropterygia) from the Upper Triassic
of El Atance (Guadalajara, Spain).

10:30-10:45. Pérez-Garcia, et al., Was Aragochersis the only helochelydrid turtle that lived
in the Spanish Albian area of Arifio?

10:45-11:00. Garcia-Avila et al., 3D reconstructions of evidence of insect galleries in
gymnosperm trunks from the Lower Cretaceous of the Pinilla de los Moros Formation
(Salas de los Infantes, Burgos, Spain).

11:00

Pausa café / Coffee Break,

11:30

Conferencia Plenaria / Conference.
A. Paulina-Carabajal
Sensory biology in dinosaurs: what we know and how we know it?

12:30

Sesion de comunicaciones / Oral Communications.

12:30-12:45. Garcia-Cobena et al., An overview of the dinosaur faunas from the El
Castellar Formation (upper Hauterivian-lower Barremian, Lower Cretaceous) of Teruel,
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de los Dinosaurios” (Asturias, Espafa): Nuevos datos palinoestratigraficos y
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Sesion Poster y Cervezas / Poster Session and Beers.

11




21:00 | Cena de clausura (gratuita para todos los participantes) / Closing Dinner (free)

22:45 | Concierto / Concert: Flamenco Jazz Company

Horario |Sabado dia 10
Schedule | Saturday 10

10:00 | Excursién yacimientos paleontolégicos / Field Trip to palaeontological sites.

14:00

Poésters
Basso, A. Carbonatic rocks in the quarry of La Corte-Campanedda, Nurra, Sardinia N-W:
sedimentological, stratigraphic analysis and paleo-environmental reconstruction.
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From Concavenator to Pelecanimimus: Everything you wanted to know
about the theropods from Las Hoyas, Cuenca

Cuesta, E.!

!Bayerische Staatssammlung fiir Paliontologie und Geologie, Richard-Wagner-Strafie 10, 80333 Miinchen,
Germany.elena.cuestafl@gmail.com

Keywords: Dinosaur, Cretaceous, Carcharodontosauridae, Ornithomimosauria, Spain

Las Hoyas fossil site is a Konservat-lagersttdtefrom the Lower Cretaceous of Cuenca
(east of Iberian Peninsula) that it is worldwide known due to the excellent state of
preservation of its fossil record. Despite of large non-avian dinosaurs are rare in this
record, Las Hoyas is also well-known for the amazing discoveries of several
representatives of this group, which have the distinctive features of preservation found in
all the fossil of the site. The non-avian dinosaur record in Las Hoyas is represented by
three taxa so far. An ornithopod conferred to Mantellisaurus (Llandrés-Serrano et al.,
2013), whose fossil material is a completely articulated foot that preserves skin
impressions around its toes. The other two taxa from the site are theropods and they are
the core of this research. Concavenator corcovatus Ortega et al (2010) is the biggest
dinosaur found in Las Hoyas and it is one of the most complete and articulated theropod
found in Europe, just few caudal vertebrate are missing. Concavenator is an early-
branched carcharodontosaurid based on recent phylogenies (e.g. Rauhut and Pol, 2019).
Carcharodontosauridae is a clade with a wide distribution around Laurasia and Gondwana
during the Cretaceous. Historically, the group was considered exclusive of Gondwana
(e.g.; Novas et al., 2005). However, posterior discoveries of carcharodontosaurids in
Europe and Asia (e.g. Ortega et al., 2010; Gasca et al., 2014) involve that the group have
a wider palaeogeographical distribution.

Within Carcharodontosauridae, Concavenator shows several autapomorphies in the skull
such as the grooves connecting the recesses in the nasal surface or a rounded ventral
morphology of the postorbital boss (Cuesta et al., 2018a). The axial skeleton of
Concavenator is characterized by an unusual hump in its back due to the unique presence
of hypertrophied dorsal and caudal neural spines. Other axial autapomorphies are the
imbricated dorsal neural spines, accessory processes in the anterior caudal neural spines
and the excavated lateral groove in posterior caudal vertebrae. Finally, the appendicular
skeleton also presents some autapomorphies as an anteriorly low deltopectoral crest or a
low proportion of the olecranon process relative to ulna length. The skeleton of

Concavenator reveals several evidences of gigantism from the earlier-branched node of
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Carcharodontosauridae, such as the reduction of the forelimb as result of a pedomorphic
process (Cuesta et al., 2018b; 2019); and an early specialization of the skull in
Carcharodontosauridae, which tends to peramorphic conditions (Cuesta et al., 2018a).
These hypotheses from the osteological analysis of Concavenator are recently supported
by new discoveries in the group (Canale et al., 2022).

The excellent preservation of Concavenator allowed to analyse the tegumentary
impression around the hindlimb (Cuesta et al., 2015; Hendrickx et al., 2022). This
analysis enables evidences, for the first time, of the presence of an avian podotheca
structure in a non-avian theropod, which sparked a revolution in the research field of the
ichnology. The podotheca of Concavenator has been featured by three different types of
scales distributed in the same pattern that those observed in extant birds. Moreover, the
pes of Concavenator preserved the pedal pads silhouette and the ungual corneal sheat.
The first non-avian dinosaur found in Las Hoyas was the theropod Pelecanimimus
polyodon Pérez-Moreno et al. (1994), which was also the first ornithomimosaur described
in Europe. The holotype of Pelecanimimus is also almost complete but only the anterior
half of the skeleton, including the skull, is preserved. It is also extremely well-preserved
in relation of the soft-tissues structures. Ornithomimosauria is a Coelurosaurian clade,
more derived than Tyrannosauroidea and the sister group of Maniraptora, being one of
the earlier-branched clades within maniraptoriforms (Choiniere et al., 2012). Moreover,
this is a clade of highly specialized theropod dinosaurs, whose functional behaviour has
hitherto been subject of debate. Ornithomimosaurs are widely distributed throughout the
world, especially in Cretaceous beds of Asia and North America. The most striking
feature of Pelecanimimus polyodon is the presence of over 200 teeth in the upper and
lower jaws, contrary to the edentulous condition on most of the taxa of this group. Pérez-
Moreno et al. (1994) proposed that the teeth acted as a functional counterpart of the
cutting edge of a beak. This function becomes an exaptation with a slicing effect,
eventually leading to the cutting edge observed in most derived ornithomimosaurs. This
hypothesis has been supported most recently by Zanno and Makovicky (2011), who
observed that the conical teeth in primitive taxa of a clade are present in the same areas
of subsequent tooth loss, and thus, might have the same functionality.
Ornithomimosaurian feeding behaviour has been debated over the years (e.g. Norell et
al., 2001). Recent studies consider that the principal morphological features of
ornithomimosaurs are indicative of herbivorous feeding (e.g. Cuff and Rayfield, 2015).

If Pelecanimimus is assumed to be also herbivorous, this implies that the evolution of
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herbivory preceded that of tooth loss in ornithomimosaurs, and was probably present in
the entire group Macrocheiriformes (Pelecanimimus + derived ornithomimosaurs, Cuesta
et al., 2021). To perform a biomechanical analysis to understand its feeding behaviour,
the skull of Pelecanimimus was CT-scanned and segmented bone by bone. A posterior
reconstruction of the skull, requiring an assembly of bones with fragments preserved in
the slab and counterslab, was carried out and, then, it was completed with an articulation
of complete bones and teeth and finally the reintegration of missing parts, most done by
mirroring more complete counterlateral bones. Retrodeformation was made both
manually and automated based on landmark symmetry.

There are not just unusual features in the skull of Pelecanimimus. Pelecanimimus is also
the only ornithomimosaur that preserves an ossified sternum. The sternum of
Pelecanimimus has morphology similar to other dinosaurs closely related to birds, such
as Velociraptor, Oviraptor and early-branched birds and even early-branched theropods
as Tawa (Cuesta et al., 2021). However, this bone is rare to found in the record, so
understand its evolution is still awkward. It is also the only known ornithomimosaur with
uncinate processes. These bony processes are associated to the ribs and they are present
in other non-avian dinosaurs closely related to birds, as Velociraptor, and extant and
extinct birds (e.g. Codd, 2010). The uncinate processes have been related to the breathing
apparatus because they are insertion areas for intercostal muscles, whose function is
moving the ribs and sternum. The presence of long uncinate processes may have helped
keep cost of ventilation down in early birds (Brocklehurst et al., 2020). Since
Pelecanimimus has these long processes, this could indicate that it also had a breathing
mechanism similar to that of birds. Finally, the hand of Pelecanimimus is strongly
characteristic in this taxon. Observing the most plesiomorphic hand of Ngwebasaurus
(Choiniere et al., 2012), with short phalanges and a short metacarpal I, there is a tendency
to elongate the digits in the other ornithomimosaurs, including Pelecanimimus (Cuesta et
al., 2021). This elongation is related to the elongation of the metacarpals and the distal
phalanges in most of ornithomimosaurs. For that, a new group within Ornithomimosauria
was named, Macrocheiriformes (Cuesta et al., 2021), which includes the most recent
common ancestor of Ornithomimus and Pelecanimimus and all its descendants.

The completeness and well preservation of both theropod dinosaurs from Las Hoyas fossil
site have allowed to decipher the evolutionary history of both groups that they belong to,
Carcharodontosauridae and Ornithomimosauria. All this compilation of the highlighted

outcomes from the recent researches related to these taxa is a summary of the potential
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of this fossil material that will continue to be studied for future research to further improve

our understanding of this lineage.
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Footprints are ethologic structures made by the autopods of vertebrates modifying a
substrate. Its study provides valuable information about the biology of the trackmaker,
such as its locomotion mode, anatomy, and intra/inter-specific behavior (e.g., Garcia-
Ortiz and Pérez-Lorente, 2014; Citton et al., 2018; Farlow, 2018). The in situ nature of
footprints, in contrast to the post-mortem transportability of body fossils, makes
ichnological sites reliable indicators of biodiversity and paleoenvironment, since each
footprint represents an animal who lived, at least temporarily, in that area. For all these
reasons, ichnological studies contribute to the reconstruction of paleocommunities,
paleoecological aspects and paleoenvironments (e.g., Falkingham, 2014; Melchor, 2015;
Diaz-Martinez et al., 2022).

Non-avian dinosaurs are a group of very diverse vertebrates that were raised about 230
My ago and became extinct at the end of the Cretaceous. They lived on all continents
from low latitudes to the polar circle and their footprints have been found in diverse
terrestrial and transitional environments, such as fluvial, lacustrine, alluvial, volcanic,
aeolian, or coastal (e.g., Console Gonella et al., 2021; Diaz-Martinez et al., 2015, 2017,
2018, 2022).

From an anatomical perspective, footprints provide valuable information about the
locomotion gait and autopod morphology. The arrangement of the footprints in trackways
confirms some inferences made from osteology, such as sauropods and much of the large
ornithischians are quadrupedal, or that theropods and small ornithischians moved with a
bipedal gait (Thulborn, 1990). The footprints also tell us about an intermediate stage
between bipedalism and quadrupedalism, the facultative quadrupedality, in some groups
of dinosaurs (e.g., sauropodomorphs, iguanodonts, basal thyreophorans) (Le Loeuff et al.,
1999; Avanzini et al., 2003; Castanera et al., 2012; Diaz-Martinez et al., 2016). Almost
all the bipedal dinosaurs impressed tridactyl footprints, although there are also didactyl

or tetradactyl ones (Nouri et al., 2011; Kim et al., 2012). Indeed, the conservative
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theropod pes morphology (i.e., functionally tridactyl, several pads in each digit, acute
claws) appears in the ichnological record, in the Middle Triassic (Brusatte et al., 2011),
before the earliest theropods. Quadrupedal dinosaurs usually left tetradactyl to
pentadactyl pes tracks and very variable manus tracks from imprints without digit to five-
digit impressions (see Torcida Fernandez-Baldor et al., 2021). Moreover, footprints can
preserve information about the soft tissues of the dinosaur podotheca. Pad impressions
show the placement and size of digital cushions (Thulborn, 1990; Cuesta et al., 2015),
and scale impressions reveal the shape, size, and arrangement of skin papillae (Kim et al.,
2010).

The arrangement and orientation of trackways are usually used to discuss dinosaur
ethology. Within the intraspecific behaviour it is possible to infer: running, trackways
with long stride length (Navarro-Lorbés et al., 2021); swimming, trackways with only
claw impressions made in semi-buoyancy (Ezquerra et al., 2007); limping, trackways
with different pace length (Razzolini et al., 2016); courtship, footprints are arranged as in
avian-like scrape ceremony (Lockley et al., 2016); tortuosity; trackways with abrupt
changes in the direction of displacement (Lockley et al., 2021); and gregariousness,
parallel trackways or accumulations with footprints of similar morphology (Castanera et
al., 2011; Garcia-Ortiz et al., 2014). Interspecific inferences are not common in the fossil
record. The most abundant ones refer to the predator-prey or scavenging relationship. In
the Lower Cretaceous of the USA, a theropod trackway was found close to and in the
same direction as a sauropod trackway and was interpreted as a possible hunting scene
(Thomas and Farlow, 1997).

With this text, I would like to show that footprints provide valuable information about the
life of dinosaursthat are often unknown from the study of bones. Nevertheless, there are
numerous challenges to be solved in the future. For instance, to use the dinosaur footprints
within the ichnofacies studies, it would be necessary to deepen the ecological relationship
of each clade of dinosaurs with their environment. In addition, there are still many
questions that could be answered with the ichnological evidence on reproduction,

initiation of flight, diving, maximum speeds, intraspecific social behavior, etc.
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Dinosaurs appeared, developed and disappeared during the Mesozoic, and the concept
contains some interesting ideas (meso-middle, -zoic animals) and, therefore, "middle age
of animals". However, this “palacozoocentric” point of view is striking from the
perspective of palacobotany. If we look at recent calculations of the biomass distribution
on Earth (Bar-On et al., 2018) and extrapolate these results to the past, it is inferred that
instead of “flowering among dinosaurs”, we might find “Living among plants”. This
sentence implies that it is necessary to develop a complete vision of the evolutionary
rhythms in the different biological groups during the Mesozoic.

In Palaeobotany, these rhythms are quite different and do not always coincide with the
zoological groups. In fact, from this point of view and applying the same algorithms as
Raup and Sepkoski (1982), we would find that there was only one great extinction event
that affected plant diversity corresponding to the Permian-Triassic boundary (Cascales-
Mifana et al., 2016). However, mesophytic floras already began in Upper Devonian
times, with the first progymnosperms coexisting with palacophytic floras. It is observed
that, as a consequence of this crisis, these palacophytic floras decreased, and the
dominance of the mesophytic floras characterised the post-crisis times. They were
represented by the paraphyletic group of gymnosperms composed of a great “mixed-box”
comprising the clades Cycadophyta, Gnetales, Gingkgophyta, Coniferophyta and also
everything all types of plants not included in Bryophyta, Pteridophyta or the
“Conventional Angiosperms Group”. This context continued until the great dispersion of
this group at the end of the Early Cretaceous, which today consists of 92% of all
phytodiversity. So, the roots of our current world are conditioned by the Permian-Triassic
crisis and the Mesophytic-Cenophytic transition during the Mesozoic.

Classically, the abundant records of angiosperms appear in the Aptian-Albian deposits
such as those of the Potomac Group (USA) described by Hickey and Doyle (1977), or the
different outcrops of the North of the province of Teruel (Spain) presented in Sender et

24


mailto:jbdiez@uvigo.es

al. (2012, 2019), to name a few among several others. The oldest records of this group
correspond to the genera Archaefructus (Sun et al., 1998) and Montsechia (Gomez et al.,
2015). These records support Darwin's conception of the “Abominable mystery” (Darwin
and Seward, 1903; Friedman, 2009; Chaloner and Crane, 2009), or what is the same a
rapid dispersal and abrupt dominance of angiosperms during the Early Cretaceous (Friis
et al., 2011), establishing in a part of the palacobotanical community the idea of the
possibility of records before that period should be rejected due to that condition.
Nevertheless, we should also remember that Archaefructus was dated as Jurassic,
although it was later corrected as Cretaceous, and was initially accepted as a significant
contribution. This episode should reflect on how we are influenced by the “notable”
publications and their corresponding authors.

However, during the last two decades, there has been an intense debate about these ideas.
On the one hand, several works on molecular biology points that the “angiosperm
condition” would date back to the Late Triassic (Clarke et al., 2011; Barba-Montoya et
al., 2018; Li et al., 2019). Pollen grains such as the genus Afropollis were also described
for the Anisian (Middle Triassic), but until now, they had been found in the Cretaceous
deposits and accepted as true angiosperms (Hochuli and Feist-Burkhardt, 2013). In
addition, there are various records of Jurassic macroflora that present apparent
morphological features resembling those in angiosperms, such as Euanthus (Liu & Wang,
2016) and Yuhania (Liu & Wang, 2017), or the most recent and evident Nanjinganthus
(Fu et al., 2018). Experience shows us that some elements of micro- and macrofloras in
Jurassic rocks do not fit well what we should expect. In these cases, the records are out
of publication as they are considered as poorly preserved and incomplete remains. In
reaction to these questions, we find different publications that question the validity of
molecular biological data (Herendeen et al., 2017;Coiro et al., 2019), or the records of
possible “Jurassic angiosperms” (Sauquet et al., 2017, 2022; Sokoloff et al., 2018).

But the general situation is much more complex if we look at the problem as an evolution
of biotas. We find that dinosaurs appear during the Middle Triassic (Langer et al., 2010),
mammals during the Upper Triassic (Kielan-Jaworowska et al., 2005), and it is necessary
to understand how the evolution of pollination occurs and its relationship with the first
angiosperms.

All this controversy has led to a scientific blockage in what is the first angiosperm, which
we could define as the “Syndrome of Unicorn” that can be explained as looking for what

everyone knows, but no one has seen at the moment. This situation is enhanced by the
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pressure to publish in journals with a more significant impact before understanding how
this evolutionary process has occurred. We are faced with the case of having colleagues
who continually see primitive angiosperms in many records, which is different to others
that systematically denied for not being post-Cretaceous.

The conclusion is that it is necessary to seek ways of consensus in which the various
points of view can be shared. The group of the crown of angiosperms that reach the
present day forms a reasonably solid monophyletic group and that, except for some
minimal considerations, should be accepted. However, for the rest of the plants with
angiosperm characteristics, it is necessary to open a taxonomic space where we can locate
them. It is not acceptable to throw them into the tangled group of gymnosperms. Copying
our Palacozoologist colleagues when they solved the problem of locating the group of
“mammalian reptiles™ that would later lead to the Therapsids, it is necessary to create a
new name for our pre-Cretaceous angiosperms that I propose to call “non-conventional
Angiosperms”, which in principle can group a large part of the new remains assigned to
primitive angiosperms, proto-angiosperms or others that we cannot include in the group

of “conventional Angiosperms”.
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An essential component of research is the dissemination of scientific knowledge,
regardless of the field in which the research is carried out. In fact, the way we
communicate our work and our findings to the general public will have a major impact
on the future development of such research projects, not only financially but also on the
way society perceives scientists and the things we accomplish. This is what happens in
palaeontology: society generally imagines palaeontologists in the field finding perfectly
preserved skeletons, or in museum collections describing bones. But what happens in
between, so that dinosaurs can be reconstructed in documentaries and films, with such
realistic movements and behaviours?

Since the beginning of the 21 century — and more specifically these last few years — we
have witnessed how many palaeontological researchers have opened their sights and
implemented innovative methodologies and techniques in our field in order to better know
and understand extinct species. The key words here would be “digitization” — or the
process of converting an analogue object into a digital one — and “digitalization” — in this
specific situation, the process of using and transforming these digital outcomes —, as most
of these impressive projects are generally carried out with computer software. In the vast
majority of cases, the first steps of these projects involve a process of digitization of the
fossils (see e.g., Cunningham et al., 2014). Several factors need to be taken into account
before starting the digitization process, like e.g., final purpose of the digital outcome, the
expertise of the user, external and/or internal features of the specimen, the balance
between planned budget and time, etc. Thanks to this, the proper device will be chosen
and the digitization protocol established.

Numerous impressive “digitalization projects” can be developed thanks to these digital
outcomes, which primarily depend on the vision and ability of researchers to adapt
methods and techniques previously developed in or for other fields of research. One nice

example was published by van Bijlert et al. (2021), who used eigenfrequencies (natural
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frequencies) and spring resonances for estimating the preferred walking speed of
Tyrannosaurus rex. Indeed, thanks to this work and that carried out by Sellers et al. (2017)
using biomechanical multibody dynamic analyses, we know now that this theropod was
not a high-speed runner, and we are able to better assess the ethological consequences of
this result. Interdisciplinarity is nicely reflected if we also include finite element analyses
within these projects to better understand the stress patterns in e.g., hindlimbs or jaws
(Rowe & Snively, 2022). Through all these methodologies we are able to almost build a
dinosaur (Bishop et al., 2020).

Thanks to improvements in the development of computers (both hard- and software) we
are also able to develop projects which were not possible to carry out only a few years
ago. One example is the reconstruction (and accurate articulation) of mounted skeletons,
an important task, especially with large specimens (Vidal et al., 2020a). Apart from
planning the setting up of an exhibition (Vidal et al., 2020b), this can also help to better
analyze skeletal adaptations and their evolution within groups. Now it is possible to make
three-dimensional reconstructions of non-preserved soft tissues too, like muscles (Diez
Diaz et al., 2020) or limb articular cartilage (Voegele et al., 2022), but for accurately
accomplishing this we need to know the precise features of the articulation, or the origins
and insertions of the muscles. Retopology and retro-deformation techniques might help
in this task by reconstructing the anatomy of the fossil that has been distorted by
taphonomic and diagenetic processes (Lautenschlager, 2016; Demuth et al., 2022;
DeVries et al., 2022).

And going back to the topic of popular science, all these projects have the advantage of
being very interesting, visual, and interactive (e.g., educational smartphone apps,
augmented reality, 3D printing of fossils, ...) for the general public (e.g., Castillo Ruiz et
al., 2018; Cunningham, 2021), which makes palacontology more accessible and attractive

to everyone, also improving and updating the image of palacontologists and their work.
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Introduction

Although one of the most important interactions between plants and animals is herbivory,
the dietary habits of the herbivorous dinosaurs remain a puzzle. In particular, the giant
sizes of adult sauropods and their necessity for high-energy intake must have made bulk
feeding of nutritious plants absolutely necessary (Sander et al., 2010). Young and juvenile
sauropods may well have pursued different feeding strategies than the fully grown
animals, given their smaller stature, limited reach, and need for more protein in their plant
diets. For deeper insight into the dietary preferences of sauropods, laboratory experiments
were conducted to determine the energy yield and the nutritional content of the nearest
living relatives of the Jurassic flora using the Hohenheim Feed Evaluation Test (Hummel
et al.,, 2008; Hummel and Clauss, 2011). This analytical test is a well-established,
standardized method of determining the dietary content of livestock feed. Shoots or leaves
of such plants such as Equisetum, ferns, cycads, Ginkgo, and conifers were tested for
their digestibility to herbivores. In comparison to one another, as well as to grasses and
dicot leaves, the foods of choice for many herbivores today, it turns out that the plant
group offering the most calories to herbivores is Equisetum, the horsetail. Next are
grasses, followed by the foliage of Araucaria. The leaves of dicots and the needles of
other conifer families release about the same amount of energy. Ferns are variable in their
energy output; some ferns with relatives in the deep Mesozoic, such as Osmunda and
Angiopteris, offer much energy, while other ferns are quite low. The plant groups yielding
the lowest amount of energy are the cycads and podocarps.

These plant groups were then analyzed from an integrated botanical, paleobotanical, and
wildlife perspective (Gee, 2011). It was determined, for example, that when brooding
takes place around northern lakes, boreal geese commonly feed on Equisetum, while
hatchlings can feed exclusively for a month on the young shoots of Equisetum for their

high mineral nutrition and protein content. If Jurassic Equisetum offered as much energy
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to the sauropods as they do to herbivorous birds, then it may have served a favored food
source for the herbivorous dinosaurs, too. Ferns that grow in closed forests, such as
Osmunda, were likely not targeted by fully grown dinosaurs due to problems
maneuvering of the gigantic animals in a dense habitat. Other plants, such as Angiopteris
or cycads, are such slow growers or full of toxins today, that they were probably not
frequently targeted plants in the paleontological past. A rating system of Jurassic plant
groups was set up that features Equisetum shoots and Araucaria leaves as the most
preferred plants for the giant sauropods, while cycad fronds and podocarp needles were
likely the least favored.

Further research into dinosaur herbivory has provided several lines of evidence for the
dietary preferences of baby and juvenile sauropods (Gee, 2019; Gee et al., 2019). These
lines of evidence include height stature of young sauropods and Jurassic plant taxa, new
data on the digestibility of plant groups based on the Hohenheim Feed Test (Gee et al.,
2019), the nutritional needs of baby and young reptiles today, and the feeding strategies
of living herbivorous birds and reptiles.

In conclusion, a list of light-hearted guidelines for the feeding of herbivorous dinosaurs,

young and old, is proposed.
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Introduction

The Ornithischia is a unique sub-clade within Dinosauria. Its anatomical characteristics,
including the eponymous ‘ornithischian’ pelvic configuration and unique anatomical
features seen in the skull, set this sub-clade anatomically far apart from the two other
dinosaurian sub-clades Sauropodomorpha and Theropoda that are members of the
Saurischia. So distinctive are ornithischians that in the past they were regarded as being
not at all closely related to the Saurischia. Harry Govier Seeley, was very clear about the
distinction between Ornithischia and Saurischia when he first proposed this subdivision
of dinosaurians in 1888. Many authors in the past persisted in advocating a polyphyletic
origin of Dinosauria. Equally others, notably Jacques Armand Gauthier (1986), offered
cladistic evidence supporting the monophyly of the Dinosauria; the latter proposition is

the overwhelming consensus at present. However, the origin of ornithischian bauplan has

eluded comprehension.
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Figure 1. Hypotheses of the phylogenetic relationships of dinosaurs compared (silesaurids added
retrospectively to Figs A-C): A. The traditional (‘Seeley’) hypothesis (Nesbitt 2011) incorporating the clade
Silesauridae. B. The ‘Phytodinosauria’ hypothesis (Bakker; 1986). C. The ‘Ornithoscelida’ hypothesis
(Baron et al., 2017). D. The ‘Seeley”hypothesis with Silesauridae placed as the sister-taxon to traditional
ornithischians (Langer & Ferigolo, 2013). E. Paraphyletic silesaurs as stem-lineage ornithischians (Miiller
& Garcia, 2020).

34



Several competing hypotheses concerning the relationship between Ornithischia and the
other principal clades of Dinosauria exist (see Fig. 1), with surprisingly little evidence to
choose between them. All of the ‘conventional’ hypotheses (represented by Fig. 1A-C)
have posited a tree topology within Dinosauria that implies a substantial ‘ghost-lineage’
for Ornithischia (whose representatives make their first unambiguous appearance in the
Hettangian Stage, at the base of the Jurassic Period). An ‘ornithischian-like’ group of
Late Triassic dinosauromorphs (silesaurids) has been posited as either a potential sister-
group to Dinosauria, or a sister-group to Ornithischia (Fig. 1D). However, a recent large-
scale phylogenetic analysis (Miiller & Garcia, 2020) recovered an array of silesaurids,
positioned as a paraphyletic assemblage of taxa (referred to herein as
silesaurs/silesaurians) on the branch leading to the clade Ornithischia (Fig. 1E). Given
the so far exclusively Triassic occurrences of silesaurians, the latter hypothesis of
relationships could, plausibly, account for the absence of Triassic ornithischians. The
taxonomic, palacobiological and evolutionary implications of this work have been
considered, following expansion and re-analysis of the original dataset. What is also
apparent from this re-analysis is that phylogenetically successive silesaurian taxa acquire
a variety of anatomical characters in an anagenetic sequence, culminating in the assembly

of a ‘traditional’ ornithischian.
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Figure 2. Strict consensus tree from the unconstrained analysis depicting node numbers mentioned in the
text and bootstrap values equal to or higher than 40%. Node numbers: 1. Dinosauria, 2. Saurischia, 3.
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Ornithischia, 4. Sulcimentisauria, 5. Parapredentata, 6. Unnamed, 7. Prionodontia, 8, Thyreophora, 9.
Neornithischia, 10. Heterodontosauridae.

The new topology (Fig. 2) has taxonomic repercussions that need to be considered. To
provide stability in this area of the phylogenetic tree, and to preserve the most familiar
taxonomic names associated with Dinosauria, we propose a revised taxonomy for
ornithischians that is consistent with the new topology. The name Ornithischia is retained
for the total-group (‘traditional’” Ornithischia and its stem-lineage), while we resuscitate
aname originally proposed by Richard Owen, Prionodontia (in recognition of a grouping
of dinosaurs with literally “coarse edged teeth™) for the clade containing only the so-
called ‘traditional’ ornithischian (i.e. Seeley’s original concept of the “bird-hipped”)
dinosaurs. This new taxonomic framework provides phylogenetic clarity and a degree of
stability within Ornithischia (and Dinosauria more widely) as further analyses and new

data continue to refine and re-shape the dinosauromorph tree.

Taxonomic implications.

Several important taxonomic implications flow from the topology generated here (Fig.
2). The arrangement of taxa within what we refer to as the total ornithischian lineage
necessitates revision, redefinition, addition or replacement of some clade names. The
definition and status of the clade Ornithischia is brought into focus. The inclusion of an
array of silesaurs not just within the clade Dinosauria, but more specifically as members
of the stem-lineage of Ornithischia raise the questions: what, precisely, the clade
Ornithischia is? And, what taxa should be included?

Historically, Ornithischia was defined and diagnosed (apomorphically) by the possession
of the “bird-like” opisthopubic pelvis (a consequence of the retroversion of the pubic
shaft): this was the inspiration behind the name Ornithischia (hence “bird hipped”) coined
by Seeley (1888). This group was distinguished from the Saurischia (“lizard/reptile
hipped”), which contained all dinosaurian taxa that displayed the (plesiomorphic)
forward-pointing pubis, as well as one other apomorphic trait: the osteological markers
associated with pneumatism. None of the currently known silesaurs possess either an
ornithischian pelvic configuration or evidence of saurischian-like pneumatism.

Using phylogenetically derived definitions (de Queiroz & Cantino, 2020) to establish
hierarchical taxonomies for fossil taxa means that clade names will change in their
internal composition as new taxa are discovered and tree topologies alter in response.

Conserving the taxon Ornithischia in a more inclusive sense does not preclude the
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possibility that early diverging members of the clade may be discovered that retained the
ancestral plesiomorphic “saurischian” hip structure, but these would be positioned
proximal to a more exclusive ornithischian node: as is precisely the case for silesaurians.
Owen (1874) proposed the name “Prionodontia” as a collective name for just three then-
known dinosaur taxa: Echinodon Owen, Iguanodon Mantell and Scelidosaurus Owen,
that possess coarsely serrated, leaf-shaped teeth. Present day taxonomies place these taxa
within Heterodontosauridae, Neornithischia and Thyreophora respectively. Owen’s
Prionodontia was encompassed by Seeley’s much more utilitarian Ornithischia. As a
node-based definition given in the terms set out above, Owen’s Prionodontia (given its
original membership) precisely encompasses the long-established clade Ornithischia.
Owen’s taxonomic name remains available and Prionodontia can be re-established as the

clade name for ‘traditional ornithischians’.

Palaeobiological and evolutionary implications.

This revised topology proposed herein (Fig. 2) generates some thought-provoking
evolutionary interpretations. Changes in dental and mandibular anatomy (linked to
feeding strategies) that can be traced across the ornithischian clade challenge previous
evolutionary models. Furthermore, changes in stance and gait that are linked to forelimb,
pelvic and hindlimb anatomy, appear to be cumulative (anagenetic) if silesaurs represent
a grade of early diverging stem-lineage ornithischians, rather than stem-lineage dinosaurs
(non-dinosaurian dinosauriforms) as more commonly envisaged.

Given these apparently coincident changes in morphology (and implied function) the
presence of silesaurs on the stem leading to Prionodontia (Fig. 2), offers a new insight
into the order, timing and method of acquisition of key components of the derived
ornithischian (prionodontian) bauplan; these interpretations undermine several character-
states that have been regarded as uniquely dinosaurian. We hope that new discoveries
will fill some of the gaps in our understanding of the anatomo-functional changes that
occurred during the evolutionary history of Ornithischia, as well as the potential for many

parallelisms/convergences in anatomy within dinosaurian lineages more broadly.

Hypotheses of relationship: problems.
Steadily increasing numbers of novel taxa alter, or challenge, long-established
synapomorphies and, as result, systematic analyses and phylogenetic interpretations have

entered a period of intense disturbance. In this study, we have tested alternative topologies
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using the widest sample of early dinosaurs and their near relatives available and, perhaps
not surprisingly, the results challenge orthodoxy. Nevertheless, we recognize that
whereas some specimens are exquisitely preserved, early dinosaur relationships are
mainly constructed (or affected by) data from a number of poorly preserved or incomplete
specimens. Therefore, we recommend caution and circumspection when assessing the
veracity of the present or indeed amy of the currently advocated early-dinosaur

phylogenetic trees.

Concluding remarks.

The order, timing and rate of several anatomical changes that occur during the transition
from stem-lineage taxa to that seen in more derived (prionodontian) ornithischians had
not been explored prior to this analysis. In addition to the anatomo-functional
implications that derive from the new topology, the phylogenetics necessitate a
reconsideration of the taxonomy as it pertains to the clade Ornithischia within Dinosauria.
A case is made for the resurrection of the name Prionodontia (a taxon proposed by
Richard Owen) to recognise ‘traditional ornithischians’. This usage avoids disturbance of
the long-held taxonomy associated with the three principal dinosaurian clades:

Theropoda, Sauropodomorpha and Ornithischia.

*This abstract is an abridgement of “Taxonomic, palacobiological and evolutionary implications of a phylogenetic
hypothesis for Ornithischia (Archosauria: Dinosauria” by Norman, Baron, Garcia & Miiller, that has been accepted
(July 2022) for publication in the Zoological Journal of the Linnean Society of London (December 2022 issue).
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Since the discovery of the first dinosaur bones, scientists and people in general (adults
and kids alike) have been wondering how these extinct Mesozoic reptiles lived their lives:
how they breath, feed, and move, among many other things that a living organism can do.
In this regard, hypotheses about sensory biology and behavior have been made based on
the anatomy of the central nervous system (particularly the brain), peripheral nerves, and
associated sensory organs since these structures were first described more than 150 years
ago. Although in the early stages of these kind of paleontological studies these ideas were
almost speculations, today paleontologists -together with neontologists- are looking for
evidence that can be tested to support such kind of hypotheses (Paulina-Carabajal et al.
in press a, and references therein). So, dinosaur paleoneurology is a growing discipline
that seeks to understand the evolutionary pattern of the central nervous system in these
extinct reptiles, hand-in-hand with the field of comparative neurology of their living
relatives. Today, the cranial endocasts of most dinosaur clades are known, and hypotheses
about the evolutionary pattern of their brains (particularly in the lineages leading into the
flying dinosaurs) and senses (dealing especially with the senses commonly known as
sight, smell, hearing and touch) have been proposed (Paulina-Carabajal et al. in press a,b
and references therein).

All these available data are the pillars for the recreation of sensory biology, from which
in turn ecological and evolutionary aspects of the groups under study are reconstructed.
There are, however, limitations: most of the dinosaur paleoneurology research has been
focused on the neuroanatomy of a single representative of the taxon under study, being
considerably fewer studies that include descriptive analysis in order to understand
ontogenetic changes (e.g. Lautenschlager and Hiibner 2013), evolutionary patterns (e.g.
Witmer and Ridgely 2009; Balanoff et al. 2010; Lauters et. al 2012; Lautenschlager et al.
2012) or documenting neuroanatomical transformations of the modular brain in deep time
(e.g. Balanoff and Bever 2017), in specific clades. Although the use of non-invasive

technologies (such as X-ray computed tomography or neutron micro-tomography), are
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increasing the number of studied specimens and taxa -including those groups with the
smaller body sizes and heads-, some authors have stated that the major constraints facing
research in paleoneurology center on the accuracy and reliability of the correlation
between the endocast morphology and the complexity and modularity of the actual brain
(Balanoff and Bever 2017). Future studies that may improve our understanding of the
neurosensory evolution in dinosaurs include the future addition of unknown taxa
(allowing filling gaps in the phylogeny), integrative morphological analyses using
quantitative methods (inclusion of larger sets of data), the search of correlation between
diversity radiations and evolutionary brain changes through the Mesozoic, and advances
in the field of sensory systems and behavior in living reptiles.

This talk will focus then on the current state of knowledge of the discipline, its
achievements and problems, as well as future considerations and other aspects that arise

from the use of modern methods in paleontology.
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The last three decades have seen a phenomenal growth in the study of dinosaur long bone
histology and microanatomy, aimed at answering questions of growth, life history,
physiology, and evolution, recently summarized by Buffrenil et al. (2021). It was
generally held that dinosaur bone histology is of little systematic value because of the
limited number of amniote bone tissues, which also are prone to convergent evolution
(Buffrenil et al. 2021). After the initial survey phase with only a few taxa from each major
dinosaur clade having been studied histologically, a comprehensive taxon sampling now
has accumulated in the published literature (reviewed in Padian & Woodward 2021) and
the collection of the author. This reveals remarkable histological uniformity of most
major clades of dinosaurs, allowing identification of otherwise undiagnostic bone
specimens (often small fragments, as in zooarchaeology) and inviting tests of the
systematic value of histological data as characters in phylogenetic analyses.

We have compiled histologic data for each major dinosaur clade (Theropoda,
Sauropodomorpha, Sauropoda, Stegosauria, Ankylosauria, Ornithopoda, and Ceratopsia)
and mapped them on a consensus phylogeny of Dinosauria. We exclude avialean
theropods from consideration because of their radically different lifestyle (flight) and
generally small body size. The main sampling location in all studies considered was the
mid-shaft cross section of large long bones such as humeri and femora.

Basal Dinosauromorpha had highly vascularized fibrolamellar bone with cyclical lines of
arrested growth (LAGs). This histology was retained by Theropoda outside of Avialae
and by basal Sauropodomorpha. Both retain a large open medullary cavity, limiting
Haversian bone development, as explained by the Three Front Model (Mitchell and
Sander 2014). Functionally, the loss of the open medullary cavity is linked to
graviportality (Houssaye et al. 2015). Spinosaurs have very dense bone tissue with
abundant Haversian bone and lacking a medullary cavity, presumably representing bone

mass increase as an adaptation to an aquatic lifestyle (Aureliano et al. 2018).
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Basal Sauropodomorpha have thinner laminae in their laminar cortical bone than other
dinosaurs. Sauropoda evolved thicker laminae than other dinosaurs and lost growth mark
expression before late ontogeny. Sauropoda possess a small medullary cavity filled by
trabecular bone and show extensive Haversian replacement at senescence. A unique bone
tissue type, possibly synapomorphic to Saurischia, is pneumosteum, which is seen in
secondary trabeculae associated with postcranial skeletal pneumaticity of the axial and
girdle skeleton in sauropods and avian theropods (Lambertz et al. 2018, Aureliano et al.
2020). Interestingly, sauropod histological characters may be strongly modified in
dwarfed taxa such as Europasaurus (Sander et al. 2006) and Magyarosaurus (Stein et al.
2010). Many titanosaurs show modified laminar bone in which the laminar vacular
architecture is retained but the bone matrix is parellel-fibered, lacking woven-fibered
matrix (Klein et al. 2012).

Among Ornithopoda, Stegosauria either have fibrolamellar bone with longitudinal canals
and well developed LAGs (Stegosaurus) or laminar to plexiform fibrolamellar bone
(Kentrosaurus). As in Sauropoda, Stegosaur medullary cavities are small as in Sauropoda.
Primary cortical bone of Ankylosauria resembles that of Stegosaurus but remains
incompletely known because of the early onset of Haversian remodeling. Ankylosaur
primary and, uniquely among dinosaurs, secondary tissue is rich in structural fibers.
These are also the dominant component of ankylosaur armor. Ornithopods also retained
the plesiomorphic histology but have a smaller medullary cavity and accordingly show
more remodeling. Ceratopsian histology is least studied among major dinosaur clades,
but it is most similar to that of ornithopods and theropods. These patters of microanatomy
and sequence of bone tissues are explained by the Three Front Model of cortical bone
growth (Mitchell and Sander 2014). Originally developed for Sauropodomorpha, the
model is generally applicable to all amniote long bones, vertebral centra and ribs.
Examples of the practical application of paleohistology to identify fragmentary remains
include the first dinosaur recorded from Sicily, a theropod long bone from Cretaceous
marine rocks exposed in a cave (Garilli et al. 2009), the first dinosaur from Norway, a
plateosaurid bone cross section from the Triassic section of a drill core offshore Norway
(Hurum et al. 2012), and the rejection of the hypothesis that the very bone shafts from the
famous Late Triassic Aust Cliff bonebeds represent sauropodomorphs (Redelstorff et al.
2014). Current work suggests that the specimens pertain to giant ichthyosaurs instead.

Future work will incorporate histological and microanatomical characters into
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phylogenetic analyses of Dinosauria to develop an apomorphy-based approach to such

data.
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Figure 1: Microanatomy and histology mapped onto the dinosaurian tree. Abbreviations: FLB,
fibrolamellar bone; HB, abundant Haversian bone; LAGs, lines of arrested growth; 1aFLB, laminar bone;
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Introduction

Palaeontological, sedimentological, stratigraphic and geodynamic works allow us to
interpret the Jurassic and Cretaceous outcrops of the Nurra, Sardinia North-West
(Carannante & Simone, 1998, 2002; Cherchi & Schroeder, 2002), in a broader framework
that includes the Sardinian-Corsican (Orsini et al., 1980; Oggiano et al., 2009), the
Provencal-Pyrenean system (Chabrier & Fourcade, 1975; Chabrier &Mascle, 1975; Fauré
& Peybernes, 1983; Dercourt et al., 1994), and the Iberian and Catalonian Mountain
ranges (Ziegler et al., 2001). This work aims to make a further contribution to the
understanding of the Southern European Mesozoicthrough the collection of soil data and
their interpretation in terms of palaeoecological, sedimentological and stratigraphic
evolution.

In the quarries of La Corte and Campanedda localities, stratigraphic series were
identified. Four columns comprising the units referable to the Mesozoic were realized.
Systematic sampling has allowed us to identify the main litho-stratigraphic units, from
which selected thin sections have been prepared and used for detailed sedimentological,
palaeontological and micro-palacontological analysis (Fig. 1).

The formations include from the bottom-up: 1) partially dolomitized mudstone-
wackstone, formed by well-stratified levels characterized by parallel and crossed
laminations, and thin marly layers; 2) yellowish, massive, oolitic wackestone; 3) well-
stratified, fossiliferous, limestones, mudstone and wackestone with peloids, intra-clasts
and bioclasts, with dark muddy levels of lagoon habitat; 4) biomicrite with peloids, light
yellow in colour, from massive to well-stratified intercalated to thin marly levels.
The sedimentological features and the fossil content consistently indicate an hemipelagic
depositional environment that goes from the coastal lagoon to the shallow carbonate

platform, occasionally protected by coralline bars, often sterile or slightly fossiliferous.
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Methodology

The working methodology was divided into well-defined phases:

1) Identification of the stratigraphic successions useful to create four columns including
the outcropping units and referable to the Mesozoic limestones; measurement, sampling
and macroscopic description of each lithostratigraphic unit, writing down the sampling
of each sample with an alphanumeric system, and schematizing the position in the field
notebook and then reporting the data correctly to the stratigraphic column and on a
photographic image of the outcrop.

2) Preparation sections of selected samples; observation and description of
sedimentological and micro-palacontological elements.

3) Palaeontological analysis of the macro- and micro-fossils identified. This part of the
work required cleaning and study of fossils, observation and identification of
microfossils, high magnification photography, description, taxonomy, ecology, reference
age, based on the comparative observation of the distinctive elements of the different
species, as well as on the reading of manuals. and specific bibliography for each taxon
identified.

4) Stratigraphic and sedimentological analysis of the identified type sections, in order to

reconstruct the palacoenvironmental conditions.

Results and discussion

This work was born with the aim of being able to date some Mesozoic outcrops of Nurra
on micro-palacontological bases, using biostratigraphic, palacoecological methods and
the correlation with similar studies carried out in equivalent areas (D’ Argenio et al., 1985;
Bernoulli & Jenkyn, 2009). The collection of sedimentological and palaeontological data
made it possible to reconstruct the depositional environments in a fairly detailed manner.
These environments range from a carbonate platform of low sea and medium-high energy,
recognizable in the disused quarry at La Corte, to an epicontinental area of shallow sea,
characterized by coastal lagoons and coral reefs (Poignant et al., 1982) with algal
vegetation (Yilmaz, 1998), recognizable in the lower quarry in Campanedda. The oolithic
limestones with marly intercalations and thin clayey levels of the upper quarry of
Campanedda are attributable to an intermediate platform area with flysh-type terrigenous

contributions.
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The age attributed in the literature (D’ Argenio et al., 1985; Cherchi & Schroeder,
2002) to the fossils (Poignant et al., 1982; Kroh & Smith, 2010; Gaillard et al., 2011;
Kollmann, 2014) and microfossils (Schonfeld, J., 1990; Rogl, 1995; Miller, 2005) found
in the lithofacies analysed, also made it possible to identify the lower and upper
chronological limit of the emerging successions. Limits that are situated in a range
between the Bathonian (Sotak & Misik, 1993), species association of Salpingoporella
annulata, Diplocidaridae and Thecosmilia annularis, and the Tithonian/Berriasian
species association of Choffatella decipiens (Schlumberger, 1905) and Gyrodinoides
nitida(Schroeder et al., 2010).

Furthermore, it has been possible to identify a fossiliferous formation from the
upper Jurassic period corresponding to a phase of the lagoon palacoenvironment. This
formation lends itself to further investigations to look for and discover new and more

interesting fossils.

Figure 1. Choffatella decipiens, planar and longitudinal section of two different individuals.
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Introduction

The German palacontologist Prof. Ernst Stromer discovered a striking bizarre vertebrate
fauna during his expeditions into the Western Desert of Egypt at the beginning of the 20™
century. Amongst his findings at the Gebel el Dist site were three different crocodyliforms
described by him: Libycosuchus brevirostris, Aegyptosuchus peyeri and Stomatosuchus
inermis (Stromer, 1914, 1925, 1933). The first taxon is represented by an almost complete,
articulated skull, complete lower jaws and four vertebrae. Remains referred to
Aegyptosuchus are a skull table, isolated teeth and some cervical, thoracic, lumbar, sacral
and caudal vertebrae. Stomatosuchus was based on a partial skull, a well-preserved right
lower jaw, an isolated right articular and one cervical vertebra. These three taxa are
known from single specimens (their respective holotypes), but Stomatosuchus was
destroyed during the bombing of Munich in WW 1I (1944), so that only the original

description and drawings remain as unique evidence for this taxon.

When first described, anatomical comparisons of these species were limited, and they
were compared to Notosuchus, Alligatorellus, Theriosuchus, goniopholids, Bernissartia
and/or Crocodylia. Thus, Libycosuchus was initially considered a “highly-specialized
form with ancestral features” closely related to Notosuchus and Theriosuchus and placed
in its own genus and family (Stromer, 1914). Regarding Aegyptosuchus, the first
comparative studies considered this taxon to be related to Stomatosuchus, placing both in
the eusuchian family Stomatosuchidae (Carroll, 1988; Krause et al., 2006). Since then, a

vast number of newly discovered taxa has increased the complexity in the systematics of
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the Notosuchia and Eusuchia, resulting in different interpretations of the position of
Libycosuchus and Aegyptosuchus,respectively, although there seems to be a general
consensus that the former is a member of the Notosuchia, whereas the latter is generally
placed in the Eusuchia (Ortega et al., 2000; Carvalho et al., 2004; Pol & Apesteguia, 2005;
Fiorelli & Calvo, 2008; Sereno & Larsson, 2009; Holliday & Gardner, 2012). Our aim is
to update comparisons of these northern Gondwanan crocodyliforms, and to discuss their

phylogenetic relationships.

Methodology

We performed a CT -scan of the skull remains of Libycosuchus and Aegyptosuchus with
a medical Siemens Somatom Force CT scanner at the Deutsches Herzzentrum
Miinchen.Dicom files were processed in Amira (5.6) software in the Bayerische
Staatssammlung fiir Paldontologie und Geologie. Final 3D reconstructions allowed

improved morphological descriptions for these two crocodyliform taxa.

Preliminary results and future research

The skull of Libycosuchus is well preserved, but damaged at several points (right orbit
and postorbital bar, left jugal, right pterygoid and palatines), which have been
reconstructed. In general shape, it is anteroposteriorly short, with a short antorbital region
and a postorbital region that is almost as wide transversely as the skull is long. It is
dorsoventrally higher and laterally wider at the posterior end, with a marked slope and
narrowing towards the snout. An antorbital fossa is present on each side. The nares are
anteriorly oriented and are separated by a robust premaxillary bar. Alveoli are not
completely separated, forming a tooth-bearing groove. The lateral alveolar wall is well
developed, but the medial border is confluent with the palatal surface. Teeth are lost
except for two large caniniforms. The alveoli suggest that, excluding caniniforms and
adjacent teeth, other teeth were small in size.

The lower jaw of Libycosuchus is formed by two short mandibular rami with strong
divergent angle and articulated in a short symphysis. The anterior ends of both dentaries
are damaged, and the area around the left mandibular fenestra is broken and reconstructed.

Teeth are lost, but alveoli group in the anterior dentary region and indicate small teeth.
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The skull roof of Aegyptosuchus includes the frontal, parietal, both postorbitals, both
squamosals, the supraoccipital and left exoccipital bones. The posterodorsal margins of
the orbits are preserved. The supratemporal fenestrae are constricted and widely separated
from each other. The ventral end is anteriorly oriented. This taxon is especially

noteworthy for its very thick and massive dorsal skull roof.

Forthcoming analyses will be focused on the segmentation and reconstruction of the inner
structures of both Libycosuchus and Aegyptosuchus. Comparisons with other notosuchian
and eusuchian taxa respectively will be performed, and phylogenetic relationships for the

studied taxa will be tested.
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The Cenomanian (basal Late Cretaceous) vertebrate fossil record of Europe is relatively
poorly known due to the scarcity of remainscompared to those of other geological stages.
The Cenomanian record is essential for the understanding of the faunal turnover that took
place between the Early and Late Cretaceous, since the European latest Cretaceous faunas
were radically different from those of the Early Cretaceous ecosystems. In this sense, the
palaeontological area of Algora (Guadalajara, Central Spain) represents the first location
with a high concentration of macrovertebrate remains from the Cenomanian of Europe.
The Algora fossil site has yielded numerous vertebrate fossil remains, increasing the
knowledge about the faunal taxa from this transitional period.In this context, the
European oldest or youngest record of certain lineages previously thought to be extinct at
the Early Cretaceous or not yet present at the Late Cretaceous has been identified. The
faunal assemblage of Algora is so far representedby an osteichthyan, stem and
pleurodiran turtles, an indeterminate elasmosaurian, two neosuchian crocodiles, a
theropod, and a sauropod. Recent finds in this locality, hitherto unpublished, allow us to
recognize several previously unidentified taxa. In addition, a vertebra of a probable
squamate reptile has been recognized. Its detailed systematic study is performed here, in
addition to a comparison with fossil remains from other Cenomanian sites and from other

stages of the Early and Late Cretaceous.
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Simosauridae is a clade of Triassic eosauropterygians ranging from the Anisian or
Ladinian (Middle Triassic) to the Carnian (Late Triassic) of the Middle East and Europe.
Simosauridae was erected by Huene in 1948 after the description of Simosaurus
gaillardoti (from the Ladinian of France and Germany) made by Meyer in 1842, this
taxon being the type species for the group and the only known valid representative of the
clade wuntil recently. Nevertheless, a new eosauropterygian (i.e., Paludidraco
multidentatus) was described by de Miguel Chaves et al. (2018) from the Carnian fossil
site of El Atance (Guadalajara, Central Spain), being recognized as a member of
Simosauridae. Despite the holotype of the Spanish taxon corresponds to a relatively
complete skeleton preserving several of the appendicular elements, its postcranium has
not yet been studied in detail. Appendicular elements of S. gaillardoti are relatively well-
known, especially based on the information provided by Rieppel (1994). Simosaurus
gaillardoti was recognized as an active predator whereas Paludidraco
multidentatusshows non-appendicular anatomical features associated to a significantly
different lifestyle (e.g., slender mandibles with numerous and small comb-like teeth, and
pachyostotic ribs and vertebrae), suggesting adaptations for slow movement near the
marine bottom. In this context, a detailed description of the appendicular elements
preserved in the holotype of P. multidentatus is performed here, in addition to an
anatomical comparative study with those of its sister taxon S. gaillardoti. The functional
implications and locomotion modes previously proposed for both taxa will be reevaluated

considering the different character states between their appendicular skeletons.
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Introduction

Los Corrales del Pelejon (CP) tracksite (Galve, Teruel province) was the first documented
tracksite with dinosaur footprints in the Maestrazgo Basin (northeastern Spain). At the
beginning of the eighties, a few isolated theropod footprints were described in this outcrop
(Casanovas et al., 1983-84). Posteriorly, the track-bearing bed of the site was cleaned and
excavated, and new trackways were exposed. Seven trackways were identified, six of
them attributed to theropod dinosaurs and the seventh to an ornithopod (Cuenca et al.,
1993). Despite the high quantity of dinosaur tracksites in several geological units of the
Maestrazgo Basin this is the only dinosaur tracksite in the alluvial, red-mudstone-

dominated Galve Formation (Berriasian-Valanginian, Aurell et al., 2016).

Methodology

The CP tracksite has been documented with photogrammetric techniques. A total of 585
photographs were taken to create a 3D model of the whole surface. Besides, 3D models
of individual footprints have been also created with sets of about 12-20 pictures per
footprint. The 3D models have been built using the software Agisoft Photoscan Standard
edition. In addition, a detailed analysis of the stratigraphy of the tracksite has been carried
to understand track preservation either as (1) true tracks, preserved in the layer were the
dinosaurs walked on, that is the tracking surface, or (2) undertracks preserved in a lower

stratigraphic layer of the tracking surface. Morphological quality preservation (MP) has
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been independently analyzed of each footprint using the numerical scale proposed by

Marchetti et al. (2019).

Results

A total of six clear trackways and a possible seventh can be identified in the tracksite as
reported by Cuenca et al. (1993). The orientation of the dinosaur trackways plotted in a
rose diagram provides a general multidirectional pattern although the theropod trackways
show a rather bimodal pattern with a NE-SW direction trend. Stratigraphically, four cm-
thick fine to very fine-grained sandstone layers can be distinguished on the surface of the
tracksite (Fig. 1). Many of the tracks and trackways (CP3-CP10) are preserved in the
lowest layer of the surface (layer 1), which is mostly exposed in the eastern area of the
tracksite. On the other hand, trackways CP1 and CP2 located in the western side are
mainly preserved in the uppermost layers but locally some of the tracks also in lower
layers. All the trackways show a considerable intratrackway variation in MP, with values
of each footprint that varies from 0.5 to 2.5. All the tracks are preserved as concave
epirreliefs. Three different theropod morphotypes can be distinguished according to their
size: a small-sized (CP4, Footprint length (FL) = around 15 ¢m), a medium-sized (CP1,
CP5, CPS, CP9, CP10; FL = 25-30 cm) and a large theropod (CP2, CP3 and CP6, FL
around 35-38 cm). The tracks are typically tridactyl theropod tracks, some of them with
clear claw impressions. The three different morphotypes have slightly variations in
FL/FW ratio and mesaxony according to the different size classes with smaller specimens
showing higher values of FL/FW and mesaxony. Some of the footprints show a
characteristic large and rounded metatarsophalangeal pad impression. CP7 is the only
trackway attributed to ornithopods. The tracks show a low MP preservation value but
CP7.4 is a tridactyl track, slightly longer than wide with low mesaxony, and with rounded

digit impressions and no evidence of claw impressions.

Discussion

The absence of layers 2, 3 and 4 in some areas of the tracksite makes difficult to interpret
how the tracks were preserved, and to properly understand which layer was the tracking
surface. Since CP1 and CP2 were mainly preserved in the uppermost layers in the western
area and some of the footprints show the highest MP values, one hypothesis could be that

layer 4 was the only tracking surface and these two trackways were mainly preserved as
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true tracks (and some footprint as a shallow undertrack). Thus, the uppermost layers (2-
4) were eroded in the eastern area of the tracksite, and what we are currently seeing are
shallow undertracks of the other trackways (CP3-CP10) preserved in layer 1. Another
hypothesis could be that the trackways in the eastern and western areas were produced at
different surfaces, and thus CP3-CP10 could have been produced before CP1-CP2, so the
ichnoassemblage would not be coeval. The former hypothesis could have more support
if the MP values would show a considerable difference, i.e. true tracks would have better
MP than shallow undertracks. There is not a considerable difference although tracks in
CP1 show the highest MP values and preserved fine anatomical details such as claw

marks and possible phalangeal pad impressions.

The theropod tracks from Los Corrales del Pelejon have not been previously assigned to
any ichnotaxa. Casanovas et al. (1983-84) compared the tracks (from trackways CP3 and
CP6) with different ichnotaxa such as Eubrontes, Eutynichnium, Megalosauropus and
Bueckeburgichnus. Certainly, some of these tracks resemble Eubrontes-like tracks, a
theropod ichnotaxa typical from the Late Triassic-Early Jurassic but also identified in the
Lower Cretaceous of Asia (Xing et al., 2021). Some of the other medium and large-sized
theropod tracks are also similar to Megalosauripus tracks, especially to Megalosauripus
transjuranicus described from the Late Jurassic and the Jurassic/Cretaceous transition
(Tithonian-Berriasian) of Europe (e.g. Belvedere et al., 2019), due to the large rounded
heel pad impression. Nonetheless, this feature is also typical of Asianopodus from the
Lower Cretaceous of Asia (Xing et al., 2014). Finally, the small-sized theropod (CP4)
resemble tracks included in Grallatoridae and the ornithopod tracks (CP7) resembles
Iguanodontipus-like tracks. Both ichnotaxa have been described in Late Jurassic and
Berriasian tracksites in Europe (e.g.: Castanera et al., 2016; 2022). Further work is needed
to properly understand the preservation of the tracks in this site and thus interpret whether
the morphological variations seen among the tracks might be ichnotaxonomic,
preservational-related or both so we can clarify the number of theropod ichnotaxa present
in the site. This will help to understand the differences between Eubrontes,
Megalosauripus and Asianopodus-like tracks in the Lower Cretaceous. The
ichnotaxonomic affinities of the tracks are very significant to elucidate whether the
ichnoassemblage is more similar to Late Jurassic or to Lower Cretaceous ichnofaunas,
thus representing (or not) the faunal change occurred across the Jurassic/Cretaceous

transition.
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Introduction

By the end of the Cretaceous, armored dinosaurs become relatively diverse and abundant
in both Western America and Eastern Asia, where the two main clades, Ankylosauridae
and Nodosauridae, were present. In contrast, nodosaurids were a minor faunal component
of the dinosaur communities that once roamed along the ancient Cretaceous European

archipelago.

Latest Cretaceous nodosaurids were present in Portugal, Spain, France, Austria, Hungary,
and Romania, being unevenly represented (Csiki-Sava et al., 2015). The Iberian record is
strikingly scarce, limited to fragmentary remains from the upper Campanian deposits of
Lafio (Pereda Suberbiola, 1999), and from the early Maastrichtian beds of Chera
(Company, 2004). Regarding the ankylosaurian record from Southern Pyrenees, it
includes a single humerus from the Barranc dels Cantals (formerly and erroneously
reported from Suterranya-Mina de lignit locality, see Vila, 2022) (Martin Jiménez et al.,
2017) and some isolated teeth from the Fontllonga-6, Biscarri and Juli sites (Alvarez-
Sierra et al., 1994; Lopez-Martinez et al., 2000; Lopez-Martinez, 2003). In addition,
Santafé et al. (1997) documented the occurrence of one osteoderm from the late Early
Maastrichtian Els Nerets site (Pallars Jussa), which were never described. Here, we
describe for the first time the remains of dermal armor elements attributed to nodosaurid

struthiosaurinis from Els Nerets site (Southern Pyrenees).
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Methodology

We provide a preliminary description of three isolated osteoderms from els Nerets site,
following the nomenclatural terminology of Osi & Makadi (2009), and Arbour et al.
(2014). All elements are housed in the Museu de la Conca Della (MCD, Isona, Pallars

Jussa, Catalonia, Spain).

Results

MCD-5035 is a well-preserved left pectoral osteoderm. The dermal element is divided in
two distinctive lobes by a vascular channel that bestows a characteristic kidney-lake shape
to the armor plate. The external surface is of hummocky type with a uniform rugosity
distribution (based on Hieronymus et al., 2009). A low, narrow, and straight keel runs
anterioposteriorly along the sagittal plane of the osteoderm. In lateral view, the base is
convex with its maximum curvature placed at the level of the basal neurovascular

channel.

MCD-0074 isa partial right sacral spike. Most of the medial and posterior margins, and
the spine are missing. In dorsal view, the element is squared, with curved anterior margin.
The base of the spine, which is located near the lateral margin, is wither latero-medially
than thick antero-posteriorly. In lateral view, the base of the spine is slightly tilted
anteriorly. Ventrally, an elongated neurovascular foramen is in the posterior region of the

element.

MCD-8822is a small sub-conical osteoderm. Despite most of the margins are eroded, in
dorsal view the element seems that could had displayed a subrombical shape. The keel,
which is relatively tall and lacks its posterior margin, curves posteromedially. In anterior

view, the base is slightly convex.

Histological thin sections were performed in MCD-0074. It shows an external cortex that
displays abundant secondary osteons, which locally obliterate most of the primary
fibrolamellar tissue. The basal cortex is absent. In its place a poorly organized woven
bone tissue extends deep into the basal part of the bone. Large trabecular cavities cover
most of the inner cortex and the core of the osteoderm. The CT scan analyses on MCD-
5035 revealed similar histological configuration, with a disorganized basal region and an

inner cortex full of large cavities, which may correlate to trabeculae vacuities.
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Discussion

Integument ossifications (osteoderms) are among the most common fossil remains of
ankylosaurs worldwide. They can be distinguished from osteoderms of crocodiles, and
titanosaurs based on the different texture exhibited in titanosaurs (elements typically
having an irregular surface with nodules, fibers, and grooves (Vidal et al., 2014)) and
crocodyliforms (a surface with several subcircular pits and covered by a smooth texture).
Furthermore, the attribution of the studied osteoderms in the present work to testudines
seems unlikely due the asymmetry of the studied elements, the presence of spines and

vascular channels ventrally, and the lack of sutural marks along the surface and margins.

Burns and Currie (2014) noted that nodosaurid osteoderms are characterized by having a
dense external fibered cortex and poor-developed basal cortex. These histological
features are observed in some of the osteoderms from Els Nerets (MCD-0074 and MCD-
5035), confirming their ascription to Nodosauridae. Given that osteoderms are relatively
common in the fossil record, several authors have made a significant effort to identify
anatomical treats that could allow their taxonomic classification (e.x. Ford, 2000; Pereda-
Suberbiola and Galton, 2001). In this regard, Kirkland et al. (2013) proposed that the
presence of “erect sacral osteoderms with flat bases” was a synapomorphic feature of the
tribe Struthiosaurini (sensuMadzia et al., 2021). This feature is at least present in the
sacral spike plate from Els Nerets (MCD-0074). Consequently, this element is tentatively
attributed to an indeterminate species belonging to the tribe Struthiosaurini. On the other
hand, the morphology and location of the neurovascular channel of MCD-5035 seems to
be only reported in struthiosaurini Struthiosaurus austriacus (Pereda-Suberbiola &
Galton, 2001) and Europelta carbonensis (Kirkland et al., 2013), supporting the

hypothesis that the specimens from Els Nerets belong to the tribe Struthiosaurini.
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Introduction

Non-avian theropod dinosaurs were pivotal components of Mesozoic ecosystems,
spanning a wide array of trophic niches that lead to the diversification of tooth shape and
dental morphologies (Torices et al., 2018; Hendrickx et al., 2019). In Europe, the Upper
Cretaceous theropod fossil record mainly consists of isolated teeth and fragmentary bone
remains that concentrate in Spain, Portugal, France, Romania, and Austria (Csiki-Sava et
al., 2015; Osi et al., 2019). The isolated nature of tooth remains has hampered their
taxonomic identification beyond family level (e.g. Marmi et al., 2015). However, recent
studies have greatly improved theropod taxonomic identification based on qualitative and
quantitative dental features (Hendrickx et al., 2019, 2020).

In this regard, the Iberian record, despite being mainly based on isolated teeth and ootaxa,
is diverse enough to contribute to the theropod paleobiodiversity and paleobiogeography
studies (Isasmendi et al., 2022). In the southern Pyrenees, the theropod fossil record
consists of isolated teeth (Prieto-Marquez et al., 2000; Canudo et al., 2016; Torices et al.,
2015), eggs and eggshells (Lopez-Martinez and Vicens, 2012; Sellés et al., 2014), and a
single appendicular bone (Sellés et al., 2021).

In the present study, we review the theropod remains of the Moli del Bar6-1 locality
(Isona i Conca Della, Catalonia, Spain), from the fluvial deposits of the Talarn Formation
or ‘Lower red Garumnian’ of the Tremp Group (C29r magnetochron-upper
Maastrichtian; Fondevilla et al., 2019). This fossil locality has yielded plants

(charophytes, sporomorphs, angiosperm leaves, seeds, and logs), invertebrates (mollusc

68


mailto:jfsp@gmail.com
mailto:oscarcasvi25@gmail.com
mailto:mbaiano@unrn.edu.ar
mailto:bernat.vila@icp.cat

shells, partial insect exoskeletons and eggs) and vertebrates (mainly shed teeth, bones,
and eggshells of dinosaurs and crocodylomorphs) remains (Marmi et al., 2015).

Among the vertebrate remains, the theropod material of Moli del Bar6-1 consists of five
teeth that might represent a remarkable taxonomic diversity (Marmi et al., 2015),
although until now their taxonomic classification remained poorly resolved. In this
context, our aim is to improve the systematics of these teeth using quantitative and
qualitative approaches and anatomical and nomenclature terminology previously

proposed by Hendrickx et al. (2015, 2019).

Results

The specimen MCD-5033, previously classified as Theropoda indet. (Marmi et al., 2015),
is here assigned to Velociraptorinae and recognized as a lateral tooth. The new assignment
is based on the combination of the following dental features proposed by Hendrickx et al.
(2019) for this clade: 1) presence of a ziphodont dentition with serrated mesial and distal
carinae in at least some lateral teeth; 2) lateral tooth with ridged carinae; 3) absence of a
constriction between the root and the crown base; 4) a strongly concave distal margin,;
and, 5) an eight-shaped cross section of the crown base. It is remarkable that condition 3
and 4 are considered unambiguous synapomorphies for Dromaeosauridae, whereas
condition 5 is present in all velociraptorines other than Deinonychus (Hendrickx et al.,
2019). The PCA analysis (based on Isasmendi et al., 2022 data matrix) shows a relatively
close position of MCD-5033 with the teeth of Velociraptor mongoliensis.

The specimen MCD-5579 was previously classified as a Dromaeosauridae indet. (Marmi
et al., 2015). However, in the present study we assign it to Troodontidae based on the
presence and combination of the following dental features: 1) relatively short crown
height; 2) unserrated mesial carina; 3) concave surface adjacent to carinae; 4) distal carina
centrally positioned or slightly displaced (crown sub-symmetrical); 5) small number of
large distal denticles in lateral teeth (i.e. fewer than 15 denticles on the carina); 6) hooked
denticles; 7) absence of marginal undulations and 8) presence of interdenticular sulci and
transverse undulations (as in Troodon). Because of its partial preservation, no PCA
analysis was performed on MCD-5579.

The specimen MCD-5583, previously identified as a Theropoda indet. (Marmi et al.,
2015), is here recognized as a tooth from the mesial part of the snout and assigned to

Dromaeosaurinae indet. The new assignment is based on the presence of a J-shaped cross
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section of the crown base, which is considered an unambiguous synapomorphy of
Dromaeosauridae (Hendrikx et al., 2019).

The revision of this material, despite its preliminary state, considerably improves the
taxonomic resolution of the teeth studied and highlights a higher theropod diversity in the

Moli del Bar6-1 fossil site than previously known.
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Introduction

The surroundings of the Burgos town of Salas de los Infantes is especially rich in fossil
remains, whether bone, ichnological or oological records (Torcida Fernandez-Baldor,
2006), from the Upper Jurassic to the Lower Cretaceous. Most of the sites with dinosaur
remains date from the Lower Cretaceous, from the Hauterivian-Aptian interval, in which
two formations have been established, Pinilla de los Moros (upper Hauterivian-lower
Barremian) and Castrillo de la Reina (upper Barremian-Aptian), both of them of fluvial
origin (Martin-Closas & Alonso-Millan, 1998) and included in the Urbion Group, within
the western sector of the Cameros Basin.

The Terreros-Altollano I site is located in the Castrillo de la Reina Formation. This
lithostratigraphic unit is defined by alternating layers of sandstone and red shales with
carbonate nodules. They have been interpreted as sediments from an alluvial plain with
long periods of very low sedimentation rate (Martin-Closas & Alonso-Millan, 1998).
These deposits are very rich in fossils, having been found dinosaur remains (Torcida
Fernandez-Baldor, 2006; Pereda-Suberbiola et al., 2012).

The cranial and mandibular ornithopod material (MDS-LTASI) described here was found
in 2008 over the surface layers. The present work focuses on the description of the
material, and investigates the possible relationship with other Iberian or English taxa.

Description

The predentary is incomplete, with only two fragments not articulated with each other.

The largest one (MDS-LTASI,2) corresponds to the distal end of the left lateral wall of
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the predentary. In dorsal and caudal views, a rectilinear and slightly curved profile can be
seen, which would give it a "V" shape on its rostral margin if the piece was complete.
The other fragment (MDS-LTASI,3) corresponds to the left wall of the ventral process.
The rostral region is a little concave with a striated rostromedial surface, while the ventral
face is slightly convex and smooth. In dorsal view, the reconstruction of this process
would have a bifurcated and bilobed “heart-shaped” morphology. The walls would
project towards the caudal region, embracing the ventral part of the curved symphysis of
the dentary.

The MDS-LTASI,1 left dentary (Figure 1) shows great preservation, without
deformation. It is practically complete, except for the dorsorostral area, the rostral part of
the symphysis, and the caudoventral area, which would articulate with the surangular
bone of the mandible. The dorsal margin is rectilinear and the diastema is not preserved.
The ventral margin is concave and parallel in the caudal region to the dorsal margin, but
in the middle part the ventral margin begins to curve towards the symphysis. Two series
of neurovascular foramina can be seen.

In medial view, the lingual alveolar wall has not been preserved. There are 18 alveolar
positions, reaching the base of the coronoid process. The shape of the alveolar cavities is
straight, with the septa of the alveoli straight and parallel to each other. The buccal
platform presents a rectilinear contour parallel to the dorsal margin of the dentary.

In rostral view, the predentary groove can be seen, which extends from the dorsal margin,
curving dorsoventrally towards the ventral margin, in contact with the symphysis. The
coronoid process presents an obtuse angle with respect to the horizontal axis of the
dentary, and there is no platform between it and the dental row.

Four right maxillary teeth have been recovered, of which only two preserve the complete
crown and root. Two of them (MDSLTASI,4; MDS-LTASI,5) have suffered erosion and
mechanical transport, but the existence of a primary ridge delimited by two concave
(mesial and distal) surfaces can be seen. The other two teeth (MDS-LTASI,6; MDS-
LTASI,7) are “leaf-shaped” with a denticulate margin and denticles arranged as tiles, and
in some cases, with a mamelon between them.

Discussion

The curvature of the ventral margin of the dentary towards the rostral region and the
symphysis is not a common character in iguanodontians which usually present practically
straight and parallel dorsal margins. Derived iguanodontians such as Mantellisaurus

atherfieldensis (Norman, 1986) have more curved margins. The deviation of the ventral
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margin of MDS-LTASI, 1 is approximately 17°, an angle similar to the 16° of
Brighstoneus simmondsi (Lockwood et al., 2021) and the 18° of Proa valdearinnoaensis
(McDonald et al., 2012).

The last alveolar position located at the base of the coronoid process is a synapomorphic
character of hadrosaurids (sensu Horner et al., 2004). The straight shape of the alveoli
septa and their parallelism to each other differs from other non-hadrosaurid
hadrosauriforms, whose teeth are not arranged in alveoli but in a kind of continuous
groove and supported by alveolar parapets (Norman, 1986). Proa also has an alveolar row
extended to the base of the coronoid process, but it presents a greater curvature of the
alveolar wall (McDonald et al., 2012). This rectilinear and parallel morphology of the
alveoli is typical of more derived hadrosauriforms.

The coronoid process shows an obtuse angle with respect to the horizontal axis of the
dentary. There is no a platform between the base of this and the teeth row. This is a
plesiomorphic character in iguanodontians and in hadrosauriforms known prior to the
Aptian. However, this character appears in the most Albian iguanodonts (Lockwood et
al., 2021).

The maxillary dental crowns show a low number (1-2) or absence of secondary ridges,
unlike the multiple ones thar are known in Proa or Brighstoneus. However, it is a more
common character among non-iguanodontian hadrosauriforms and hadrosaurids (Horner
et al., 2004). The absence or very diffuse presence of secondary ridges could be
considered as an autapomorphy in MDS-LTASI, 1.

Analysis and Conclusions

A phylogenetic analysis has been done using the character matrix generated by Madzia
et al. (2020), which presents a total of 75 taxa and 153 characters, of which 19 have been
coded in MDS-LTASI. The resulting tree places The Terreros-Altollano I specimen as a
basal hadrosauriform, differentiating it from iguanodontians such as Iguanodon
bernissartensis and other more derived hadrosauriforms such as Altirhinus kurzanovi.

In conclusion, MDS-LTASI shows a mixture of primitive and derived characters, with
some anatomical similarities to the taxa Proa and Brighstoneus. Faunal similarities have
been recognised in dinosaurs from the Lower Cretaceous of Burgos (Spain) and those
found in the Wealden Group of southern England (Martill & Naish, 2001).
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Introduccion

Los estudios paleopatoldgicos estan demostrando ser importantes en los estudios
paleobioldgicos y paleoecoldgicos de las faunas fosiles por los datos que aportan. Estos
son muy valiosos, ya que por un lado nos dan informacion acerca de la biologia, como
por ejemplo los procesos de cura desencadenados tras una lesion (traumas) o patologias,
y la paleoecologia en la medida que la lesion o enfermedad afect6 a las relaciones con
otros organismos (ver referencias en Cruzado-Caballero et al., 2020, 2021). Pero,
también, las patologias nos muestran nuevos datos de momentos importantes en la
evolucion de los vertebrados como, por ejemplo, como afect6 al esqueleto de los primeros
tetrapodos el pasar de un medio acuatico a un medio terrestre (Bishop et al., 2015).

En el presente trabajo presentamos dos vértebras caudales patoldgicas de dos taxones de
sauropodos titanosaurios indeterminados procedentes de los yacimientos Loma de los
Jotes (MAU-Pv-LJ-472/1, Fm. Sierra Barrosa, Coniaciense, Cretdcico superior) y La
Invernada (MAU-Pv-LI-601, Fm. Bajo de la Carpa, Santoniense, Cretacico superior) de
la provincia de Neuquén (Argentina). MAU-Pv-LJ-472/1 es una vértebra caudal de la
seccion media (Fig. 1. A) de la cola. En su centro vertebral se puede observar una

importante reaccion periostial del tejido dseo (formacion de tejido patoldgico) asociada a
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una posible estructura de drenaje de pus (cloaca). Con respecto a MAU-Pv-LI-601, esta
es una vértebra caudal anterior (Fig. 1. B) que al igual que MAU-Pv-LJ-472/1 presenta
una reaccion periostial, en este caso de menor desarrollo, localizada en la zona de
articulacion con los arcos hemales. En ambos casos la superficie subperiostica tiene un

aspecto rugoso y esta cubierta de fosas poco profundas e irregulares.

A W) B

Fig. 1.- A) MAU-Pv-LJ-472/1, vértebra caudal media con estructura de drenaje para la infeccion, B) MAU-

Pv-LI-601, vértebra caudal con arcos hemales fusionados al centro vertebral. Escala: 5 cm (A) y 5 cm (B).

La presencia de un area de sobrecrecimiento 6seo en ambas vértebras sugiere la presencia
de una infeccion, la cual pudo ser debida a una herida en el tejido blando o estar asociada
auna fractura 6sea. En el caso de MAU-Pv-LJ-472/1 la presencia de una cloaca apoyaria
la diagnosis patoldgica de una infeccidon piogénica o supurativa, mientras que la ausencia
de cloaca en MAU-Pv-LI-601 indicaria una infeccidon no piogénica o no supurativa.
Cuando la infeccion afecta al hueso se denomina osteitis (es decir, inflamacion del hueso)
u osteomielitis (es decir, inflamacion de la médula 6sea; Anné et al., 2015), por lo que
MAU-Pv-LI-601 y MAU-Pv-LJ-472/1 corresponderian a dos casos de osteomielitis en

saurdpodos titanosaurios.
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Fig. 2.- Region patologica en A) MAU-Pv-LJ-472/1 en vista lateral y ventral; B) MAU-Pv-LI-601 en

vista anterior. Escala: 3 cm. Abreviaciones: clo: cloaca

La presencia de patologias infecciosas en las vértebras caudales de los saurépodos
suelen estar asociadas a traumatismos que afectan a los tejidos blandos o al hueso (ver
referencias en Cruzado-Caballero et al., 2021). Actualmente se estan analizando las
imagenes tomograficas realizadas a las vértebras en busca de la presencia o ausencia de

una fractura asociada al hueso patoldgico.
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Introducion

Los trabajos realizados en los materiales Turonienses (Cretacico Superior) de Villaverde
de Montejo (Segovia) han sido fundamentales para la comprension de la geologia de este
piso. Sin embargo son pocos los trabajos que abordan con detalle su contenido
paleontologico. En este estudio se describen los patrones de conservacion fosiles de los
limites de las secuencias de quinto orden de la Formacion Calizas y margas de Picofrentes,
donde abundan fosiles in situ. Estos permiten identificar con mayor detalle los procesos
que han sufrido los restos durante su produccion.

Los primeros trabajos en la zona son Alonso (1981) y Gil-Gil (2002) interpretando la
unidad como una plataforma externa carbonatica, con edad Turoniense Medio.

Segun Gil-Gil et al. (2006), la asociacion fosil de la unidad indica influencia de los
dominios ocednicos Atlantico al Noroeste y del Tethys al Sureste. Debido a cambios de
buzamiento en la microplaca de Iberia, durante la rotacion antihoraria de la placa, dando
la apertura del Golfo de Vizcaya.

La asociacion fosil de los afloramientos es parecida a la que Barroso-Barcenilla et al.
(2018) encuentran en el area de Tamajon, con bivalvos como Ceratostreon flabellatum,
Rhynchostreon suborbiculatum, Plicatula auressensis, gasteropodos del género

Drepanocheilus y equinoideos de simetria radial como Tetragramma variolare.

Resultados
Se estudia el afloramiento al oeste de Villaverde de Montejo, levantando siete columnas

estratigraficas en tres unidades estratigraficas que dan resalte (Fig. 1). La primera unidad
C7, en la segunda C1 y C4-6 y en la tercera unidad las columnas C2 y C3.

En C7 (Fig. 2) se observan calizas wackstone nodulosas amarillas de bivalvos
(Ceratostreon flabellatum y Rhynchostreon suborbiculatum) y equinoideos con simetria

bilateral. Los bivalvos estan reorientados siguiendo los ejes antero/posteriores de los
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individuos y fragmentados. Los equinoideos presentan elipsoides de deformacion

tridimensionales.
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Figura 1. Situacion de las columnas en los afloramientos.

La segunda unidad presenta dos tramos a lo largo de las columnas, el primero con calizas
nodulosas mudstone-wackstone cuya potencia oscila entre 26-81 cm, con restos de
Ceratostreon flabellatum, Rhynchostreon suborbiculatum, Plicatula auressensis,
gasteropodos del género Drepanocheilus y equinoideos como Tetragramma variolare y
equinoideos con simetria bilateral, cuyas abundancias varian segun la seccion.

El segundo tramo presenta calizas con nodulizacion mas intensa, con texturas wackstone-
packstone, y potencias variables, con asociacion fosil de Ceratostreon flabellatum,
Rhynchostreon suborbiculatum, Plicatula auressensis y fragmentos de bivalvos.

La tercera unidad presenta un cambio lateral de facies, con dos tramos de areniscas en la
columna C3 (Fig. 2), que presentan fragmentos de bivalvos y el primero de estos restos
vegetales carbonosos. Al oeste la unidad pasa a carbonatos (C2, Fig. 3) mas potentes con
restos de bivalvos (Rhynchostreon suborbiculatum y Ceratostreon flabellatum) y
equinoideos con simetria bilateral.

Se reconocen procesos fosildiagenéticos, en los equinoideos con silicificaciones y
elipsoides de deformacion tridimensionales. Algunos ejemplares de bivalvos, presentan
silicificaciones (Fig. 3a). Son frecuentes los procesos bioestratindmicos, con bioerosiones
en forma de borings (Fig. 3b) y la desarticulacion de las valvas, en algunos casos
Rhynchostreon suborbiculatum, se puede encontrar relleno sedimentario y cementaciones
algales.

Se han realizado dos laminas delgadas, en C6 y C3 (C2-B3). El tramo dos de C6 presenta
packstones bioclasticos, trimodal con recristalizaciones de calcita en los restos de

bivalvos, placas de equinodermos micritizadas.
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Figura 2. Columnas estratigraficas de la unidad 1 y unidad 3. Con la situacion de la muestra C2-B3.
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Figura 3. 3a) Lamina del ejemplar silicificado. 3b) Lamina C2-B3.

La lamina C2-B3, (posicion estratigrafica en Figura 2), presenta bivalvos centimétricos
con micritizacion por microborings y neomorfismo (Fig. 3b). Los bivalvos se encuentran
orientados siguiendo su eje antero/posterior.

Se ha realizado dos secciones de un ejemplar de Ceratostreon flabellatum (Fig. 3a), donde

se observan silicificaciones destructivas siguiendo los anillos de crecimiento o creando
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nodulos destruyendo por completo la microestructura. Estas silicificaciones solo se

encuentran en los restos esqueléticos.

Discusion

La primera unidad se interpreta como un episodio de alta energia en la cuenca (tempestita),
atrapando a la fauna reorientdndola en su deposicion, la segunda unidad también se
interpreta como el mismo proceso, con cambios en el espacio de acomodacion en la
cuenca, lo cual indica una cuenca heterogénea e irregular.

La tercera unidad presenta al oeste el mayor espesor de todas las unidades estudiadas, con
un primer episodio de profundizacion pasando a margas y una posterior somerizacion con
calizas nodulosas que pasan a tableadas. Se puede observar que el espacio de
acomodacion disminuye rapidamente como indica el tramo 6 constituido por packstones.
Al este disminuye atin mas su profundidad y recibe aportes de sedimento continental.
Las microfacies indican un ambiente tranquilo para el desarrollo de la micritizacion, con
una comunidad f6sil abundante, con episodios de mayor energia que conservan los restos,
que son silicificados y recristalizados destruyendo su textura. Por ello se le asigna a la
formacion un ambiente de plataforma interna somera.

Conclusion

El registro fosil, paleobiologico y tafondmico, aporta informacion paleogeografica y
estratigrafica sobre la que apoyar interpretaciones paleoambientales. En este caso

pasando de una plataforma externa a interna con aportes del continente
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Introduction

Record of Mesozoic plant-arthropod interactions in the Iberian Peninsula are very scarce
compared to other regions. However, in the last four years, these type of studies have
experienced notable advances in this area, with the publication of the first Mesozoic
interactions in Cycadales / Bennettitales leaves from the Aalenian (Jurassic) (Santos ef al.
2021) and angiosperms from the Albian-Aptian (Cretaceous) (Sender et al. 2022).

In this symposium we will show the preliminary results of a computed X-ray tomography
study on two specimens of fossil wood of gymnosperms found in the deposits of
Fuentezarza-I1 and Pefiuquillo located in the Ledanias de Salas de los Infantes, Castrillo
de la Reina, Hacinas and Monasterio de la Sierra (Burgos). The geologic context is the
Cameros Basin, western sector, in the Pinilla de los Moros Formation, dated as upper

Hauterivian-lower Barremian (Martin-Closas and Alonso Millan, 1998).

Objectives

The main objective is to examine, in a non-destructive way, the inner structures of two
specimens of fossil wood of gymnosperms (ID-50 and ID-87) to describe and study the
internal galleries in the wood. The second objective is the creation of 3D models that are

suitable for the analysis of the specimens, as well as the dissemination of the same and
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the information obtained. The third objective is to deduce the possible culprits of these

galleries and understand their reproductive and feeding behaviour (in progress).

Methodology and results

For the data collection of the interior and exterior of the pieces, they were scanned with
an FF20-CT tomograph at a resolution of 52 pum. The image was segmented with
AVIZO3D using the feature adaptive thresholding method. These procedures allowed the
elaboration of a high-resolution 3D model and images, observing different types of
galleries within the specimens. The process described above provides very precise
information on the pieces; however, it does not allow us to obtain color data. For this
reason, to document the external appearance of the trunks (their color), two
photogrammetric models were made using a Canon PowerShot SX700 HS camera and
Agisoft Metashape software.

On the one hand, the high resolution and large size of the 3D models obtained with the
tomograph (several Gigabytes) made it necessary to post-process each model to reduce
its weight and get files that could be handled fluently by our computers. Once achieved,
to show the pieces and the galleries they contain, we worked with the free software
Blender.

On the other hand, the photogrammetric models were also post-processed, applying an
optimization process, which allows us to obtain models with less geometry, therefore less
heavy, but visually identical to the high-resolution ones.

The final result has been a collection of high-resolution 3D models, which allow us to
study each piece as if it were the original, in addition to other models intended for
dissemination, which can be viewed freely, free of charge, from any device, and anywhere
in the world from the virtual museum of the Iberian Paleobotany Group, on the Sketchfab

platform.

Discussion

The application of microCT on the trunks with galleries allows the detailed observation
of the different types of galleries: egg and larvae galleries, feeding tunnels, and possible
pellets inside the galleries, which provides clues for the deduction of the potential
producers of the galleries (preliminary attributed to the Curculionidae family, and

Scolytinaede subfamily) as well as on their reproductive and feeding behavior.
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The interactions studied here represent the first Barremian records from the Iberian
Peninsula and the first evidence of galleries made by Coleopteran insects in wood in the

fossil record of this area.
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Nowadays, more than thirty new dinosaur species have been erected in Spain, which turns
it into a worldwide hot spot for the knowledge of the Upper Jurassic-Upper Cretaceous
dinosaurs. In particular, about a third of these defined dinosaurs have been described for
the first time in the Teruel Province, and eight of them were found in Lower Cretaceous
deposits. The upper Hauterivian-lower Barremian (Lower Cretaceous) section in this
province, which lies within the Maestrazgo Basin (Salas and Guimera, 1996), includes
several continental lithostratigraphic units that have yielded highly diverse dinosaur
bones and tracks. Here, we present the most relevant discoveries of dinosaurs found in
one of these units, the Areniscas y Calizas de El Castellar Formation, in the southwest

margin of the Maestrazgo Basin.

The El Castellar Formation (Salas, 1987) outcrops extensively along this sector of the
Maestrazgo Basin, in the so-called Pefiagolosa and Galve sub-basins (Salas and Guimera,
1996; Mas et al., 2004). This lithostratigraphic unit is divided into two stages, a lower
one more detrital, with shales, evaporites and sandstones, and an upper one composed by
limestones and marlstones (e.g. Cobos et al., 2012); both deposited in a coastal wetland
system (see Garcia-Cobefia et al., 2022). Martin-Closas (1989) dated this formation as

upper Hauterivian-lower Barremian trough an association of charophytes.

Respect to dinosaur direct remains, isolated vertebral centra, teeth and bone fragments
are the most frequent skeletal elements found in the El Castellar Formation. Despite this,
our current knowledge on dinosaur faunas in this formation suggests a remarkable
regional diversity. Among the saurischians, theropods are represented by basal tetanurans

such as Allosauroidea? indet. (Ruiz-Omenaca, 2006), Spinosauridae indet. (Gasca et
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al.,2018), Baryonychinae indet. (Gasca et al.,2008, 2009a, b) and aff. Baryonyx sp.
(Gasca et al.,2018), and small coelurosaurs, including Maniraptoriformes indet. (Ruiz-
Omeitiaca, 2006; Gasca et al., 2009a, b) Maniraptora indet., Velociraptorinae indet. and
‘Prodeinodon’ sp. (Ruiz-Omenaca, 2006); and sauropods by neosauropods as
Camarasauridae? indet. (Ruiz-Omenaca, 2006), ‘Pleurocoelus valdensis’ (Ruiz-
Omefiaca, 2006; Ruiz-Omefiaca and Canudo, 2005) and Oplosaurus armatus (Royo-
Torres and Cobos, 2007). On the other hand, ornithischians comprise basal forms such as
Heterodontosauridae indet. (Ruiz-Omefiaca, 2006), thyreophorans as Ankylosauria indet.
(Gasca et al., 2009b) and other remains attributed to Stegosauria indet. (Pereda-
Suberbiola et al., 2005) which, however, Royo-Torres et al. (2009) suggested that they
come from the underlying Villar del Arzobispo Formation, and ornithopods. This latter
group is represented in this unit by fossils of small basal ornithopods such as
Hypsilophodontidae indet. (Ruiz-Omeifiaca, 2001, 2006; Gasca et al., 2009a, b) and those
more common of large styracosternans, for instance Styracosterna indet. (Cobos ef al.,
2012; Guerrero and Cobos, 2017; Verdu et al., 2019; Garcia-Cobefia et al., 2022),
Iguanodontoidea indet. (Luque et al., 2006; Gasca et al., 2009a), cf. Iguanodon sp. (Ruiz-
Omenaca, 2006) and Iguanodon cft. galvensis (Garcia-Cobefia et al., 2022).

Recently, the first reports about dinosaur tracks in the El Castellar Formation of the
Pefiagolosa (Garcia-Cobefia et al., 2022) and Galve (Castanera et al., 2022) sub-basins
have been published. In both cases, all the tracks are preserved as natural casts with a
different anatomical definition, and related to large ornithopod trackmakers, mainly to
styracosternans. These tracks were assigned to Iguanodontopodidae indet. and
Caririchnium-like (Garcia-Cobena et al., 2022), and Caririchnium magnificum.

(Castanera et al., 2022).

The dinosaur faunal association recorder in the El Castellar Formation in the southwest
Maestrazgo Basin resembles others for the same age in Spain and outside this basin, such
as that of the Golmayo Formation of Soria Province (Fuentes-Vidarte et al., 2005, 2016;
Pereda-Suberbiola et al., 2007; Royo-Torres et al., 2017).

As conclusion, we infer that large ornithopod styracosternans were frequent inhabitants
of the lacustrine-palustrine environments developed in a coastal wetland system during

the late Hauterivian-early Barremian in the southwest sector of the Maestrazgo Basin.
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They shared these ecosystems with large tetanurans and small coelurosaurs, huge

neosauropods, ankylosaurs, and small basal ornithopods.
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The Cenomanian (basal Late Cretaceous) pleurodiran turtle Algorachelus peregrina is the
oldest representative of the Bothremydidae clade currently described in Europe. This
species has been defined in the uppermost middle-lowermost upper Cenomanian site of
Algora (Guadalajara, Central Spain), being subsequently identified in the middle
Cenomanian locality of Nazaré (West Central Portugal). The Algorachelus peregrina
material found in its type locality (i.e., the Algora site) represents the largest concentration
of remains of a bothremydid member recorded in Europe. The availability of numerous
specimens as well as their generally good preservation has allowed us, in previous studies,
to provide a preliminary characterization of the shell of this taxon at an intraspecific level
(e.g., individual variability and sexual dimorphism). Likewise, a few examples of the
extreme cases of morphological variation (i.e., anomalies) have also been previously
documented in Algorachelus peregrina; however, these have not been characterized in
detail. In this context, the detailed study of the shell anomalies of Algorachelus peregrina
is carried out herein. The evaluation of hundreds of shell remains (i.e., both disarticulated
and articulated plates as well as complete shells) allow us to determine the frequency and
distribution of these anatomical deviations providing, for the first time, detailed data
regarding the manifestation of this type of intraspecific variation for a member of
Bothremydidae. Also, the morphogenetic cause of each typology of anomaly is discussed
herein. As a result, a relatively broad spectrum of anomalies is reported for A/gorachelus

peregrina.
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Introduccion

Este estudio tiene como objetivo la datacion palinoestratigrafica y reconstruccion
paleoambiental del yacimiento fosil de “Los Ganchos” en materiales de la Formacion
Villar del Arzobispo del area de Alpuente en la comarca de Los Serranos (Valencia).

La formacidn se extiende por la Cuenca Suribérica y presenta un amplio registro de fosiles
de dinosaurios, macroflora e invertebrados. Estudios recientes con foraminiferos le
asignan una edad de Kimmeridgiense-Tithoniense o transito Jurasico-Cretacico para la
Fm. Villar del Arzobispo (Campos-Soto et al. 2019). Aunque en el area de Galve se le
llega a asignar una edad Berriasiense inferior (Santos et al. 2018).

Los estudios palinologicos del Jurasico Superior y limite J/K son muy escasos (Mohr
1989, Santos et al. 2018, Rodriguez-Barreiro et al. 2022). En el area de Alpuente no se
han publicado hasta el momento asociaciones palinologicas, lo que contrasta con el
amplio conocimiento de vertebrados en la zona, especialmente dinosaurios, incluyendo
restos de Sauropoda, Stegosauria, Ornithopoda y Theropoda (Sufier et al. 2021, Sanchez-
Fenollosa et al. 2022).

El yacimiento de Los Ganchos esta emplazado en el relleno sedimentario de un cauce
encajado en materiales de un delta dominado por procesos de oleaje y sometido a
eustatismo relativo. Los depdsitos muestreados se pueden situar en el cortejo
sedimentario transgresivo de una secuencia deposicional con caracter transgresivo —

regresivo.
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Material y métodos

Las muestras han sido tomadas en el yacimiento de Los Ganchos, recogiendo un total de
cinco muestras de los niveles con abundante materia organica, proximos a zona de
aparicion de restos fosiles (LG-A, LG-B, LG-03, LG-pre04 y LG-04). Las técnicas
utilizadas para el procesamiento de las muestras en el laboratorio son las técnicas
palinoldgicas estandar HCI-HF-HCI descritas por Wood et al. (1996).

Tras el andlisis se montaron varias laminas delgadas y rosetas de SEM y se realizaron
fotografias de los palinomorfos encontrados en el microscopio optico (Leica DM 2000

LED) y en el microscopio electronico de barrido (JEOL-6010LA).

Resultados

Tras examinar cuatro laminas de los cuatro niveles muestrados se han identificado un
total de 43 morfoespecies pertenecientes a 25 morfogéneros incluyendo esporas, granos
de polen y hongos.

Se observo una mayor diversidad de esporas con respecto a granos de polen (15
morfogéneros de esporas frente a cuatro de granos de polen), aunque la abundancia
relativa de estos Uultimos era mayor, destacando la marcada dominancia de
Spheripollenites. En lo que respecta a los hongos su abundancia y diversidad varia

notablemente entre niveles, identificindose 4 morfogéneros diferentes.

Discusion

En la asociacion palinologica estan presentes varios taxones con un amplio rango de
aparicion, siendo comunes en mas de un periodo geoldgico. Sin embargo, aparecen
también taxones con un rango temporal mas limitado. Entre ellos destaca el género
Cicatricosisporites, cuya FAD en Europa y Africa se sitia en el Kimmeridgiense (Filatoff
1975, Dettmann y Clifford 1992, Santos et al. 2021), por lo que su presencia nos indica
que la muestra no podria tener una edad anterior al Kimmeridgiense (157.3+1.0Ma). La
presencia de Cicatricosisporites spp. junto con Concavissimisporites montuosus,
Contignisporites  fornicatus, Polycingulatisporites crenulatus 'y Klukisporites
neovariegatus sugiere una edad Kimmderidgiense-Berriasiense inferior para el

yacimiento de Los Ganchos.
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Palinomorfo Afinidad botanica
Alisporites Pinaceae; Podocarpaceae
Auracariacites Araucariaceae
Baculatisporites Osmundaceae
Cicatricosisporites Schizaeaceae
Concavissimisporites Cyatheaceae; Dipteridaceae; Matoniaceae
Contignisporites Schizaeaceae
Cyathidites Cyatheaceae; Dipteridaceae; Matoniaceae
Ischyosporites Schizaeaceae
Klukisporites Schizaeaceae
Leptolepidites Lycopodiaceae; Selaginellaceae
Polycingulatisporites Sphagnaceae
Spheripollenites Taxodiaceae; Cheirolepidiaceae
Todisporites Osmundaceae

Tabla 1. Tabla que relaciona a los géneros de pdlenes y esporas mas abundantes en Los Ganchos con las

familias o géneros actuales con los que guardan relacion.

Como se observa en la Tabla 1, los grupos de plantas dominantes en las tafocenosis del
area de Alpuente son gimnospermas de porte arboreo relacionadas con las familias
Cheirolepidiaceae/Taxodiaceae y Pinaceae relacionadas algunas de ellas con climas secos
y costeros (e.g., Abbink et al. 2004). Sin embargo, la diversidad de familias de helechos
encontrada en la asociacion palinologica (como Cyatheaceae, Dipteridaceae,
Matoniaceae, Osmundaceae o Schizaeaceae) evidencia también la presencia de zonas
hiimedas y favorables para el desarrollo de estos grupos de pteridofitas, esta elevada
variedad de familias de helechos ya fue observada en la macroflora y asociacién
palinolédgica de la Fm. Villar del Arzobispo en el area de Galve (Santos et al. 2018) de

una edad similar.
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Introduction

Zolhafah bella is a bothremydid turtle from the Maastrichtian Ammonite Hills (Dakla
Formation) of Egypt. It is exclusively known by its holotype, corresponding to a nearly
complete skull described by Lapparent de Broin and Werner (1998). Although it is
attributed to the clade Bothremydini, its precise phylogenetic position is currently under
debate. Thus, it has been interpreted as both a basal member of the clade Bothremydina
(Gaftney et al., 2006), and a taxon occupying a basal position within Bothremydini
(Martin-Jiménez and Pérez-Garcia, 2021).A more precise anatomical analysis of the skull
of this species will allow to improve our understanding of the phylogenetic relationships
between the representatives of this clade. To carry out the detailed analysis of the
holotype of Zolhafah bella, a CT scanning has been realized. The images obtained have
been processed through specific three-dimensional segmentation software to reconstruct
both the bony elements of the skull and the neuroanatomical structures (i.e., the cranial,
nasal, and labyrinthic cavities, and the carotid and nervous canals). As a result, the first
three-dimensional reconstruction of the neuroanatomical structures of Zolhafah bella is
presented here, being one of the few available for Bothremydidae. The comparison with
the neuroanatomy of other bothremydid taxa for which their complete or partial
reconstruction had been performed, including most lineages of this clade (i.e.,
Cearachelyini, Bothremydini, and Taphrosphyini), is also accomplished here. The new
information provided here for the bothremydid Zolhafah bella allows to improve the
comparative neuroanatomy framework for this diverse clade, allowing to recognize

synapomorphies for this group.

References

Gaffney, E. S., Tong, H., Meylan, P. E. (2006): Evolution of the side-necked turtles: The families

98



Bothremydidae, Euraxemydidae, and Araripemydidae. Bulletin of American Museum of Natural
History, (300), 700 pp.

Lapparent de Broin, F., Werner, C. (1998): New late Cretaceous turtles from the Western Desert, Egypt.
Annales de Paléontologie, (84), 131-214.

Martin-Jiménez, M., Pérez-Garcia, A. (2021): Neuroanatomical study and three-dimensional reconstruction
of the skull of a bothremydid turtle (Pleurodira) based on the European Eocene Tartaruscola
teodorii. Diversity, (13, 298). https://doi.org/10.3390/d13070298.

99


https://doi.org/10.3390/d13070298

One of the last dinosaur-bearing sites before the K/Pg boundary
(Veracruz 1, NE Spain): a palynostratigraphical and paleoecological
approach

Martinez de Espronceda, P.!, Rodriguez-Barreiro, 1.!'2, Pérez-Pueyo, M.3, Badenas, B.3,
Canudo, J.I, Puértolas-Pascual, E.>*, Sender L.M.’, Diez, J.B.'2.

1: Departamento de Xeociencias Marifias e Ordenacion do Territorio, Facultade de Ciencias do Mar.
Universidad de Vigo, 36310 Vigo, Spain. pilarespronceda94@gmail.com

2: Centro de Investigacion Mariiia, Universidad de Vigo (CIM-UVIGO), 36310 Vigo, Spain.
3: Grupo Aragosaurus-IlUCA, Facultad de Ciencias. Universidad de Zaragoza,50009 Zaragoza, Spain.

4. GeoBioTec, Departamento de Ciéncias da Terra, FCT, Universidad Nova de Lisboa. 2829-516.
Caparica, (Setubal, Portugal).

5. Area de Paleontologia, Facultad de Ciencias. Edificio C, Universidad de Zaragoza, Zaragoza, Spain.

Keywords: Tremp Formation, Paleopalynology, Maastrichtian, K/Pg boundary, South-Central Pyrenees.

Introduction

The continental stratigraphic series in Europe including the K/Pg boundary are scarce.
Some of the best examples are located in SW Europe, particularly in NE Iberian Peninsula.
This is the case of the Tremp Formation outcropping in the South-Central Pyrenees in the
so-called Tremp Basin, spanning from the end of the Cretaceous to the beginning of the
Paleogene (Rosell et al., 2001). This formation is particularly interesting as it includes
one of the most modern Cretaceous tetrapod fossil assemblages in Europe (Fondevilla et
al., 2019; Pérez-Pueyo et al., 2021). The present work is a palynological study of the
Veracruz 1 site within the Tremp Formation that provides a palynostratigraphic dating

and new information to the paleoecological interpretation of the area.

Geographic and geological context

The study focused on the Veracruz 1 (VE1) site that is located in the surrounding area of
Beranuy municipality in the northwestern sector of the Tremp Basin. This formation, in
the studied area, has two informal units: Grey and Lower Red (Puértolas-Pacual et al.,
2018). The VEI site is within the lower part of the Tremp Formation (Grey Unit). The
Grey Unit consists of mudstones and marly mudstones with some intercalations of cross-

bedded sandstones and sandy limestones interpreted as a barrier-lagoon system (Rosell et
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al., 2001; Villalba-Breva and Martin-Closas, 2012). The Grey Unit is overlaid by the
Lower Red Unit that is mainly composed by continental mudstones and sandstones. Both
units are dated as late Maastrichtian in this sector of the basin, within the magnetochron
C29r, where the K/Pg boundary is located (Puértolas-Pascual et al., 2018). The VE1 site
has a rich fossil association, with foraminifera, charophytes, plants, bryozoans,
gastropods, bivalves and decapod crustaceans, and also several groups of vertebrates,
including fishes, amphibians, turtles, crocodylomorphs and dinosaurs (hadrosauroids and

theropods).

Methodology

One marly mudstone sample was collected from the Grey Unit in the VEI site. The
standard palynological techniques described by Wood et al. (1996) were applied to the

sample treatment.

Results

The palynological assemblage found has a good preservation and high diversity. A total
of 41 fossil-genera were identified, including spores, pollen, dinoflagellates, algae, and
fungi. The angiosperm pollen dominates the assemblage, especially Liliacidites and post-
Normapolles group. A high continental character is observed, but freshwater/brackish

algae and dinoflagellates indicate marine influence in the area.

Discussion

A late Maastrichtian age for the VEI palynological assemblage can be deduced based on
the following selected taxa: 1) the presence of S. microconstans, which is registered solely
during the Maastrichtian; 2) the fact that the Last Occurrence (LO) of C. insignis, L.
dettmannae, and T. granulosus is recorded in the late Maastrichtian so far; 3) the presence
of the fossil-genera Bacumorphomonocolpites and Rugulitriporites pflugii whichhave

their First Occurrence (FO) in the late Maastrichtian.

Previous dating of the Tremp Formation at basin-scale indicate that the unit accumulated
in the interval period from the end-Cretaceous to the lowermost Paleogene, as it is shown
by the magnetostratigraphic (Oms et al., 2007; Canudo et al., 2016; Fondevilla et al., 2016)

and biostratigraphical studies (Diez-Canseco et al., 2014; Vicente et al., 2015). However,
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due to the existence of a lateral facies change between the Grey and Lower Red Units,
depending on the geographic position of the studied section and due to diachronism, the
Grey Unit may correspond to a different age within the Maastrichtian. The Grey Unit in
the Beranuy-Serraduy area is within the magnetochron C29r (late Maastrichtian)
according to combined magnetostratigraphical and biostratigraphical studies (Canudo et
al. 2016; Puértolas-Pascual et al., 2018). All above agrees with our new age proposal

obtained through palynological dating.

According to the dominant palynomorphs observed, the plant community will be mainly
represented by a seaside forest of Jungladaceae/Myricaceae trees and shrubs (walnut and
bayberry-like) with a flowering understory of Liliaceae herbs. The paleoenvironment of
the area suggests a transitional background with continental and marine influence, due to
the presence of freshwater fossil-taxa (Chomotriletes fragilis, Ovoiidites springii) and
dinoflagellate cysts (Sepispinula sp., Spiniferites cf. ramosus), in agreement with the
hypothesis proposed of the Grey Unit being a barrier-lagoon system (Rosell et al. 2001;
Villalba-Breva and Martin-Closas, 2012).

A Gondwanan paleoecological influence has been observed. Although, the VEI
assemblage is dominated by palynomorphs from the Normapolles Province there is a
significant presence of representatives from the Palmae Province (e.g.,
Bacumorphomonocolpites). This influence has been already observed during the late
Maastrichtian, as Laurasian occurrences of Bacumorphomonocolpites in the late
Maastrichtian of the Iberian Peninsula (Mayr et al., 1999) and the Netherlands (Herngreen
et al., 1986).

Conclusions

The VE1 palynological assemblage belongs to the late Maastrichtian, representing a plant
community dominated by Liliaceae herbs and Jungladaceae/Myricaceae trees and shrubs
with Gondwanan influence. The presence of fresh-water algae and dinoflagellate cysts

reinforces the hypothesis of the area as a barrier-lagoon type sedimentary environment.
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Introduction

The dinosaur sauropods are the biggest terrestrial animals that have walked on Earth so
their distribution and way of life are always under review. The presence of
Titanosauriformes and rebbachisaurid sauropods at the Barremian of the Iberian
Peninsula is well documented (Canudo et al., 2008; Royo-Torres et al., 2012, 2014, 2017;
Torcida Fernandez-Baldor et al., 2011; 2017). The Blesa Formation shows the start of the
Cretaceous sedimentation (Barremian) in the Oliete subbasin, the most northwestern
subbasin included in the Mesozoic Maestrazgo basin (Teruel). The dinosaur
paleobiodiversity of the Lower Blesa Sequence (Aurell et al., 2018) is relatively well
known due to the La Cantalera-1 site, where hundreds of fossils have been recovered,
most of them isolated teeth (Canudo et al., 2010). The sauropod fossils are scarcer: two
isolated teeth and fragments of one more, besides a fragmented cervical vertebra assigned
to enigmatic Euhelopodidae indet. (Canudo et al., 2002). Until now, no sauropod remains
were known in the Upper Blesa Sequence (Aurell et al., 2018). The objective of this work
is to describe for the first time new sauropod remains recovered in the most modern part

of the Blesa Formation in Alacon and Obon respectively.

Material and Methods

The anatomical nomenclature used in this study is what is common for Sauropoda. The
fossil bones are stored at the Museo de Ciencias Naturales of the Universidad de Zaragoza,
under the label MPZ (Canudo 2018). The material studied is a caudal vertebra (MPZ
2022/726) and a right ischium (MPZ 2019/262). Mechanical methods have been used for
the preparation of MPZ 2022/726. The ischium MPZ 2019/262 was prepared with

chemical and mechanical methods.
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Results

MPZ 2022/726 is a middle-posterior caudal vertebra. It comes from a conglomeratic level
that marks the start of the continental sedimentation of the Upper Blesa Sequence near
Alacon locality. No more sauropod remains have been founded at the site. The centrum
is broken and the left posterior half and the neural arc are practically lost, as well as the
external surface in the union between the articular facets and the sides of the centrum.
The suture of the neural arc with the centrum is totally closed, which, together with the
size of the centrum, indicates that MPZ 2022/726 corresponds with an adult specimen.
The vertebra is 170mm length, 110mm width and 100mm dorsoventrally in the anterior
articular facet. MPZ 2022/726 is amphicoelous with both articular facets slightly concave.
Anteroposteriorly the centrum is concave in both ventral and lateral surfaces and has a
smooth ridge directed anteroposteriorly in the middle of the lateral surfaces. The internal
structure of the centrum has relatively small cavities. The neural arc is located in an
anterior position and lacks transverse process, just a smooth buldge in the lateral surface,
indicative of the posterior caudal position of the vertebra.

MPZ 2019/262 is a small and mostly complete right ischium. It was recovered from the
limestones near at the base of the Upper Blesa Sequence near Obon village. One strong
predatory mark can see in the medial surface near the base of the ischial ramus. One more
possibly tooth mark is located anterior to this one. The edges of the pubic peduncle and
the base of the ischial ramus are slightly broken due to their slender end. The iliac
peduncle and the end of the ischial ramus are not completely preserved. Its dorsoventral
length is 45cm, the pubic peduncle length is 16cm (but its ventral end is broken) and the
maximum length of the ischial shaft is 20cm. The iliac ramus is well differentiated,
projected posteriorly and the outline has a conic morphology in posterior view, being
widest in the proximal part although it is not complete. The acetabulum medial surface is
slightly concave and has a narrow-broken margin so the contribution in the acetabulum
is not clear. The pubic peduncle is expanded dorsoventrally and its margin is extremely
thin. The medial surface of the main body is convex and the lateral surface is concave.
The ischial ramus preserved (almost complete) is approximately equal to the rest of the
ischium. It has triangular shape in cross-section. The ramus slightly twists towards itself
with the medioventral surface turning into most ventral position, at the same time than
the ramus turns posteroventrally, forming a concave lateral outline for the posterior edge

of the ischium. The distal end of the ramus is not expanded. From the medial surface of
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the ramus emerges a strong ridge that ends in the middle of the main body of the ischium,

near the posterior end.

Discussion

The general morphology of the MPZ 2022/726 allow us to assign it to the
Titanosauriformes clade, with the neural arch moved to an anterior position and both
articular facets concave (Salgado et al. 1997). The size of the centrum is similar to those
of middle caudal vertebra of Soriatitan golmayensis (Royo-Torres et al., 2017) and
probably to Europatitaneastwoodi (Torcida Fernandez-Baldor et al. 2017), but no middle
caudal vertebrae are preserved for this second.

The general morphology of MPZ 2019/262 is similar to the ischium of Titanosauriformes
sauropod clade as Europatitan eastwoodi (Torcida Fernandez-Baldor et al. 2017),
Soriatitangolmayensis (Royo-Torres et al. 2017) or Tastavinsaurus sanzi (Canudo et al.
2008) more than to the Rebbachisauridae like Demandasaurus darwini (Torcida
Fernandez-Baldor et al. 2011). The morphology of the ischiadic blade, slender, with no
expanded distal end and directed ventrally instead of posteriorly or posteroventrally is
similar to the Soriatitan ischium more than to the Tastanvinsaurus and Europatitan ones.
Due to the isolated state of the ischium and considering the characters described below

we decide to assign it to Titanosauriformes indet.

Conclusions

In the current state of knowledge, the sauropod remains are scarcer in the Barremian
Oliete subbasin in comparison with other Barremian areas of the Iberian Peninsula where
sauropod material is more common (i.e., the Maestrazgo Basin or the Cameros basin). At
the moment it cannot be affirmed that this particularity is the result of a preference of the
Iberian sauropods for a particular environment scarce in the Oliete sub-basin, or simply
due to the taphonomic and fossilization processes.

The new sauropod material of the Upper Blesa Sequence Blesa Formation is assigned to
Titanosauriformes indet. probably closely related with Soriatitan. Basal
Titanosauriformes are the most common group of sauropods in the Iberian Barremian, so
their presence in the Oliete sub-basin is consistent.

The Titanosauriformes taxon present in the upper sequence of the Blesa Formation could
be related to the Euhelopodidae cited in the lower sequence, which for some authors is a

non-Titanosaurian Titanosauriformes. However, the great resemblance of MPZ 2022/726
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and MPZ 2019/262 to Soriatitan makes us think that it is a different sauropod and
therefore there would be two sauropods in the Blesa Formation: Euhelopodidae indet and

aff. Soriatitan.
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Introduction

Sauropod pelvic girdles remain poorly understood, especially their three dimensional
morphology in anatomical articulation due the incompleteness of the fossil record, the
size of the elements and the general difficulty in handling the fossil specimens (e.g., Vidal
et al., 2020a, b). In the case of geometric morphometric analyses, incompleteness of the
fossil specimens and the lack of osteological features to sample landmarks adds to the
previously commented issues.

Sauropod pelvic girdle elements exhibit few osteological features that can be identified
as potential osteological characters (e.g., Mannion et al., 2019; Tschopp et al., 2015)
suitable to identify and define type-I and type-II landmarks (Rohlf, 1999). These types of
landmarks are desirable because they are restricted to a precise anatomical feature such
as trochanters, protuberances the union of several joints or crests. which reduce potential
sampling biases and errors.

In this study we define several landmarks and semilandmark curves in titanosaur ilia,
pubes and ischia and propose a multi-platform sampling workflow useful for including

titanosaur pelves in landmark-based 3D geometric morphometric (3D-GMM) analyses.
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Methodology

In order to define a template of landmarks and semilandmark curves, as well as to assess
the usefulness of the sampling method, we compared Lohuecotitan pandafilandi (HUE-
EC-01) and the other pelvic elements (e.g., HUE-EC-04) from Lo Hueco fossil site
(Upper Cretaceous. Cuenca, Spain), with other Upper Cretaceous titanosaur taxa. While
up to four potential morphotypes based on caudal morphology has been noticed in Lo
Hueco (Mocho et al., 2022; Vidal et al., 2017), the taxonomic affinities of the so far
undescribed specimens of Lo Hueco, such as HUE-EC-02, HUE-EC-04 or HUE-EC-13,
are currently unknown. Also, while phylogenetic relationships of Ibero-Armorican
titanosaurs are still debated, previous studies noticed for the presence of some
morphological features that are being used the characterize the members of the
Aeolosaurini clade (e.g., Mocho et al., 2022).

We sampled the ilia, pubes and ischia of seven titanosaur species (including Lohuecotitan
pandafilandi), cf. Neuquensaurus and “Neuquensaurus robustus” (Otero, 2010) which
taxonomical status is uncertain and the pelvis of an indeterminate titanosaur of Lo Hueco
(HUE-EC-04) via stereophotogrammetry. All sampled titanosaurs have at least one
element of each pelvic bone except for cf. Neuquensaurus and “N. robustus” morphotypes
which are fragmentary but were included to calculate potential ‘intra-specific’ variance
within Neugquensaurus. The titanosaur Aeolosaurus sp. lacks an ilium, but was also
included to assess the usefulness of our sampling method allowing a comparison between
Lo Hueco titanosaurs and Aeolosaurus sp. pubes and ischia.

Our landmark and semilandmark curve proposals include several supporting type-III
landmarks. The main landmarks are type-I and type-II, but type-III is unavoidable as
several features (e.g., boundaries of the ischiatic peduncle of the ilium) are not restrained
enough by other osteological features. Supporting landmarks on the other hand are placed
in sampling software like IDAV Landmark Editor (Wiley et al., 2005), ‘geomorph’ R-
package (Adams et al., 2019), Stratovan® Checkpoint®, or NURB curve placement (e.g.,
Molnar et al., 2012) when defining a semilandmark curves. We sampled these landmarks
as an easy way to deploy reference points from our template that can be easily replicated
in other studies and by other authors with a multi-platform capability. The support
landmarks and semilandmark curves were placed in a similar way as defining an outline
in lateral, anterior and dorsal view of the specimen in anatomical position. With this

strategy we tried to solve the problematic of semilandmark curve sampling in a complex
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morphology as a sauropod pelvic bone, as the outline will pass through the most external
edge of the specimen.

The incomplete specimens were virtually restored with the workflow proposed by Paramo
et al. (2022) but this time the support landmarks were excluded both from the estimation
and analysis pipeline within R. The support landmark role was left merely as guides for
the curve midpoints and joints as for now. The complete landmark and semilandmark
curve databases were then analyzed with generalized procrustes analyses (GPA) and

principal component analyses (PCA) of the GPA-aligned coordinates.

Results and Discussion

Our method has allowed us to compare the morphology of the Lo Hueco titanosaurs and
several Upper Cretaceous Gondwanan titanosaurian taxa. Virtual restoration could be
carried out with only two to three completed specimens with our current template of
landmarks and semilandmark curves. The mesh reconstruction via thin-plate spline
projection from the template (“atlas”) mesh to the incomplete specimen 3D mesh
following Paramo et al. (2022) has enabled to reconstruct and visualize of the pelvic
bones of fragmentary specimens. The resulting meshes and landmark and semilandmark
curves configurations recovered even the extremely gracile and narrow blade surfaces of
the specimens from rinconsaurian titanosaurs, despite an unbiased sample toward the
extremely robust and laterally deflected elements of the Saltasauridae, especially on the
ilia database.

Our analyses allow to differentiate between Rinconsauria and Saltasauridae pelvic bones.
There are few similarities between Aeolosaurus sp. and Lo Hueco titanosaurs but our
current sample is limited to test whether this morphological disparity is related with the
absence of phylogenetic affinities. Morphological differences between the pelvis of HUE-
EC-04 and Lohuecotitan pandafilandi are far greater than ‘intraspecific’ variance among
rinconsaurian and saltasaurid taxa, including Neuquensaurus spp. Therefore, it is likely
that Lohuecotitan pandafilandi and HUE-EC-04 represent two different taxa as previous
comparative analyses suggested. Relationships between HUE-EC-04 and the proposed
appendicular morphotypes (Paramo et al. 2022) remain still unknown. The inclusion of
more pelvic elements (especially the ones associated to other partial skeletons recovered

in Lo Hueco, such as HUE-EC-13 or HUE-EC-02) in future analyses landmark-based 3D
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GMM analyses will be important to test the presence of more than two pelvic

morphotypes, and eventually, the presence of more than two taxa.
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Introduction

The Barremian Blesa Formation was deposited in the Oliete sub-basin (north-western
Maestrazgo basin, East Spain) overlying Jurassic units unconformably. This formation is
divided into three genetic sequences: The lower Blesa sequence, characterized by distal
alluvial to palustrine marls/clays which grade upward to palustrine—lacustrine limestones;
the middle Blesa sequence, characterized by oyster-rich limestones and marls deposited
in a shallow restricted bay, grading to distal alluvial and palustrine—lacustrine marls/clays
and limestones towards the marginal areas of the basin, and upper Blesa sequence,
characterized by distal alluvial fan environments to palustrine and lacustrine carbonates
and marls/clays upwards (Aurell et al., 2018).

Blesa Formation is a very fossiliferous formation with abundant vertebrate remains
through the sub-basin extension and across the three sequences. More than 20
fossiliferous sites have been located and more than 30 vertebrate taxa have been
identified. Most of the vertebrate fossils are fragmentary material not classifiably at
generic or specific level, but there are dinosaurs (sauropods, theropods, ornithopods,
thyreophors), pterosaurs, plesiosaurs, squamates, chelonians, amphibians, mammals
(multituberculates), fishes (osteichthyes and chondrichthyes) and crocodylomorphs
(Canudo et al., 2010; Aurell et al., 2018 and references therein, Holgado et al., 2019,
Medrano-Aguado et al., 2019).

The most common taxa in the lower Blesa sequence are crocodylomorphs. They are
mainly represented by small isolated teeth found in La Cantalera-1 site (Puértolas-
Pascual, et al., 2015). The teeth may correspond to goniopholidids, bernissartiids,

atoposaurids and ziphodont crocodylomorphs, an assemblage of continental
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crocodylomorphs similar to other European Lower Cretaceous sites. In the middle Blesa
sequence there are some cranial remains of probably marine longirostrine
crocodylomorphs (Parrilla-Bel & Canudo, 2018). The upper Blesa sequence was the less
fossiliferous of the three sequences. However, several new sites have been found in recent
years, most of them located in the municipality of Estercuel (Teruel).

In the article by Aurell et al., 2018, crocodylomorph remains are cited in Barranco del
Hocino 1 (Estercuel, Teruel), in the upper sequence of the Blesa Formation, but no study
has been carried out on them. Here we present a preliminary study of the
crocodylomorphs association from Barranco del Hocino 1 describing for the first time

crocodylomorph remains from this sequence.

Material and methods

The material included in this study was recovered in several field campaigns since 2015
to 2019. All teeth from Barranco del Hocino-1 were collected during the excavation
process. A small sample of sediment has been washed and sieved and no crocodylomorph
teeth have been found. The fossils are housed in the Museo de Ciencias Naturales de la

Universidad de Zaragoza with labered MPZ (Canudo, 2018).

Results

Three different teeth morphotypes are present:

Morphotype 1.

The material referred to this morphotype is: 9 teeth, MPZ 2022/740 to MPZ 2022/748
They are generalist conical teeth, with subcircular cross-section, medium to high crowns
and acute apex slightly lingually curved. The transition between the crown and the root
is unconstricted. Total crown height ranges from 5 to 10 mm only exceeding this size
MPZ 2022/745 (17 mm) and MPZ 2022/742 (15 mm).The diameter of the base of the
tooth crown is less than one half of its height. The labial and lingual surfaces are separated
by smooth carinae with different degrees of development. The enamel is ornamented with
longitudinal ridges, parallel or slightly convergent towards the apex. The ridges are more
numerous, well-marked and packed on the lingual side. The number of ridges in this side
is smaller than 10, with the only exception of MPZ 2022/744 and MPZ 2022/748.
Morphotype 2.

The material referred to this morphotype is: 7 teeth, MPZ 2022/749 to MPZ 2022/755.
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This morphotype also corresponds with a generalist form described to morphotype 1 but
differs from it in teeth proportions and enamel ornamentation: medium height crowns,
with the diameter of the base of the crown greater than one half of its height. The labial
and lingual surfaces are separated by carinae with different degrees of development and
a small crenulation (false ziphodont) in some specimens. Both surfaces are ornamented
with numerous longitudinal ridges, parallel or slightly convergent towards the apex. The
ridges are more numerous (more than 10) and packed on the lingual surface.
Morphotype 3.

The material referred to this morphotype is: MPZ 2022/756 and MPZ 2022/757.

They are small conical teeth (crown high less than 5 mm), medium to high crowns, with
the diameter of the base of the crown equal or greater than one half of its height and
subcircular section. They are distally and lingually curved. The labial and lingual surfaces
are separated by serrated carinae (true ziphodont pattern) and the enamel lacks

ornamentation.

Discussion

The assemblage of Barranco de Hocino-1 is characterized by the absence of large
crocodylomorph remains. Three morphotypes of teeth can be recognized, but the
generalist morphology and the heterodonty jaws of crocodylomorphs makes difficult the
assignation of isolated teeth to a generic or even family level. Morphotypes 1 and 2 could
be assigned to Goniopholididae? indet. These morphotypes 1 and 2 represent the typical
generalist conical morphologies that are usually assigned to goniopholidids given the
abundance of this clade in most sites with vertebrates from the Upper Jurassic and the
Lower Cretaceous of Europe. Differences between both morphotypes can represent teeth
in different dental placements,from more anterior to posterior positions respectively.
Morphotype 3 has been assigned to Mesoeucrocodylia indet. This type of conical teeth
with serrated carinae by denticles (true zyphodonty) are typical of some terrestrial and
amphibian crocodylomorphs such as notosuchians, and some paralligatorids
(Wannchampsus) and crocodylians (e.g., Planocraniidae, Quinkana) (Osi et al., 2015).
However, the presence of these clades in the Early Cretaceous of Europe is unknown and,
therefore, this Morphotype 3 has been more openly assigned to Mesoeucrocodylia indet.
A comparison between La Cantalera-1 (lower Blesa sequence) and Barranco del Hocino

1 (upper Blesa sequence) sites, shows a lower crocodylomorph diversity in the second
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one: two different morphotypes assigned to goniopholidids and a third morphotype of
some indeterminate mesoeucrocodylian appear at Barranco del Hocino-1 site. On the
contrary, other clades such as bernissartiids or atoposaurids found in La Cantalera-1
(lower Blesa sequence), and common in the Lower Cretaceous, are not represented here.
The amount of sediment washed in the La Cantalera-1 site is much greater than in the
Barranco del Hocino-1, however, in the sediment sample that has already been washed
and sieved, no small-sized crocodylomorph teeth have appeared. Barranco del Hocino-1
represents an environment with higher energy than La Cantalera-1. The differences
between both fossil sites could be due to taphonomic processes, to the preference of small
taxa for a lower energy environment like that of La Cantalera-1, or to a specialization in
the faunas after the environmental change: continental-transitional-continental that

occurred along the depositional sequences of the Blesa Formation in that region.
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Helochelydridae is recognized as the most abundant clade of terrestrial basal turtles (i.e.,
Testudinata belonging to the stem group of Testudines) for both the uppermost Jurassic
to the uppermost Cretaceous record of Europe, and the Lower to the Upper Cretaceous
record of North America. Several representatives have been defined for the European
record. The two most complete European skeletons for this lineage have recently been
recognized in the lower Albian fossiliferous levels of the Santa Maria Quarry, in Arifio
(Teruel, Aragon, Spain). They were attributed to a single form, identified as a new taxon,
Aragochersis lignitesta. Additional material of Helochelydridae has been found at this
fossiliferous locality. Some of these remains have been prepared for study, but they
remain unpublished until now. Anatomical elements of juvenile and adult individuals are
recognized. However, not all of them seem attributable to Aragochersislignitesta. The
partial skeleton of an adult individual of Helochelydridae from Arifio is presented here.

Its attribution to a form different from Aragochersis lignitesta is discussed.
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Pleurosternidae is the only lineage of freshwater stem turtles (i.e., Testudinata not
attributable to the crown Testudines) recognized in both the Upper Jurassic and the Lower
Cretaceous records of Europe. This Laurasian lineage of Paracryptodira was identified by
several representatives in this continent, the greatest diversity recorded corresponding to
that from the Iberian Peninsula. The Iberian diversity is represented by forms recognized
as exclusive to this region, all of them defined after 2010. In fact, the youngest
representative of Pleurosternidac and the oldest European member of the group are
identified there. The latter corresponds to Selenemys lusitanica, from the upper
Kimmeridgian of the Lusitanian Basin, in central-western Portugal. The species was
defined by a shell preserving the complete plastron and the partial disarticulated carapace,
from Santa Rita (Torres Vedras). A partial articulated shell and three isolated plates from
the nearby locality of Peralta (Lourinhd) were also attributed to it in the paper where it
was defined. Considering the preservation of these remains, the original morphology of
the shell could not be adequately defined, and several anatomical characters, some of
them being relevant for the systematic discussions about the members of this lineage,
could not be recognized. However, no additional material attributed to the species have
been subsequently published.

We present here a new shell attributable to Selenemys lusitanica. It comes from an upper
Kimmeridgian outcrop of the Portuguese locality of Peniche (Lusitanian Basin). Its
excellent preservation allows to characterize morphological aspects hitherto unknown for
the shell of this taxon, as well as to recognize intraspecific variability for several
characters. Therefore, new data allow us to propose here a more detailed characterization

for the oldest species of Paracryptodira defined in the European record.
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The Spanish palacontological locality of Algora (Guadalajara) has provided the main
concentration of Cenomanian vertebrate macroremains identified in south-western
Europe. This faunal ensemble is composed by some vertebrate lineages that were present
in the European Lower Cretaceous sites, as well as by others not recognized in the Lower
Cretaceous fossil record of the continent. In this way, the information provided through
the analysis of the fossil remains found in Algora provides new data to understand, with
greater precision, the faunal transition between the European vertebrate faunas of the
Lower Cretaceous and those of the uppermost Cretaceous.

One of the lineages of turtles found in Algora corresponds to the group of Laurasian stem
turtles Helochelydridae. Although the form represented there was attributed to Helochelys
danubina, recent studies refuted that attribution, this turtle being identified, in a
preliminary way, as aff. Plastremys lata. A new excavation in Algora, carried out in 2021,
notably increased the number of remains of this lineage known for the fossiliferous
locality. In addition, this campaign provided some hitherto unidentified regions of the
shell, as well as elements of the girdles and of the appendicular skeleton previously not
found. The new fossils that provide more information from a systematic point of view are
presented here, so that the systematic position of the Helochelydrid represented in the

Cenomanian palacontological area of Algora is discussed based on the new evidence.

120



121



New fossil assemblage with crocodylomorphs and other vertebrates
around the Jurassic-Cretaceous transition of the Cameros basin (Soria,
Spain)

Puértolas-Pascual, E.!?, Canudo, J.I.!, Aurell, M.!, Galobart, A.>*, Moreno-Azanza, M.'?,
Castanera, D.!3.

1: Grupo Aragosaurus-IUCA, Paleontologia, Facultad de Ciencias, Universidad de Zaragoza, C/Pedro
Cerbuna, 12, 50009 Zaragoza, (Zaragoza, Spain). puertolas@unizar.es

2: GeoBioTec, Departamento de Ciéncias da Terra, FCT, Universidade Nova de Lisboa, 2829-516,
Caparica, (Setubal, Portugal)

3: Institut Catala de Paleontologia Miquel Crusafont, C/ Escola Industrial 23, 08201 Sabadell,
(Barcelona, Spain). dcastanera@hotmail.es

4: Museu de la Conca Della, C/ del Museu 4, 25650, Isona i Conca Della.

Keywords: Matute Alloformation, Tithonian-Berriasian, Mesozoic, Agreda, Pterosauria, Testudines,
Osteichthyes.

Introduction

The fossil osteological remains of vertebrates in the geological units that span around the
Jurassic/Cretaceous (Tithonian-Berriasian) transition in the easternmost sector of the
Cameros basin are very scarce. One of the units that has yielded a few fossil bones is the
Matute Fm, with some notable taxa such as the semionotiform actinopterygian
Camerichthys lunae Bermudez-Rochas and Poyato-Ariza, 2015, or the freshwater aquatic
Chelonia Pleurosternon moncayensis Pérez-Garcia, Martin-Jiménez, Aurell, Canudo and
Castanera, 2022. This contrasts with the large number of Berriasian tracksites (e.g.
Huérteles Fm.) and the diverse ichnofauna present at several parts of the Cameros basin.
These are dominated by dinosaurs, but also with presence of pterosaurs, crocodylomorphs
and testudine tracks (e.g., Castanera et al., 2018). On the other hand, the osteological
record found in the western Cameros basin is also more abundant (e.g., Torcida et al.,
2020).

Crocodylomorph remains are scarce in the Tithonian-Berriasian units of the Iberian Basin
rift system (e.g., Ortega et al., 1996). In this context, here we present the new
paleontological site of Ribota, which contains one of the richest fossil vertebrate
assemblages of the whole Cameros basin, and one of the few places in Europe with

abundant vertebrate fossils found around the Tithonian-Berriasian transition.
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Geographic and geological context

The Ribota site is located close to the locality of Agreda (Soria province, north-central
Spain), in the easternmost sector of the Cameros basin. This basin formed during the
extensional tectonics during the Late Jurassic-Early Cretaceous rifting stage (see Aurell
et al., 2021 and references therein). The site is located in the lower part of the lacustrine
carbonates of the Matute Fm (upper part of the Tera Group). Although the precise age of
this unit remains uncertain, its most probable age is late Tithonian-earliest Berriasian (see
Pérez-Garcia et al., 2022 and references therein). The Ribota site is included within a
carbonate-dominated interval outcropping over a large area of almost 10 hectares,
although other nearby areas where this unit outcrops also contain abundant vertebrate
remains showing a similar fossil assemblage.

The bonebed has a complex taphonomic history. Preliminary analysis allows its
characterization as a time-averaged multitaxic bonebed, formed by attritional
accumulation of disarticulated or partially articulated skeletal remains in a context of
sediment starvation in a lacustrine environment. The fossildiagenetic history of the site is
unusual and interesting. In the field the fossils outcrop as positive reliefs protruding from
the lacustrine limestone, being even harder than the rock and showing a very well-
preserved external morphology. However, in fracture, the bone tissue is highly
recrystallized barely retaining their internal structure, and being almost indistinguishable
from the encasing rock. The presence of a very low degree of metamorphism in the area
could explain this peculiar mode of fossil preservation. In the same strata there are
abundant pyrite crystals (Fig. 1B), some of them centimetric. The presence of large
pyrites in the eastern sector of the Cameros basin is well known, and their origin is
attributed to deep burial and hydrothermal metamorphism (Azcérate et al., 1995).
However, to understand the diagenetic processes that affected these fossils, further
mineralogical and geochemical studies are necessary.

Vertebrate assemblage and crocodylomorph remains

Ribota is a mega site of several hectares so rich that bones are practically found in every
m? of the outcrop. Nevertheless, it can be divided in three main areas with 36 small but
very rich, fossiliferous concentrations. With the exception of some articulated partial
skeletons of fishes and turtle shells, most of the remains appear scattered and

disarticulated. Up to date, over 80 vertebrate fossils have been collected in the area.
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In the outcrop, the most abundant remains correspond to isolated and disarticulated fish
bones (Fig. 1A), but also some partial skeletons of indeterminate osteichthyans were
collected (Fig. 1C). Other vertebrate remains include testudine plates and partial shells
(Fig. 1D), and few isolated cranial and appendicular pterosaur bones (Fig. 1E).
Interestingly, not a single dinosaur bone has been identified in the area so far.

The most abundant reptiles correspond to crocodylomorphs remains (Fig. 1F-N), that
represent more than a half of the collected bones. Isolated amphicoelous vertebrae from
the cervical (Fig. 1F), dorsal (Fig. 1H), sacral (Fig. 1G) and caudal (Fig. 11) regions have
been identified. The variety of sizes reveals the presence of small (Fig. 1H) to medium-
sized specimens. Some of them were recovered in an area of less than 1 m? presenting
similar sizes (Fig. 1N), so they could belong to the same individual. In addition, several
equidimensional ventral osteoderms (Fig. 1J) with polygonal outlines (hexagonal), have
also been recovered. Some dorsal osteoderms (Fig. 1K) twice as wide as they are long,
with a smooth articular facet in the anterior margin, an anterolateral peg, and the lateral
margin ventrally deflected, have also been identified. Among the cranial material,
isolated conical teeth (Fig. 1L) with basiapical ridges are abundant. In addition,
disarticulated cranial remains (Fig. IM) that could correspond to fragments of a mandible,
maxilla, or  premaxilla have also been recovered.  Given  the
paleogeographic/chronological context, the morphology of the vertebrae and teeth, and
the characteristic shape of the osteoderms, most of these remains can be provisionally
assigned to Goniopholididae indet. (Puértolas-Pascual and Mateus, 2020). However, until

they are prepared, a more precise taxonomic assignment cannot be made.

Conclusions

Here we present the Ribota bonebed, probably the richest osteological multitaxic
assemblage in units deposited around the Jurassic-Cretaceous boundary of the eastern
Cameros basin. Osteichthyan fishes are the most abundant remains, but it is also worth
noting the abundance of gonipholidid crocodylomorphs and the presence of testudines
and pterosaurs. This locality adds new data to the scarce European vertebrate fossil
assemblage of the Tithonian-Berriasian transition and helps fill the gap in the
crocodylomorph fossil record between the Upper Jurassic of Portugal and the Lower
Cretaceous of Spain. Further studies on this fossil site will help to have a more reliable

snapshot of how the lacustrine ecosystems were during this time interval in this region.
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Figure 1. A. disarticulated fish bones; B. pyrite crystals; C. partial fish skeleton; D. partial shell of testudine;

E. phalanx pterosaur; F-N. vertebrae (F-I, and N), osteoderms (J, K), tooth (L) and cranial fragments (M)

of crocodylomorphs.
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Introduccion

En el presente trabajo se estudid la palinologia de diversos niveles del Pliensbachiense
superior-Toarciense inferior de la seccion expuesta en los acantilados al N de la playa de
Lastres. Este intervalo se caracterizod por grandes cambios de temperatura a nivel global,
asi como por la presencia del Evento Andxico Toarciense (T-OAE) (Gomez et al. 2016;
Ruhl et al. 2016), que representa una de las mayores perturbaciones ambientales del
Fanerozoico. Este evento global implicé un rapido incremento de las temperaturas del
mar y anoxia generalizada causando extinciones marinas y una marcada estratificacion
oceanica (Correia et al. 2017). Dicho evento se caracteriza ademés por una disminucion
de los niveles de 8'3C registrados en materia orgdnica marina, que fueron también
identificados y localizados en diversas secciones de la costa asturiana (e.g., Gomez et al.
2016). A pesar de los grandes cambios producidos en el océano y en los organismos
oceéanicos durante el Pliensbachiense-Toarciense, poco se conoce todavia sobre los

efectos de este evento en las floras terrestres.

Los principales objetivos de este estudio son: (1) Caracterizar las asociaciones
palinoldgicas presentes en el Pliensbachiense superior-Toarciense inferior en la Fm.
Rodiles; (2) Observar la respuesta y los cambios de diversidad y abundancia en los
palinomorfos marinos y terrestres; (3) caracterizar el paleoambiente de las areas
emergidas que aportaron sedimentos a las series marinas de la Fm. Rodiles en los niveles

estudiados; (4) Deducir cambios en las palinofloras terrestres en respuesta al T-OAE.
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Contexto geografico y geoldgico

Las muestras aqui estudiadas proceden de los acantilados costeros localizados al N de la
playa de Lastres, constituidos por alternancias ritmicas de calizas y margas de la Fm.
Rodiles (Mb. Santa Mera). La edad de esta Formaciéon es Sinemuriense superior-
Bajociense inferior (Valenzuela et al. 1986; Borrego et al. 1996), pero en esta seccion
estudiada unicamente se ha muestreado desde el Pliensbachiense superior (zonas
Margaritatus y Spinatum) hasta el Toarciense inferior (zonas Tenuiscostatum y

Serpentinum).

Material y Métodos

En la seccion de la playa de Lastres se seleccionaron aquellos niveles con mayor
contenido en materia organica, con facies adecuadas para realizar analisis palinologicos,
y se recogieron 44 muestras palinoldgicas. Las muestras fueron procesadas mediante el
tratamiento palinolégico estandar HCI-HF-HCI descrito por Wood (1996) en la que los
carbonatos y la silice presentes en la matriz fueron eliminados mediante uso de HCI al
10% y HF al 40%. La extraccion se realizé mediante diferencia de densidades con el uso

de una centrifugadora.

Resultados y Discusion

En los 6 niveles productivos en palinomorfos se identificaron un total de 43 taxones. La
preservacion de las muestras del Mb. Santa Mera en general no fue buena, aunque
suficiente para permitir la identificacion de los taxones (ver Figura 1). En las muestras
estudiadas se observa una predominancia de palinomorfos terrestres (oscilando entre el

80.2-94.6% dependiendo del nivel) frente a los marinos.

Aunque varios de los taxones encontrados presentan un rango estratigrafico amplio,
algunos taxones permiten sugerir una edad més concreta, como son el caso de
Callialasporites turbatus, Klukisporites lacunus, Manumia variverrucata, Luehndea
spinosa 'y Schistomeringos cf. expectatus, que en conjunto sugieren una edad
Pliensbachiense superior-Toarciense inferior coincidiendo con las dataciones previas

realizadas con ammonoideos (Comas-Rengifo y Goy, 2010).
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Los palinomorfos més abundantes en todos los niveles estudiados fueron los procedentes
de gimnospermas (Spheripollenites). Esto nos sugiere que durante el Pliensbachiense
superior-Toarciense inferior las comunidades vegetales de la zona emergida estaban
dominadas por bosques de coniferas costeras con adaptaciones a climas secos. Las
muestras de las zonas Margaritatus y Spinatum asi como la zona Serpentinum presentan
algunos taxones de coniferas oportunistas y pioneros como Cerebropollenites
macroverrucosus (Abbink et al. 2004); esto también fue observado en otras asociaciones
en las que su presencia/abundancia coincidi6 con la fase de recuperacion tras eventos de
calentamiento y extincion como fueron los eventos anoxicos del Pliensbachiense y del T-
OAE (Slater et al. 2019). Tras el calentamiento del Pliensbachiense inferior se produce
una etapa de enfriamiento marino que abarca desde el comienzo de la zona
Margaritatushasta el T-OAE (Goémez et al. 2016). Por otro lado, Araucariacites australis,
una especie asociada a climas frios y secos (Abbink et al. 2004), no se vuelve abundante
hasta el comienzo de la zona Spinatum bastante tiempo después de producirse el inicio
de la etapa de enfriamiento y continia su aparicion hasta el comienzo de la zona
Serpentinum. Esto sugiere que la respuesta de la vegetacion terrestre tiene lugar a largo
plazo, y no de forma instantanea. Una interpretacion alternativa es que el enfriamiento

durante la zona Spinatum es mas intenso.

Figura 1: Escala: 10 pm. 1. Cibotiumspora jurienensis;2. Camarozonosporites ramosus,3.Densoisporites sp.;
4.Klukisporites cf. variegatus,5.Todisporites major,6.Alisporites lowoodensis,7.Cerebropollenites

macroverrucosus;8.Cycadopites follicularis; 9.Classopollis simplex; 10.Tasmanites sp.
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Introduction

The paleobotanical studies comprising a wide age interval (>50 My) in the same area,
provide an overview of the paleoecological evolution which presents rewarding
information about the faunal/floral turnovers, as well as climate and environmental
changes in the past. Unfortunately, there are few studies of this type, either because of
the scarcity of continuous sedimentary series or the presence of paleobotanical remains

in these deposits.

The Las Loras UNESCO Geopark has an almost complete record of sediments from the
Late Triassic to the Paleogene with often exceptional outcrops (Lopez-Olmedo et al.,
1991) making it suitable for an extensive palynological study. Although, there are several
paleontological works in this area, not many geological formations were correlated with
biostratigraphy. Moreover, the paleobotanical studies were restricted to more specific
short periods (Diéguez et al., 2009; Santos et al., 2022). Therefore, the scope of this work
was to make a complete study of the Mesozoic paleopalynology from a paleoecological

perspective but also with a palynostratigraphic component.

Geographical and geological context

The geopark is located at northern Spain, in the provinces of Burgos and Palencia. The
Mesozoic deposits in this area belong to the Basque-Cantabrian Basin. Twelve different

sites have been sampled, covering from the Bathonian-Callovian (Middle Jurassic) to the
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Maastrichtian (Late Cretaceous). These sites correspond to the following geological
sections: Porquera de los Infantes (Bathonian-Berriasian), Becerril del Carpio
(Bathonian-Kimmeridgian), Villela (Bathonian-Tithonian), Renedo de Zalima
(Kimmeridgian-Valanginian), Quintanilla de la Berzosa (Aptian-Albian), Valoria de
Aguilar (Aptian-Albian), Olleros (Aptian-Cenomanian), Mundilla (Cenomanian-

Turonian), and Castillo de Gama (Santonian-Maastrichtian).

Methodology

More than 80 palynological samples were collected from the Mesozoic deposits of the
Las Loras Geopark. The standard palynological treatment of HCI-HF-HCI (Wood et al.,
1996) was applied to the samples. A total of 46 samples were productive.

Results

The results were grouped in 12 different palynological assemblages. Porquera de los
Infantes A: dominance of Cupressaceae and Araucariaceae pollen, marine influence,
early Bathonian; Becerril del Carpio/Villela: dominance of marine palynomorphs, early
Callovian; Porquera de los Infantes B/Renedo de Zalima: dominance of pteridophyte
spores, no age assignment (late Kimmeridgian-Tithonian?); Quintanilla de Ia
Berzosa/Valoria de Aguilar: dominance of pteridophyte spores, Aptian-Albian; Viejo
Mojoén (Olleros): dominance of pteridophyte spores, angiosperm pollen become
significant, marine influence, middle-late Albian; Candén de la Horadada: dominance of
pteridophyte spores and Patellasporites fossil-genus, Normapolles become significant,
marine influence, middle Cenomanian; Mundilla A: dominance of marine palynomorphs,
middle Cenomanian; Mundilla B: dominance of pteridophyte spores, Taxodiaceae, and
Normapolles pollen, marine influence, middle-late Cenomanian; Castillo de Gama:

dominance of brackish algae, no age assignment (Maastrichtian?).

Discussion

Most of the palynological assemblages allowed to date these deposits with previously
little or no biostratigraphic data. These datings (in some cases unexpected ages) provided
a more concise stratigraphy in the studied area and allowed a more precise stratigraphic

correlation.
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The Middle Jurassic microflora (Porquera de los Infantes A, Becerril del Carpio and
Villela) have a special relevance as the palynological assemblages with Bathonian-
Callovian age are scarce in SW Europe. These aggregates showed a dominance of marine
elements resulting from the prevailing marine conditions of the paleoenvironments along
the Middle Jurassic in the Iberian Peninsula. The few continental elements showed a

representation of coniferous coastal forests (Cupressaceae and Araucariaceae pollen).

On the other hand, the Late Jurassic assemblages (Porquera de los Infantes B and Renedo
de Zalima) shifted to a strictly continental composition, where the pteridophyte spores
were the dominants (Lycopodiaceae, Cyatheaeceae, and Dicksoniaceae). These samples
are important for the contribution to the palynology of the Jurassic-Cretaceous boundary
as they were collected from the lacustrine limestones of the Aguilar Fm. with a late
Tithonian-Berriasian age, according to charophytes (Hernandez et al., 1999). In the
Iberian Peninsula, the microfloras close to the Jurassic-Cretaceous boundary are scarce

(Trincdo, 1990; Santos et al., 2018; Rodriguez-Barreiro et al., 2022).

In the Early Cretaceous microflora (Quintanilla de la Berzosa, Valoria de Aguilar, and
Viejo Mojon) the pteridophytes were still dominant (in this case, Schizaeaceae and
Cyatheaeceae spores). However, a diversification of angiosperm pollen during the
middle-late Albian was observed in the Viejo Mojon assemblage (e.g., Tricolpites,

Asteropollis, Clavatipollenites, Rousea, Striatopollis, Stellatopollenites...).

Eventually, the Late Cretaceous microflora (Candn de la Horadada, Mundilla A, Mundilla
B and Castillo de Gama) showed several major changes. First, during the middle
Cenomanian, the earlier occurrences of Normapolles have been observed, as well as a
shift to occasional marine dominance (Mundilla A). On the other hand, during the middle-
late Cenomanian angiosperm dominance happens through the Normapolles group
(Mundilla B). These levels could be related to the Plenus Cold Event phenomenon
recorded during the early stages of the Cenomanian-Turonian Boundary Event (OAE2)
where a peak in Normapolles have already been found (Heimhofer et al., 2018). In the
case of the uppermost Cretaceous (Castillo de Gama), the assemblage was dominated by

brackish algae, with the presence of marine and continental palynomorphs as well.

Conclusions
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This palynological study involves a framework for reconstructing terrestrial
paleoenvironments and paleoecology spanning about a hundred million years. Three
major paleoecological changes were observed in this area: (1) a shift from a dominance
of marine to terrestrial palynomorphs during the Callovian to the late Kimmeridgian
interval, (2) diversification of angiosperm pollen during the middle-late Albian, (3) the
first Normapolles occurrences in the middle Cenomanian (earliest Late Cretaceous), and
(4) a dominance of brackish algae at the end of the latest Late Cretaceous (late

Campanian-Maastrichtian?).

References

Diéguez, C., Hernandez, J.M., Pujalte, V. (2009): A fern-bennettitalean floral assemblage in Tithonian-
Berriasian travertine deposits (Aguilar Formation, Burgos-Palencia, N Spain) and its
palaeoclimatic and vegetational implications. Journal of Iberian Geology, (35, 2), 127-140.

Heimhofer, U., Wucherpfennig, N., Adatte, T., Schouten, S., Schneebeli-Hermann, E., Gardin, S., Kujau,
A. (2018): Vegetation response to exceptional global warmth during Oceanic Anoxic Event 2.
Nature Communications, (9,1), 1-8.

Hernandez, J.M., Pujalte, V., Robles, S., Martin-Closas, C. (1999): Division estratigrafica genética del
Grupo Campoéo (Malm-Cretacico inferior, SW Cuenca Vascocantabrica). Revista de la Sociedad
Geologica de Espana, (12), 377-396.

Lopez-Olmedo, F., Enrile, A., Cabra, P. (1991): Memoria de la Hoja n® 133 (Pradanos de Ojeda). Mapa
Geologico de Espaiia E. 1:50.000 (MAGNA), Segunda Serie, Primera edicion. IGME, 162 pp.

Rodriguez-Barreiro, 1., Santos, A.A., Arribas, M.E., Mas, R., Arribas, J., Villanueva-Amadoz, U., Torcida
Fernandez-Baldor, F. Diez, J.B. (2022): The Jurassic—Cretaceous transition in the West Cameros
Basin (Tera Group, Burgos, Spain): Sedimentological and palynostratigraphical insights.
Cretaceous Research, 105300.

Santos, A. A., Villanueva-Amadoz, U., Royo-Torres, R., Sender, L. M., Cobos, A., Alcala, L., Diez, J.B.
(2018): Palacobotanical records associated with the first dinosaur defined in Spain:
Palynostratigraphy, taxonomy and palacoenvironmental remarks. Cretaceous Research, (90), 318-
334.

Santos, A.A., Nel, A., Rodriguez-Barreiro, 1., Sender, L.M., Wappler, T., Diez, J.B. (2022): Insect and
Plant Diversity in Hot-Spring Ecosystems during the Jurassic-Cretaceous Boundary from Spain
(Aguilar Fm., Palencia). Biology, 11 (2), p. 273, 10.3390/biology11020273

Trincdo, P.R. (1990): Esporos e granos de polenes do Cretacico inferior (Berriasiano Aptiano) de Portugal:
Palacontologia e Biostratigrafia. PhD, Universidade de Aveiro, 312 p.

Wood, G.D., Gabriel, A.M., Lawson, J.C. (1996): Palynological techniques-processing and microscopy. In:
Jansonius, J., McGregor, D.C., (eds.), Palynology: Principles and Applications, vol. 1. American
Association of Stratigraphic Palynologists, Dallas, TX, 29-50.

133



A tibia of Iguanodon bernissartensis with patological morphology from
the Lower Cretaceous of Arcillas de Morella Formation (Castellon,
Spain)

Salas-Herrera, J.!, Escaso, F.!, Gasulla, ] M., Ortega, F.!

1: Grupo de Biologia Evolutiva, Facultad de Ciencias, Universidad Nacional de Educacion a Distancia
(UNED), Avda. Esparta s/n, 28232 Las Rozas de Madrid. jsalas198@alumno.uned.es,
fescaso(@ccia.uned.es, jm.gasulla@gmail.com, fortega(@ccia.uned.es

Keywords: Arcillas de Morella Formation, Lower Cretaceous, Styracosterna, paleopathology, tibia.

The vertebrate fossil record of the Barremian Arcillas de Morella Formation is one of the
most abundant and diverse in the Iberian Peninsula, being remarkable and the most
representative of this formation the Mas de la Parreta quarry (CMP), located at the
southwest of the locality of Morella (Castellon province, Spain). Here the best represented,
and by far the most abundant group of dinosaurs throughout the Iberian Lower
Cretaceous,are styracosternan ornithopods. To date three styracosternan species have
been identified: Iguanodon bernissartensis, Mantellisaurus atherfieldensis and
Morelladon beltrani (Gasulla et al. 2015). Among the material identified as belonging to
Iguanodon bernissartensis, CMP-11 is one of the sites inside the CMP in which fossil
bones of this species have been discovered (Gasulla 2015). Among cranial and postcranial
bones recovered from CMP-11 is interesting a right tibia with an anomalous

posteromedial bone overgrowth located at mid-height of the tibial shaft.

Here a comparative anatomical study of this tibia was carried out to discriminate possible
pathologies from myological characteristics, being that the anomalous overgrowth area
does not correspond to the origin or insertion areas of the muscles described for the
hindlimbs in styracosternans or hadrosaurids ornithopods (Norman, 1986; Dilkes, 1999;
Dilkes et al. 2012). A differential diagnosis has been developed based on a macroscopic
analysis. The presence of new bone growth in a tibial diaphysis may be considered as an
involucrum (Ortner, 2003; Rotschild & Martin, 2006) and, tentatively, as a result of a
pyogenic osteomyelitis, an infectious condition already observed in dinosaurs (Hunt et al.

2019; Aureliano et al. 2021).
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The design of the amniote egg is a great example of an adaptative response to the
environment, since the morphology of the egg and the functional properties of its
eggshells regulate the interactions of the embryo with its surroundings. Depending on the
productor taxa, these eggs are laid in a broad range of ecological conditions which may
or may not be controlled by reproductive behavior, including nesting patterns and/or
parental incubation strategies.

Recent works on extant birds (D'Alba et al. 2016; Duursma et al. 2018) and non-avian
reptiles (D'Alba et al. 2021) have found that egg size and shape, and eggshell thickness
and porosity have a complex relationship with several abiotic (mainly precipitation and
substrate temperature) and biotic (mainly adult body size and nest type) selective
pressures. Among the abiotic factors studied, these authors found that, in extant non-avian
reptiles, eggshell thickness has a positive relationship with precipitation but not with
ground temperature; which is instead negatively related to porosity (D'Alba ef al. 2021).
In addition, observations in extant avian species find that rounder eggs are more common
than elongated ones in hot and dry environments, possibly due to higher heat capacity
(Duursma et al. 2018).

Regarding biotic factors, the authors found that adult body size was also directly related
with eggshell thickness and egg size and shape. Species with larger adults usually produce
thicker eggshells and larger, rounder eggs, while elongation seems to be an adaptation for
enabling larger eggs in smaller species (D'Alba ef al. 2021). On the other hand, porosity
1s significantly associated with nest type: with elevations of temperature, eggs have higher
porosity when laid in mounds or piles of decaying vegetation and lower porosity when

laid in burrows, as differences in covering materials produce hot and humid or hot and
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dry microclimatic conditions, respectively (D'Alba et al. 2021). These relationships
observed on extant species can be extrapolated to estimate the developmental conditions
on extinct species and infer aspects of their reproductive biology.

Among dinosaurs, eggs from two oofamilies are currently believed to have been produced
by titanosaurian sauropods: Megaloolithidae and Fusioolithidae. These oofamilies are
known from the Upper Cretaceous record of South America, India and Europe. Global
palaeoclimatic reconstructions of the Santonian and Maastrichtian (Chumakov et al. 1995)
place occurrence of this eggs in arid climatic belts based on evidence from climate-
sensitive sediments and fossils. The majority of the uppermost Cretaceous European
terrestrial successions are composed of sandstones and conglomerates that are
interbedded with floodplain deposits formed on seasonally variable semiarid climate
(Csiki-Sava et al. 2015). The abundance of evaporites in several Iberian formations
(Escavy et al. 2012), however, should be taken as evidence for a more arid environment
(as discussed by Chumakov et al. 1995 for other locations). Within this broad arid
climatic belt, titanosaurs seem to have selected specific spots as recurrent nesting areas.
The differences on the ootaxa assemblages represented on these nesting areas could be
related to age differences, biogeographical patterns, or may be reflecting differences in
local and regional environmental conditions and in reproductive and nesting behavior
among their productor taxa.

The Poyos locality (Campanian-Maastrichtian, Villalba de la Sierra Formation) from
Sacedon (Guadalajara, Spain) represents one of these recurrent dinosaur nesting areas
that has provided clutches with complete, large (>20 cm) subespherical eggs and
abundant eggshells across several stratigraphic levels. Most eggshells from this site are
very thin (~1 mm) and present extremely low porosity, while Megaloolithus siruguei
eggshells recovered at Portilla site (Cuenca, Spain) from the same Formation (Moratalla
2008), are twice to thrice as thick (~2-3 mm) and present a considerably higher porosity.
Although part of these differences may be related to constructional and mechanical
resistance constraints; eggshells from Poyos still present a considerably lower porosity
even when compared to fusioolithids and megaloolithids of similar egg size and eggshell
thickness (i.e. Fusioolithus baghensis). These differences have been interpreted as the
eggs from Poyos being adapted for developing in even dryer and hotter conditions than
other titanosaur eggs (Sanguino ef al. 2022).

On one hand, a common titanosaur nesting pattern have been interpreted as a relatively

high number of large eggs laid in a comma-shaped groove that may be covered by
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sediments (Vila et al. 2010). The partial clutches recovered from Poyos are compatible
with this pattern, and the taphonomical evidence suggest that the eggs might also have
been buried (Sanguino et al. 2021). Thus, Poyos eggs might have been incubated in
microclimatic conditions akin to those recorded on burrows from modern species, which
is in agreement with the adequate incubation conditions inferred through the
microstructure (Sanguino et al. 2022). Nevertheless, while no complete eggs or clutches
have been found to date at Portilla, M. siruguei complete clutches have been reported
from the Pinyes locality (Lleida) at Pyrenees, and are consistent with the same nesting
pattern as Auca Mahuevo (Vila et al. 2010). Therefore, if the nesting behavior of the
productor taxa were the same for both ootaxa, the differences on environmental
conditions to which they were adapted might be related with other factors.

On the other hand, sedimentological and fossil evidence from the Villalba de la Sierra
Fm. suggest that the Lo Hueco site, and consequently the Portilla site, would be close to
the shoreline (Ortega et al. 2015) than the Poyos site, which would be located further
inland and would be less exposed to moisture coming from the sea. Therefore, Poyos and
other inland outcrops of the Villalba de la Sierra Formation would likely have overall
dryer environmental conditions.

Lastly, although both sites are currently considered Campanian-Maastrichtian, their
precise age has yet to be determined. A dinosaur faunal turnover has been discussed to
have occurred during the Maastrichtian (Fondevilla et al. 2019)with evidence of a climate
shift (Dinar¢s-Turell et al. 2013), and the relationship between the replacement of
titanosaur taxa and ootaxa has already been discussed in similarly aged European
formations (Vila et al. 2022). Depending on the relative stratigraphic position of Poyos
and Portilla on the Villalba de la Sierra Formation, these sites could represent different

stages of this climate shift and faunal turnover.
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Introduction

“La Costa de los Dinosaurios” de Asturias es bien conocida por la cantidad y variedad de
fosiles de estos reptiles y de otros vertebrados (Pifiuela 2015) e invertebrados. Sin
embargo, este conocimiento de la paleofauna de la Formacién Lastres contrasta con el
escaso conocimiento de las comunidades vegetales del entorno. Por esta razén era
necesario realizar un estudio palinoldgico que permitiese conocer mejor la vegetacion

que modelaba el paisaje de la costa asturiana durante el Jurasico Superior.

Ademas de facilitar la reconstruccion del entorno vegetal en el que vivian los dinosaurios,
la palinologia también nos permite aportar nuevos datos estratigraficos para mejorar el
conocimiento de la edad de la Formacién Lastres, datada como Kimmeridgiense inferior
en base a ammonoideos (Olériz et al. 1988) y como Oxfordiense tardio-Titoniense
temprano en base a ostracodos (Schudack and Schudack, 2002). Por lo tanto, los
principales objetivos de este trabajo son: (1) Caracterizar la asociacion palinologica de
las series de la Formacion Lastres; (2) proporcionar nuevos datos bioestratigraficos para
mejorar la resolucién cronoestratigrafica de la formacion; y (3) Reconstruir el

paleoambiente y entorno vegetal a partir de las afinidades botanicas de los palinomorfos.
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Material y Métodos

Se han muestreado 4 secciones diferentes de la Formacion Lastres que contienen a
menudo tanto restos directos como icnitas de dinosaurios y otros vertebrados. Las
secciones estudiadas se localizan en los acantilados de Oles (Villaviciosa) y de Luces-

Lastres (Colunga) habiéndose recogido un total de 16 muestras palinolédgicas.

Las muestras fueron tratadas utilizando técnicas estandar en palinologia, incluyendo
alternancia de tratamientos fisicos y quimicos (HCI-HF-HCIl). Todas ellas fueron
montadas y fijadas en laminas para ser estudiadas bajo microscopio optico, y montadas
en rosetas y cubiertas por oro posteriormente para complementar su determinacion en el

microscopio electronico de barrido (SEM).

Resultados y Discusion

Las 16 muestras estudiadas fueron positivas en palinomorfos, mostrando una palinoflora
relativamente rica y bien preservada. Se identificaron un total de 62 morfoespecies y 49
morfogéneros incluyendo polen, esporas, algas, hongos, dinoflagelados, foraminiferos y
escolecodontos. De estos grupos, las esporas fueron el palinomorfo dominante en
términos de abundancia y diversidad aunque el taxén mdas abundante fue

Spherinopollenites (sobre el 20%), que es un morfogénero asociado a las coniferas.
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Figura 1: Algunos de los palinomorfos mds representativos de la Formacion Lastres.

Aunque la mayoria de los taxones encontrados en la Fm. Lastres presentan un rango
estratigrafico que abarca todo el Jurasico, algunas especies muestran un rango mas
limitado. La presencia de Cicatricosisporites spp., Aequitriradites spinulosus,
Impardecispora apiverrucata y Pilosisporites trichopapillosus sugiere una edad

Kimmeridgiense-Titoniense.

Ambientalmente, la presencia de palinomorfos marinos, costeros y terrestres sugiere un
ambiente de sedimentacion de transicion, con clara influencia marina (presencia de
foraminiferos y dinoflagelados entre los palinomorfos), aunque también se han
encontrado palinomorfos tipicos de agua dulce. Las caracteristicas de esta asociacion son
compatibles con un ambiente de sedimentacion deltaica de dominio fluvial asociada a un
lagoon (Garcia-Ramos et al. 2011, 2021). Las afinidades botanicas y ambientales de los
palinomorfos terrestres sugieren la presencia de diferentes comunidades vegetales en la
zona, incluyendo comunidades de plantas en areas humedas como cauces fluviales o
riberas de los mismos, asi como otras relacionadas con pequenas charcas de agua dulce,

que estarian dominadas por briofitas y helechos. Por otro lado también se identifican
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comunidades vegetales costeras, probablemente de ambientes mas secos y aridos, con
predominio de gimnospermas y algunos grupos de helechos mas resistentes, donde estas
masas vegetales podrian representar una fuente de alimentacion y proteccion para algunos

de los dinosaurios herbivoros coetaneos.
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Isolated theropod teeth are an important evidence to know the diversity of this clade as
well as its biogeographic and stratigraphic distribution (Gasco et al., 2012, Young et al.,
2018). However, very precise identification of isolated teeth at lower taxonomic levels
1s complex, especially for those morphotypes related to poorly represented groups. Also,
few had been reported in the Upper Jurassic of the Cameros Basin thus far.
Here, a set of 25 isolated theropod teeth collected in Valdepalazuelos-Tenadas del
Carrascal site from the Tithonian of the Cameros Basin are described and discussed,
extending the previous work by Simarro et al. (2021). The Valdepalazuelos-Tenadas del
Carrascal site is located near Torrelara, Burgos, in the Sierra de la Demanda (Rupelo Fm.;
Tithonian-Berriasian). This formation is interpreted as shallow lacustrine / palustrine
deposits with low-gradient margins and periodic changes in the water level (Torcida
Fernandez-Baldor et al. 2020).

These teeth were grouped into five distinct morphotypes based first on qualitative
morphology and comparative anatomy following the established guidelines by Hendricks
et al. (2019). Multivariate statistical analyses of quantitative measurements, such as
Principal Component Analysis (PCA) and Discriminant Linear Analysis (DLA), as well
as cladistic analyses, were performed in order to assign each morphotype to a certain
taxon. The multivariate statistical analyzes performed provided results consistent with the
systematic developed with classical parameters.

The current analyses assign some morphotypes to a piatnitzkysaurid possibly related to
Marshosaurus Megalosauridae, basal Tyrannosauroidea (this could be the first record of

this group in Spain) and Dromaeosauridae (Fig. 1). The results of our study confirm a
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high diversity of theropods in the Late Jurassic of the Sierra de la Demanda (Cameros
Basin).

This analysis indicates a great similarity of the theropod faunas of the Gijon-Villaviciosa
Basin, in Asturias (Spain) (Alonso, 2019), other European chronocorrelative localities
such as those from the Lusitanian Basin (Portugal) (Zenke, 1998; Malafaia et al., 2017b),
France (Vullo et al., 2014) and Germany (Gerke y Wings, 2016), and the North American
Morrison Formation (Bakker, 1996), during the Upper Jurassic. This supports the Upper
Jurassic dating for the Valdepalazuelos site. Furthermore, it implies the existence of

terrestrial connections between these localities that would allow an exchange fauna.

References

Alonso, A. (2019): Nuevas contribuciones a la paleodiversidad de dinosaurios teropodos del Jurdsico y
Cretacico de Espania a partir de dientes aislados.Tesis doctoral. Universidad de Zaragoza, 335

pp.

Bakker, R. T. (1996): Dinosaur Feet in the Three Dimensions: Anatomy for Climbing, Digging, and
Leaping. The Paleontological Society Special Publications, 8, 20-20.

Gasco, F., Cobos, A., Royo-Torres, R., Mampel, L. and Alcala, L. (2012): Theropod teeth diversity from
the Villar del Arzobispo Formation (Tithonian-Berriasian) at Riodeva (Teruel, Spain).
Palaeobiodiversity and Palaeoenvironments, 92 (2): 273-285.

Gerke, O. and Wings, O. (2016): Multivariate and cladistic analyses of isolated teeth reveal sympatry of
theropod dinosaurs in the Late Jurassic of Northern Germany. PLoS ONE ,11 (7): 1-52.

Hendrickx, C., Mateus, O., Aratijo, R. and Choiniere, J. (2019): The distribution of dental features in non-
avian theropod dinosaurs: Taxonomic potential, degree of homoplasy, and major evolutionary
trends. Palaeontologia Electronica, 22.3.74 1-110.

Malafaia, E., Escaso, F., Mocho, P., Serrano-Martinez, A., Torices, A., Cachdo, M. and Ortega, F. (2017b):
Analysis of diversity, stratigraphic and geographical distribution of isolated theropod teeth from
the Upper Jurassic of the Lusitanian Basin, Portugal. Journal of Iberian Geology /43 (2): 257-291.

Simarro A., Riesgo-Arias C., Martinez-Pérez C., Fernandez Torcida-Baldor F. (2021): Theropod
paleodiversity of the Upper Jurassic of the Cameros Basin (N. Spain). Abstract book of the annual
conference of the European Association of Vertebrate Palaeontologists, online 5th- 9th July 2021.
Paleovertebrata, 44, 152.

Torcida Fernandez-Baldor, F., Canudo, J. 1., and Huerta, P. (2020): New data on sauropod
palaecobiodiversity at the Jurassic-Cretaceous transition of Spain (Burgos). Journal of Iberian
Geology, 46: 351-362.

Vullo, R., Abit, D., Ballévre, M., Billon-Bruyat, J.-P., Bourgeais, R., Buffetaut, E., Daviero-Gomez, V.,
Garcia, G., Gomez, B., Mazin, J.-M., Morel, S., Néraudeau, D., Pouech, J., Rage, J.-C., Schnyder,
J and Tong, H. (2014): Palacontology of the Purbeck-type (Tithonian, Late Jurassic) bonebeds of
Chassiron (Oléron Island, western France). Comptes Rendus Palevol, 13(5), 421-441.

Young, C. M. E., Hendrickx, C., Challands, T. J., Foffa, D., Ross, D. A., Butler, 1. B. and Brusatte, S. L.
(2018): New theropod dinosaur teeth from the middle jurassic of the isle of Skye, Scotland.
Scottish Journal of Geology 55: 7-19.

Zinke, J. (1998): Small theropod teeth from the Upper Jurassic coal mine of Guimarota (Portugal).
Palaiontologische Zeitschrifl ,72: 179-189.

145



Figure 1.- Lingual views of the selected teeth representing the assigned taxa, with distal apical, mesial and
basal denticules detail and texture. A) Piatnitkysaurid tooth. B) Megalosauridae tooth. C) Basal
Tyrannosauridae tooh amd D) Dromaeosauridae tooth. Scales: 10 mm next to the crowns except D), and 1
mm for all denticules and D) crown.
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Introduccion
El yacimiento de “Los Ganchos”, situado en las proximidades de la aldea de Baldovar

(municipio de Alpuente, Valencia, Espaiia), se localiza en la cuenca Ibero-Levantina o
Sur-Ibérica dentro de la unidad Calizas, areniscas y arcillas de Villar del Arzobispo, de
edad Kimmeridgiense-Tithoniense (Campos et al., 2019). Se compone de varios niveles
fosiliferos, correspondientes al menos a dos secuencias deposicionales de caracter
transgresivo — regresivo, como las descritas por Santisteban y Santos-Cubedo (2008) con
materiales depositados en la zona de transicion marino-continental. Esta localidad se
descubrio en el afio 2000, momento en el que se realiz6 una campafia de salvamento para
recuperar los fosiles expuestos en superficie, llevindose a cabo posteriormente hasta
cuatro actuaciones mas. Las dos primeras intervenciones (2000 y 2001), centradas en el
nivel inferior (constituido por areniscas blancas), dieron como resultado la recuperacion
del esqueleto parcial de un saurdpodo, asi como un diente de crocodiliformey restos de
coniferas y pteridofitas indeterminadas. En las siguientes intervenciones (2002, 2003 y
2004), se excavo un nivel superior de areniscas grises del cual se extrajeron fosiles
asignados de manera preliminar a Stegosauria indet. Recientemente, varios niveles
lutiticos, por encima de los anteriores, han permitido un estudio paleobotdnico mas
pormenorizado, constatando una gran abundancia y diversidad de pteridofitas, briofitas y

hongos, y un paisaje dominado por coniferas (Lopez-Fernandez et al., 2021, y en este
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mismo volumen). Por altimo, mencionar que en un nivel superior de brecha poligénica
se hall6 una pequefia vértebra de un posible ornitépodo.

Material estudiado

Este trabajo se centra en los fosiles asignados a un dinosaurio saurépodo extraidos del
nivel mas inferior del yacimiento. Los restos recuperados corresponden a varias costillas
dorsales, elementos de la cintura escapular y extremidad anterior: placa esternal,
coracoides, fragmentos de escapula, humero, fragmentos proximal y distal de ulna, un
carpal, 5 metacarpales, una falange ungueal y huesos de la cintura pélvica, con dos
fragmentos de ilion y un isquion.

Preparacion fésil
Una vez excavado el yacimiento y transportados los restos al laboratorio comenzaron los

trabajos de preparacion, realizados también en distintas fases en las instalaciones del Aula
de Recuperacion Paleontologica de Alpuente. En ellos se han seguido los criterios de
reversibilidad y perdurabilidad, tratando a su vez de que la actuaciéon fuera lo menos
invasiva posible.Destacar del proceso de preparacion la complejidad para trabajar algunas
de las piezas, y mencionar el empleo de una técnica que se ha denominado “de volteo™.
Ha sido empleada en piezas planas del yacimiento de Los Ganchos (concretamente, en
elementos de la cintura escapular y pélvica), por ser extremadamente fragiles, estar muy
fragmentadas (con fracturas ortogonales o en mosaico, derivadas de causas diagenéticas)
y presentar una ligera separacion y acumulacion de sedimento entre los fragmentos.

El procedimiento comienza con una primera limpieza superficial del fosil, eliminando
parcialmente el sedimento de manera mecanica o utilizando algin disolvente (acetona o
alcohol etilico, segiin convenga). Se procede a consolidar en profundidad por goteo, y a
retirar poco a poco el sedimento de entre las grietas. Conforme se va eliminado el
sedimento, se va de nuevo consolidando, aplicando seguidamente resina adhesiva (con o
sin carga de silice micronizado) y, una vez pasado el tiempo de curado de esta, se
incorpora la resina reintegrante. A continuacion, se realiza una cama rigida provisional
(confeccionada con escayola o con espuma de poliuretano), se voltea y se repite el
proceso de eliminacion de sedimento hasta alcanzar la resina aplicada por el otro lado. El
empleo de esta técnica permite que cada fragmento se mantenga en su sitio y la pieza no
quede deformada, evitando asi posibles alteraciones derivadas de factores tréficos.

Estudio sistematico
Suidier et al. (2009) dan a conocer el yacimiento de Los Ganchos, constatando la presencia

de un titanosauriforme indeterminado en la Formacion Villar del Arzobispo de la
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Cordillera Ibérica. Tras una revision de este material y a partir de los fosiles preparados
posteriormente, Sufier et al. (2018), en un trabajo sobre la diversidad de saur6podos en
esta region, indican que el material de Los Ganchos presenta algunos caracteres
diagnosticos de Titanosauriformes (presencia de cavidades neumadticas en el extremo
proximal de la costilla dorsal estudiada, la costilla dorsal en forma de tablon, el condilo
distal del metacarpal I sin dividir y con la superficie articular distal reducida), asi como
caracteres de braquiosauridos (metacarpales largos y con una morfologia esbelta) y una
falange ungueal en el primer dedo reducida (menor del 30% la longitud del metacarpal I,
tal como ocurre en Giraffatitan brancai; Mannion et al., 2017). Por la presencia de los
caracteres sefialados, el material aqui presentado se asigna a Brachiosauridae indet. El
registro de Titanosauriformes del Jurasico Superior de la Peninsula Ibérica, y mas
concretamente de braquiosauridos, estd representado de manera clara por Lusotitan
atalaiensis, deLourinha, en Portugal, y recientemente Pueyo et al. (2019) restablecen
Galvesaurus herreroide Galve (Teruel) como taxén hermano del anterior. Otro material
que ha sido asignado a Titanosauriformes, aunque fragmentario, serian: varios dientes de
la comarca de Los Serranos (Sanz, 1985, Casanovas-Cladellas et al., 1993, Pueyo et al.,
2019 y referencias), un fémur de la localidad de Tera, en Soria (Canudo et al., 2010), asi
como un fragmento proximal de ulna y una costilla dorsal de distintas localidades de
Alpuente (Sufier et al., 2018).

Un dinosaurio con vocacion de ensefiar y ser ensefiado

El sauropodo de Los Ganchos se encuentra actualmente en las instalaciones del Aula de
Recuperacion Paleontoldgica de Alpuente, donde permanece parcialmente expuesto.
Desde la apertura de sus puertas en 2001, el Aula de Recuperacion Paleontologica, situada
en una de las antiguas escuelas, ha sido un espacio emblematico dentro del Proyecto
Paleontologico de Alpuente. Alli pueden observarse losfosiles de dinosaurios en
preparacion y algunas de las herramientas y técnicas que se utilizan durante los trabajos
de laboratorio e investigacion paleontoldgica. Cuenta con unos paneles explicativos, un
area de almacén y un espacio destinado a actividades didacticas. Los huesos fosiles del
saurépodo de Los Ganchos, de grandes dimensiones y tan caracteristicos, han sido parte
del disfrute de turistas que se han acercado hasta Alpuente. Es de resaltar que, ademas del
aprovechamiento desde un punto de vista turistico, el municipio cuenta con un programa
didéctico (Sufer et al., en prensa) y por este espacio han pasado también multitud de

estudiantes de distintas etapas educativas. En este sentido, se realizan actividades con
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alumnado de Educacion Infantil y Primaria, institutos y también con universitarios
formandose en el area de Paleontologia, para los cuales los restos fosiles de este
sauropodo ha servido de ejemplo y de muestra para conocer mejor algunas de las técnicas
de trabajo en el campo o en el laboratorio, asi como para asentar conceptos de anatomia

o aprender sobre algunos procesos tafonémicos.
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Introduction

The Valdepalazuelos-Tenadas del Carrascal (Burgos, Spain) is a rich vertebrate fossil
site, especially in sauropod dinosaur remains. More than a hundred disarticulated fossils
have been recovered during the 2018-2021 excavation campaigns, which are pending
preparation and study. So far, only one isolated sauropod humerus, provisionally assigned
to a brachiosaurid titanosauriform close to Duriatitan, has been published (Torcida
Fernandez-Baldor et al., 2020). The aim of this paper is to describe the sauropod teeth
and cranial material founded in the Valdezpalazuelos site and to relate it to other remains

of sauropods found at this site.

Geographical and Geological setting

The Valdepalazuelos site is located close to the village of Torrelara, in Burgos (North of
Spain). Geologically, it is in the western part of the Cameros Basin, and is
stratigraphically located in the lower part of the Rupelo Formation. Recently, the upper
part of the Rupelo Fm.has been assigned to the Berriasian (Maset al., 2019), but the
Valdepalazuelos site, which is located at thebase of Rupelo Fm. in Torrelara, is
considered by the sameauthors as Tithonian (Boleras Fm.) (Sacristan-Horcajadaet al.,
2015).

The site of Valdepalazuelos is constituted by a 2 m-thick grey marl bed that contains
numerous vertebrate bones. Calcite nodules are widespread in the bed and some contain

bone fragments in their cores. The bones are covered by a millimetric grey micrite crust,

151



and charcoal and leaf fragments are common. The site is interpreted as a ponded area
located within the alluvial-calcrete fringe transition. The sediment recorded anoxic
conditions, as is evidenced by the charcoal and carbonized leaf fragments (Torcida

Fernandez-Baldor et al., 2020).

Systematic Paleontology

The studied teeth are deposited in the Museo de Salas de los Infantes (MDS) labeled as:
MDS-VPCR, 349, MDS-VPCR, 416 and MDS-VPCR, 560 are almost complete teeth;
MDS-VPCR, 606 is a dental crown apicobasally sectioned with pronounced wear due to
use; MDS-VPCR, 476 and MDS-VPCR, 648 are teeth fragments; and MDS-VPCR, 851

is a dentary fragment.

Figure 1. A. Tooth MDS-VPCR,560 in lingual view. B-C. CT scan 3D reconstruction of the right dentary
fragment MDS-VPCR, 851 in lingual (A) and dorsal (B) views; two well-formed teeth (green and yellow)

and another two in formation (purple and orange) can be seen.

The teeth are spatulate, with wrinkled enamel and a D-shaped section. The mesial and
distal edges are parallel up to two-thirds of the crown, gently curving toward the apex at
the mesial edge, and somewhat concave at the distal. The convergence of the edges of the
crown in the apical zone forms an apex that has a slight deviation towards the distal
margin. The labial face has a very marked convexity in the mesiodistal direction, with a
well-developed bulb apicobasally. This bulb is bordered on its flanks by two wide and
shallow grooves, more pronounced at its base, that run through the entire crown from the
base to the apex. The bulb develops towards the apex of the crown. The contact between
the crown and the root develops an apically curved contour. The tooth enamel is incised

by V-shaped wear facets. The teeth have an SI (Slenderness Index) value that ranges

152



between 1.9 and 2, with the exception of 2.8 in MDS-VPCR, 349, which is the smallest
tooth.

MDS-VPCR, 851 is a fragment of the anterior symphyseal area of a right dentary. Two
replacement teeth in each of the two preserved alveoli have been identified. The newest
and less developed replacement tooth begins to be formed and is located within the lingual
wall of the alveolus. Considering the lost functional tooth (whose root seems to be
partially preserved in one of the alveoli), it gives a total of three teeth per dental alveolus.
Of these teeth, the most developed shows a great morphological similarity with MDS-
VPCR, 416 and MDS-VPCR, 560.

Discussion and conclusions

The size and morphology of the teeth from Valdepalazuelos are consistent with their
assignment to the same taxon, and even to the same individual. The morphological
differences between teeth can be attributed to small heterodont variations of the jaw
dentition. The heart-shaped teeth of Turiasauria (Royo-Torres et al., 2006) and the pencil-
shaped teeth of Diplodocoidea (Mocho et al., 2017) are very different from the spatulate
teeth of Valdepalazuelos. The spatulate morphology is present in euhelopids,
camarasaurids and mamenchisaurids. However, euhelopids show lingual bosses (Canudo
et al., 2002) that are not present in the studied teeth, and mamenchisaurids have not been
recorded in Europe. In the Upper Jurassic of the Lusitanian basin (Portugal) there are
several isolated spatulate teeth that have been related with basal macronarians such as

camarasaurids (Mocho et al., 2017).

The dental replacement pattern of MDS-VPCR, 851 and the morphology of the studied
teeth bear strong similarities to those of Camarasaurus from the Late Jurassic of North
America. These are the presence of two replacement teeth (up to three in Camarasaurus);
spoon-shaped teeth, with lack of denticles on the mesial and distal edges of the crown,
relatively poorly developed lingual ridge (Wiersma and Sander, 2016), lingual facets
bordered by pronounced ridges, and SI between 1.57 and 2.47 (Chure et al., 2010). In
addition, the robustness of MDS-VPCR, 851 is similar to the robust dentary of
Camarasaurus s.1. (McIntosh et al., 1996; Wiersma and Sander, 2016).

Abundant and disarticulated sauropod postcranial material has been recovered at

Valdepalazuelos site. In a first morphological and size approximation, these fossils are
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consistent with a single sauropod taxon. However, the presence of several repeated
anatomical elements indicates that more than one individual is represented. An isolated
humerus has been tentatively assigned to a basal Titanosauriformes that is
morphologically close to Duriatitan (Torcida Fernandez-Baldor et al., 2020). However,
the studied teeth seem to be from a more primitive taxon, such as a basal Macronaria.
Since the phylogenetic history of the most primitive Macronaria is poorly known, beyond
the well-known Camarasaurus, if the humerus and teeth belong to the same taxon still
cannot be ruled out. Therefore, the Macronaria fossils from the Valdepalazuelos-Tenadas

del Carrascal site are a good opportunity to help clarify the phylogeny of these sauropods.
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Introduction

The uppermost Jurassic-lowermost Cretaceous sauropod record from the Iberian
Peninsula shows an unusual biodiversity and abundance of sauropods. Between the
Kimmeridgian and the Berriasian, several taxa have been recognized in the Iberian
Peninsula belonging to different clades of sauropods (Royo-Torres et al., 2009; Mocho
et al., 2017; Torcida Fernandez-Baldor et al., 2020). Most of the reported taxa are
neosauropods, whereas non-neosauropods are grouped in Turiasaria. Whitin the
neosauropods, macronarians are the most common, including brachiosaurids and other
basal macronarians. In contrast, the members of Macronaria Diplodocoidea are scarce
and poorly know. The best remain is a cervical-dorsal vertebrae firstly described with
the name Dinheirosaurus from the Kimmeridgian of Portugal (Bonaparte & Mateus,
1999), and recently related with Supersaurus (Tschopp et al., 2015). In Spain, around
the Jurassic-Cretaceous transition fragmentary remains attributed to derived
Diplodocimorpha have been described in Teruel, in some cases related to
Diplodocidae (Royo-Torres & Cobos, 2004), included an enigmatic pencil-like teeth
(Cuenca-Bescos et al., 1997).

Tenada Tizuela is a vertebrate fossil site where isolated remains of Stegosauria indet.
has been described (Pereda Suberbiola et al., 2003). Moreover, isolated remains of
Sauropoda have been found. The aim of this work is to describe a metatarsal V of an

indeterminate sauropod of the Tenada Tizuela site and discuss its systematic position.
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Geographical and Geological setting

The Tenada Tizuela site is located at the southwest of the village of Aldea del Pinar
(Burgos province, Spain). The fossiliferous level is poorly exposed, and the outcrop is
covered by a cereal field and the vertebrate remains appear scattered on the terrain
surface.

Geologically, it is located in the western part of the Cameros Basin, within the Nuestra
Sefiora de los Brezales Formation. Some stratigraphically close grey limestone and
marlstone beds of the same unit have been sampled for its geological and
palaeontological characterization. The screen-washed samples of marlstones show
detrital content, quartz and limestone grains well rounded and poor fossil content.
Despite the poor bioclast content some vertebrate, invertebrate (mollusk shell
fragments) and charophyte remains have been found. Vertebrate remains consist of
indetermined bone fragments and scarce eggshell fragments (Megaloolithidae), and

crocodylomorph remains (osteoderms and teeth of cf. Bernissartia sp.).

The limestone bed has wackestone texture and a fossil content consisting of
charophytes, bivalves and ostracods. Charophyte remains are gyrogonites identified as
Porochara kimmeridgensis kimmeridgensis. Ostracods are scarce, but have been
assigned to Theriosynoecum fittoni.According the scarce available biostratigraphic
data and the regional stratigraphy of the Western Cameros basin, the Tenada Tizuela
site most probable age is early Berriasian considering the occurrence of the charophyte

P. kimmeridgensis kimmeridgensis and the ostracod T. fittoni.

Systematic Palaeontology

The studied material is deposited in the Museo de Salas de los Infantes (MD) and
labelled as MDS-TZA, 6. MDS-TZA, 6 is an almost complete right metatarsal V. Its
proximodistal length is 261 mm. It is a robust metatarsal, with an IR (Robustness index)
value of 1.24 (sensu Royo-Torres 2005). The general shape of MDS-TZA, 6 in lateral
view is T-shaped, compressed lateromedially, with the proximal end very expanded
and the distal end little. The expansion of the distal end (210 mm) is almost double
that of the distal end (107 mm). The proximal and distal ends show asymmetry, with
the dorsoplantar axis inclined, so that bone is oriented proximally towards the plantar
side and distally towards the dorsal side. In lateral view, the proximal border is curved,

with the exception of the medial corner, which is distinctly straight. The shaft is
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relatively long and straight. It has a small lateral ridge at the distal end, selvage sensu

Cooper (1984).

Discussion and conclusions

MDS-TZA, 6 shows a general funnel shape typical of sauropods. The asymmetry of
the proximal end of metatarsus V is the primitive stage present in non-neosauropods
eusauropods, with the exception of Turiasauria, which would possibly represents a
convergence. The proximally symmetric metatarsus V would be a character of
Macronaria (see references in Royo-Torres, 2005). In diplodocoid neosauropods such
as Barosaurus or Dicraeosauridae it is asymmetric, and the primitive condition could
be maintained. The presence of selvage is a character present in primitive eusauropods,
but it has also been cited in some diplodocoids such as Barosaurus. However, in
macronarians such as Camarasaurus and Tastavinsaurus it is absent. Royo-Torres
(2005) points out that it would be an autapomorphy of Macronaria, therefore MDS-
TZA, 6, following this author, could not be included in this clade.

The greatest morphological similarity of MDS-TZA,6 is with some diplodocoids, such
as Barosaurus from the Tithonian of USA and dicraeosaurids such as Dicraeosaurus
sattleri from the Kimmeridgian-Tithonian of Tanzania and Dicraeosaurus
hansemanni from the Oxfordian-Kimmeridgian of Tanzania (Janensch, 1961;
Mclintosh, 2005). They share similar robustness values, asymmetry at the proximal
end, proximal end with a widening that is double the distal end, small distal widening
of the diaphysis and presence of selvage. Dicracosaurids have not been cited in the
Iberian Peninsula, and the presence of diplodocids is documented with little diagnostic
material. The Diplodocoidea is a poorly known group in the Iberian Peninsula with the
exception of the rebbachisaurid Demandasaurus from the Barremian-Aptian of
Burgos (Torcida Fernandez-Baldor et al., 2011). The morphology of MDS-TZA,6 is
consistent with a diplodocoid, thus demonstrating the presence of representatives of
this clade in the Berriasian of the Iberian Peninsula. Future excavation work at the site
that increases the available material will allow us to better determine the position of

the sauropod of Tenada Tizuela within Diplodocoidea.
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The historical lower Maastrichtian (70-71Ma) locality of Els Nerets (Spain, Southern
Pyrenees) has recently yielded the largest sample of titanosaurian teeth from the Ibero-
armorican domain. For the first time, twenty pieces are described in detail, leading to the
establishment of four different dental morphotypes, roughly corresponding with the
anterior-to-distal sections of the toothrow.

The teeth have been compared to the known Ibero-armorican titanosaurs (Ampelosaurus
atacis, Le Loeuff, 1995; Atsinganosaurus velauciensis, Diez Diaz et al., 2018;
Lirainosaurus astibiae, Sanz et al. 1999; Lohuecotitan pandafilandi, Diez Diaz et al.,
2016; and the Massecaps titanosaur, Diez Diaz et al., 2013). Despite numerous
morphological similarities with some of them (especially Morphotype A from Lo Hueco
and the Massecaps titanosaur), the teeth from Els Nerets are seen to be morphologically
distinct enough to belong to a new species. The teeth are larger than most of the other
Ibero-armorican taxa and, at the same time, one of the slendermost teeth from Ibero-
armorica. They are the most labiolingually compressed among those of the Ibero-
armorican titanosaurs, the cusps tilt with a lower angle than the other species, and the
enamel ornamentation is different to that of most of other French and Spanish taxa. To
further highlight these differences, the specimens’ dimensions have been plotted in a
bivariate (CI vs SI) dispersion analysis (DA) based on the work of Holwerda et al. (2018).
The specimens with complete crowns also present a specific pattern of enamel wrinkling
at the base of the crown regardless of their arrangement in the dental series. Since a similar
general pattern is present in other biogeographically close taxa, further detailed
comparisons between the enamel wrinkling of known Ibero-Armorican taxa are
required.Tooth wear has also been characterized for the Els Nerets sample. Thus, the teeth
show Type B wear (Wiersma and Sander, 2017; Saegusa and Tomida, 2011) and, more
specifically, almost all the studied teeth present Type 3 abrasion.
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The dominion of large-bodied titanosaurs at the run-up to the end-
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At the very end of the Cretaceous, Europe consisted of an extensive archipelago in which
the main landmass was the Ibero-Armorican Island. There, the evolution of dinosaur
communities features a replacement of fauna that started in the early Maastrichtian and
ended in the early late Maastrichtian (a span of 2.5-2.8 million of years), generally
characterized by a shift from a sauropod-dominated to a hadrosauroid-dominated faunal
assemblages (Le Loeuff et al., 1994; Vila et al., 2016; Fondevilla et al., 2019). For the
pre-turnover (late Campanian—early Maastrichtian) titanosaurian assemblage, the most
prominent feature was undoubtedly their small size relative to their contemporary
relatives out of the European archipelago. Body mass estimates for the small-to-
moderate-sized species of Lirainosaurus, Garrigatitan, Atsinganosaurus, Ampelosaurus,
and Lohuecotitan range from 1,000-5,000 Kg. On contrast, post-turnover titanosaurians
tend to be three to four times larger than preceding species, as evidenced by the recently
described Abditosaurus, which has an estimated body mass of 14,000 Kg. Further, it is
regarded as a member of an immigrant lineage, unequivocally distinct from some of the

island dwarfs of the European archipelago (Vila et al., 2022).

The present work reports the remains of two new large-bodied titanosaurian taxa from
the Southern Pyrenees. The first taxon is from Les Gavarres locality (early Maastrichtian,
Tremp basin) and consists of appendicular (forelimb) and cervical material, which body
mass is estimated at 21,000 Kg. This makes the ‘Les Gavarres taxon’ the largest
titanosaurian ever reported in the Upper Cretaceous of Europe. The second taxon was
collected at the Peguera-1 locality (early Maastrichtian, Vallcebre syncline) and consists

of appendicular, girdle, and axial elements. Its estimated body mass range is 13,000-
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19,000 Kg. A morphological comparison was made with the known Ibero-Armorican
species, indicating that the two new taxa might represent new titanosaurian species,
pending definitive description. In addition, other large-bodied titanosaurians are known
from the region, such as the ‘Serraduy taxon’ (Canudo, 2011), with an estimated body
mass of 17,000 Kg. The three large-bodied titanosaurs, together with Abditosaurus,
provide new evidence to support the hypothesis of the arrival of large-bodied immigrant
titanosaurs to the European archipelago during the early Maastrichtian (70.6 Ma),
probably as a result of a global and regional sea-level drop that reactivated ancient
dispersal routes between Europe and other continents (Vila et al., 2002). The irruption of
such large-bodied titanosaurs in the European insular ecosystems could have caused
dramatic changes in dinosaur community dynamics, especially with respect to the ‘island

rule’ effect and ecological stress (Sellés et al., 2017).
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