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ABSTRACT
El Cerro de los Batallones is one of the most important fossil sites of the Miocene. The quantity and 
preservation of its fossil remains have allowed us to describe many new mammal species. One of these is 
Hispanomys moralesi, a derived species of the Tribe Cricetodontini, a wide group of rodents with great 
importance in the faunal assemblage during the Miocene. Unlike most fossil micromammals in this fossil site, 
we have obtained skull remains that preserve never recorded anatomical structures in this time interval. Due 
to the fragility of the material, it could only be studied in detail using X-ray micro-computed tomography (µ- 
CT Scan). With this technique, we obtained three-dimensional models of 12 skulls of Hispanomys moralesi, in 
which different osteological parts have been described. In this way, we compared the morphological 
variation of the skull with other fossil cricetids and concluded that Batallones’ species is an opisthodont 
rodent, with a relatively elongated rostrum, a robust base of zygomatic arches and big-sized tooth rows. 
Opisthodont incisor characterises omnivore and herbivore diets in rodents. Therefore, these new findings of 
Hispanomys moralesi could allow us to describe the dietary affinities of this extinct species.
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Introduction

Cerro de los Batallones renowned for its fossil mammal sites, is 
a structural butte whose origin is due to differential erosion during 
the Neogene (Calvo et al. 2013). It is situated in the northwestern 
part of the Madrid Basin, central Iberian Peninsula. This butte 
contains nine fossiliferous localities (Batallones 1 to 10, Figure 1) 
of early late Miocene age (local zone J, MN10, Vallesian, ca. 9 Ma 
(Morales et al. 2008; Domingo et al. 2011; Peláez-Campomanes 
et al. 2017). The materials constituting the butte indicate 
a continental depositional environment (Pozo et al. 2004). Several 
cavities were formed throughout the butte by erosion due to piping 
processes and were later infilled with fossiliferous deposits (Calvo 
et al. 2013).

The fossiliferous site of Cerro de los Batallones is of exceptional 
interest due to the richness, excellent preservation and great diver-
sity of its fossils (Valenciano et al. 2012; Ríos et al. 2017; Domingo 
et al. 2018; Ríos and Morales 2019; Medina-Chavarrías et al. 2019; 
Martín-Perea et al. 2021a, 2021b). Mammals dominate this assem-
blage, but invertebrates, amphibians, fishes and birds have been also 
recorded in these sites (Domingo et al. 2011). Many taxonomical 
studies have been performed in this assemblage, resulting in the 
descriptions of several new species (López-Antoñanzas et al. 2010, 
2014; Ríos et al. 2017; Ríos and Morales 2019; Valenciano et al. 
2020; Morales et al. 2021).

The small mammal remains stand outdue to their exceptional 
preservation (López-Antoñanzas et al. 2010, 2014; Álvarez-Sierra 
et al. 2017; Medina-Chavarrías et al. 2019). In these fossil sites, 13 
species of small-mammals have been recorded (Álvarez-Sierra et al. 
2017). Among this sample, Hispanomys moralesi (López- 
Antoñanzas et al. 2010), only recorded in this butte, is one of the 

richest in terms of quantity and preservation. This cricetid is part of 
the Tribe Cricetodontini, a wide group of cricetids originating in 
Anatolia during the late Oligocene (De Bruijn et al. 1992; Ataabadi 
et al. 2013; Čerňanský et al. 2017) and spread throughout Europe 
and Asia during the middle Miocene (López-Guerrero et al. 2014, 
2015; López-Antoñanzas et al. 2021). They became extinct during 
the late Pliocene (Álvarez-Sierra et al. 2013; Van Dam et al. 2001). 
The morphological descriptions for this tribe comprises mainly 
dental traits (Agustí 1982; López-Guerrero et al. 2015) for which 
three morphological stages have been proposed (López-Guerrero 
et al. 2015; Carro-Rodríguez et al. 2018). Basal, intermediate, and 
derived stages describe a trend towards the development of strong 
and complete ectolophs and an increase of the height of the crown. 
According to this pattern, Hispanomys moralesi is included in the 
derived stage. López-Antoñanzas et al. (2010) described 
Hispanomys moralesi as a relatively derived species of Hispanomys 
with 4 to 5-rooted first upper molars, well-developed ectolophs, and 
hypsodont molars. The description of the dental morphology of this 
species was based on the available sample until 2009. Since then, 
several excavation campaigns have been carried out and as a result, 
around twenty new skull remains have been added to the 
collections.

The small-mammal fossil record is usually constituted almost 
entirely by isolated dental elements. There are few fossil sites, in 
which complete, or partially complete skulls and mandibles have 
been found, such as Steinberg and Goldberg in Germany 
(Heizmann and Fahlbusch 1983; Göhlich and Ballmann 2013), 
Gratkorn in Austria (Prieto et al. 2010) and Casa Montero and 
Escobosa in Spain (Martínez et al. 1977; López Guerrero et al. 
2007). The skull remains from Batallones sites are exceptionally 
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well preserved, showing anatomical structures unknown from this 
time interval and for this tribe. The cranial samples from Batallones 
are embedded in marl, which was unconformable deposited in 
a pseudokarstic cave carved into sepiolite-rich clays due to piping 
processes (Pozo et al. 2004; Calvo et al. 2013).

The fragility of the skull remains from Batallones requires 
very careful preparation and the use of non-destructive analytical 
techniques for their study. In this case, we used X-ray micro- 
computed tomography (µ-CT Scan), a non-invasive technique 
that allows the three-dimensional study of the sample. The µ- 
CT scanners are widely used in palaeontology to study small and 
fragile remains without the damage of the sample (Schwarzhans 
et al. 2018; Ford et al. 2019). With this methodology, we obtained 
high-quality 3D models. These models preserve all taxonomical, 
functional and palaeoecological information for later studies 
(Figure 2). This work aims to perform for the first time 
a detailed reconstruction and study of the cranial remains of 
Hispanomys moralesi from El Cerro de los Batallones, which 
allows, based on the high number of specimens, to obtain 
a complete description of this species.

Material and methods

The cranial remains of Hispanomys moralesi included in this work 
(Table 1) were recovered from Batallones 10 (BAT10). The material 
is stored at the Museo Nacional de Ciencias Naturales (MNCN- 
CSIC) with the rest of small-mammals remains from the Cerro de 

los Batallones sites. The sample of this study presents different 
preservation conditions, from isolated skulls with a thin layer of 
sediment to aggregated different osteological remains embedded in 
marl blocks interpreted as prey pellets.

The specimens were scanned in the Service of Analysis by Non- 
Destructive Techniques of MNCN-CSIC with a CT-SCAN Nikon 
XT H-160. The scanning resulted in 900–1200 slices (2D cross- 
section images of the entire sample) per specimen and a voxel size 
between 22.3–32.3 μm. In several specimens, the matrix surround-
ing the fossil remains show low contrast with the bone remains and 
therefore it was not possible to perform automatic accurate 

Figure 1. A, map of Spain with the situation of Madrid Basin. B, map of Cerro de los Batallones with the nine fossil sites of the butte and the location of Cerro de los 
Batallones 10. Edited from Ríos and Morales (2019)

Figure 2. A, photograph of the sample BAT10ʹ15 F3-3; B and C, different views of the µ-CT Scans of the same sample.

Table 1. List of specimens analysed in this work.

Catalogue Number Grid Year Preservation State

BAT10�20 E4-147 E4 2020 Isolated skull
BAT10�20 D5-18 D5 2020 Skull associated with the right hemimandible
BAT10�19 E1-9 E1 2019 Isolated skull
BAT10�19 D5-4 D5 2019 Isolated skull
BAT10�16 E3-27 E3 2016 Isolated skull
BAT10�16 D2-6 D2 2016 Isolated skull
BAT10�15 F3-3 F3 2015 Skull with the mandible and a tympanic bulla
BAT10�14 G5-22 G5 2014 Isolated skull
BAT10�14 E2-6 E2 2014 Isolated skull
BAT10�13 E2-13 E2 2013 Isolated skull
BAT10�12 F3-33 F3 2012 Isolated skull
BAT10�11 G4-2 G4 2011 Skull associated with the left hemimandible
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segmentations. For these cases, we used a manual segmentation of 
the 3D model based on the continuation of contours and interpola-
tion to reconstruct the skull morphology. Meshing follows the 
segmentation process; it consists of the conversion of the 2D images 
into a surface mesh where the outer parts remain and shape the 
topology of the skull (Figure 3). Linear measurements of the skull 
were recorded from the reconstructions using Meshlab (Cignoni 
et al. 2008). Virtual reconstructions are used to produce detailed 
descriptions of this species and compare it with other extinct 
species.

The taxonomic assignment of the different cranial remains is 
based on the morphology of the cheek teeth. Cheek teeth have been 
measured using a Nikon Measurescope 10 at MNCN-CSIC. The 
sediment embedding the cheek teeth remains have been removed 
mechanically to avoid metric differences. We compared those 
metric data with the original description of the species by López- 
Antoñanzas et al. (2010) to test the similarities between them.

Terminology for the cranial remains is after Voss (1988) and Bi 
(2005) (Figure 4) and for the dentition after López-Antoñanzas 
et al. (2010). The procumbency has been determined after 
Thomas (1918) and Mora et al. (2003).

Cranial descriptions

Preservation and general morphology

Our sample comprises 12 incomplete skulls and one mandible 
belonging to Hispanomys moralesi (Figures 5–16). The skulls 
show some degree of deformation although they preserve part of 
the original volume (Figures 17 and 18). Most specimens include 
the complete teeth rows (upper-lower first-third molars, M1, M2, 

M3, m1, m2, and m3 respectively). Most of them present 
a virtually complete anterior region with the pair of incisors, the 
premaxilla bones and nasal bones. The zygomatic arches are 
incomplete in all specimens, but all of them present at least one 
of the maxillary bases of the zygomatic arch. The posterior region 
of the skull is the most damaged due to the fragility of the bones in 
this area. Remains of frontal and tympanic bulla are observed in 
some of the specimens.

Hispanomys moralesi presents two pairs of incisors. The upper 
ones show a middle groove in some of the specimens and have 
a triangular transversal section. The angle of upper incisor procum-
bency is defined as opisthodont, that is with an angle less than 90°. 
This rodent also presents an elongated rostrum due to the length of 
the premaxilla and nasal bones; as a consequence, it presents an 
elongated diastema that is also flattened. In this anterior region of 
the skull, we can distinguish enlarged incisive foramina, which go 
from the middle of the premaxilla to the anterior part of the M1, 
where they are wider. The anterior margin of the zygomatic arch 
reaches the level of the middle part of the incisive foramen. Dental 
rows are parallel to each other, and cheek teeth are large in com-
parison to the size of the skull. The palatine foramen goes from the 
middle part of the M1 to the posterior part of the M2. In some cases, 
we observe the palatine bone; it starts at the level of the M1 poster-
ior border.

The dental morphology of Hispanomys moralesi was described 
in detail by López-Antoñanzas et al. (2010), so it will not be 
included here. The length and width measurements of length and 
width of the upper molars (Figure 19) show values that fit into the 
metric variation described by those authors. There are slight differ-
ences between our sample and that of López-Antoñanzas et al. 

Figure 3. A1, µ-CT Scan of the sample BAT10ʹ15 F3-3. A2-A4, examples of segmentation process of the skull, the mandible and the tympanic bulla. A5, 3D-models of the 
segmented parts of the cranial remains. Scale bars represent 10 mm.
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(2010); although they are considered as not significant due to due to 
the variation that the original sample of the species already presents. 
López-Antoñanzas et al. (2010) mainly included measurements of 
isolated molars whereas in this work the measurements have been 
taken on mostly complete tooth rows preserving their anatomical 
position. Therefore, when measuring each dental element in com-
plete tooth rows, where they appear imbricated, their length 
appears slightly smaller than those based on isolated teeth, as was 
the case in the original diagnosis.

Nasal

Nasal bones are present but incomplete in nine of the 12 specimens. In 
all of them, the anterior region is fragmented. The nasal is long and 
straight, becoming progressively narrower in the last third of the bone. 
The nasal-frontal suture presents a triangular shape and is interdigi-
tated. The posterior margin of the nasal bones is situated posterior to 
the zygomatic root.

Premaxilla

The anterior side of the premaxilla has a small but distinguish-
able gnathic process between the upper incisors. Its shape is flat, 
and it protrudes in front of the incisors. Dorsally, the posterior 
process of the premaxilla reaches the same level as the nasals, 
posterior to the zygomatic root, at its junction with the frontal 
bones. The suture between the premaxilla and the frontal is 
diagonal and interdigitated. Laterally, the premaxilla curves 
ventrally covering part of the upper incisors. The posterior 
process of the premaxilla is very well developed and, therefore, 
the rostrum is relatively long. Ventrally, the premaxilla extends 
to the middle of the diastema. An interdigitated suture connects 
the corpus of the premaxilla and the maxilla while the posterior 
process connects with the maxilla with smooth sutures. The 
incisive foramen occupies the third posterior part of the pre-
maxilla reaching the level of the anterior margin of the M1 of 
the maxilla, constituting approximately 50% of the total length 
of the diastema. It is narrower anteriorly.

Figure 4. On the top, parts of the skull in ventral and dorsal view of the sample BAT10ʹ14 E2-6. On the bottom, labial and lingual views of the mandibles of the sample 
BAT10ʹ15 F3-3. Scale bar represents 10 mm.
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Maxilla

The maxilla extends, ventrally, from the posterior edge of the premax-
illa to the posterior edge of the third upper molar (M3), being the 
longest bone in the skull. In the dorsal view, the maxilla articulates with 
the premaxilla and the frontal bones with sutures without interdigita-
lizations. The zygomatic notches are deep and wide, opening antero-
dorsally. A well-developed crest on the anterior side of the zygomatic 
plate forms the lateral border of the zygomatic notch. This crest ends in 
a well-defined masseteric tubercle. The nasolacrimal foramen is elon-
gated and situated in front of the infraorbital foramen. A thin ridge of 
bone that runs horizontally surrounds it laterally. The nasolacrimal 
foramen is only observable in the dorsal view. The infraorbital foramen 
is large and high. The shape is triangular, its dorsal side being wide and 
the ventral side very narrow. In lateral view, the zygomatic plate pre-
sents a concave anterior margin and wide shape. It reaches a length that 
goes from the middle of the foramen to the anterior part of the M1. In 
some specimens, the temporal process of the maxilla is conserved and 
ventrally orientated. All the skulls lack the squamosal bone. In several 
specimens, remains of the jugal bone are present close to its anatomical 
position, dorsal to the zygomatic portion of the maxilla.

Palatine region

The palatine bone is present in the ventral region of the skull. It shows 
an arrow shape where the palatine foramen occupies a large part of it. 
The palatine foramina extend from the middle region of the upper 
first molar to the posterior region of the upper second molar. Both 
foramina have an elongated shape and a position parallel to each 
other. The posterior part of the palatine bone forms the mesopter-
ygoid fossa, which has an elliptical shape. In the inner region of this 
fossa, the presphenoid and basisphenoid bones are present in some of 
the specimens. The presphenoid bone is anteriorly disposed in the 
mesopterygoid fossa and has an elongated and narrow shape. The 
basisphenoid bone is trapezoidal, widened posteriorly.

Frontal

The frontal bone forms the roof of the skull and laterally the orbit. 
This bone articulates with the nasal, premaxilla and maxillary 
bones. In all the specimens, the posterior edge of the frontal bone 
is damaged. In some of the specimens, the frontal bones have lost 
their curvature and present a flat shape.

Figure 5. Views of BAT10ʹ11 G4-2. From top to bottom: ventral, dorsal, lateral and frontal. Scale bar represents 10 mm.
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Parietal

The parietals are thin bones incomplete in all the specimens. The 
best-preserved parietal appears in the sample BAT10ʹ14 E2-6 
(Figure 8). The frontal-parietal suture is sinuous. The parietal 
delimits the neurocranial cavity, so it presents a slightly curved 
shape.

Tympanic bulla

Among the sample of Hispanomys moralesi the presence of 
a displaced tympanic bulla stands out (specimen BAT10ʹ15 F3-3, 
Figure 10). The bulla is a very thin bone that forms a cavity in which 
the middle and inner regions of the auditory system are situated. 
Being such a thin bone, its conservation during the fossilisation 
process is complicated. The tympanic bulla presents a globular 
shape elongated anteroposteriorly.

Mandible

The sample BAT-10ʹ15 F3-3 (Figure 10) has the best well-preserved 
hemimandible of this study (Figure 3). This left hemimandible lacks 
coronoid and angular processes but preserve the condyloid process. 
Despite the absence of the angular process, the superficial masseter 
insertion is marked, and it is located in the same plane as the alveolus 
of the incisors, so this mandible presents a sciurognathous pattern. 
The horizontal ramus is long with a deeply concave diastema. The 
mental foramen is in the middle of the diastema. The masseteric ridge 
is posterior to the mental foramen and continues to the ventral area 
of the mandible. The condyloid process and the mandibular notch 
compound the ascending ramus. The condyloid process is posteriorly 
orientated, and its articular facet is longer than wide. The mandibular 
notch has little curvature. On lingual view, the tooth row is oblique to 
the plane of the mandible. The lower incisor is slightly curved, and its 
tip is higher than the occlusal surface of the molar row.

Figure 6. Views of BAT10ʹ12 F3-33. From top to bottom: ventral, dorsal, lateral and frontal. Scale bar represents 10 mm.
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Discussion

The characteristics of this species indicate, the same as the dental 
morphology, that these skulls belong to the family Cricetidae. The 
similarities between the zygomatic plate of Hispanomys moralesi 
and those of extant species indicate a low variation rate among 
cricetids (Bi 2005; Wahlert 2009; García Álvarez et al. 2020; Ronez 
et al. 2020).

As it is the case in all Cricetidae, these skulls present a myomorph 
pattern. This morphology refers to the muscle pattern of the deep 
masseter; this muscle extends underneath the zygomatic arch and the 
zygomatico-mandibularis passes through the infraorbital foramen 
(Swanson et al. 2019). This morphology allows for a versatile feeding 
behaviour (Cox et al. 2012). This versatility has turned the cricetids 
into a group with a relatively large degree of variation within 
Rodentia (Fabre et al. 2012). The myomorph pattern allows cricetids 
to present a greater efficiency of gnawing and chewing in comparison 
with the other patterns (protogomorph, hystricomorph and sciuro-
morph) (Swanson et al. 2019). The upper incisor is opisthodont due 
to the procumbency angle is less than 90° with the anterior plane 
(Thomas 1918). The procumbency angle is the ‘variation in the 
degree of the anterior projection of incisors in the skull’ (Mora 

et al. 2003). The upper incisor procumbency is more variable than 
the one that showed on the lower incisor (Landry 1957; Mora et al. 
2003). Several studies related this angle to the digging and dietary 
behaviour of rodent species. More procumbent incisors are related to 
burrowing rodents and/or carnivorous diet (Lessa et al. 2008; 
Samuels 2009; McIntosh and Cox 2016; Echeverría et al. 2017). Non- 
procumbent incisors, as in Hispanomys moralesi, characterise omni-
vore and herbivore diets. Samuels (2009) related the mechanical 
advantage with the incisor morphology and concluded that opistho-
dont molar increases this advantage but reduce the velocity in the jaw 
opening; other authors as Fabre et al. (2017) and Carro-Rodríguez 
et al. (2020) pointed out this functional pattern characterises herbi-
vore diets.

Few examples of fossil skull remains exist on the fossil record. 
One of these is Cricetodon orientalis (Bi 2005), the first record of the 
Tribe Cricetodontini in China (Middle Miocene, Halamagai 
Formation). The sample of this species comprises postcranial, skulls 
and mandibles remains. In comparison to C. orientalis, H. moralesi 
presents a larger diastema, with larger incisive and posterior pala-
tine foramina. The anteriormost point of the zygomatic plate is 
deep, narrow in C. orientalis, whereas it is wide, curved in 

Figure 7. Views of BAT10ʹ13 E2-13. From top to bottom: ventral, dorsal, lateral and frontal. Scale bar represents 10 mm.
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H. moralesi. Cricetodon orientalis presents a better-preserved neu-
rocranial region than H. moralesi. Concerning the mandible, the 
sample of C. orientalis includes a virtually complete mandible. Both 
species present long condyloid processes, but they differ in other 
parts of the mandible. The Chinese cricetids present a masseteric 
ridge that reaches the level of the diastema, while H. moralesi this 
ridge is shorter. The mandibular diastema is more concave in 
C. orientalis than in H. moralesi, which presents an elongated and 
flattened one.

Another example of cranial remains on the fossil record is 
‘Cricetodon’ fandli Prieto et al. (2010). This cricetodontini 
species comes from the Gratkorn Basin in Austria (late middle 
Miocene). As in most of the micromammals of the fossil 
record, these authors described the species based on the dental 
morphology, but in the original study, a photograph of the 
holotype appears. On it, we can observe the lateral view of the 
skull and mandible of ‘C.’ fandli. As in H. moralesi, this 
cricetid presents a long and flat diastema that curves at the 
posterior edge of the upper incisors. The zygomatic plate in 
lateral view presents a concave morphology, the same as 

H. moralesi. Concerning the mandible, ‘C.’ fandli presents 
a long condyloid process and narrow angular process. The 
diastema of the mandible is more curved than in 
H. moralesi. Prieto et al. (2010) pointed out that ‘C.’ fandli 
could be assigned to either Cricetodon, Hispanomys and 
Byzantinia as this species possesses traits from these genera. 
The skull similarities between ‘Cricetodon’ fandli and 
Hispanomys moralesi supports the phylogenetic conclusions 
based on parsimony analysis (Álvarez-Sierra et al. 2014) and 
bayesian inference (López-Antoñanzas et al. 2021), who 
include the Austrian form within the Hispanomys clade instead 
of within that of Byzantinia.

Additional cranial remains belonging to Democricetodontines 
and Megacricetodontines have been also found. Jovells-Vaqué et al. 
(2017) described cranial remains of Democricetodon hispanicus 
from els Casots in the Vallès-Penedès Basin (lower Miocene, 
Spain). Their samples comprise fragmentary material of two skulls 
and two mandibles of two different individuals. One of the skulls of 
D. hispanicus presents a diastema very similar to H. moralesi in 
shape; the other is crushed and only half of the skull can be 

Figure 8. Views of BAT10ʹ14 E2-6. From top to bottom: ventral, dorsal, lateral and frontal. Scale bar represents 10 mm.
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observed. This cranium preserves one zygomatic arch in which the 
anterior part of the zygomatic plate presents a less curved shape 
than in H. moralesi. Unlike this latter, D. hispanicus has a short 
rostrum. Regarding the mandibles, the material from els Casots is 
fragmentary and only preserves the condyloid process, which is 
posteriorly orientated.

Carro-Rodríguez et al. (2020) described the mandibular mor-
phology of Cricetodon aff. aureus and Megacricetodon minor from 
Goldberg and Steinberg (Germany). These middle Miocene crice-
tids present morphological differences in the ascending ramus. 
Cricetodon aff. aureus is included in the Tribe Cricetodontini; it 
presents basal dental traits compared to H. moralesi (López- 
Guerrero et al. 2015). Concerning the mandible, this basal cricetid 
presents more curved and shorter diastema than H. moralesi. The 
angular process of the peninsular species is wider and longer than 
the one of C. aff. aureus. Whereas Megacricetodon minor is included 
in the subfamily Megacricetodontinae (Lindsay 1988; McKenna 
and Bell 1997) and presents a shorter and more curved diastema 
and narrower angular process than C. aff. aureus and H. moralesi.

The digital reconstruction of these skulls gives us the possibility 
of carrying out more complex analyses. The next step of retro-
deformation of the sample to return it to its original volume and 

shape will allow us to apply geometric morphometrics and biome-
chanics methodologies providing an even more precise insight into 
the life of Miocene rodents.

Conclusions

X-ray micro-computed tomography has revealed as a great 
methodology to study the remains of Hispanomys moralesi 
from the Cerro de los Batallones. Unlike most of the small- 
mammals fossil record, the remains of H. moralesi include 
skulls and mandibles whose fragility prevents its study through 
traditional methodologies. These unique findings have given us 
the opportunity to associate the known dental morphology of 
this species with the cranial characteristics and obtain a new 
insight in the knowledge of H. moralesi.

Comparison with the scarce cranial material of other Miocene 
cricetids, such as Cricetodon orientalis, ‘Cricetodon’ fandli, 
Democricetodon hispanicus, Cricetodon aff. aureus and 
Megacricetodon minor, shows that the large variation in dental 
morphology is mirrored in cranial and mandibular morphology. 
The skull similarities between ‘C.’ fandli and H. moralesi supports 

Figure 9. Views of BAT10ʹ14 G5-22. From top to bottom: ventral, dorsal, lateral and frontal. Scale bar represents 10 mm.
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the phylogenetic conclusions which place this Austrian species 
closely related to Hispanomys. Concerning to our descriptions 
and in comparison, to those traits of C. aff. aureus we were able to 
describe primitive cranial characteristics for the Tribe 
Cricetodontini as more curved and shorter diastema and narrower 
and shorter angular process.

Finally, the dental morphology of Hispanomys moralesi with its 
opisthodont incisors and high-crowned molars with complete ecto-
lophs would indicate an omnivore diet with herbivores preferences.

The realisation of this research has been possible thanks to the 
predoctoral grant to PCR, CT42/18-CT43/18 of the Universidad 
Complutense of Madrid (UCM) and has been founded by Projects 
PGC2018-094955-A-100 and PGC2018-094122-B-100 (MICU/AEI/ 
FEDER, EU). This is a contribution of the Research Group Team 
UCM-910607 on the Evolution of Cenozoic Mammals and 
Continental Palaeoenvironments of UCM. Excavations carried out in 
the Cerro de los Batallones are founded by the Dirección General de 

Patrimonio Cultural (Comunidad de Madrid). We want to acknowl-
edge the comments of Dr. Martín-Perea that have improved the 
geology sections of this article. We also thank the Editor Dr. Gareth 
Dyke for the help during the submission process. We deeply appreciate 
the suggestions of the referees Dr. Jovells Vaqué, Dr. van den Hoek 
Ostende and Dr. López-Antoñanzas that have substantially improved 
this manuscript. We acknowledge all the students and volunteers who 
have participated in the excavation campaigns.

Acknowledgements

First, we would like to dedicate this work to Jorge Morales for his efforts and 
enthusiasm for studying the Cerro de los Batallones sites during the 30 years that 
have elapsed since its discovery. Without his scientific contributions and his 
work, it would have been impossible to reach the vast knowledge we have on 
Miocene mammalian faunas, as well as the realisation of works such as the one 
presented here.
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Figure 11. Views of BAT10ʹ16 D2-6. From top to bottom: ventral, dorsal, lateral and frontal. Scale bar represents 10 mm.
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Figure 12. Views of BAT10ʹ16 E3-27. From top to bottom: ventral, dorsal, lateral and frontal. Scale bar represents 10 mm.
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Figure 13. Views of BAT10ʹ19 D5-4. From top to bottom: ventral, dorsal, lateral and frontal. Scale bar represents 10 mm.
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Figure 14. Views of BAT10ʹ19 E1-9. From top to bottom: ventral, dorsal, lateral and frontal. Scale bar represents 10 mm.
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Figure 15. Views of BAT10ʹ20 D5-18. From top to bottom: ventral, dorsal, lateral and frontal. Scale bar represents 10 mm.
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Figure 16. Views of BAT10ʹ20 E4-147. From top to bottom: ventral, dorsal, lateral and frontal. Scale bar represents 10 mm.

Figure 17. 3D skull and mandible from Batallones 10 (BAT10ʹ15 F3-3).

16 P. M. CARRO-RODRÍGUEZ ET AL.



Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by the MICU/AEI/FEDER, EU [Project PGC2018- 
094122-B-100,Project PGC2018-094955-A-100]; Universidad Complutense de 
Madrid [CT42/18-CT43/18].

ORCID

Patricia María Carro-Rodríguez http://orcid.org/0000-0001-8131-4121
Paloma López-Guerrero http://orcid.org/0000-0002-6017-0656
Adriana Oliver http://orcid.org/0000-0002-2583-8294
Pablo Peláez-Campomanes http://orcid.org/0000-0002-6551-1026

References

Agustí J. 1982. Tendencias evolutivas de la línea Cristodon-Ruscinomys (Rodentia, 
Mammalia) en la Península Ibérica. Acta Geol Hisp. 17(1):103–111.

Álvarez-Sierra MÁ, García-Paredes I, Hernández-Ballarín V, van Den Hoek 
Ostende L, Hordijk K, López-Guerrero P, van der Meulen AJ, Oliver A, 
Peláez-Campomanes P. 2013. Models of historical biogeography and con-
tinental biochronology. Span J Paleontol. 28(2):129–138. doi:10.7203/ 
sjp.28.2.17847.

Álvarez-Sierra MA, Gómez Cano AR, Hernández-Ballarín V, van Den 
Hoek Ostende LW, López Antoñanzas R, López-Guerrero P, Oliver A, 
Peláez-Campomanes P. 2017. Los micromamíferos del Cerro de los 
Batallones. In: Morales J, and Baquedano E, editors. La colina de los 
Tigres Dientes de Sable: los yacimientos miocenos del Cerro de los 
Batallones (Torrejón de Velasco, Comunidad de Madrid). Museo 
Arqueológico Regional de Alcalá de Henares, Cosmocaixa, Museo 
Nacional de Ciencias Naturales 517–529 . https://hal.archives-ouvertes. 
fr/hal-01923388 .

Figure 18. 3D skull from Batallones 10 (BAT10ʹ16 E3-27).

Figure 19. Length and width measurements of the new material (red) of Hispanomys moralesi from El Cerro de los Batallones. On the M1 and M3 values it can be noted that 
the teeth are shorter than those of the original description of the species (blue) .

HISTORICAL BIOLOGY 17

https://doi.org/10.7203/sjp.28.2.17847
https://doi.org/10.7203/sjp.28.2.17847
https://hal.archives-ouvertes.fr/hal-01923388
https://hal.archives-ouvertes.fr/hal-01923388


Álvarez-Sierra M, López-Guerrero P, Sanisidro O, García-Paredes I, Peláez- 
Campomanes P 2014 . First phylogenetic approach to Cricetodontini 
(Rodentia, Mammalia). J Vertebr Paleontol, Program and Abstracts. 79.

Ataabadi MM, Bernor RL, Kostopoulos DS, Wolf D, Orak Z, Zare G, Orak Z, 
Nakaya H, Watabe M, Fortelius M. 2013. Recent advances in paleobiological 
research of the late Miocene Maragheh Fauna, Northwest Iran. Fossil 
Mammals of Asia. 546–565. doi:10.7312/columbia/9780231150125.003.0025.

Bi S 2005. Evolution, systematics and functional anatomy of Cricetodontini 
(Cricetidae, Rodentia, Mammalia) from the northern Junggar Basin, north-
western China (Doctoral dissertation, Howard University).

Calvo JP, Pozo M, Silva PG, Morales J, Mallinson D. 2013. Pattern of sedimen-
tary infilling of fossil mammal traps formed in pseudokarst at Cerro de los 
Batallones, Madrid Basin, central Spain. Sedimentology. 60(7):1681–1708. 
doi:10.1111/sed.12048.

Carro-Rodríguez PM, López-Guerrero P, Álvarez-Sierra MÁ. 2018. Fourier 
analysis applied to Cricetodon and Hispanomys (Rodentia, Mammalia): its 
use as a taxonomical criterion. Hist Biol. 32(1):104–127. doi:10.1080/ 
08912963.2018.1472254.

Carro-Rodríguez PM, López-Guerrero P, Prieto J, Álvarez-Sierra MÁ, and 
Peláez-Campomanes P. 2020. First functional morphology comparison 
between two Miocene cricetid mandibles. Span J Paleontol. 35(2):175–184. 
doi:10.7203/sjp.35.2.18480.

Čerňanský A, Vasilyan D, Georgalis GL, Joniak P, Mayda S, Klembara J. 2017. 
First record of fossil anguines (Squamata; Anguidae) from the Oligocene and 
Miocene of Turkey. Swiss J Geosci. 110(3):741–751. doi:10.1007/s00015-017- 
0272-5.

Cignoni P, Callieri M, Corsini M, Dellepiane M, Ganovelli F, Ranzuglia G 2008. 
MeshLab: an open-source mesh processing tool. Eurographics Italian 
Chapter Conference Salerno, Italy. doi:10.2312/LocalChapterEvents/ 
ItalChap/ItalianChapConf2008/129-136

Cox PG, Rayfield EJ, Fagan MJ, Herrel A, Pataky TC, Jeffery N, Goswami A. 
2012. Functional evolution of the feeding system in rodents. PLOS ONE. 7 
(4):e36299. doi:10.1371/journal.pone.0036299.

De Bruijn H, Ünay E, Van Den Hoek Ostende L, Saraç G. 1992. A new associa-
tion of small mammals from the lowermost lower miocene of central 
Anatolia. Geobios. 25(5):651–670. doi:10.1016/0016-6995(92)80105-M.

Domingo MS, Cantero E, García-Real I, Chamorro Sancho MJ, Martín 
Perea DM, Alberdi MT, Morales J. 2018. First radiological study of 
a complete dental ontogeny sequence of an extinct equid: implications for 
equidae life history and taphonomy. Sci Rep. 8(1):8507. doi:10.1038/s41598- 
018-26817-3.

Domingo MS, Domingo L, Sánchez IM, Alberdi MT, Azanza B, Morales J. 2011. 
New insights on the taphonomy of the exceptional mammalian fossil sites of 
Cerro de los Batallones (Late Miocene, Spain) based on rare earth element 
geochemistry. Palaios. 26(1):55–65. doi:10.2110/palo.2010.p10-047r.

Echeverría AI, Becerra F, Buezas GN, Vassallo AI. 2017. Bite it forward . . . bite it 
better? Incisor procumbency and mechanical advantage in the chisel-tooth 
and scratch-digger genus Ctenomys (Caviomorpha, Rodentia). Zoology. 
125:53–68. doi:10.1016/j.zool.2017.08.003.

Fabre PH, Hautier L, Dimitrov D, Douzery EJ. 2012. A glimpse on the pattern of 
rodent diversification: a phylogenetic approach. BMC Evol Biol. 12(1):88. 
doi:10.1186/1471-2148-12-88.

Fabre PH, Herrel A, Fitriana Y, Meslin L, Hautier L. 2017. Masticatory muscle 
architecture in a water-rat from Australasia (Murinae, Hydromys) and its 
implication for the evolution of carnivory in rodents. J Anat. 231(3):380–397. 
doi:10.1111/joa.12639.

Ford DP, Benson RBJ, Mannion P. 2019. A redescription of Orovenator 
mayorum (Sauropsida, Diapsida) using high-resolution μ CT, and the con-
sequences for early amniote phylogeny. Papers in Palaeontol. 5(2):197–239. 
doi:10.1002/spp2.1236.

García Álvarez FJ, Sánchez-González E, Machado M. 2020. Morphological 
variation in the skull of Nephelomys meridensis (Rodentia, Cricetidae): evi-
dence for cryptic species in Andean Populations from Northern South 
America. Therya. 11(2):193–202. doi:10.12933/therya-20-743.

Göhlich U, and Ballmann P. 2013. A new barn owl (Aves: strigiformes: tytoni-
dae) from the Middle Miocene of the Nördlinger Ries (Germany) with 
remarks on the history of the owls. In: Göhlich UB, and Kroh A, editors. 
Paleontological Research. Proceedings of the 8th International Meeting of the 
Society of Avian Palaeontology and Evolution (Vienna: Naturhistorisches 
Museum). p. 103–122.

Heizmann EPJ, Fahlbusch V. 1983. Die mittelmiozäne Wirbeltierfauna vom 
Steinberg (Nördlinger Ries). Eine Übersicht. Die mittelmiozäne 
Wirbeltierfauna vom Steinberg (Nördlinger Ries). German: Eine Übersicht. 
Vol. 23, p.83–93.

Jovells-Vaqué S, Ginestí M, Casanovas-Vilar I. 2017. First cranial material of 
Democricetodon hispanicus Freudenthal, 1967 (Rodentia, Cricetidae) from els 
Casots site (Vallès-Penedès Basin, Catalonia). In: Barrios de Pedro S, Blanco 
Moreno C, de Celis A, Colmenar J, Cuesta E, García-Martínez D, Gascó F, 

Jacinto A, Malafaia E, and Martín Jiménez M, et al., editors. A glimpse in the 
past. Abstract book of the XV Encuentro de Jóvenes Investigadores en 
Paleontología/XV Encontro de Joven Investigadore em Paleontologia 
(Lisbon). p. 223–226.

Landry SO. 1957. Factors Affecting the Procumbency of Rodent Upper Incisors. 
J Mammal. 38(2):223–234. doi:10.2307/1376314.

Lessa EP, Vassallo AI, Verzi DH, Mora MS. 2008. Evolution of morpho-
logical adaptations for digging in living and extinct ctenomyid and 
octodontid rodents. Biol J Linn Soc. 95(2):267–283. doi:10.1111/ 
j.1095-8312.2008.01057.x.

Lindsay EH. 1988. Cricetid rodents from Siwalik deposits near Chinji Village: 
part 1: megacricetodontinae, Myocridetontinae and Dendromurinae. 
Paleovertebrata. 18(2):95–154.

López Guerrero P, Oliver Pérez A, Álvarez-Sierra MÁ, García-Paredes I, van 
Den Hoek Ostende L, Peláez-Campomanes P. 2007. Paleontology of the 
Aragonian Casa Montero (Madrid) vertebrates fossil site. In: Cambra 
Moo O, Martínez Pérez C, Chamero Macho B, Escaso Santos F, de Esteban 
Trivigno S, Marugán Lobón J, editors. Cantera Paleontológica. Cuenca: 
Imprenta Provincial; p. 247–254.

López-Antoñanzas R, Peláez-Campomanes P, Álvarez-Sierra MÁ, 
García-Paredes I. 2010. New species of Hispanomys (Rodentia, 
Cricetodontinae) from the Upper Miocene of Batallones (Madrid, 
Spain). Zool J Linnean Soc. 160(4):725–747. doi:10.1111/j.1096- 
3642.2010.00618.x.

López-Antoñanzas R, Peláez-Campomanes P, Álvarez-Sierra MÁ, Viriot L. 
2014. New Species of Rotundomys (Cricetinae) from the Late Miocene of 
Spain and its Bearing on the Phylogeny of Cricetulodon and Rotundomys. 
PLOS ONE. 9(11):e112704. doi:10.1371/journal.pone.0112704.

López-Antoñanzas R, Peláez-Campomanes P, Wright A. 2021. Bayesian 
Morphological Clock versus Parsimony: an insight into the relationships 
and dispersal events of postvacuum Cricetidae (Rodentia, Mammalia). Syst 
Biol. doi:10.1093/sysbio/syab059.

López-Guerrero P, Álvarez-Sierra MÁ, García-Paredes I, Peláez- 
Campomanes P. 2014. New Cricetodontini from the middle Miocene of 
Europe: an example of mosaic evolution. Bull Geosci. 89:573–592. 
doi:10.3140/bull.geosci.1480.

López-Guerrero P, García-Paredes I, Prieto J, López-Antoñanzas R, Álvarez- 
Sierra MÁ. 2015. Palaeodiversity of Cricetodontini during the late Aragonian 
(middle Miocene) from the European basins. Palaeobiodivers Palaeoenviron. 
95(3):415–430. doi:10.1007/s12549-015-0209-9.

Martín-Perea DM, Morales J, Cantero E, Courtenay LA, Fernández MH, 
Domingo MS. 2021b. Taphonomic analysis of Batallones-10, a Late 
Miocene drought-induced mammalian assemblage (Madrid basin, Spain) 
within the Cerro de los Batallones complex. Palaeogeogr Palaeoclimatol 
Palaeoecol. 578:110576. doi:10.1016/j.palaeo.2021.110576.

Martín-Perea DM, Domingo MS, Cantero E, Courtenay LA, Valenciano A, 
Sualdea Rodríguez L, Morales J. 2021a. Recurring taphonomic processes in 
the carnivoran-dominated Late Miocene assemblages of Batallones-3. : . 
doi:10.1111/let.12445.

Martínez N, Sesé C, García J. 1977. La Microfauna (Rodentia, Insectivora, 
Lagomorpha y Reptilia) de las fisuras del Mioceno Medio de Escobosa de 
Calatañazor (Soria, España). Acta Geol Hisp. 12:60–68.

McIntosh AF, Cox PG. 2016. The impact of digging on craniodental 
morphology and integration. J Evol Biol. 29(12):2383–2394. 
doi:10.1111/jeb.12962.

Medina-Chavarrías V, Oliver A, López-Guerrero P, Peláez-Campomanes P, 
Álvarez-Sierra MÁ. 2019. New insights on Hispanomys moralesi (Rodentia, 
Mammalia) and its use as biostratigraphical indicator. J Iber Geol. 45 
(4):641–654. doi:10.1007/s41513-019-00114-y.

Mora M, Olivares AI, Vassallo AI. 2003. Size, shape and structural versatility of 
the skull of the subterranean rodent Ctenomys (Rodentia, Caviomorpha): 
functional and morphological analysis. Biol J Linn Soc. 78(1):85–96. 
doi:10.1046/j.1095-8312.2003.00133.x.

Morales J, Abella J, Sanisidro O, Valenciano A. 2021. Ammitocyon kainos 
gen. et sp. nov, a chimerical amphicyonid (Mammalia, Carnivora) from 
the late Miocene carnivore traps of Cerro de los Batallones (Madrid, 
Spain). J Syst Palaeontol. 1–23. doi:10.1080/14772019.2021.1910868.

Morales J, Pozo M, Silva PG, Domingo MS, López-Antoñanzas R, Álvarez 
Sierra MÁ, Silíceo G 2008. El sistema de yacimientos de mamíferos miocenos 
del Cerro de los Batallones, Cuenca de Madrid: estado actual y perspectivas. 
Palaeontologica Nova. Publicaciones del Seminario de Paleontología de Zaragoza 
8: 41–117

Peláez-Campomanes P, Morales J, Álvarez-Sierra MÁ, Hernández-Ballarín V 
2017. La edad de los yacimientos del Cerro de los Batallones. La colina de los 
Tigres Dientes de sable. Los yacimientos miocenos del Cerro de los Batallones 
(Torrejón de Velasco, Comunidad de Madrid). Museo Arqueológico 
Regional, Comunidad de Madrid, Alcalá de Henares, 144–161.

18 P. M. CARRO-RODRÍGUEZ ET AL.

https://doi.org/10.7312/columbia/9780231150125.003.0025
https://doi.org/10.1111/sed.12048
https://doi.org/10.1080/08912963.2018.1472254
https://doi.org/10.1080/08912963.2018.1472254
https://doi.org/10.7203/sjp.35.2.18480
https://doi.org/10.1007/s00015-017-0272-5
https://doi.org/10.1007/s00015-017-0272-5
https://doi.org/10.2312/LocalChapterEvents/ItalChap/ItalianChapConf2008/129-136
https://doi.org/10.2312/LocalChapterEvents/ItalChap/ItalianChapConf2008/129-136
https://doi.org/10.1371/journal.pone.0036299
https://doi.org/10.1016/0016-6995(92)80105-M
https://doi.org/10.1038/s41598-018-26817-3
https://doi.org/10.1038/s41598-018-26817-3
https://doi.org/10.2110/palo.2010.p10-047r
https://doi.org/10.1016/j.zool.2017.08.003
https://doi.org/10.1186/1471-2148-12-88
https://doi.org/10.1111/joa.12639
https://doi.org/10.1002/spp2.1236
https://doi.org/10.12933/therya-20-743
https://doi.org/10.2307/1376314
https://doi.org/10.1111/j.1095-8312.2008.01057.x
https://doi.org/10.1111/j.1095-8312.2008.01057.x
https://doi.org/10.1111/j.1096-3642.2010.00618.x
https://doi.org/10.1111/j.1096-3642.2010.00618.x
https://doi.org/10.1371/journal.pone.0112704
https://doi.org/10.1093/sysbio/syab059
https://doi.org/10.3140/bull.geosci.1480
https://doi.org/10.1007/s12549-015-0209-9
https://doi.org/10.1016/j.palaeo.2021.110576
https://doi.org/10.1111/let.12445
https://doi.org/10.1111/jeb.12962
https://doi.org/10.1007/s41513-019-00114-y
https://doi.org/10.1046/j.1095-8312.2003.00133.x
https://doi.org/10.1080/14772019.2021.1910868


Pozo M, Calvo JP, Silva PG, Morales J, Peláez Campomanes P, Nieto M 2004. 
Geología del sistema de yacimientos de mamíferos miocenos del Cerro de los 
Batallones, Cuenca de Madrid. Paleontología Nova, 8: 41–117

Prieto J, Böhme M, Gross M. 2010. The cricetid rodents from Gratkorn (Austria, 
Styria): a benchmark locality for the continental Sarmatian sensu stricto (late 
Middle Miocene) in the Central Paratethys. Geol Carpath. 61:419–436. 
doi:10.2478/v10096-010-0025-0.

Ríos M, Morales J. 2019. A new skull of Decennatherium rex Ríos, Sánchez and 
Morales, 2017 from Batallones-4 (upper Vallesian, MN10, Madrid, Spain). 
Palaeontología Electrónica. 22(2):1–16. doi:10.13039/501100002911.

Ríos M, Sánchez IM, Morales J, Viriot L. 2017. A new giraffid (Mammalia, 
Ruminantia, Pecora) from the late Miocene of Spain, and the evolution of 
the sivathere-samothere lineage. PLOS ONE. 12(11):e0185378. doi:10.1371/ 
journal.pone.0185378.

Ronez C, Martin RA, Pardiñas UFJ. 2020. Morphological revision of 
Copemys loxodon, type species of the Miocene cricetid Copemys 
(Mammalia, Rodentia): a key to understanding the history of New 
World cricetids. J Vertebr Paleontol. 40(2):e1772273. doi:10.1080/ 
02724634.2020.1772273.

Samuels JX. 2009. Cranial morphology and dietary habits of rodents. Zool 
J Linnean Soc. 156(4):864–888. doi:10.1111/j.1096-3642.2009.00502.x.

Schwarzhans W, Beckett HT, Schein JD, Friedman M, Rahman I. 2018. 
Computed tomography scanning as a tool for linking the skeletal and 
otolith-based fossil records of teleost fishes. Palaeontology. 61(4):511–541. 
doi:10.1111/pala.12349.

Swanson MT, Oliveros CH, Esselstyn JA. 2019. A phylogenomic rodent tree 
reveals the repeated evolution of masseter architectures. Proc Royal Soc B. 
286(1902):20190672. doi:10.1098/rspb.2019.0672.

Thomas O. 1918. On squirrels hitherto referred to the genus Paraxerus. Ann. 
Mag Nat Ser. 9(1):33–38.

Valenciano A, Abella J, Sanisidro Ó, Álvarez Sierra MÁ, Morales J 2012. 
A complete skull and mandible of Eomellivora piveteaui Ozansoy, 1965 
(Carnivora, Mammalia) from Batallones-3 (MN10), Upper Miocene 
(Madrid (Spain)), Spain. Fundación Conjunto Paleontológico de Teruel. 
https://digital.csic.es/handle/10261/58727 

Valenciano A, Pérez-Ramos A, Abella J, Morales J. 2020. A new hypercar-
nivorous mustelid (Mammalia, Carnivora, Mustelidae) from Batallones, 
late Miocene (MN10), Torrejón de Velasco, Madrid, Spain. Geodiversitas. 
42(8):103–121. doi:10.5252/geodiversitas2020v42a8.

Van Dam JA, Alcalá L, Zarza AA, Calvo JP, Garcés M, Krijgsman W. 2001. The 
upper Miocene mammal record from the Teruel-Alfambra region (Spain). 
The MN system and continental stage/age concepts discussed. J Vertebr 
Paleontol. 21(2):367–385. 10.1671/0272-4634(2001)021[0367:TUMMRF 2.0. 
CO;2. doi:10.1671/0272-4634(2001)021[0367:TUMMRF]2.0.CO;2.

Voss RS. 1988. Systematics and ecology of Ichthyomyine rodents (Muroidea): 
patterns of morphological evolution in a small adaptive radiation. Bull Am 
Mus Nat Hist. 188 244 pp . .

Wahlert JH. 2009. Chapter 12. Skull and Dentition of Willeumys korthi, nov. 
gen. et sp, A Cricetid Rodent from the Oligocene (Orellan) of Wyoming. Bull 
Am Mus Nat Hist. 2009(331):434–450. doi:10.1206/582-12.1.

HISTORICAL BIOLOGY 19

https://doi.org/10.2478/v10096-010-0025-0
https://doi.org/10.13039/501100002911
https://doi.org/10.1371/journal.pone.0185378
https://doi.org/10.1371/journal.pone.0185378
https://doi.org/10.1080/02724634.2020.1772273
https://doi.org/10.1080/02724634.2020.1772273
https://doi.org/10.1111/j.1096-3642.2009.00502.x
https://doi.org/10.1111/pala.12349
https://doi.org/10.1098/rspb.2019.0672
https://digital.csic.es/handle/10261/58727
https://doi.org/10.5252/geodiversitas2020v42a8
https://doi.org/10.1671/0272-4634(2001)021[0367:TUMMRF]2.0.CO;2
https://doi.org/10.1206/582-12.1

	Abstract
	Introduction
	Material and methods
	Cranial descriptions
	Preservation and general morphology
	Nasal
	Premaxilla
	Maxilla
	Palatine region
	Frontal
	Parietal
	Tympanic bulla
	Mandible

	Discussion
	Conclusions
	Acknowledgements
	Disclosure statement
	Funding
	ORCID
	References



