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ARTICLE

NEW DATA ON THE LATE MIOCENE CHONDRICHTHYANS FROM THE WESTERN
MEDITERRANEAN REGION (ALCOY BASIN, EASTERN SPAIN)
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ABSTRACT—The Mediterranean Basin has been subjected to important geological and paleogeographic events that have
shaped the evolution of the faunal assemblages that inhabit it. Two main events can be highlighted, the closure of its eastern
margin by the Gomphotherium Land Bridge, and the temporal closure of the connection to the Atlantic Basin during the
Messinian Salinity Crisis. These two events shaped the diversity of the chondrichthyan assemblages of the Mio—Pliocene
Mediterranean, and their consequences can be observed even in the modern faunal composition. To better understand the
taxonomic and ecological composition of the Mediterranean chondrichthyan faunas between the aforementioned events,
and how they affected their evolutionary dynamics, we have performed a complete systematic and paleoenvironmental
study of the chondrichthyan assemblage recovered from various Late Miocene localities at the municipality of Alcoy
Basin (Alicante, eastern Spain). Our analysis allowed us to recognize up to 20 taxa of sharks and rays recovered from
Miocene deposits. In addition, we reconstruct the paleobathymetry of the El Muro fossil site, based on the estimation of
the Oceanization Index for foraminifera, as well as by the elasmobranch fossil assemblage via weighted bootstrap analysis.
We expect that this first description and study of the Miocene chondrichthyan taxa from this area of eastern Spain could
help us create a comparative framework to compare these communities with other areas, as well as show the changes in
the elasmobranch species that have inhabited the Mediterranean Basin during and after the Messinian Salinity Crisis.

SUPPLEMENTARY FILES—Supplementary files are available for this article for free at www.tandfonline.com/UJVP.
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INTRODUCTION

The Mediterranean Sea is one of the biodiversity hot spots
on the planet, hosting up to 18% of the global macroscopic
sea life (Bianchi & Morri, 2000). This biodiversity has been
partially shaped by its paleogeographic evolution, which is
closely linked to its unique geological and paleoclimatic
history, primarily associated with the tectonic plate
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interactions that occurred during the last 20 Ma in the
region (Popov et al., 2006; Rogl, 1999). Among them, two
events can be highlighted, the development of the Gom-
photherium Land Bridge during the Early Miocene (~19
Ma), which closed the connection with the Indian Ocean via
the Eastern Mediterranean (Crespo, 2017; Hamon et al,
2013); and the Messinian Salinity Crisis (MSC) (~5.9 Ma),
derived from the collision of the European and African
plates during the Late Miocene, which caused the closing of
the Atlantic Ocean connection and the subsequent drastic
reduction in water mass in the Mediterranean Basin (Gibert
et al., 2013, Krijgsman et al., 1999; Rogl, 1999). These
Neogene paleogeographic changes, mainly the MSC, had
drastic environmental consequences (Marrama et al., 2019;
Marsili, 2008; Péres, 1985) and had a substantial impact on
the Mediterranean marine biota, resulting in a drop in Medi-
terranean marine biodiversity (Agiadi et al., 2020; Coll et al.,
2010; Monegatti & Raffi, 2010) including invertebrates e.g.,
corals (Vertino et al.,, 2014), echinoids (Borghi & Garilli,
2022), and vertebrates (Marsili, 2008), with chondrichthyans
(sharks, rays, and chimaeras) being particularly affected (Vil-
lafana et al., 2023).


mailto:jose.l.herraiz@uv.es
http://www.tandfonline.com/UJVP
https://doi.org/10.1080/02724634.2024.2307071
http://orcid.org/0000-0003-0646-6920
http://orcid.org/0000-0003-2254-8424
http://orcid.org/0000-0001-7795-5997
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.tandfonline.com/UJVP
http://crossmark.crossref.org/dialog/?doi=10.1080/02724634.2024.2307071&domain=pdf&date_stamp=2024-02-20

Herraiz et al. —Late Miocene chondrichthyans from Alcoy (Eastern Spain) (e2307071-2)

At present, the Mediterranean Sea is recognized as one of the
most diverse regions on the planet (Coll et al., 2010), which has
its origin in the repopulation from the Atlantic Ocean through
the Strait of Gibraltar once it reopened about 5.33 million
years ago during the Zanclean flood (Coll et al., 2010; Gibert
et al., 2013). Interestingly, elasmobranchs constitute one of the
most evident examples of this repopulation, being represented
currently in the Mediterranean by 49 species of sharks, 35
species of batoids, and two species of chimaera (Ebert &
Dando, 2020). At the same time, the group shows a relatively
high extinction-risk—30% of their known species are in some
category of threat by the IUCN, 36% if the Data Deficient
species are included (Davidson et al., 2022) —mainly related to
the important environmental changes that are affecting the
region (Dulvy et al., 2016). Considering that a better understand-
ing of the history of the group in the region can help us under-
stand how the different past environmental changes affected
their diversity dynamics, any new data could be of great signifi-
cance to predict how extant species may react to similar changes.

Within this framework, here we present the first complete
systematic and paleoenvironmental analysis of the chondrichth-
yan assemblage recovered from various Late Miocene localities
at the Alcoy Basin, western Mediterranean (Alicante, eastern
Spain). The aim of this work is to expand the very limited
knowledge of the poorly studied, but abundant Neogene elas-
mobranch faunas from Spain. We expect that our study could
help us in the future to propose accurate conservation policies
for the group, not just in the Mediterranean, but on a world-
wide scale.

Previous Fossil Chondrichthyan Studies at the Western
Mediterranean Area

Neogene outcrops from the Eastern Iberian Peninsula have
yielded abundant Miocene and Pliocene-age fossil shark teeth
(Adnet et al., 2010; Ferrén et al., 2019; Herraiz et al., 2020,
2023; Marin, 1992; Martinez-Pérez et al., 2018; Mendiola,
1996), allowing us to establish the presence of an important chon-
drichthyan faunal assemblage in the Western Mediterranean Sea.
From north to south, several outcrops have yielded a diverse
chondrichthyan community, highlighting the remains of
tOtodus megalodon, tGaleocerdo aduncus, +Hemipristis serra,
or tCarcharodon hastalis, from Langhian deposits of Tarragona
(Herraiz et al., 2020). Of similar age, outcrops located in Villa-
franca del Penedeés complete this faunal list with other taxa
such as fCarcharias acutissima and tCarcharias cuspidatus
(Bauza Rullan & Plans, 1973).

Additional Miocene outcrops from eastern Spain include the
elasmobranch faunal assemblage described from the El Chorrillo
fossil site (Alicante, southeastern Spain) (Martinez-Pérez et al.,
2018). This locality has yielded a shark assemblage characterized
by microremains of at least seven taxa (Deania calcea, 1Isistius
triangulus, Squaliolus cf. tS. schaubi, t Paraetmopterus sp., Pris-
tiophorus sp., Scyliorhinus sp., and a cf. Squaliformes indet.) of
three different orders (Squaliformes, Pristiophoriformes, and
Carcharhiniformes). In addition, associated macroremains have
also been found, including teeth of {Carcharodon hastalis,
Isurus sp., tHemipristis serra, Odontaspis sp., Carcharhinus
spp., and tOtodus megalodon (Ferrén et al., 2019; Martinez-
Pérez et al., 2018). Also in the Alicante province, macrofossils
—including an associated Carcharodon carcharias dentition—
have been recovered from the Pliocene Guardamar del Segura
fossil locality (Adnet et al., 2010), as well as the recent first
description in the Mediterranean region of Trigonognathus sp.
teeth from the Middle Miocene Ferriol fossil site (Herraiz
et al., 2022). The Ferriol fossil site, along with other localities
such as Vallongas and Castelar, has also been historically a
source of isolated teeth belonging to multiple elasmobranch

taxa including among them “{Hexanchus primigenius,” 1Odon-
taspis cuspidata, Isurus cf. oxyrhinchus, tIsurus hastalis, Galeo-
cerdo cuvieri, tHemipristis serra, tCarcharhinus priscus,
Sphyrna sp., “tCarcharocles megalodon” and a new Rhincodon
species (Marin, 1992; Mendiola, 1996).

In addition to the Miocene elasmobranch faunas known from
the Eastern Iberian Peninsula, there have been many documen-
ted findings of similar faunas from the Balearic Archipelago,
mainly from the Mallorca and Menorca islands, where a variety
of elasmobranch taxa were described, such as 1 Myliobatis meri-
dionalis, Carcharias cf. taurus, and tHemipristis serra (Bauza
Rulldn, 1969; Bauza Rullan & Mercadal, 1961; Mas, 2003, 2010;
Mas & Fiol, 2002).

MATERIAL AND METHODS

All the material described in the present study comes from
four localities situated at the municipality of Alcoy (Alicante,
southeastern Spain) (Fig. 1). Three of the localities (El Muro,
Castillo Barchell, and Bancales) were sampled for chondrichth-
yan microremains, and material from a fourth locality (Moli
Palla) was studied from museum collections. All the outcrops
are located inside the natural reserve of Sierra de Mariola,
between the provinces of Valencia and Alicante, geologically
belonging to the Betic Ranges. As commented above, the fossil
localities sampled for the present study were: (1) El Muro
(38.704167°N, 0.525117°W), located near the housing estate of
Muro Baradello-Sargento, 3.5 km west of Alcoy; (2) Castillo
Barchell (38.690667°N, 0.530806°W), near a secondary path
towards the eponymous castle, close to the CV-795 road; and
(3) Bancales (38.690278°N, 0.534333°W), 300 m Southwest of
the castle (Fig. 1). The three outcrops contain the same lithologi-
cal series with alternating levels of marlstones, calcarenites, and
homogeneous sandstones without discernible dips or lateral con-
tinuity. These sites seemingly correspond to patches of Miocene
outcrops in the geological maps of the area, which had been his-
torically dated as “Serravallian” based on their foraminiferal
composition—where  {Preorbulina  glomerosa  circularis,
tP. g. curva, tGloborotalia premaenardii, and 1G. mayeri were
identified (Martinez Diaz, 1970; Martinez & Benzaquen, 1975).
However, previous works suggested a Late Miocene age (Torto-
nian) due to the presence of the foraminifera tGloborotalia ple-
siotumida (Banner & Blow, 1965) and tGloborotalia lupeae
(Martinez Diaz, 1970; Martinez & Benzaquen, 1975). Further
studies are needed to clarify this aspect.

Specific samples from the calcarenitic levels found in each of
the outcrops were collected for acid digestion, sampling 4.32 kg
at Castillo Barchell, 5.3 kg in Bancales, and up to 52.54 kg at El
Muro locality. Each sample was dissolved and processed using
acetic acid (~5-8%), and subsequently screened with sieve
meshes of 2, 1.25, 0.5, and 0.2 mm. The picking process yielded
more than 4,000 pieces including elasmobranch teeth, placoid
scales, and osteichthyan remains. In addition to the chondrichth-
yan fossil sampling, 250 g of sediment from the EI Muro outcrop
was separated for foraminiferal analyses, for dating and comp-
lementary paleoenvironmental studies, following the method-
ology described in Garcia-Sanz et al. (2018). All the new
elasmobranch microremains found, as well as the foraminiferal
remains, are housed at the “Museo de Historia Natural de la Uni-
versitat de Valencia.” The specimens were photographed using
the Hitachi S4800 scanning electron microscope of the University
of Valencia (Spain), whereas the macroremains were photo-
graphed using the Leica MZ12 stereoscopic binocular micro-
scope and the Leica Application Suite software, located in the
Department of Botany and Geology of the University of Valen-
cia (Spain).

Moreover, previously known elasmobranch fossils from the
same localities, historically surface-collected and housed at the
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FIGURE 1. Area of study in the Alcoy Basin,
highlighting the main geological subdivisions
of the Betic Range (above), and location of
the El Muro, Bancales, and Castillo Barchell
fossil sites referenced in the present study, as
well as the Moli Palla locality for some of the
fossils from the “Museo Paleontolégico y de
las Ciencias Isurus (Alcoy).”
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“Museo Paleontolégico y de las Ciencias Isurus (Alcoy),” were
studied and included in the present work. Additionally, fossils
from a new locality, Moli Palla (38.690694°N, —0.514694°W),
were also included as they were historically collected and depos-
ited as part of the collections.

We conducted two paleobathymetric estimations. The first
involved assessing foraminiferal assemblages and applying the
Oceanization Index for the Western Mediterranean, as outlined
in De Rijk et al. (2000). The second estimation utilized a depth
estimator employing weighted bootstrap analysis. This method
estimated the depth distribution of the chondrichthyan popu-
lation abundance based on the bathymetric ranges of their
closest living relatives, following the approach described by
Pérez et al. (2017) and Oyanadel-Urbina et al. (2021).

In the application of this technique, we calculated the mean for
both the total depth distribution range and the mean for the
common distribution range for each taxon. A bootstrap analysis
was then conducted, incorporating the mean differences and using
the relative abundance of each taxon as a weight estimator of the
mean. The data underwent 10,000 resamplings, and the results
were plotted as a histogram, providing the mean depth. The 95%
confidence interval was determined using a percentile method.

To ensure ecological accuracy and avoid unnecessary errors,
we repeated the analysis while excluding taxa not identified at
the genus level or lower. In those cases where conflicting depth
reports were presented in the two main references for

bathymetric ranges (Ebert et al., 2021; Froese & Pauly, 2023),
we adopted the widest bathymetric range possible by combining
these references to include the entire known range. Analyses
were performed considering (Fig. 4A) and excluding Batoidea
(Fig. 4B), resulting in datasets with 298 and 305 specimens,
respectively. Both the raw data and the script are included as sup-
plementary material to this study (S1 and S2).

SYSTEMATIC PALEONTOLOGY

Class CHONDRICHTHYES Huxley, 1880
Superorder SQUALOMORPHII Compagno, 1973
Order SQUALIFORMES Goodrich, 1909
Family ETMOPTERIDAE Fowler, 1941
Genus TRIGONOGNATHUS Mochizuki & Ohe, 1990
TRIGONOGNATHUS sp.

(Fig. 2A)

Referred Material —Two fragmented anterolateral teeth from
Bancales, one specimen figured (MGUV-39898), second non-
figured tooth (MGUV-39899).

Description—The best-preserved specimen, MGUV-39898,
represents an incomplete antero-lateral tooth crown fragment.
Monocuspidate symmetrical crown with transversally convex
labial and lingual faces, reaching approximately 5-6 mm in
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FIGURE 2. Labial and lingual views of the elasmobranch tooth microremains recovered from the Alcoy Basin fossil sites. A, Trigonognathus sp.
MGUV-39898; B, Chlamydoselachus sp. MGUV-39949; C, Deania calcea MGUV-39943; D, cf. tSqualiodalatias weltoni MGUV-39944; E, Scyliorhinus

canicula MGUV-39950; F, + Megascyliorhinus sp. MGUV-39952; G, Scyliorhinus sp. MGUV-39951; H, Galeorhinus sp. MGUV-39953; 1, cf. Rajiformes
MGUV-39888. All scale bars represent 500 pm.
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height, and bent toward the lingual face in a slight sigmoid curva-
ture (Fig. 2A). Five parallel ridges are present in the lingual face,
reaching up to approximately half to two-thirds of its length,
starting at the base of the cusp where they are more clearly
defined. The lower portion of the specimen is also heavily
damaged on its labial face and lacks its basal-most section and
the root.

Comparative Remarks—The species of the Trigonognathus
genus do not show dignathic heterodonty, with the only differences
present on its teeth being the relative positions on the same jaw due
to monognathic heterodonty (Cappetta & Adnet, 2001). The more
distal teeth positions show a wider, shorter, and stockier mor-
phology, and a lesser marked sigmoid curvature when observed lat-
erally; whereas the anterior positions usually show a strong
curvature and are bent lingually, with a very slender body
(Herraiz et al., 2022). The lingual markings and general anatomy
of the cusp are very similar to the teeth of Mitsukurina (Cappetta,
2012; Vialle et al., 2011). However, teeth of Mitsukurina can reach
much larger sizes—despite size not being a good diagnostic charac-
teristic—and show a higher concentration of lingual folds, which are
also more developed and reach higher in the crown. In addition,
Mitsukurina teeth seem to be more robust even in anterior positions
(Cappetta, 2012:fig. 175).

Chlamydoselachus, another deep-sea shark whose teeth have
been recovered in the Neogene of the Mediterranean Basin, pos-
sesses tricuspid teeth which are commonly found as a broken and
fragmented solitary cusp, which can also be misidentified as 7Tri-
gonognathus teeth. Chlamydoselachus in the Pliocene of Italy
(Cigala Fulgosi et al., 2009) shows two different morphologies,
one with ridges similar to those of Trigonognathus in both their
lingual and labial faces, and a second one with smooth enameloid
in both the labial and lingual faces, and absence of ridges. Further
differences between these two genera are the more convex labial
and lingual faces of Chlamydoselachus, which give it a more
rounded section (see Chlamydoselachus sp.; Fig. 2B).

Trigonognathus teeth have been previously found in the Mio-
Pliocene of the Caribbean (Aguilera & Rodriguez de Aguilera,
2001; Carrillo-Bricefio et al., 2015), as well as its earliest known
representative, Trigonognathus virginiae, from the Lutetian
(Eocene) of France (Cahuzac et al., 2007; Cappetta & Adnet,
2001). In addition to these, the Miocene outcrop of El Ferriol
(Alicante, Spain), has also yielded the most abundant 7rigonog-
nathus teeth collection, as well as its first description in the Med-
iterranean Basin (Herraiz et al., 2022), with the Alcoy specimen
being its second known appearance in the Iberian Peninsula.

The only living species of the genus is Trigonognathus kabeyai
(Mochizuki & Ohe, 1990). Its known distribution consists of deep
waters from the Eastern and Central Pacific Ocean (Ebert et al.,
2021), being reported from Japan, Taiwan, and Hawaii (Ebert
et al., 2013; Mochizuki & Ohe, 1990; Shirai & Okamura, 1992;
Wetherbee & Kajiura, 2000). The living species, T. kabeyai, has
been reported near the bottom of upper continental slopes, at
depths between 250-1,000 m, as well as the uppermost slope of
seamounts (Compagno et al., 2005; Ebert et al., 2021; Mochizuki
& Ohe, 1990). However, some specimens have been captured at
150 m in deep open waters (Ebert et al., 2021), showing possible
oceanic habitat usage. This species undergoes vertical migrations
following prey items to feed on, such as teleosts from the Lophius
genus (Yano et al., 2003).

Order HEXANCHIFORMES de Buen, 1926
Family CHLAMYDOSELACHIDAE Garman, 1884
Genus CHLAMYDOSELACHUS Garman, 1884
CHLAMYDOSELACHUS sp.

(Fig. 2B)

Material — Three fragments from El Muro (MGUV-39821 and
MGUV-39823), 12 from Castillo Barchell (MGUV-39822,

MGUV-39824, MGUV-39825 and MGUV-39826), 16 from Ban-
cales (MGUV-39949, figured; MGUV-39827 and MGUV-39828
non-figured specimens).

Description—Isolated narrow cusps, with markedly convex
labial and lingual faces, giving to the cusps a relatively rounded
section, becoming flatter toward the apical portion of the
tooth. The recovered fragments do not present ornamentation
nor folds. The cusps show a sigmoidal curvature in lateral view
(Fig. 2B). One of the recovered fragments seems to be a
central cusp with a small fragment of its root still attached,
being rectangular in shape and projected toward the lingual
face of the tooth, although in a poor preservation state and
incomplete.

Comparative Remarks—All fragments show the genus’
characteristic morphology, with each cusp possessing a long,
narrow morphology and cutting edges, where the central cusp
is slenderer with a narrow lingually elongated root (Cappetta,
2012). All specimens recovered are extremely fragmented and
lack most of the crown and the root, with the exception of one
that still retains a small portion.

The recovered fragments show the same fracture pattern in
their bases, caused during the biostratinomic phase by the
break between the circular bottom portion of the cusps at the
base of the crown. While the slender, narrow cusps of Chlamydo-
selachus bear similarities to those of the aforementioned Trigo-
nognathus (see Fig. 2A, B), Chlamydoselachus can reach larger
body sizes and as such, their teeth can end up being significantly
larger. In addition, whereas Trigonognathus teeth show just folds
in their lingual surface, Chlamydoselachus can show similar folds
in both labial and lingual faces of the cusps, or have completely
smooth cusps—both morphologies can be seen figured in
Cigala Fulgosi et al. (2009). Furthermore, as previously stated,
the base of Chlamydoselachus cusps is more convex in both the
labial and lingual faces, which gives it a characteristic circular
section, whereas Trigonognathus teeth are less convex in their
lingual face, and the more lateral positions present a more labio-
lingually flattened and wide morphology when compared with
the anterior teeth.

Fossil remains of this genus have been recovered from
Miocene deposits in Austria (Pollerspock et al., 2020),
Germany (Barthelt, 1991), and the US.A. (Phillips et al,
1976), with Serravallian-dated remains found also in Parma
(Cappetta, 2012), as well as teeth extracted from the Miocene
of Ecuador (Carrillo-Briceiio et al., 2014). In the Mediterranean
Basin, an abundant record of teeth belonging to this genus were
extracted from Pliocene material found in Italy (Cigala Fulgosi
et al., 2009).

There are two extant representatives of the genus, C. africana
(Ebert & Compagno, 2009) and C. anguineus (Garman, 1884).
The currently known distribution of C. africana encompasses
both the Atlantic and Indian sectors of the southern portion of
Africa, possibly up to the Indian Subcontinent (Ebert et al.,
2021). The second species, C. anguineus, is present in a wider dis-
tribution across both the Atlantic and Pacific basins (Ebert et al.,
2021). Besides the living representatives, the fossil record of the
genus consists of at least 10 extinct species (Carrillo-Bricefio
et al, 2014).

The living species usually inhabit soft bottom deep-water
environments, between 17 and 1520 m (Ebert et al., 2021),
although the genus is generally found between 500 and 1,000 m
deep (Froese & Pauly, 2023). It has been reported to feed on
cephalopods, other sharks, and teleost fishes (Ebert et al., 2021;
Kubota et al., 1991).

Family CENTROPHORIDAE Bleeker, 1859
Genus DEANIA Jordan & Snyder, 1902
Species DEANIA CALCEA Lowe, 1839

(Fig. 2C)
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Material — Two upper teeth from Castillo Barchell, one figured
specimen (MGUV-39943), second fragmented specimen
(MGUV-39942).

Description—Labio-lingually flattened monocuspid triangular
teeth, with the absence of serrated edges in the mesial and distal
cutting edges. From the two specimens, the figured one
(MGUV-33943) is better preserved and retains most of its
root (Fig. 2C) showing a square root of equal width to the
base of the crown. The central portion of the root possesses a
well-developed uvula on its labial face, while a foramen is
present in the center of the lingual face, as well as a clearly
defined meso-lingual channel that reaches the basal extreme
of the root (Fig. 2C).

Comparative Remarks— Deania calcea presents a dentition
with close similarities to Centrophorus, in which a dignathic het-
erodonty is present, with the lower teeth more high than broad,
and labio-lingually compressed; the upper jaw presents smaller
teeth with monognathic heterodonty, the more mesial positions
possess practically symmetrical teeth, while the lateral positions
tend to be similar to the lower jaw (Cappetta, 2012). The mor-
phological features of our teeth represent upper jaw elements
similar to those found in other fossil Miocene deposits of the Ali-
cante province (Martinez-Pérez et al., 2018), as well as those
described by Ledoux (1970). The genus is well-documented in
the fossil record, with fossil teeth being reported from Miocene
sites of different countries worldwide, such as the Tortonian of
Italy, or the Middle Miocene of France and Germany, as well
as older representatives being found at Paleocene and Eocene
deposits of France (Cappetta, 2012). There is also a complete
fossil record from the Miocene of the western India (Kriwet &
Klug, 2009), and in the Iberian Peninsula, Miocene-aged
remains have been recovered both in Portugal (Antunes &
Jonet, 1970) and in the Alicante province from Spain (Marti-
nez-Pérez et al., 2018).

Deania calcea is an extant representative of its genus with a
wide distribution in the Atlantic Ocean, being more frequently
reported in the eastern shores, near the Cantabrian Sea and in
the south of Africa (Iitembu & Richoux, 2015; Rodriguez-
Cabello et al., 2020; Santos et al., 2020). Further areas of distri-
bution include some regions of the Indian Ocean, the western
coast of Australia (Rochowski et al., 2015), and the western
coasts of America (Keggin, 2017). This species has been captured
at depths ranging between 555 and 1200 m (Ebert et al., 1992;
Santos et al., 2020), although it is generally found at depths of
400-900 m (Ebert et al., 2021; Froese & Pauly, 2023). Despite
the diversity in their diet, its dominant prey items seem to be tel-
eosts of the Myctophydae family such as Diaphus ostenfeldi, one
of the most represented in its dietary preferences (Ebert et al.,
1992).

Family DALATIIDAE Gray, 1851
Genus 1SQUALIODALATIAS Adnet, Cappetta, &
Reynders, 2006
cf. 1SQOUALIODALATIAS WELTONI Adnet, Cappetta,
& Reynders, 2006
(Fig. 2D)

Material —Nine individuals, four fragmented teeth from Cas-
tillo Barchell (specimen MGUV-39944 figured, MGUV-39896
and MGUV-39945 non-figured) and five non-figured specimens
from Bancales (MGUV-39946, MGUV-39947, MGUV-39948,
and MGUV-39897).

Description — Although all the specimens are partially broken
or eroded, they clearly show a labio-lingually flattened crown
with a short and compact single cusp. The crown possesses a pro-
nounced curvature toward the distal margin, and its cutting edges
are devoid of serrations. In the labial face, the beginning of a skirt
can be seen in one of the sides (Fig. 2D, left image). The lingual

face of the root shows a mesolingual foramen, although said root
is incomplete and fragmented.

Comparative Remarks—The teeth of this taxon show simi-
larities in their morphology to those of Squaliolus schaubi,
although both taxa present a lateral skirt and a meso-lingual
foramen in the root, S. schaubi possesses a lower cusp, a longer
foramen, and taller teeth (Underwood & Schlogl, 2012).
Additional differences include the absence of a mesolingual
furrow on its root, whereas the furrow can be observed in the
lingual face of the root of S. weltoni individuals.

This species is extinct nowadays, and its first known records
are from the middle Eocene of France, with more recent teeth
being recovered from Langhian (Middle Miocene) deposits
(Underwood & Schlogl, 2012). As this taxon is extinct, a
living ecological analog is needed to infer its paleoecological
characteristics. Dalatias is a closely related genus, living
mainly in the western Mediterranean and Atlantic basins,
although it also occurs in the Pacific and Indian oceans
(Ebert et al., 2021). This genus only has an extant representa-
tive, generally found in deep waters, despite occasionally
being captured at lesser depths. Its bathymetric range has
been reported between 37 and 1800 m; however, it is
usually situated deeper than 200 m (Ebert et al., 2021) with
reports of usual range at 300-600 m (Froese & Pauly, 2023).
Euprotomicrus bispinatus is another member of the Dalatii-
dae family with a close phylogenetic relation to 1S. weltoni.
It is a small, poorly known amphitemperate deep-sea inhabi-
tant that undergoes vertical migrations and can be found at
depths ranging from 0-1829 meters, although in mid-ocean
waters can reach depths of almost 10,000 meters. Its main
prey items seem to be deep-sea cephalopods and other
small prey such as crustaceans and bony fishes (Ebert et al.,
2021).

Order HEXANCHIFORMES de Buen, 1925
Family HEXANCHIDAE Gray, 1851
Genus NOTORYNCHUS Ayres, 1855

tNOTORYNCHUS sp.
(Fig. 3E)

Material — One fragmented tooth from El Muro (CVAI00779).

Description—The unique, incomplete, preserved specimen
shows a labiolingually compressed tooth with seven defined
conules in the crown, situated by size in descending order from
the mesial to the distal side of the tooth, with the biggest
conule found in the mesial extreme of it. The conules are
slanted toward the distal side and are absent of serrations in
their cutting edges. The tooth preserves the central portion of
the root, more robust than the crown and lacking the mesial
and distal extremes as well as its base.

Comparative Remarks — Despite the incomplete nature of the
described tooth, with part of its root and crown missing, the dis-
tribution of the differently sized conules and their arrangement
by size from mesial end to distal end, show similarities to the
tooth reported by Avila et al. (2012) assigned to the genus.

The fossil record of this genus shows a cosmopolitan distri-
bution during the Mio—Pliocene, as evidenced by its rich fossil
record in different basins of said age (Avila et al., 2012; De Schut-
ter, 2011; Szab6 & Kocsis, 2020; Visaggi & Godfrey, 2010).

The only living species within this genus is Notorynchys cepe-
dianus (Per6n, 1807). This species is distributed across most tem-
perate inshore continental waters, although it is not present in
Northern Atlantic waters (Ebert et al., 2021). The living repre-
sentative has been usually found at depths ranging between
less than 1 and at least 570 m, although it is mostly found at
less than 100 m deep, inhabiting bays and estuaries, and cruising
close to the bottom (Ebert et al., 2021).
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FIGURE 3. Labial and lingual views of the elasmobranch tooth macroremains from the Alcoy collections of the “Museo Paleontolégico y de las Cien-
cias Isurus (Alcoy),” and extracted from the aforementioned fossil sites. A, TOtodus megalodon MGUV-39832; B, tCarcharodon hastalis CVAI00770;
C, tCarcharias acutissima CVAI00775; D, Carcharias sp. CVAI00777; E, tNotorynchus primigenius CVAI00779; K, Carcharhinus sp. CVAI00762; G,

Galeocerdo sp. CVAIO0761; H, cf. Isurus sp. CVAIO0773; 1, t Hemipristis serra CVAI00764; J, Dasyatidae indet. CVAI00767; K, Myliobatidae indet.
CVAI00780. All scale bars represent 1 cm.
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Order CARCHARHINIFORMES Compagno, 1973
Family SCYLIORHINIDAE Gill, 1862
Genus SCYLIORHINUS De Blainville, 1816
Species SCYLIORHINUS CANICULA Linnaeus, 1758
(Fig. 2E)

Material — Two anterolateral teeth from Castillo Barchell, one
figured (MGUV-39950) and a second non-figured individual
(MGUV-39809).

Description—Teeth with a main larger slender central cusp
and four lateral cusplets in the mesial and distal sides of the
crown, arranged in decreasing size from the main cusp toward
the edges of the crown. In the labial face, a series of folds run par-
allel, starting from the base and towards the apical portion of the
crown (Fig. 2E, left). These folds are not visible in the lingual
face, perhaps due to taphonomic processes. The labial face of
the crown overhangs the root via a skirt, with the aforemen-
tioned folds also being present in the accessory cusplets. The
root is robust and preserves a significant lingual protuberance
and a flattened base.

Comparative Remarks—Morphological comparison of the
recovered teeth with published material and studies regarding
different representatives of the genus has allowed the identifi-
cation of this taxon (Berio et al., 2020; Cappetta, 2012; Halter,
1995; Soldo et al., 2000), thanks to its characteristic distribution
of cusplets at the sides of the central, slender main cusp, the
strongly marked folds in the base of the crown and its robust
root, which is covered on its labial face by the base of the
crown, and the strong lingual protuberance found in it (Cappetta,
2012). Despite the lack of visible foramina due to the preser-
vation state, the rest of the characteristics fall in line with
former dental descriptions of this genus and species in the bibli-
ography, such as Cappetta (2012).

This species has been previously reported from the Neogene of
the Iberian Peninsula in the Serravallian of the Alicante province
(Martinez-Pérez et al., 2018), and in the Lower Miocene of Por-
tugal (Antunes et al., 1999). The genus is also known from its
fossil record from the Cretaceous and during all the Neogene,
with representatives still living nowadays, such as the extant
S. canicula (Cappetta, 2012).

Scyliorhinus canicula can be found in the Mediterranean realm
(Abella & Serena, 2005; Bertrand et al., 2000). In addition to the
Mediterranean, it also inhabits sandy and muddy-bottom
environments from nearshore up to 800 m—although it is
usually found between 80 and 100 m (Froese & Pauly, 2023)—
on continental shelves and upper slopes of the North-eastern
Atlantic, such as the British coasts and Portugal (Bakopoulos
et al,, 2018; Ebert et al., 2021; Ellis et al., 2005). Its main prey
items include marine invertebrates and osteichthyans, with
some cases of cannibalism reported (Martinho et al., 2012), as
well as different habitat use in the different stages of their life
history (Bakopoulos et al., 2018; Olaso et al., 2005).

Family SCYLIORHINIDAE Gill, 1862
Genus SCYLIORHINUS De Blainville, 1816
SCYLIORHINUS sp.

(Fig. 2G)

Material — Five fragmented teeth from Bancales (MGUV-
39807, MGUV-39810, and MGUV-39812) and two fragmented
teeth from Castillo Barchell (MGUV-39951, MGUV-39811,
figured specimen MGUV-39802).

Description —Teeth with a main narrow triangular cusp, with a
smaller accessory cusplet on its side, less than half the size of the
main cusp. In all the specimens the crown is significantly frag-
mented, lacking some of the accessory cusp (Fig. 2G). On the
preserved labial face (Fig. 2G, left) of the crown and the cusps
a series of marked folds and striations runs from the base to

the apical end of the cusps, reaching two-thirds of the main
cusp’s length. The same folds and striations can be found in the
lingual face of the crown, where they are more marked, reaching
almost the apex of the cusps. None of the recovered teeth pre-
serves completely the root, although part of the lingual protuber-
ance can be observed.

Comparative Remarks—The recovered teeth are similar to
those of other genera of the Scyliorhinidae family that are also
found in the same outcrops. They can be distinguished from
tMegascyliorhinus by the quasi-monocuspid teeth of the latter,
with a main cusp clearly differentiated from the small, sharp
accessory cusplets that are occasionally closely attached to its
sides (Cappetta, 2012), and the weakly marked folds that the
Neogene tMegascyliorhinus individuals have (Cappetta, 2012).
The teeth are remarkably similar to those of Scyliorhinus cani-
cula, but they differ in their labial face morphology of the
crown, which presents a more rectangular shape, with a slight
concavity and a more subdued union with the root, as well as
the absence of the skirt found in S. canicula, and less overhang
of the crown over the root. The fragmented specimens also
resemble those of the fossil catshark genus f{Premontreia,
although the presence of ridges on both lingual and labial faces
of the crown, sets them apart from the fossil ¥ Premontreia subge-
nus, which possesses smooth enameloid surface on the lingual
face of the crown and shorter parallel ridges on the labial face
(Cappetta, 2012). Our specimens differs as well from {Oxyscy!l-
lium, by the presence in the latter of a salient bulge in the
labial face of the teeth (Cappetta, 2012), whereas the recovered
Scyliorhinus sp. lacks such bulge (Fig. 2G, left).

Due to the preservation state, it is difficult to assign our
teeth to a specific taxon, but due to the similarities with
S. canicula, we believe they could represent a second Scyliorhi-
nus taxon in the same environment. The possible presence of
more than one species of the Scyliorhinus genus in the same
areas can be seen nowadays in the northern Atlantic, as well
as the Mediterranean, where S. canicula, S. duhamelii, and S.
stellaris occur naturally (Ebert et al., 2021). The presence of
the genus extends from the Early Cretaceous to modern
times, being found in outcrops from Europe, North America,
and Africa (Cappetta, 2012).

Other members of the Scyliorhinus genus have been used as
ecological analogs based on dental similarities to infer its
habitat use and bathymetry, representing small-sized species
that feed on small fishes and invertebrates and live near soft
bottoms in continental shelf and upper slope areas, being
found at depths up to 2,000m (Ebert et al., 2021). They usually
inhabit shallower waters attached to insular and continental
shelves and slopes of the Atlantic, Indian, and Pacific oceans,
as well as smaller oceanic basins, such as the Mediterranean
and Caribbean—see Scyliorhinus spp. in Ebert et al. (2021). As
an example, the extant S. stellaris can be found in continental
shelves up to 380 m deep, although it usually occurs at 20-63 m
on rocky bottoms or where seaweeds are present and cover the
bottom (Compagno, 1984; Ebert et al., 2021). The other extant
species commonly found in the Mediterranean, S. canicula, can
be found from nearshore environments up to 800 m deep,
although it usually inhabits shallower waters than 450 m, on con-
tinental shelves and upper slopes, being found in muddy and
sandy bottoms (Ebert et al., 2021). Scyliorhinus duhamelii, a
recently described species of the Scyliorhinus genus also found
in the Mediterranean, is endemic to the Adriatic and can be
found in continental shelves at bathyal ranges of 43-75m
(Soares & De Carvalho, 2019).

Family SCYLIORHINIDAE Gill, 1862
Genus MEGASCYLIORHINUS Cappetta and Ward, 1977
TMEGASCYLIORHINUS sp.
(Fig. 2F)
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Material — 16 fragmented teeth from Bancales (MGUV-39800
and MGUV-39805), 19 from Castillo Barchell (MGUV-39952,
MGUV-39801, MGUV-39803, and MGUV-39804; figured speci-
men MGUV-39798) and two from El Muro (MGUV-39806).

Description—Monocuspid crown with robust conical mor-
phology, very faint cutting edge and convex labial and lingual
faces, which give it a rounded section at the base of the cusp.
Said folds are more present in the lingual face of the crown,
where they reach higher up the crown. None of the recovered
teeth preserve their root portion.

Comparative Remarks— Despite the lack of root and the poor
condition of the teeth they retain enough characteristics to assign
them to fMegascyliorhinus. Their rounded section at the base
could be a cause for misidentification as Chlamydoselachus, but
the cusps in the latter are more elongated and slender, as well
as having a sigmoid labiolingually curvature, and possessing a
different arrangement in their folds, or in some cases lacking
said folds and having a smooth enameloid (Cappetta, 2012;
Cigala Fulgosi et al., 2009). The characteristic folds present in
Scyliorhinidae members are clearly visible in the described
material all across the lower portion of the crown.

Its fossil record shows it inhabited different sea basins in
addition to the Mediterranean, where it has been reported
from several Spanish fossil sites from the Miocene (Hoffmann
et al., 2020), having been found also in Eocene British outcrops,
as well as in France and Portugal (Cappetta & Ward, 1977), and
in the Middle Miocene of Panama (Cione et al., 2008).

tMegascyliorhinus (Cappetta & Ward, 1977) is an extinct cat-
shark genus with no living representatives, although from differ-
ent studies regarding the faunal assemblages where it has been
found in the fossil record, it has been inferred that this genus
would have inhabited continental shelf waters up to 150-200 m
(Keyes, 1984; Ward & Bonavia, 2001). In some formations
where it has been recovered, other taxa found alongside its
teeth were typical of warm waters, such as Carcharoides totuser-
ratus (Ameghino, 1901), allowing the assumption that this taxa
could be a warm water shelf-inhabiting demersal shark genus
(Sudrez et al., 2004).

Family TRIAKIDAE Gray, 1851
Genus GALEORHINUS De Blainville, 1816
cf. GALEORHINUS sp.
(Fig. 2H)

Material —One fragmented tooth from El Muro (MGUV-
39799), one from Castillo Barchell (MGUV-39953, figured),
and one from Moli Palla (CVAI00766).

Description—Incomplete lower tooth with a labiolingually
flattened crown, composed by a main cusp slanted toward the
distal side of the tooth, with a mesial cutting edge slightly
convex at its base and concave on its apical portion, which
gives it a slender sigmoidal curvature. The tooth shows a short
distal heel that presents three cusplets that decrease in size
toward the distal side, which is missing in the recovered piece.
The tooth is not well preserved, but it does not seem to have a
heavy overhanging of the crown on its labial face, nonetheless
this could be caused by the lack of the lowermost portion of
the crown, the crown-root boundary being missing. The lingual
and labial faces of the crown are completely smooth, without
any folds or markings. Although the root is very poorly pre-
served, a small central portion of the lobes shows that the root
is divided, with a central furrow separating them.

Comparative Remarks —Despite lacking most of the root, the
triangular shape crown resembles those of representatives of the
genus described and figured in Cappetta (2012). Some character-
istics of the recovered tooth include the shorter distal heel with
up to four cusplets, in addition to the convex outline of the
distal cutting edge in the main cusp, and the continuity

between the mesial heel and cutting edge (more common in
lateral positions). In addition, the central furrow of the root is
still present despite the poor preservation state of the piece, as
well as a small portion of the two lateral lobes of the root. As
noted by Cappetta (2012), this genus is quite similar in its
tooth morphology to the upper positions of Chaenogaleus and
Hemigaleus, and is probably a close relative to the Hemigaleidae
family.

The fossil record of the genus is comprised by remains dating
from the Cenomanian (Late Cretaceous) as well as the Paleo-
gene and Neogene, being found in the European (i.e., Spain
and Portugal) (Bauzd Rullan & Goémez-Pallerola, 1988; Fialho
et al., 2021) and western African fossil record (Cappetta, 2012).

The Galeorhinus genus only has one living representative,
G. galeus (Linnaeus, 1758), a slender shark that reaches up to
195 cm in total length (Ebert et al., 2021). This shark can be
found almost worldwide except in the Northwest Pacific and
Northwest Atlantic, inhabiting in temperate waters. It occurs
mainly on continental shelves, ranging from nearshore shallow
waters to offshore depths of up to 800m, often near the
bottom, being a demersal species. It partakes in vertical
migrations to feed, mainly on invertebrates and bony fishes
(Ebert et al., 2021).

Family CARCHARHINIDAE Jordan & Evermann, 1896
Genus CARCHARHINUS De Blainville, 1816
cf. CARCHARHINUS sp.
(Fig. 3F)

Material —18 fragmented teeth from El Muro and Castillo
Barchell (CVAIO0769 and CVAI00772), six from Moli Palla
(figured specimen CVAI00762, rest of material CVAI00763 and
CVAI00782-784) and one from Bancales (MGUV-39797).

Description— Crown with a single broken narrow cusp, separ-
ated from the lateral heels and with a smooth cutting edge. Its
cutting edges lack serrations and both the labial and lingual
faces of the crown do not show marks or folds, with a smooth
surface. In lateral view, the labial face shows a slight convexity
without overhanging the root, whereas the lingual face is flat.
The root is low and presents elongated mesio-distal extensions
with rounded extremes, and its base is almost flat, although a
slight concavity can be seen in the central portion. On the
lingual face of the root, a mesial protuberance can be appreci-
ated, while the labial face is clearly flat. The lingual face also
shows a mesial furrow that extends toward the basal face. Said
fold can even be visible from the labial face, where it continues
without reaching its upper portion.

Comparative Remarks—The narrow straight morphology of
the cusp allows for the identification of the figured tooth as a
lower lateral tooth, which would be located in the more distal
positions near the margin of the jaw. The poor preservation
state of the referred material does not allow for a more precise
identification, although it has been assigned to Carcharhinus
instead of other Carcharhinidae genera due to the less developed
heels and the remarkable similarity to teeth from some of the
species of this genus, such as C. limbatus or C. brevipinna—see
fig. 185 in Cappetta (2012).

This genus is one of the most diverse groups within Selachi-
morpha, and its fossil record extends up to the Eocene of
North Africa (Cappetta, 2012), of which teeth have been recov-
ered from fossil outcrops all around the globe. Living representa-
tives are present in all the major oceanic basins, mainly on
temperate and warm/tropical waters, where it can be considered
a cosmopolitan genus and its species are some of the main preda-
tors of their habitats.

Despite the lack of a positive identification at a species level
and the environmental analysis of the outcrop, and taking into
account that the ecological parameters of most Carcharhinus
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species are related to shelf waters, it has been inferred that our
taxon would have inhabited warm shallow waters located on
the continental shelf, probably less than 50 m deep, although
some Carcharhinus species are pelagic in nature and can be
readily found in open waters up to at least 200 m deep (Ebert
et al., 2021).

Family GALEOCERDONIDAE Poey, 1875
Genus cf. GALEOCERDO Miiller & Henle, 1837
cf. GALEOCERDO sp.

(Fig. 3G)

Material —Six fragmented teeth from El Muro (figured tooth
CVAI00761; one non-figured tooth CVAIO0760 and four non-
figured individuals CVAI00122).

Description—Triangular monocuspidate crown, possessing a
convex mesial cutting edge. Despite the poor preservation, the
cutting edges show remains of serrations, more clearly seen in
the heel of the straight distal cutting edge. Said distal heel is
not fully preserved although its diagnostic height and length
are still present. A smooth surface without ridges or folds can
be seen in both the labial and lingual faces of the crown. In
lateral view, the labial face is visibly flat and slightly overhangs
the remains of the root, while on the contrary the lingual face
shows some convexity. The root is almost completely absent
and with little detail, though the remains are thick labiolingually,
and the central portion seems to show a concave line of union to
the crown.

Comparative Remarks—The lack of a complete crown, in
addition to the abrasive damage and the significant missing por-
tions of the root make the identification of the tooth position and
a more accurate identification of the taxon difficult. Despite said
preservation, the remaining portions of the teeth and the serra-
tions they still retain, in addition to the typical heel of this
genus, have allowed us to identify the teeth as belonging to the
genus Galeocerdo, showing remarkable similarities to both
fossil and extant specimens—e.g., fig. 281 in Cappetta (2012)—
figured in the bibliography (Tiirtscher et al., 2021).

The Galeocerdo genus is known from fossil deposits since the
Ypresian, forming part of marine faunal assemblages found in
Europe, India, South Africa, Japan, and America among other
localities (Cappetta, 2012). Despite only having a single extant
representative, this genus is well represented in the fossil
record, with 22 recognized extinct species, although the validity
of some of the aforementioned extinct species has been
brought to question (Ttrtscher et al., 2021).

The extant representative of the genus, G. cuvier, more com-
monly known as ‘tiger shark,” is a macropredatory shark found
in the tropical and temperate seas across the globe, normally
associated to continental and insular shelves, from the surface
and intertidal areas up to depths of 1136 m (Ebert et al., 2021).
Additionally, it has been found in a wide range of habitats,
from estuaries and harbors to coral atolls and lagoons, travelling
long distances between localities (Ebert et al., 2021). This shark
species is an adept swimmer that preys upon a wide array of prey
items, from albatross (Ebert et al., 2021), to teleosts, sea turtles
(Simpfendorfer et al., 2001), marine mammals, mollusks, and
more (Dicken et al., 2017).

Family HEMIGALEIDAE Gill, 1862
Genus HEMIPRISTIS Agassiz, 1843
cf. fHEMIPRISTIS SERRA Agassiz, 1843
(Fig. 31)
Material —Three fragmented teeth from ElI Muro
(CVAI00764, figured; CVAI00765).
Description—Incomplete tooth fragments, in all cases the

lower portion of the crown missing, along with the root.

Triangular tooth shape, with the mesial margin of the crown
longer than the distal one, giving the incomplete crown a slant
toward the distal side. The distal cutting edge retains four well-
preserved serrated denticles, whereas the upper portion of the
mesial cutting edge shows eroded denticles, with the small serra-
tions on the more basal portion of the crown still maintained,
becoming smaller and in a poorer preservation state as they
advance to the apical section. The enameloid of the crown pre-
sents parallel markings caused by taphonomic processes that in
some cases reach the apical portion of the cusp, both on the
lingual and labial faces.

Discussion— { Hemipristis serra teeth show a series of charac-
teristics that have allowed for its identification and distinction
from other carcharhiniform taxa despite the poor condition in
which the studied tooth was preserved. These characteristics
like their distinct serration pattern and crown morphology
were compared with other carcharhiniform teeth from biblio-
graphic references (Cappetta, 2012), in addition to other pub-
lished tH. serra material (Chandler et al., 2006; Purdy, 1998;
Reis, 2005).

Teeth from this macropredatory taxon have been recovered
from Miocene deposits of the Mediterranean basin, such as
Menorca, the eastern portion of the Iberian Peninsula, as well
as France and Italy (Bauza Rullan & Mercadal, 1961; Gagnaison,
2013; Herraiz et al., 2020; Marsili et al., 2007; Martinez-Pérez
et al., 2018). In addition, this cosmopolitan taxon has also been
recovered from Tertiary deposits from all the major ocean
basins (Argyriou et al., 2015; Antunes, 1977; Cione et al., 2011;
Frankel, 1972; Gillette, 1984; Portell et al., 2008; Radwanski,
1965). Cappetta (2012) remarks on the particular abundance of
this taxon in warm water neritic deposits, becoming less
common in higher latitude deposits where it can be found even
in Pliocene outcrops.

Hemipristis elongata (Klunzinger, 1870) is the only living
species from this genus currently described (Ebert et al., 2021).
Its distribution range comprises the coasts from the Indian
ocean, being found from northern Australia to Madagascar and
other islands (Fricke et al., 2018; Last et al., 2009; Tyabji et al.,
2018; Zhou & Griffiths, 2008). Hemipristis elongata is a demersal
species that usually inhabits warm and temperate waters (Cione
et al., 2011), up to 130 meters deep (Froese & Pauly, 2023; Jaiteh
& Momigliano, 2015), being found in the continental and insular
shelves (Ebert et al., 2021).

Order LAMNIFORMES Berg, 1958
Family LAMNIDAE Miiller & Henle, 1838
Genus CARCHARODON Rafinesque, 1810
Species fCARCHARODON HASTALIS Agassiz, 1843
(Fig. 3B)

Material — 133 fragmented teeth from El Muro (CVAI00770,
figured; CVAIO0771, CVAI00774, CVAI00781), and two from
Castillo Barchell (CVAI00785).

Description —Monocuspid crown, in all cases, the roots are
broken. The smooth cutting edges lack serrations, and the teeth
show a slant toward the distal margin. The enameloid surface is
smooth and flat, without striations or folds on the labial face.
However, some specimens show at the lingual face few slight
striations probably caused during the biostratinomic stage.

Comparative Remarks—None of the studied fragments pre-
serve their root, and the poor preservation state could lead to a
misidentification with other lamniform taxa such as fIsurus sub-
serratus (Agassiz, 1843) whose teeth can present a similar mor-
phology. However, 1. subserratus can possess some serrations
at their cutting edges (Toscano Grande, 2016), whereas the
cutting edge of 1C. hastalis is void of any serrations. The taxon
has been assigned to the genus Carcharodon instead of +Cosmo-
politodus following Ehret et al. (2012) and the findings on
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Neogene outcrops from Peru. Subsequent taxa from the Carchar-
odon genus, such as 1C. hubbelli and C. carcharias developed ser-
rations, TC. hubbelli being considered an intermediate form
between 1C. hastalis and C. carcharias (Ehret et al., 2012).
tC. hastalis is a well-represented species in the fossil record, as
a cosmopolitan species that has been found in outcrops from
all ocean basins (Avila et al.,, 2012; Bhalla & Prammendra,
1988; Canevet, 2011; Cappetta, 2012).

tCarcharodon hastalis is an extinct species of the Carcharodon
genus within Lamnidae family, whose sole living representative
nowadays is the great white shark, C. carcharias (Linnaeus,
1758). This living taxon is a pelagic macropredatory shark with
a bathymetric range and habitat usage of waters from 0-1280 m
(Ebert et al., 2021), although it is generally found at 150 m or
less from the surface (Froese & Pauly, 2023). These sharks
include within their preferred prey items marine mammals such
as pinnipeds and cetaceans (Ebert et al., 2021), other shark
species, as well as osteichthyans and cephalopods (Hussey
et al., 2012).

Genus ISURUS Rafinesque, 1810
cf. ISURUS sp.
(Fig. 3H)

Material -Two fragmented teeth from El Muro, specimen
figured (CVAI00773), other specimen (MGUV-39831).

Description—The best-preserved specimen shows a single
slender monocuspid crown fully preserved, with smooth
cutting edges lacking serrations, and a slight slant toward the
distal edge, neither of the cutting edges reach the base of the
crown and contact the root. The cusp is quite narrow on its
apical portion and most of its length, widening toward its
basal third. The flat labial face slightly overhangs the labial
portion of the root with a subtle convexity near the base,
whereas the lingual face of the crown is more convex. In
lateral view, a slight sigmoid curvature can be appraised, with
the apical portion bent toward the labial face, and the basal
half bent toward the lingual face. The root is partially pre-
served, with the lateral lobes being absent. The central part
of its lingual face presents what seems to be a foramen,
although the whole root piece shows considerable surface
damage.

Comparative Remarks—Due to the lack of a complete root,
a misidentification with other taxa belonging to the Lamni-
formes order, especially within Lamnidae, could be possible,
thus leaving the classification of the taxon as open. Despite
the state of the piece, most of its morphology is consistent
with teeth belonging to species within the Isurus genus,
whereas the lack of lateral cusplets sets it apart from Carchar-
ias and Odontaspis teeth (see Cappetta, 2012), and free-swim-
ming Lamna teeth have a triangular crown with straight or
slightly curved edges (Purdy & Francis, 2007), in addition to
having anterior teeth with a broad base in the extant
L. nasus (Cappetta, 2012).

The only two known extant representatives of the genus,
L oxyrhinchus and I paucus, are widely distributed pelagic
macrophagous sharks that have been found in temperate and
warm waters across the globe, although 1. paucus is poorly
recorded in the vast majority of its possible range (Ebert
et al., 2021). Both species can reach up to more than four
meters in length (Ebert et al., 2021), and while the biology
and behavior of I paucus is less known, I oxyrhinchus is a
coastal to epipelagic active swimmer that can be found in
depths from 0-888 m (Ebert et al., 2021) and preys on fishes
and cephalopods, with larger individuals also feeding on small
cetaceans and pinnipeds (Ebert & Dando, 2020; Ebert et al.,
2021). The longfin mako (I. paucus) also feeds mainly on fish
and squids in open waters, although this species seems to be

found at deeper waters than the other extant representatives
ranging from 0-1752 meters and possibly being a slower
swimmer than the record-bearing I. oxyrhinchus (Ebert et al.,
2021).

Family fOTODONTIDAE Glikman, 1964
Genus TOTODUS Agassiz, 1838
Species fTOTODUS MEGALODON Agassiz, 1835
(Fig. 3A)

Material —One fragmented tooth from El Muro (MGUV-
39832, figured) and one tooth from Castillo de Barchell
(CVAI00125).

Description—The recovered tooth from El Muro (MGUV-
39832) is poorly preserved, lacking its root and part of the
basal portion of the crown, as well as the enameloid cup layer.
The labial face of the crown is flat, while the lingual face is signifi-
cantly convex. The lack of enameloid has also affected the crown,
showing parallel folds that run throughout the lingual face
towards its apex. No serrations were preserved on the cutting
edges.

Comparative Remarks — The referred material can be unques-
tionably identified as O. megalodon despite its poor preservation
condition, thanks to the large size its teeth can attain, as well as
diagnostic characteristics that this taxon possesses. Some of these
are the robust, triangular morphology, the flat or slightly concave
labial face and the strongly convex lingual face of the crown.
Other clear indicators for this taxon such as the specific serra-
tions on the cutting edges and the enameloid-lacking V-shaped
neck on the basal portion in the lingual face of the crown are
not preserved in our specimens.

This cosmopolitan species has been recovered from multiple
Mio-Pliocene localities all around the world (Antunes et al.,
2015; Herraiz et al., 2020; Pimiento & Balk, 2015; Reolid &
Molina, 2015).

This extinct macrophagous lamniform is the largest macro-
predatory shark species discovered, with maximum size esti-
mations ranging from 15-18 meters (Boessenecker et al.,
2019; Cooper et al., 2020; Gottfried, 1996; Herraiz et al.,
2020; Pimiento & Balk, 2015; Pimiento et al., 2010; Shimada,
2021; Shimada et al., 2020), and even some questionable
larger estimations. Regardless of the maximum size, this cos-
mopolitan giant shark inhabited temperate and warm waters
all around the globe (Herraiz et al., 2020; Pimiento et al.,
2016; Shimada, 2021). Due to its size and tooth morphology,
as well as its metabolism (Ferrén, 2017), the closest extant eco-
logical analog to infer its habitat use and trophic strategies is
the living Carcharodon carcharias, like with {C. hastalis. In
addition, these extinct taxa are usually found together in
many outcrops around the world (Herraiz et al., 2020 and
references therein).

Family CARCHARIIDAE Miiller & Henle, 1841
Genus CARCHARIAS Rafinesque, 1810
cf. fCARCHARIAS ACUTISSIMA Agassiz, 1843
(Fig. 3C)

Material — Three fragmented teeth from El Muro and Castillo
Barchell, figured specimen (CVAIO0775) and rest of material
(CVAI00776) and four from Castillo Barchell (CVAIO0787).

Description—Despite their poor preservation (only a portion
of the crown is preserved), the teeth possess a slender monocus-
pidate crown with a slightly convex lingual face and flatter labial
face that shows a slighter convexity at its base, giving the teeth an
ellipsoidal or rounded shape in transversal view. Multiple well-
developed folds can be observed in the lingual face (reaching
more than half the length of the cusp), although appearing
very faintly in the lowermost labial face. Absence of serrations
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in the thin cutting edges, which reach the robust basal-most
portion of the crown although weakening as they approach it.
The lateral view of the teeth shows a sigmoidal curvature.

Comparative Remarks—This lamniform taxon can be distin-
guished from the other recovered teeth belonging to a second
representative from its family based on the flat labial face and
the presence of folds on the crown (Cappetta, 2012), and are
remarkably similar to those figured and described by Antunes
and Balbino (2010) and Marsili et al. (2007). According to Cap-
peta’s (2012) description of Odontaspis teeth, the latter possess a
strongly transversally convex, completely smooth lingual face of
the cusp, with additional differences with Carcharias such as a
straight profile.

According to the fossil record, C. acutissima is a cosmopolitan
species identified in multiple fossil sites, both in the Mediterra-
nean (Marsili et al., 2007) and other ocean basins (Laurito
et al., 2014).

Nowadays, the only living representative of the genus Carchar-
ias is C. taurus, which has been used as the closest extant analog
for this species (see also Carcharias sp.).

Family CARCHARIIDAE Miiller & Henle, 1841
Genus CARCHARIAS Rafinesque, 1810
cf. CARCHARIAS sp.
(Fig. 3D)

Material — One fragmented tooth from El Muro (CVAI00777,
figured) and 28 fragmented teeth from El Muro and Castillo
Barchell (CVAI00778).

Description—Slender teeth, the lingual face of the crown is
convex whereas the labial face is flat. Both faces are completely
smooth and lack folds or striations, and the cutting edge lacks
serrations and reaches the base of the crown. All referred indi-
viduals lack the root portion due to their poor preservation state.

Discussion—Despite being unable to identify this taxon at a
species level due to the lack of root and poor preservation in
general, the pointed, slender monocuspid crown, its sigmoid cur-
vature, their large size and smooth cutting edges have allowed for
identification at a genus level, due to the lack of sigmoidal profile
in Odontaspis teeth according to Cappetta (2012). This genus is
known from Oligocene deposits and is quite common in
marine fossil localities from the Miocene (Antunes & Balbino,
2010), being a cosmopolitan genus that has been identified in out-
crops from all continents (Cappetta, 2012; Ward & Bonavia,
2001). Carcharias taurus (Rafinesque, 1810) is the only extant
representative of the genus Carcharias currently described.
C. taurus can be found in the western Mediterranean and the
coasts of all ocean basins, except the central and eastern Pacific
(Ebert et al., 2021; Pollard & Smith, 2009).

Carcharias taurus is a demersal-pelagic shark, being usually
found in shelf waters from near the surf-line to at least 232 m
deep in offshore reefs, although it can mostly be found close to
the coast at 15-25m deep, and also less frequently in open
waters (Ebert et al., 2021; Pollard & Smith, 2009; Teter et al.,
2015), feeding on a wide range of prey items that include invert-
ebrates and fishes.

Superorder BATOMORPHII Cappetta, 1980
Order MYLIOBATIFORMES Compagno, 1973
Family MYLIOBATIDAE Bonaparte, 1838
aff. MYLIOBATIDAE indet.

(Fig. 3K)

Material — One fragmented tooth from El Muro (CVAI00780,
figured) and one from Castillo Barchell (CVAI00786).

Description—The specimens represent incomplete teeth with a
lateral portion missing, and in poor preservation state. Hexagonal
morphology in occlusal view, with uniform width and straight

lateral, labial, and lingual faces, which run perpendicularly to the
occlusal surface. Both the occlusal and basal faces show multiple
round marks, and the occlusal portion of the crown shows a slight
convexity. The root is less developed than the crown and more
labiolingually flattened, with the crown overhanging significantly.
There are no discernible protrusions or bulges in either the labial
or lingual faces. Despite the poor preservation state, the remaining
root portion does not seem to bend at an angle from the crown.

Comparative Remarks—The hexagonal morphology of the
tooth in occlusal view, the straight lateral, labial, and lingual
faces, and its comparison with material reported in the bibli-
ography (Cappetta, 2012), have allowed the identification of
this tooth at a family level, although the poor preservation
state of the tooth has made further classification significantly dif-
ficult due to the lack of additional morphological characteristics
to be described and compared. Many circular markings are found
all over the tooth, including the root, as well as the functional
occlusal face of the crown, which suggests the aforementioned
marks were not caused by use during feeding, and would have
probably been caused during the fossilization process.

The Myliobatidae family is well represented in the fossil
record, with representatives being found in different regions of
South America, (Monsch, 1998; dos Reis, 2005), as well as Euro-
pean localities among others (Szabd & Kocsis, 2020).

Both of the genera that are included within the family, Aeto-
mylaeus and Myliobatis, are benthopelagic species that inhabit
warm shallow waters although they can be seen at depths up to
150 meters (Froese & Pauly, 2023).

Family DASYATIDAE Jordan and Gilbert, 1879
aff. DASYATIDAE indet.
(Fig. 37)

Material — Two individuals from Moli Palla (figured specimen
CVAI00767, and CVAI00768), as well as one complete individual
from El Muro (MGUV-39886).

Description—The two studied teeth possess a globular crown
with irregular surface, showing a rhomboidal morphology in
occlusal view, with a more rounded lingual face. The crown
lacks cusps and its lingual margin overhangs the mesial portion
of the root. None of the crown margins shows striations or folds,
although the labial face shows a rugose texture behind the trans-
versal keel, whereas the lingual face is smooth. One of the teeth
is partially embedded in the matrix, but the other shows a
reduced root, less wide than the crown, with labiolingually devel-
oped lobes and a flattened basal face. Said lobes are separated by a
well-developed mesial furrow, which is filled with matrix, making
the observation of possible foramina impossible.

Comparative Remarks—The globular crown and its irregular
surface are typical characteristics from the Dasyatidae family
(Cappetta, 2012), although due to both teeth being partially
embedded in the matrix (one of them almost completely), as
well as the preservation state, it was difficult to classify them at
a more precise level. In addition, despite the tooth morphology
of the specimens described herein showing similarities to the
Dasyatidae family, other families lack reliable tooth descriptions,
or are completely unknown, even more so in the Mediterranean
Realm (Ebert & Dando, 2020). As such, the association of the
aforementioned teeth to this family is tentative and could be
subject to change in the future, with additional findings and
descriptions of batoid faunas.

Fossil remains from this family have been recovered from
Miocene deposits of the Mediterranean (Balbino & Antunes,
2006; Vialle et al., 2011), as well as from some regions of
Africa and Asia (Marrama et al.,, 2018; Sharma & Patnaik,
2013; Stewart, 2001).

The living representatives from this family, such as Dasyatis
pastinaca (Linnaeus, 1758), are demersal species that can be
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found in warm and temperate marine waters (Cappetta, 2012) —
and even in freshwater bodies in some genera—where they live
near the bottom feeding mainly on hard prey. D. pastinaca can
be found in coastal waters and continental shelves at depths up
to 140 m, being generally found in waters shallower than 50 m,
in the Mediterranean and Atlantic basins (Last et al., 2016).

Order RAJIFORMES Berg, 1940
cf. RAJIFORMES indet.
(Fig. 31)

Material — Two teeth from El Muro (figured specimen MGU V-
39888, and MGUV-39887).

Description—The root is absent in both teeth due to poor
preservation state. The crown possesses a rounded morphology,
with a central cusp slanted toward the lingual face, and two
smaller lateral lobes located at the base of the crown, also
slanted lingually, and more developed in the lower portion of
the labial face of the crown. Both, the cusp and the rest of the
crown, show a smooth surface without striations or folds
besides some taphonomic marks. The root was not preserved,
with the only possible remaining element being what appears
to be a foramen in the basal face of one of the teeth.

Comparative Remarks— Despite the lack of the root and more
details that could help narrow down the classification to a more
specific level, the presence of a cusp (Cappetta, 2012), as well
as the general morphology of the crown, with the more devel-
oped basal portion in the labial face, with two lateral lobes that
are inclined towards the lingual face like the cusp, have
allowed the identification of the specimen as part of the Raji-
formes order, resembling members of the Rajidae family,
among others—see fig. 349 in Cappetta (2012). Regrettably, the
lack of the root and poor general state of preservation make
further identification impossible, as the members of this order
possess similarities between different families and genera
(Herman et al., 1994, 1996, 1998), and as such the authors
decided to abstain from attempting deeper classification,
leaving the tooth as a tentative member of Rajiformes, with
some similarities to the Rajidae family.

Within the Rajiformes, the Rajidae family is well represented
in the fossil record, with numerous findings from the Miocene of
Denmark, Austria, France in Europe (Bendix-Almgreen, 1983;
Marrama et al., 2018; Vialle et al., 2011), as well as Chile and
Argentina in South America (Cione et al., 2011) and the
United States (Cicimurri & Knight, 2009) among others.

The current diversity of species within Rajidae in the Mediter-
ranean and Atlantic basins seems to have risen during the
Miocene to Pleistocene (Cappetta, 2012; Valsecchi et al., 2005).
Of the 17 living genera within the family, most skates are demer-
sal and inhabit cold waters located on or near the continental
slopes and abyssal plains at depths surpassing 4,000 m, although
some temperate and cold-water inhabitants occur on the conti-
nental shelves, in considerably shallower waters (Last et al.,
2016). Within the Mediterranean, Ebert and Dando (2020)
reported the presence of three species of the Rajidae family as
the only representatives of their order.

As a reference species, Raja clavata (Linnaeus, 1758), is a
demersal skate that occurs in the Mediterranean and eastern
Atlantic (Last et al., 2016), as well as the southwestern Indian
Ocean, being found at depths up to 300 m (Froese & Pauly,
2023), but reported at maximum depths of 1020 m (Last et al.,
2016).

DISCUSSION

The fossil assemblage recovered from Alcoy shows an impor-
tant abundance of ichthyofauna, with more than 4,000 fragmen-
ted specimens, being very well represented by elasmobranch

teeth and placoid scales. Among them, a total of 20 selachian
taxa were identified, belonging to four Orders of sharks —Lamni-
formes, Carcharhiniformes, Hexanchiformes, and Squaliformes
—with seven taxa being identified at species level: {Carcharodon
hastalis (Fig. 3B), cf. ¥Carcharias acutissima (Fig. 3C), TOtodus
megalodon (Fig. 3A), Scyliorhinus canicula (Fig. 2E), cf.  Hemi-
pristis serra (Fig. 3G), Deania calcea (Fig. 2C), and cf. tSqualio-
dalatias weltoni (Fig. 2D). Ten additional taxa were identified at
genus level due to the poor preservation of the recovered fossil
elements: cf. Carcharias sp. (Fig. 3D), tNotorynchus sp. (Fig.
3E), cf. Isurus sp. (Fig. 3H), Carcharhinus sp. (Fig. 3F), cf. Galeo-
cerdo sp. (Fig. 3G), Scyliorhinus sp. (Fig. 2G), tMegascyliorhinus
sp. (Fig. 2F), cf. Galeorhinus sp. (Fig. 2H), Chlamydoselachus sp.
(Fig. 2B), and Trigonognathus sp. (Fig. 2A). This finding also
marks the second record of Trigonognathus in the Neogene of
the Mediterranean Realm, after the multiple teeth recovered
from the El Ferriol fossil site, also located in Alicante Province,
Spain (Herraiz et al., 2022). Beside the aforementioned selachian
taxa, two different batoid families are also represented: aff.
Dasyatidae (Fig. 3H), aff. Myliobatidae (Fig. 3I), both within
the Myliobatiformes Order, as well as an additional member of
Rajiformes (cf. Rajiformes indet.; Fig 2I).

Regarding the relative abundances of the different families
recovered, Lamnidae stands out as the most represented, consti-
tuting nearly half of the total specimens (44.9%, n =137) in the
sample, with a pronounced predominance of C. hastalis. Follow-
ing closely are the catsharks, Scyliorhinidae (15%, n = 46), Carch-
ariidae (13.4%, n=41), and Carcharhinidae (8%, n=25),
highlighting Lamniformes and Carcharhiniformes as the domi-
nant orders in the environment. With the exception of Chlamy-
doselachidae  (6.8%, n=21), the remaining families,
encompassing both near-shore and deep-water taxa, exhibit
lower abundances, hovering around 2%, such as Dalatiidae
(2.9%, n=9) or Galeocerdonidae (1.9%, n=6), or representing
less than 1% of the total abundance, including Triakidae and
Hemigaleidae, as well as the teeth associated with aff. Dasyatidae
(all at 0.9%, n = 3), Etmopteridae, Centrophoridae, and Otodon-
tidae. Additionally, teeth classified as aff. Myliobatidae and cf.
Rajiformes indet. each represent 0.7% (n =2), and Hexanchidae
stands at 0.4% (n=1).

Paleoecological and Paleoenvironmental Reconstruction

Among the neoselachians identified in the area of study, there
seems to be a mixture between shallow and deep-water inhabi-
tants, as well as some pelagic and neritic species, ranging from
nearshore to estimated depths of up to approximately 1200
meters (Ebert et al., 1992, 2021; Santos et al., 2020; Froese &
Pauly, 2023). Despite the heterogeneous nature of the faunal
assemblages described, most of the identified taxa do not gener-
ally reach more than 200 meters deep, with a significant amount
of them being usually found in the upper 100 meters, such as Scy-
liorhinus  spp., Carcharhinus sp., Carcharias sp., and
tC. acutissima—with inferred similar habits to the extant
C. taurus according to Ebert and Dando (2020), and Ebert
et al. (2021)—as well as the unidentified member of Dasyatidae
(Ebert & Dando, 2020; Last et al., 2016). 1Otodus megalodon,
tCarcharodon hastalis, tMegascyliorhinus sp., 1Hemipristis
serra and the indeterminate Myliobatidae would probably
reach deeper maximum depths but still be mostly confined to
the top 200 m based on their closest ecological analog species
(Bradford et al., 2020; Ebert & Dando, 2020; Ebert et al., 2021;
Last et al., 2016).

On the other hand, modern relatives of some taxa from the
assemblage usually occur in deeper waters, such as those of Tri-
gonognathus sp., Chlamydoselachus sp. (which can be found at
more than 1,000 m) (Ebert et al., 2021), TSqualodalatias weltoni
and Deania calcea (Ebert et al, 2021), as well as most
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members of the Rajiformes (Ebert & Dando, 2020; Last et al.,
2016).

Regarding habitat use, D. calcea, 1S. weltoni, S. canicula,
tH. serra, Galeorhinus sp., t Notorynchus sp., Chlamydoselachus
sp., Trigonognathus sp., and both representatives of Carcharias
are considered demersal taxa that usually occur near the
bottom, either in hard or soft substrates or, in the case of some
of the aforementioned taxa, in both substrates, based on their
closest living ecological relatives (see Systematic Paleontology
and references therein). Within this group, Trigonognathus and
Chlamydoselachus would not be strictly constricted to near-
bottom environments, being considered benthopelagic genera
that occur in deep open waters (Ebert et al., 2021).

This amalgamation of deep-water, shallow-water, and pelagic
inhabitants has been previously documented in other fossil
localities, with two primary hypotheses providing explanations.
The first hypothesis links this diversity to vertical migrations by
deep-water taxa, moving through the water column during
night-time feeding. The second hypothesis associates it with
taphonomic processes, involving the downslope displacement
of shallow-water inhabitants remains (Carrillo-Bricefio et al.,
2015; Cigala Fulgosi et al., 2009; Yano et al., 2003). In the
current study, the vertical migration hypothesis finds stronger
support due to the uniform preservation state observed across
all fossils considered.

The El Muro foraminiferal assemblage encompasses at least 15
different taxa (refer to Table 1), comprising seven planktonic and
eight benthic species, respectively. Analysis of the relative abun-
dances of benthic and planktonic foraminifera estimates a deep-
water environment of approximately 873 meters in depth, follow-
ing the Oceanization Index for the Western Mediterranean pro-
posed by De Rijk et al. (2000). Additionally, the presence of
tGloborotalia menardii (d’Orbigny in Parker et al., 1865) has
facilitated dating the El Muro fossil site to the Tortonian (Late
Miocene) age, aligning with findings by Sierro (1985). On the
contrary, the weighted bootstrap bathymetric analyses revealed
a bimodal distribution when depicting depth probability
(Fig. 4). The initial peak is evident around 200 meters, followed
by a second, notably higher peak spanning 400-500 meters,
with the mean estimated at approximately 420 meters. Notably,
this outcome remains consistent whether or not Batoidea taxa
are included in the analyses.

The interpretation of the paleoenvironment and bathymetry at
the El Muro locality, based on sediments and foraminifera, holds
relevance for all similar locations in Alcoy. However, it appears

TABLE 1. Taxonomic classification, divided in planktonic and
benthonic habitat usage and number of specimens of the foraminiferal
assemblage extracted from El Muro.

Taxon No. of specimens
Planktonic species 260
Orbulina sp. 24
Globigerinoides sp. 4
Globorotalis sp. 20
Turborotalita sp. 28
Globorotalia menardii 11
Globigerina sp. 168
Neogloboquadrina sp. 5
Benthonic species 70
Lagena sp. 1
Melonis pompiloides 1
Elphidium sp. 2
Gromia sp. 1
Uvigerina sp. 19
Bulimina sp. 21
Rotalia sp. 21
Bolivina sp. 4
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FIGURE 4. Depth estimation employing weighted bootstrap analysis of
the elasmobranch faunal composition, considering both A, the members
of Batoidea, and B, and excluding them. The mean depth estimation is
represented by the line, while the 95% confidence interval for the most
probable depth range of the assemblage is illustrated as a shadow.

to diverge from the depth estimates derived from the weighted
bootstrap analysis which indicates shallower waters based on
the chondrichthyan assemblage. While comparable statistical
analyses have been employed by other researchers in prior
studies (Carrillo-Bricefio et al., 2020; Oyanadel-Urbina et al.,
2021; Pérez et al., 2017) the conflicting results, especially when
juxtaposed with the foraminiferal assemblage as well as the sedi-
mentology pointing to higher-energy water environments,
suggest that these analyses alone may not be sufficient for esti-
mating paleodepths. The presence of components with diverse
lifestyles and habitat usages within the faunal composition
might be a contributing factor. Vertical migration undertaken
by deep-water taxa to feed at night in shallower waters, as high-
lighted by Martinez-Pérez et al. (2018) or Herraiz et al. (2022),
and references therein, along with the broad depth range occu-
pied by some macropredatory taxa, as discussed in Systematic
section, could potentially skew depth estimations compared
with other methods.

Comparison with Other Localities

The faunal assemblage described here is comparable to other
coetaneous Miocene outcrops from the Alicante province in
Eastern Spain. The El Chorrillo fossil site, near the municipality
of Sax (Alicante, Spain), also yielded common taxa such as
Deania, Scyliorhinus, Carcharodon, Hemipristis, and {Otodus,
in addition to other taxa absent from our area of study and exclu-
sive to that locality, such as Pristiophorus, Isistius, or T Paraetmop-
terus. Despite a similar diversity of taxa, the relative abundances
of both faunal compositions are starkly different, with Deania
calcea being the predominant species found at El Chorrillo,
whereas the most abundant at Alcoy seems to be C. hastalis.
Ferrén et al. (2019) also reported on the ecological diversity
found in El Chorrillo based on the analysis of the dermal
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denticles recovered from the site, having identified placoid scales
associated with optimized swimming for active pelagic taxa, bio-
luminescence aiding scales, and denticles associated with demer-
sal inhabitants, both living on hard and soft substrates, as well as
deep-water inhabitants. The reported ecological diversity based
on the scales is again concurrent with the one described by Mar-
tinez-Pérez et al. (2018), and similar to the one found in Alcoy
and presented herein. Some of the reported scales from El Chor-
rillo were identified as bioluminescent, and this ecological group
is also represented in the Alcoy faunas with Trigonognathus sp., a
representative of the Etmopteridae family that has been stated to
possess bioluminescence based on its position within this family
and the presence of photophores (Mochizuki & Ohe, 1990;
Straube et al., 2010). In addition, {Squaliodalatias weltoni,
belonging to the Dalatiidae family, is also reconstructed as a bio-
luminescent taxon in Ferrén (2023).

Furthermore, the faunal assemblage from Alcoy could also be
compared with another Miocene elasmobranch assemblage
described by Marin (1992), from the “Burdigalian” localities of
El Ferriol, Castelar, and Vallongas from the municipality of
Elche (Alicante, Spain) (see above). The comparison of the
described faunal assemblages with the one from Alcoy shows
only five taxa in common, the macropredatory tOtodus megalo-
don, tCarcharodon hastalis, Carcharhinus sp. (reported as
tC. priscus), and tHemipristis serra. Despite not sharing the
same species, Galeocerdo sp., reported as G. cuvier, similar
families are represented in the Elche localities, such as Carchar-
iidae with the Carcharias genus (1C. cuspidatus), and Hexanchi-
dae with fNotorynchus sp. The differences in faunal assemblages
in regard to the apparent lack of small size chondrichthyans and
demersal taxa in the Elche outcrops is probably biased by a lack
of sampling efforts for microfossils and not by the lack of such
ecological groups. These fossil sites have been historically
known and exploited by local fossil collectors that focused
their surface sampling on the larger and better-preserved fossil
pieces, which could explain the faunal differences between
those localities and our study. As such, further studies in more
depth are probably needed to shed light into the real complexity
and elasmobranch diversity of the Elche faunal assemblages.

CONCLUSIONS

The present study represents the first systematic description of
the Miocene chondrichthyans of the Alcoy localities (Alicante,
Spain), including a total of 20 elasmobranch taxa belonging to
six neoselachian orders (Lamniformes, Carcharhiniformes, Squa-
liformes, Hexanchiformes, Rajiformes, and Myliobatiformes),
and 14 families (1Otodontidae, Lamnidae, Carchariidae, Carch-
arhinidae, Galeocerdonidae, Hemigaleidae, Triakidae, Scyliorhi-
nidae, Etmopteridae, Dalatiidae, Centrophoridae, Hexanchidae,
Chlamydoselachidae, Myliobatidae, and Dasyatidae). Addition-
ally, by studying the fossil elasmobranch and foraminiferal
assemblages, an estimation of the paleodepth and environment
of these localities has been inferred, showing signs of Bathyal
environments, no deeper than 1,000 meters according to the for-
aminiferal assemblage. These results contrast with the weighted
bootstrap analysis of the elasmobranch assemblage that suggests
shallower environments, with a mean of 420 m approximately.
The significant difference between both methods highlights the
lack of compatibility of certain faunal assemblages with the boot-
strap methodology, which perhaps should be reconsidered for
future studies. The presence of the foraminifer {Globorotalia
menardii (Kennett & Srinivasan, 1983) has allowed to date, at
least the El Muro outcrop, as Tortonian (Late Miocene). Com-
parisons with other Miocene elasmobranch assemblages from
Alicante (Spain) show similarities in faunal composition,
although many of those fossil sites have been historically
known but never studied and published in peer-reviewed

literature, or have been subject to exploitation by local collectors.
Subsequent sampling and analyses should be undertaken in
future studies of those areas to provide a deeper, more compre-
hensive picture of their faunal composition and the paleoecology
of chondrichthyan communities previous to one of the most
important biotic crises at the end of the Miocene period.
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