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ABSTRACT

The small-vertebrates’ assemblage recovered comes from
Units I to IV from El Salt site (Alcoi, Spain). The sample
is composed by nearly 310 remains, and includes one toad
(Epidalea calamita), two lizards (Lacertidae indet. and
Chalcides cf. bedriagai), two snakes (Coronella cf. girondica
and cf. Coronella sp.), two insectivores (Crocidura sp. and
Sorex sp.), one lagomorph (Oryctolagus cuniculus) and seven
rodent taxa (Arvicola sapidus, Microtus sp., M. arvalis, M.
cabrerae, M. duodecimcostatus, Apodemus sylvaticus, and
Eliomys quercinus). All the species described in the present
work are consistent with a Late Pleistocene-Holocene

RESUMEN

El conjunto de pequefios vertebrados recuperado procede de
las Unidades I a IV del yacimiento de El Salt. Esta muestra
se compone de casi 310 restos e incluye un sapo (Epidalea
calamita), dos lagartos (Lacertidae indet. y Chalcides cf.
bedriagai), dos serpientes (Coronella cf. girondica y cf.
Coronella sp.), dos insectivoros (Crocidura sp. y Sorex
sp.), un lagomorfo (Oryctolagus cuniculus) y siete taxones
de roedores (Arvicola sapidus, Microtus sp., M. arvalis,
M. cabrerae, M. duodecimcostatus, Apodemus sylvaticus y
Eliomys quercinus). Todas las especies descritas en el presente
trabajo son consistentes con una cronologia del Pleistoceno
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chronology. The presence of M. cabrerae (absent in the
Middle Pleistocene) and M. duodecimcostatus (absent in the
Mediterranean until the Late Pleistocene) seem to confirm this
age. The presence of Neolithic pottery and M. arvalis in the
same deposit is inconsistent from a biochronically point of
view since this species was extirpated from this region at the
end of the Late Pleistocene. Several taphonomic alterations
related to transport within the small mammal remains have
been identified. Further taphonomical and geoarchaeological
work is needed to clarify the provenience of the studied
faunal assemblages, which, given the high energy, erosional
morphology and lithology of the sedimentary deposit, could
have been reworked in a more recent time period.

Keywords: Iberian Peninsula, small mammals, herpetofauna,
Biochronology, Quaternary.

Superior-Holoceno. La presencia de M. cabrerae (ausente
en el Pleistoceno Medio) y M. duodecimcostatus (ausente
en el area mediterranea hasta el Pleistoceno Superior)
confirman esta edad. La asociacion de ceramica neolitica y
la especie M. arvalis en el mismo depoésito es inconsistente
desde el punto de vista biocronoldgico, ya que esta especie
desaparece en la region a finales del Pleistoceno Superior. Se
han identificado varias alteraciones tafonomicas relacionadas
con el transporte entre los pequefios restos de mamiferos. Son
necesarios trabajos tafonémicos y geoarqueoldgicos en mayor
profundidad para aclarar la procedencia de los conjuntos de
fauna estudiados, que, dada la alta energia, la morfologia
erosiva y la litologia del depdsito sedimentario, podrian
haberse reelaborado en periodos de tiempo mas recientes.

Palabras clave: Peninsula Ibérica, pequeiios mamiferos,
herpetofauna, Biocronologia, Cuaternario.

1. INTRODUCTION

Biochronology establishes a temporal context based
on the palaeobiological species and assemblages, and
proposes “the organization of geologic time according to
the irreversible process of organic evolution” (Berggren &
Van Couvering, 1978). Thus, this concept relates biological
events to the geological time scale (Lindsay, 2003). In
this sense, small mammals are considered as a key tool
for the definition of the biochronology in continental
sites of the Paleogene (MP zones, Schmidt-Kittler, 1987;
Aguilar et al., 1997), Neogene (MN zones, Mein, 1975),
and Early Quaternary (MmQ zones, Agusti et al., 1987).
The abundance, high evolution rates and broad distribution
of the small mammals, and the relatively easy recovery
process, make these animals perfect for this purpose
(Lopez-Martinez & Truyols-Santonja, 1994).

There is a clear relationship between biochronology,
biostratigraphy and taphonomic processes operating on
the fossil record (Fernandez Lopez, 1991). Among others,
post-depositional processes are highly important during
fossilization, affecting to this relationship. In this sense,
this kind of alterations must be detected. For example,
reworked remains are exhumed from their original
sediment and reburied in a new layer (Fernandez Lopez,
1991; Donovan et al., 2010). Examples of this kind of
finds are numerous in the specialized literature (i.e.,
Donovan et al., 2010; Hontecillas et al., 2015; Crespo et
al., 2016). Within those examples, the karstic reactivation
recorded in the central Mediterranean area around 6 ka
BP (Northgrippian, Holocene) has been related to erosive
events in numerous sites of the region (Fumanal, 1986,
1995), requiring the conduction of taphonomic analysis to
avoid erroneous biochronological conclusions.

The central Mediterranean area of the Iberian Peninsula
(Comunitat Valenciana) has yielded several Quaternary
sites. Some of them are adscribed to the final part of the
Late Pleistocene and to the Holocene (Badal & Carrion,
2001), and just a few carry out the study of the small
vertebrates. Among them, Late Pleistocene small-mammal
fossils have been reported from Cueva de San Antén
(Sarrion, 1983), Cova Matutano (Nadal, 1998), Cova del
Bolomor, Cova Negra (Guillem, 2001) and Cingle de
I’Aigua (Villaverde et al., 2010), among others. Other
works are centered in Pleistocene but also Holocene levels.
These are the case for Tossal de la Roca (Cacho et al.,
1995), Cova de les Cendres (Guillem, 2001; Tormo-Cuiiat,
2010) and Cova Fosca (Sesé, 2011) among other sites.
Moreover, small mammals from Holocene deposits have
also been studied in Cova del Barranc Fondo (Boessneck,
1974), Cova de la Sarsa (Sevilla, 1988), Cova Bolumini
(Guillem et al., 1992), Cova de 1’Or (Arribas, 2004) and
Abric de la Falguera (Guillem, 2006) among other sites.
The small mammal assemblages recorded at these sites
show a shift from Late Pleistocene open landscapes to
Holocene forest expansion and, posteriorly, landscape
modifications related with agriculture and livestock
exploitation by humans. In this sense, at mid-Holocene
and related to human impact on environment and species,
human migrations facilitated the introduction and dispersal
of several species of small mammals (Cuchi et al., 2005;
Dominguez Garcia et al., 2019).

Regarding the herpetofauna, there have been very few
studies focusing on this period. Most of them do not include
data on the Late Pleistocene and commonly, herpetofauna
is only anecdotally recorded within taxonomic lists in
some Holocene sites: Cabezo Redondo (von de Driesch
& Boessneck, 1969), Los Saladares (von des Driesch,
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1975), Cueva Soterrafa (Sarrion, 1982), Cueva Merinel
(Blay Garcia, 1992), Loma de Betxi (Sarrion, 1998; Tormo
Cunat & de Pedro Michd, 2013), Cueva II del Puntal del
Horno Ciego, Cueva del Sapo, El Molar (Sarrion, 1990)
and Cova de les Cendres (Iborra Eres & Martinez del Valle,
2009). In most of these studies turtles are the only taxon
mentioned (Bisbal-Chinesta & Blain, 2018).

Here, we present the results of a study involving mainly
the small-vertebrate remains from an approximately 1.3
m-thick, stratified, gravelly deposit at El Salt archaeological
site (Alcoi, Alicante) ascribed to the Holocene (Fumanal,
1994). We have two main aims: 1) to characterise the
small-vertebrate assemblage recovered at this deposit; 2)
to narrow down its chronological framework, which is
currently undetermined.

Elevation (m

e 1500
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2. SITE BACKGROUND

El Salt site is located in the municipality of Alcoi
(Alicante, southeastern Iberia, Spain), at 680 m above
sea level. Its 6.3 m thick stratified deposit rests against
a 38 m-high Palacocene limestone wall, formed at a
thrust fault and covered with tufa and travertine (Fig. 1).
Since 1986, El Salt has been studied systematically from
an interdisciplinary perspective, focusing on the high-
resolution studies of Neanderthal behaviour (Mallol ez al.,
2013; Galvan et al., 2014; Garralda et al., 2014; Sistiaga
et al., 2014; Rodriguez-Cintas & Cabanes, 2015; Machado
& Pérez, 2016; Molina, 2016; Vidal-Matutano, 2016; Pérez
et al., 2017; Marquina-Blasco et al., 2017; Fagoaga et al.,
2018; Vidal-Matutano et al., 2018; Leierer et al., 2019).

B ElSalt

Figure 1. a) Geographic location of El Salt site in the Iberian Peninsula and its position in the Serpis Valley
between Font Roja and Serra de Mariola mountain ranges. b) Panoramic view of El Salt (photography

of Juan José Dopazo Javier).
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The sedimentary sequence comprises thirteen
lithostratigraphic units (from XIII to I) described by
Fumanal (1994) (Galvén et al., 2014) (Fig. 2a). Pleistocene
deposit ranges from Unit XIII to V. From bottom to
top, Unit XIII consists on an archaeologically sterile
subhorizontal travertine platform. In contrast, Units XII
to IX contain the highest concentration of archaeological
remains and combustion structures. These units are 1.5
m-thick and are mainly constituted by horizontally bedded
fine sand. From Unit VIII to the middle of Unit V there
is considerably spatially reduced evidence of human input
and progressively more non-archaeological sedimentation
(Galvan et al., 2014). Six upper teeth of possibly a
Neanderthal juvenile or young adult were recovered at the
base of Unit V (Garralda ef al., 2014). The upper part of
Unit V is archaeologically sterile except for its top part,
where two small flint blades, a few undifferentiated flakes
and a small combustion structure were recovered at the top
of the unit (Garralda et al., 2014). The top of Unit V, is 50
cm-thick, truncated, massive sandy silt with heterogeneous
gravel in the top 20 cm. Preliminary results from a small-
mammal study showed a reduction in species diversity in
Unit V compared with all of the underlying units (Fagoaga
et al., 2018, 2019).

Units IV to I, the gravelly deposit described by Fumanal
(1994) and ascribed to the Holocene based on the presence
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of Neolithic pottery, with a 1.3 m thick stratigraphic
segment, comprise a stratified succession of channels filled
with different beds of gravelly sands containing cobbles,
separated by sharp erosional contacts. Unit IV, at the
base, with a sandy matrix and 8-10 cm-sized, subrounded
and rounded pebbles and cobbles rests unconformably
on the Pleistocene fine-grained deposit. Unit III contains
smaller-sized gravel. Unit Il is more poorly sorted than
IV and III. Unit I is similar to the underlying unit but is
slightly cemented. Neolithic pottery mixed with late Upper
Palaeolithic, Epipalaeolithic and Mesolithic lithic remains
indicates that this deposit is of Holocene age (Galvan et
al., 2014).

3. MATERIAL AND METHODS

The small-vertebrate fossil remains used for this study
consist mainly of isolated teeth and bone fragments
collected from El Salt Profile 13 during the 2015 field
season. The study includes Unit I to IV from El Salt site
(Alcoi, Alicante). From these Units, facies A, B, C, D
and E have been studied. Giving the evidences of mixed
materials ascribed to different chronological periods we
have considered the different facies as belonging to the

Figure 2. a) Stratigraphic log showing lithology, grain size, archacological content (human remains, lithics, vertebrates and combustion
structures), and small vertebrates, average chronometric dates and Heinrich Events (modified from Galvan et al., 2014). b) Detail
of the gravelly deposit (profile 13, 1.5 m width) from El Salt separated by an erosive contact indicated with black dots from the

underlying Pleistocene deposit.
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same analytical unit. The fossil remains were obtained
from the sediment by water sieving using a 0.5 mm mesh.
The fossils were processed, sorted and classified using a
Leica MS5 binocular microscope. Measurements were
taken on a Leica MZ75 binocular microscope, by means
of displacement of a mechanical stage connected to Sony
Magnescale measuring equipment. Photographs were
taken with a scanning electron microscope at The Central
Support Facility for Experimental Research (SCSIE) of
the Universitat de Valéncia. Malacofauna remains were
classified at the Museu Valencia d’Historia Natural de
Alginet (Valencia, Spain).

Fossils were described and measured following the
anatomical nomenclature and measurements methods
given by van der Meulen (1973), Rabeder (1981), and
Jeannet (2000) for arvicolines, van der Weerd (1976) for
murids, Daams (1981) and Freudenthal (2004) for glirids,
and, finally, Reumer (1984) for soricids. The taxonomic
classification follows the one given by Wilson ef al. (2016,
2017) and Wilson & Mittemeier (2018). Within arvicolines,
subgeneric classification follows Jaarola et al. (2004). In
the case of the herpetological remains, bones were assigned
to different taxa following the criteria given by Bailon
(1991, 1999) and Blain (2009) for amphibian remains
and Oelrich (1956), Szyndlar (1984), Barbadillo (1989),
Bailon (1991), Barahona (1996), Barahona & Barbadillo
(1997), and Blain (2009) for Squamata. Comparisons were
drawn using the collections of dry skeletons of the Museo
Nacional de Ciencias Naturales (CSIC, Madrid, Spain),
Muséum national d’Histoire naturelle (Paris, France),
Gabinete de Fauna Cuaternaria of the Museu de Prehistoria
de Valéncia (Valencia, Spain) and Departament de Botanica
i Geologia from the Universitat de Valencia (Burjassot,
Spain). The morphologic nomenclature basically follows
Oelrich (1956), Rocek (1984), Szyndlar (1984), and Bailon
(1991, 1999). We follow the taxonomic nomenclature
of Uetz & Hosek (2015) for reptiles and Frost (2015)
for amphibians. All the measurements have been taken
following Barahona & Barbadillo (1997) for lacertids and
Auffenberg (1967) and Blain (2009) for snakes.

Concerning post-depositional processes that affected
the sample, comparative data for the different possible
features were consulted on Andrews (1990), Fernandez-
Jalvo & Andrews (1992, 2016), among others.

The material studied in the present work is temporally
stored in the Departament de Botanica i Geologia of the
Universitat de Valéncia (Burjassot, Spain), until their
definitively storage in the Museu Arqueologic Municipal
Camil Visedo Molt6 (Alcoi, Spain). The fossils have been
stored with the acronym ST-G followed by the facies (A,
B, C, D and E) and the collection number. Regarding to
herpetofauna, the acronym may refer to more than one
piece of the same type of bone in some specific cases
(e.g., dorsal vertebrae).

The abbreviations used in this work are: cl, posterior
accessory cusp; CL, vertebral centrum length; CL/NAW:
relation between the length and the width of the vertebral
centrum; CNW/CL, relation between the width of the
condilar neck and the length of the vertebral centrum;
CNW/NAW, relation between the width of the condilar
neck and the width of the vertebral centrum; PO-PO/NAW,
relation between the width of the external borders of the
articular surfaces of the postzygapophysis and the width of
the vertebral centrum; PR-PR/NAW, relation between the
width of the external borders of the articular surfaces of the
prezygapophysis and the width of the vertebral centrum;
D4, fourth deciduous upper premolar; I, Upper incisor; i,
lower incisor; ml, first lower molar; m2, second lower
molar; m3, third lower molar; M1, first upper molar; M2,
second upper molar; M3, third upper molar; Md, mandible;
Mx, Maxilla; P2, second upper premolar; p3, third lower
premolar; p4, forth lower premolar; tma, antero-central
cusp; tl, tlbis, t2bis, t3, t4, t5, t6, t8, t9, tubercules 1,
lbis, 3, 4, 5, 6, 8 and 9 respectively (genus Apodemus);
T1, T2, T3, T4, TS5, T6 and T7, triangles 1, 2, 3, 4, 5, 6
and 7 (genus Arvicola and Microtus).

4. SYSTEMATIC PALAEONTOLOGY

Phylum CHORDATA Bateson, 1885
Class AMPHIBIA Linnaeus, 1758
Order ANURA Duméril, 1806
Family Bufonidae Gray, 1825
Genus Epidalea Cope, 1864

Epidalea calamita (Laurenti, 1768)

Material. 3 dorsal vertebrae (ST-GB-108, ST-GC-103,
ST-GE-35); 1 sacral vertebra (ST-GC-104); 1 humerus (ST-
GB-112); 1 radioulna (ST-GB-107).

Description.

Vertebra. Vertebras are procoelus and wider than long.
In dorsal view, the neural arch is short and bears a well-
defined neural crest which runs along all its length. The
prezygapophysis are large and project posterolaterally.
A pair of lateral transverse is present in the neural arch,
whose projection and shape depend to the position in
vertebral column (Bailon, 1999). Thus, ST-GB-108 shows
its transverse process projected forwards, as in second
vertebra in Anurans. For their part, the tranverse process of
ST-GC-103 and ST-GE-35 are narrow and less developed
that those described above, typical traits of posterior
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vertebrae. In frontal and posterior view cotyle and condyle
are dorso-ventrally flattened. The walls of the neural canal
are wide and short.

In anurans, sacral vertebra is characterized by the
presence of well-defined tranverse processes, which its
articulate with the anterior border of the ilia (Bailon,
1999). ST-GC-104 is procoelous and wider than long.
The remain has one anterior cotyle and two posterior
condyles slightly dorso-ventrally compressed. In dorsal
view, tranverse processes are broken but it is appreciable
that are wide and moderately antero-posteriorly spread. A
laterally and posteriorly opened dorsal fossa is present at
the base of the processes. Neural arch bears a neural crest.
In posterior view, condyles are in contact, partially fused
at the medial region.

Humerus. The humerus has a diaphysis that is slightly
curve in ventral view and without a paraventral crest. The
ventral crest is well developed. The condyle is located
slightly moved outwardly relative to the diaphyseal
axis. The fossa cubitalis is well developed and close.
Epicondyles are relatively well developed, being the
ulnar epicondyler more develop than the radial one. The
diaphysis is strong. ST-GB-112 shows neither mesial crest
nor radial crest. Given the absence of medial crest it is
possible that ST-GB-112 belonged to a female individual
(Fig. 3a).

Radioulna. The radioulna has a proximal extreme
(olecrane) is concave, drawing an angle over 135°.
Foramen nutritium is large and well developed.

Femur. The femur is a long bone with a sigmoidal
shape. The femoral crest is long, well defined and it is
not divided.

Remarks. The specific determination of the different
European toad species is mainly based in the morphology
of postcranial elements (Blain, 2009). Thus, the above
described traits of the sacral vertebra and the humerus
(Fig. 3a) are consistent with a taxonomical attribution
of Epidalea calamita (Bailon, 1999). The presence of
an opened dorsal fossa in the base of the transverse
processes allow us to discard this remains as Bufo spinosus
Daudin, 1803, the other Iberian species of toad, in which
the dorsal fossa is closed (Bailon, 1999). In addition,
the dorsal fossa is opened both laterally and posteriorly
which rules out the attribution of the remains to Bufotes
viridis (Laurenti, 1768), a species of bufonid also present
in Europe (Bailon, 1999). The humerus has its diaphysis
well curved without paraventral crest and presents a closed
fossa cubitalis and defined epicondyles as is observable in
the comparation material of E. calamita. In contrast, the
humerus’ diapophysis is straight, more gracile and presents
its distal region less developed in B. spinosus than in E.
calamita (Bailon, 1999; Blain, 2009).

Class REPTILIA McCartney, 1802
Order SQUAMATA Oppel, 1811
Suborder Lacertilia Owen, 1842
Family Scincidae Oppel, 1811
Genus Chalcides Laurenti, 1768

Chalcides cf. bedriagai (Bosca, 1880)

Material. 2 premaxillae (ST-GB-104, ST-GE-36); 1
quadrate (ST-GE-37); 4 dentaries (ST-GA-142, 143, ST-
GB-101, 102); 3 dental bones (ST-GA-154, ST-GB-103);
14 vertebral centra (ST-GA-149, 150, ST-GB-105, ST-
GC-101, ST-GE-31, 32, 33, 34).

Description.

Premaxilla. In Scincidae premaxilla are unfused paired
bones (Villa & Delfino, 2019). Premaxillae have three
dental positions. Teeth are pleurodont, cylindrical and
monocuspid with the apex blunt. The nasal process is
arrow-shape. In its base, it is present a pair of foramina.
The premaxilla shelf is straight.

Quadrate. The quadrate is small-sized (L: 2.59 mm).
In anterior view, it is convex and subrectangular shape.
The anterior platform (medial crest in Oelrich (1956)) has
its first half broken. It is only present the anteromedial
overture of the quadrate foramen. The pterygoid process is
absent. In posterior view, the bone is curve, concave and
wide. The cephalic condyle is large, straight and laterally
expanded. The posterior crest is well developed, curve
and occupies almost the entire length of the bone. The
mandibular condyle is divided in two parts, a medial and
a lateral, separated by a well marked posterolateral sulcus.
Both parts show similar size (Fig. 3b).

Dentary. The teeth of the dentaries are pleurodont,
isodont and unicuspids with a blunt apex. Some of them
show in their apex a more or less visible ornamentation,
with delicate vertical striation limited ventrally by a
transverse groove. In lingual view, the Meckelian groove is
open. The coronoid process is wide and short. The ventral
end of the dentary is straight. In labial view, dentary does
not show the impression of the coronoid in its posterior
region. The most complete dentary, ST-GB-101, has 13
dental positions with 9 teeth present. These teeth show a
relation width/high equal to 0.3 (Fig. 3c).

Vertebral centrum. Centra are elongated and
transversally concave. In ventral view, the remains have
a pair of subcentral foramina. The cotyle and the condyle
are dorsoventrally flattened in anterior and posterior view,
respectively. Haemal crest is not present.
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Remarks. The presence of centrum with cotyle and
condyle dorsoventrally flattened is a typical trait of
Scincidae (Bailon, 1991). Quadrate shows typical traits
of Scincidae (pterygoid process is absent, both parts of

the mandibular condyle present similar size and cephalic
condyle is not expanded posteroventrally (Villa & Delfino,
2019). The presence of an unfused premaxilla and the
overall morphology of the dentary (ventral end straight

Figure 3. Herpetological remains recovered from the gravelly deposits from El Salt (Alcoi, Spain). a) ST-GB-112, left humerus, ventral
view, Epidalea calamita. b) ST-GE-37, left quadrate, medial view, Chalcides cf. bedriagai. ¢) ST-GB-101, right dentary, lingual view,
Chalcides cf. bedriagai. d) ST-GA-155, dorsal and e) ventral view, trunk vertebrae, Coronella ct. girondica. f) ST-GB-109, dorsal
and g) ventral view, trunk vertebrae, cf. Coronella sp. Scale bar equal 1 mm.
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and the absence of bi- or tricuspid teeth) are consistent
with the genus Chalcides (Barbadillo, 1989; Bailon, 1991;
Blain, 2009). The morphology and width/high proportion
(0.3) of the teeth is similar to those of the modern species
Chalcides bedriagai (Barbadillo, 1989). The absence of
a complete dentary does not allow us to ascribe these
remains to the species with safely; since one of the criteria
used for the specific level of ascription in the Iberian
species of the genus Chalcides is the number of teeth in
the tooth. In the case of C. bedriagai, it shows 15 to 18
dental positions (Caputo, 2004).

Family Lacertidae Oppel, 1811

Lacertidae indet. “Small-sized lacertid”

Material. 1 premaxilla (ST-GA-144); 4 maxillae (ST-
GA-151, ST-GA-152); 2 dental bones (ST-GB-110); 2
femurs (ST-GA-145, ST-GA-146); 1 cervical vertebra
(ST-GB-113); 3 dorsal vertebrae (ST-GA-147, ST-GB-106,
ST-GC-102).

Description.

Premaxilla. ST-GA-144 is a very fragmentary
premaxilla, consisting of only in the premaxilla shelf.
This element is an unpaired bone which is the result of the
fussion of both premaxillae during early embrionic stages
(Barahona, 1996). Only 3 teeth of 7 dental positions are
preserved. They are pleurodont, isodont, cylindrical and
monocuspid, with blunt apex. At the base of the broken
nasal process, it is present a large foramen. In lingual view,
the incisive process is big and rounded.

Maxilla. Maxilla shows a poor state of conservation.
The unique preserved process is the zygomatic process,
which is straight, low and short, with blunt apex. Teeth
are pleurodont, isodont and mono or binocuspid, being the
central cuspid more developed than the lateral one.

Vertebra. Vertebra is procoelus, longer than wider. In
dorsal view, the neural spine occupies all the neural arch,
not finishing in a point that overtakes the posterior end of
the postzygapophysis, trait that distinguishes Lacertidae to
Scincidae (Bailon, 1991). Interzygapophyseal constriction
is little marked, which differs from Scincidae (Bailon,
1991). Prezygapophysis projects upward, unfortunately
postzygapophysis are broken. In ventral view, centrum has
a convex surface and triangular-shape and shows a pair
of foramens well defined. ST-GB-113 is wider than long.
In ventral view, the centrum has a broken hypapophysis.
Both traits denotes that ST-GB-113 is a cervical vertebra
(Hoffstetter & Gasc, 1969; Bailon, 1991).

Femur. Two proximal ends of femora, one right and
one left, have been recovered from El Salt site. Epiphyses
are wider than the diaphyses. In ventral view, the femoral

condyle is large and oval shape. The internal trochanter
is smaller than the anterior, antero-laterally expanded,
intertrochanteric fossa. Both elements are separated by a
deep intertrochanteric fossa.

Remarks. The remains from El Salt show typical
traits of Lacertidae: teeth pleurodont, isodonts and mono,
bi or tricuspids, premaxilae fused and procoele vertebra
with centrum convexe and neural spine not exceeding the
posterior limit of the postzygapophysis (Bailon, 1991).
However, the studied material shows a poor preservation
state. Thus, it is impossible to establish a more precise
taxonomical attribution. On the other part, the small
sized of the remains allow us to reject the large European
lacertids genera, as Timon Tschudi, 1836, and Lacerta
Linnaeus, 1758.

Suborder Serpentes Linnaeus, 1758

Serpentes indet.

Material. 3 centra (ST-GA-148, ST-GB-111).

Description.

Centrum. Centrum are triangular-shape and longer
than wide, give it an elongated appearance. In ventral
view, centrums show a pair of small foramens. Two
morphologies can be distinguished. ST-GA-148 contains
the biggest centra (LC: 5.76; n: 2; 6: 0.84). It shows a well-
defined haemal keel that finish in a broken hypapophysis.
The latest structure is connected with the condyle. The
second centrum (LC: 3.92 mm; n: 1) shows a haemal keel
with diffuse margins in its final quarter. In these remains,
the condyle is large and rounded in posterior view.

Remarks. The described centrum shows the typical
morphology attributed to snake vertebra: triangular-shape
and rounded condyle (Bailon, 1991). These remains are
highly fragmentary, for this reason it is impossible to
propose a more concrete taxonomical attribution.

Family Colubridae Oppel, 1811

Genus Coronella Laurenti, 1768

Coronella cf. girondica (Daudin, 1803)

Material. 1 vertebra (ST-GA-155).

Description. The vertebra is small (LC: 3.08 mm; n: 1),
procoelus and slightly longer than wider (CL/NAW: 0.81).
The interzygapophyseal constriction is well developed. In
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dorsal view, the prezygapophysis and postzygapophysis
are distinct from the neural arch. The prezygapophyseal
process is straight, well developed and projects laterally.
The prezygapophysial processes are short and finished
rounded. The articular surfaces of the prezygapophysis
are large and oval-shape. The zygosphene is trilobulate
with the two lateral ones bigger than the central. The
neural spine runs along the entire length of the neural
arch, except of its anterior first third (Fig. 3d). In lateral
view, neural spine is low. Diapophysis and parapophysis
are broken, however it is possible to appreciate that both
are of similar size. A large lateral foramen is present. The
margolateralis is diffuse. In ventral view, the centrum is
triangular shape. It is wider anteriorly than posteriorly and
not well-defined lateral margins. A pair of small paracotilar
foramens is present. The centrum has a wide haemal keel
with lateral margins well defined, except in its final third
(Fig. 3e). In frontal and posterior view, the neural arch is
dorso-ventrally flattened. Cotyle and condyle are big and
rounded.

Remarks. The presence of a well marked precondilar
constriction, strongly depressed neural arch and short
prezygapophyseal processes are characteristic of the
genus Coronella that differs from other ophidian species
of Iberian Peninsula (Szyndlar, 1984; Bailon, 1991; Blain,
2009). Morphologically C. girondica and C. austriaca
Laurenti, 1768 differ in that the latter has prezygapophyseal
processes that are less wide at the base and longer and
the size of parapophyses in relation to the diapophyses is
larger in C. austriaca than in C. girondica (Szyndlar, 1984;
Bailon, 1991). In this sense, ST-GA-155 presents traits
similar to current osteological material of C. girondica.
However, these characters may show a certain degree
of variation, for this reason the species attribution is
made with caution (Blain et al., 2011). For this reason,
we propose a taxonomical attribution of the remains at
generic level.

cf. Coronella sp.

Material. 1 vertebra (ST-GB-109).

Description. The specimen labelled ST-GB-109 is a
procoelus vertebra, small sized (LC: 2.82 mm; n: 1) and
longer than wide. In dorsal view, it shows a well marked
interzygapophyseal constriction. The anterior half of
the neural arch is partially broken, for this reason some
structures, as condyle, prezygapophyseal processes and
neural spine, have disappeared. The articular surfaces
of the prezygapophysis are large, elongated and oval-
shaped. In lateral view, margolateralis are well defined as
the margoventralis. Parapophysis is preserved, and it is
large and rounded. On the other hand, the diapophysis is

broken, but, even so, it is of a similar size to the previous
one. Close to the base of the prezygapophyseal process
is located the lateral foramen on the bottom of a small
depression (Fig. 3f). In ventral view, the centrum is convexe
in tranverse section and is longer than wide. The base of
the prezygapophyseal process is narrow. The haemal keel
is narrow and well-defined margins in full of its length
(Fig. 3g). In spite of the poor state of conservation of the
neural arch, it seems to be dorsoventrally flattened. The
contyle and the condyle are sub-circular shape in anterior
and posterior view, respectively. In this latter view, the
upper border of the neural arch is slightly convexe. The
haemal keel finishes in a small protuberance.

Remarks. ST-GB-109 presents the typical traits of
genus Coronella (small size, well marked precondilar
constriction, strongly depressed neural arch and short
prezygapophyseal processes). However, the presence
of a straight haemal keel with lateral margins well
defined is not reported from that genus, but present in
Hemorrhois hippocrepis (Linnaeus, 1758) (Bailon, 2000).
On the other hand, applying the biometrical method for
the determination of the trunk vertebrae of “colubrids”
snake (trunk vertebrae without hypapophysis) stablished
by Blain (2009), ST-GB-109 shows disparate measures.
For example, CNW/CL is compatible with Coronella
girondica, however the rest of biometrical measurements
(CNW/NAW, CL/NAW, PR-PR/NAW and PO-PO/NAW)
are inconsistent with this taxonomical attribution. For this
reason, we prefer to propose an open generic attribution
based only on morphological traits.

Class MAMMALIA Linnacus, 1758
Order EULIPOTYPHLA Waddell et al., 1999
Family Soricidae Fischer, 1817

Genus Sorex Linnaeus, 1758

Sorex sp.

Material. 1 M1 (ST-GB-9); 1 M3 (ST-GB-34) (Tab. 1).

Description.

M1. Tooth with low crown (brachydont). Secodont
molar with reddish pigmentation restricted to the cusps
of the tooth. The metaloph does not reach the hypocone.
There is a well-developed hypoconal flange and a
pronounced posterior emargination. The metacone is the
highest cusp, and the paracone is higher than the protocone.
The metacrest is the largest crest of the ectoloph, which
is asymmetric.

M3. Brachydont. Secodont molar with a subtriangular
outline. Reddish pigmentation restricted to the cusp of the
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paracone, which is the highest cusp. There is no anterior
cingulum. The metacone is reduced to the paramesocrest.

Remarks. Only two teeth, first and third upper molars,
with red-stained cusps are present in the studied sample.
Soricids are represented in the Iberian Peninsula during
Late Pleistocene and Holocene by two groups of species,
the red-toothed shrews and the white-toothed shrews.
From these, two genera of shrews (Neomys Kaup, 1829
and Sorex) with red-coloured teeth have been cited during
that period. Usually, upper molars of the Neomys species
are larger, have lower cusps and show a more reduced
hypocone compared to Sorex representatives (Jammot,
1974). The dimensions of the molars from El Salt (Tab. 1),
their relatively high cusps and the marked hypocone allow
including them in the genus Sorex. The scarcity of material
prevents a more precise identification.

Subfamily Crocidurinae Milne-Edwards, 1874
Genus Crocidura Wagler, 1832

Crocidura sp.

Material. 2 M1 (ST-GC-6, ST-GE-7); 1 Md (ST-GA-
45a); 1 p4 (ST-GB-12); 1 m1 (ST-GA-127); 1 m2 (ST-GA-
45b), 1 m3 (ST-GA-45¢) (Tab. 1); (Fig. 4).

Description.

M1. Brachydont. Secodont molars. The metaloph
does not reach the hypocone. There is a well-developed
hypoconal flange and a pronounced posterior emargination.
The mesostyle is continuous. The paracrest is the shortest
crest in the ectoloph. The metastyle is long. The posterior
cingulum is well developed and is presented between the
metastyle and the posterior emargination. The metacone
and the protocone are higher than the paracone. The
ectoloph is very asymmetric. Not pigmented teeth.

p4. Brachydont. Secodont and non pigmented tooth.
Tetrahedral shape without accessory cusps. Just one cusp,
located in the anterior part of the tooth.

ml. Brachydont. Secodont and non pigmented tooth.
Short talonids. The oblique crest does not reach the
posterior surface of the trigonid by its central part, it
reaches in a more labial position. The crest of the entoconid
connects with the metaconid. Not pronounced entostylid.

m2. Brachydont. Secodont and non pigmented tooth.
Short talonids. The oblique crest does not reach the
posterior surface of the trigonid by its central part, it
reaches in a more labial position. The crest of the entoconid
connects with the metaconid. Not pronounced entostylid.
It presents a very slightly constriction in the cingulum by
its labial part.

Table 1. Measurements, in millimeter, of the teeth of
micromammals at El Salt site (Unit IV-I). AW: anterior width;
BL: buccal length; L: length; LL: lingual length; Min: Minimum
value measured; Max: Maximum value measured; N: number of
specimens measured; PE: posterior emargination; PW: posterior
width; SD: standard deviation; W: width.

N  Measure Min. Max. Mean SD

Sorex sp.
1 BL 1.65
1 PE 1.27
M1-2 1 LL 1.49
1 AW 1.77
1 PW 1.99
1 L 091
M3 1 W 1.25
Oryctolagus cuniculus
03 2 L 259 313 2.86  0.38
2 W 2.78  3.01 2.89 0.16
Arvicola sapidus
m2 1 L 2.57
1 W 1.51
m3 1 L 2.56
1 W 1.27
Microtus sp.
Ml 5 L 1.84 238 2.10 0.20
4 W 0.85 1.13 1.04 0.13
M2 3 L 1.67 1.82 .77 0.09
3 W 1.03  1.11 1.08  0.04
Microtus arvalis
1 L 2.06
M3 2 W 0.98 1 0.99 0.02
mi 2 L 2.89 321 3.05 022
2 W 097 1.14 1.06 0.12
m2 6 L 1.48  1.67 1.56  0.07
6 W 0.76  0.99 0.92  0.09
m3 3 L 1.3 1.73 145  0.12
3 W 072 094 0.80 0.12
Microtus cabrerae
1 L 1.67
M2 1 w 1.22
Microtus duodecimcostatus
1 L 1.66
M2 1 W 0.99
M3 2 L 1.64 1.86 1.75  0.15
2 W 0.84 097 0.90  0.09
m2 2 L 1.5 1.61 1.55  0.08
2 W 0.8 0.81 0.80  0.00
m3 3 L 1.3 1.43 1.38  0.07
2 W 0.71  0.82 0.76  0.08
Apodemus sylvaticus
Ml 2 L 1.83  2.06 1.95 0.16
2 W 1.27  1.32 1.29  0.03
2 L 125 1.29 1.27  0.03
M2 1 W 1.16
1 L 1.05
M3 1 W 0.97
ml 4 L 1.77  1.89 1.84  0.06
5 W 1.06 1.16 .13 0.04
m2 3 L 1.24  1.25 1.25  0.01
4 w .12 1.24 1.16  0.06
Eliomys quercinus
1 L 1.06
P4 1 W 1.64
1 L 1.23
d 1 W 1.14
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m3. Brachydont. Secodont and non pigmented tooth.
Subrectangular outline. The talonid, which is narrower
than the trigonid, is reduced to small crest with a tiny
depression. The protonocid is the highest cusp. Small
buccal cingulum compared to the anterior one.

Remarks. The remains identified are characterised
by the absence of pigmentation and the upper molars
are extended labio-lingually, which are typical features
of the genus Crocidura (Furi6, 2007). This is the only
shrews’ genus with unpigmented teeth during the Late

Figure 4. Some of the small mammal remains recovered from the gravelly deposit from El Salt (Alcoi, Spain). a) ST-GE-27, left M1,
Crocidura sp. b) ST-GA-37, right m2, Arvicola sapidus. ¢) ST-GA-34, right m3, Arvicola sapidus. d) ST-GC-53, right m1, Microtus
arvalis. e) ST-GC-10, left m2, Microtus arvalis. f) ST-GE-3, right m2, Microtus duodecimcostatus. g) ST-GB-17, left M3, Microtus
duodecimcostatus. h) ST-GA-10, left m1, Apodemus sylvaticus. i) ST-GA-16, right m3, Apodemus sylvaticus. j) ST-GA-5, left M1,
Apodemus sylvaticus. k) ST-GC-5, right M3, Apodemus sylvaticus. 1) ST-GD-6, left p4, Eliomys quercinus. Scale bar equal 1 mm.
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Pleistocene and most of the Holocene of the Iberian
Peninsula, with two species, C. russula (Hermann, 1780)
and C. gueldenstaedtii (Pallas, 1811), recorded at this
time interval. The presence of a slightly constriction in
the cingulum is not enough to ascribe the remains to the
species level. In the absence of an upper fourth premolar,
from which the determinations are based (Poitevin et al.,
1986), that material is identified as Crocidura sp.

Order LAGOMORPHA Brandt, 1855
Family Leporidae Fischer, 1817
Genus Oryctolagus Linnaeus, 1758

Oryctolagus cuniculus Linnaeus, 1758

Material. 1 Mx (ST-GD-32a); 19 I (ST-GA-72 to
ST-GA-76, ST-GA-103 to ST-GA-105, ST-GA-107, ST-
GC-29 to ST-GC-32, ST-GC-46, ST-GC-100, ST-GD-11,
ST-GD-12, ST-GD-18, ST-GD-22); 2 P2 (ST-GA-95, ST-
GC-45); 48 Upper Molariforms (ST-GA-79; ST-GA-81
to ST-GA-87, ST-GA-96 to ST-GA-101, ST-GA-108, ST-
GB-45, ST-GB-46, ST-GB-66 to ST-GB-68, ST-GB-48 to
ST-GB-51, ST-GB-61, ST-GB-64, ST-GB-66, ST-GB-77
to ST-GB-79, ST-GC-36 to ST-GC-43, ST-GC-82 to ST-
GC-85, ST-GC-96 to ST-GC-98, ST-GD-12, ST-GD-14,
ST-GD-19, ST-GD-20); 1 Md (ST-GA-90); 9 i (ST-
GA-77, ST-GA-89, ST-GA-102; ST-GA-106, ST-GB-47,
ST-GB-48, ST-GC-33, ST-GC-34, ST-GC-95); 3 p3 (ST-
GA-91, ST-GD-32, ST-GE-30); 6 Lower Molariforms
(ST-GA-80, ST-GA-88, ST-GC-35, ST-GC-81, ST-GC-99;
ST-GD-32c¢); 7 m3 (ST-GA-78, ST-GB-66, ST-GC-44, ST-
GC-63, ST-GC-80, ST-GD-21; ST-GD-27) (Tab. 1).

Description.

1. Deep indentation on its labial surface, giving place
to two lobes on either side of this longitudinal groove. The
anterior lobes have a marked convexity and the mesial one
is ledge and rounded.

p3. Hypsodont tooth. The lingual and vestibular
anteroconids are very similar in size and shape, well-
developed and rounded. The anteroflexid, with a vertical
position, is quite deep. The paraflexid is slightly marked.
The hipoflexid crosses the entire width of the tooth, with
some crenulations.

Remarks. Upper incisors and third lower premolars are
the diagnostic elements within the leporids (Callou, 1997).
The p3 is the dental remain with a major morphological
differentiation and is usually abundant in the fossil record
(de Marfa, 2009). Both anteroconids are very similar,
which is the typical morphology of Oryctolagus (Callou,
1997). On the contrary, lingual and vestibular anteroconids

are dissymmetric in hares (Donard, 1982). The incisors
show the deep indentation on its labial surface typical of
the lagomorphs, and bear two rounded lobes similar in size
and shape, which is also the morphology of Oryctolagus
(Callou, 1997). Regarding biometry, the analysis that
relates length versus weight shows that values fall within
the values of modern Oryctolagus cuniculus (de Marfa,
2009) (Tab. 1; Fig. 5). Therefore, all those characters point
us to identify the remains as belonging to O. cuniculus,
besides the fact that O. cuniculus is the unique species of
the genus during the Late Pleistocene and Holocene of the
Iberian Peninsula (Pelletier, 2018).
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Figure 5. Biometric relation between length and weight of the
third lower premolar (p3) in different species of current leporids
(modified from De Marfa, 2009).

Order RODENTIA Bowdich, 1821
Family Cricetidae Gray, 1821
Genus Arvicola Lacépede, 1799

Arvicola sapidus Miller, 1908

Material. 1 M1-2 (ST-GC-62); 1 m1 (ST-GA-35); 1 m2
(ST-GA-37), 1 m3 (ST-GA-34) (Tab. 1; Fig. 4).

Description.

M1-2. The teeth are big, hypselodonts and with cement
on the re-entrant triangles. The enamel is thicker on the
anterior triangles.

ml. The teeth are big, hypselodontsand with cement
on the re-entrant triangles. They have a posterior loop,
three closed triangles and an anterior complex formed
by triangles t4 and t5 which are opposite, confluent and
opened to an anterior loop. The enamel is thicker on the
posterior triangles.

m2. The teeth are big, hypselodonts and with cement
on the re-entrant triangles. Tooth with four triangles and
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a posterior loop. The enamel is thicker on the posterior
triangles. There is a big confluence between t3-t4.

m3. The teeth are big, hypselodonts and with cement
on the re-entrant triangles. Tooth with four triangles and
a posterior loop. The enamel is thicker on the posterior
triangles. There is a big confluence between t1-t2 and t3-t4.

Remarks. The genus Arvicola is characterized by the
presence of five triangles in the m1 and the large size and
the thick enamel of the molars. The thicker enamel in
the anterior triangles in the upper molars and the thicker
enamel in the posterior triangles in the lower molars
led us ascribe the material to Arvicola sapidus (Lopez-
Martinez, 1980). The other species of the genus Arvicola
in the Late Pleistocene in the Iberian Peninsula, Arvicola
monticola (de Sélys-Longchamps, 1839) presents the
opposite pattern, being the enamel narrower in the anterior
triangles in the upper molars and the posterior triangles in
the lower molars (Lopez-Martinez, 1980).

Genus Microtus Schrank, 1798

Microtus sp.

Material. 15 M1 (ST-GA-17 to ST-GA-19, ST-GA-128,
ST-GA-129, ST-GB-13 to ST-GB-15, ST-GB-96, ST-
GB-97, ST-GC-8, ST-GC-58, ST-GC-65, ST-GD-9, ST-
GD-10); 11 M2 (ST-GA-20 to ST-GA-24, ST-GA-130,
ST-GA-141, ST-GC-17, ST-GC-60, ST-GC-66, ST-GC-67);
1 M1-2 (ST-GC-19); 2 m1 (ST-GC-9, ST-GC-13); 1 m2
(ST-GD-11) (Tab. 1).

Description.

Ml1. The teeth are broken. They are hypselodonts. The
triangles are rounded, closed and not confluent.

ml. Hypselodont tooth without ACC (broken), high
wear degree. Closed triangles.

Remarks. The specimens determined as Microtus
sp. are very scarce and poorly preserved. However,
the morphology described above and the size of the
molars (Tab. 1) allows us to relate those remains
to Microtus sp. In the absence of more diagnostic
elements, we prefer to maintain this material under
open nomenclature.

Subgenus Microtus Schrank, 1798

Microtus arvalis (Pallas, 1779)

Material. 9 M3 (ST-GA-32, ST-GB-16, ST-GB-30,
ST-GB-31, ST-GB-99, ST-GB-100, ST-GC-61, ST-GC-68,

ST-GA-33), 11 m1 (ST-GA-26, ST-GA-27, ST-GA-30, ST-
GA-92, ST-GA-136, ST-GC-71, ST-GC-72, ST-GC-94, ST-
GD-8, ST-GD-31b); 11 m2 (ST-GA-29, ST-GA-138, ST-
GB-19, ST-GC-10 to ST-GC-12, ST-GC-54, ST-GC-75,
ST-GD-12, ST-GD-28, ST-GD-31¢c); 2 m1-m2 (ST-GC-15,
ST-GC-18); 5 m3 (ST-GA-38, ST-GB-20, ST-GB-32, ST-
GC-57, ST-GD-14) (Tab. 1; Fig. 4).

Description.

M3. Hypselodont teeth. It is composed by four lingual
boucles and three labial boucles. It has three closed
triangles that are not confluent with the posterior complex.

ml. Hypselodont teeth. The teeth have five closed
triangles (T1 to T5), the buccal triangles reach a similar
development than the labial ones, and the anterior complex
has a symmetrical appearance, with T6 and T7 well
developed.

m2. It has no roots. The teeth are hypsodont, with
cement on the reentrant triangles. Composed by four
triangles and a posterior loop. T3 and T4 are not confluent.

m3. It has no roots. The teeth are hypsodont, with
cement on the reentrant triangles. Composed by four
triangles and a posterior loop. T1-T2 and T3-T4 are
confluent and the angles are not sharp. There is a big
labiolingual asymmetry, the labial triangles are very narrow
and small.

Remarks. The transverse symmetry of the molars, the
parallel position of T4/T7 and T6/T7 and the rounded shape
of the anteroconid complex are diagnostic features of M.
arvalis (Cuenca-Bescos et al., 2008). Moreover, the weight
between LRAS and BRA4 fall within the values of this
species (d >0.2 mm). These features differ from the features
belonging to M. agrestis, that includes more asymmetric
disposition and stronger alternation of the reentrant angles,
especially in T4-T5, a more reduced confluence between
T6-T7 that implies a more angular ACC (Chaline, 1972;
Luzi et al., 2017; Nadachowski, 1982).

Subgenus /beromys Chaline, 1972

Microtus cabrerae Thomas, 1906

Material. 1 Mx (ST-GB-84a); 1 M1 (ST-GB-84b); 2
M2 (ST-GA-36, ST-GA-131); 1 M1-2 (ST-GA-135); 2
M3 (ST-GA-25, ST-GB-29); I m1 (ST-GB-85); 1 m2 (ST-
GB-98); 1 m1-2 (ST-GB-86).

Description.

MI1. The tooth is hypselodont. The reentrant angles
have cement. Tooth with four triangles and an anterior
loop. There is a big labio-lingual asymmetry and the
triangles are acute.
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M2. The teeth are hypselodont. The reentrant angles
have cement. Tooth with four triangles and an anterior
loop. There is a big labio-lingual asymmetry and the
triangles are acute.

M3. The teeth are hypselodont. The reentrant angles
have cement. Tooth with four triangles and an anterior
loop. There is a big labio-lingual asymmetry.

ml. The teeth are broken, and hypseolodonts. The
reentrant angles have cement. There is a big asymmetry
of the ACC. LRA 3 and BRA 3 alternate. T4 and T5 are
not confluent. The triangles are acute.

m2. The teeth are hypselodonts. The reentrant angles
have cement. Tooth with four triangles and a posterior loop.
There is a big labio-lingual asymmetry, being the lingual
salients markedly longer in a lateromedial direction and
more acute than the labials.

Remarks. The marked anteroposterior compression
of the molars, especially in ml1, and the sharpness of
the salient triangles are characteristic of the subgenus
Iberomys (Chaline, 1972). Moreover, the molars assigned
to Microtus cabrerae show abundant cement in the re-
entrant angles. The m1 has five closed triangles and an
anterior lobe triangular in shape. The buccal triangles
are shorter than the lingual ones, giving to the molar a
moderately asymmetrical appearance. All these characters
allow including the material of El Salt in the species M.
cabrerae (Chaline, 1972; Ayarzagiiena & Lopez-Martinez,
1976).

Subgenus Terricola Fatio, 1867

Microtus duodecimcostatus (de Sélys-Longchamps,
1839)

Material. 1 M2 (ST-GE-2); 4 M3 (ST-GA-31, ST-
GB-17, ST-GC-16, ST-GC-70); 3 m1 (ST-GA-116, ST-
GA-134, ST-GB-18); 5 m2 (ST-GA-28, ST-GA-133, ST-
GA-137, ST-GD-13, ST-GE-3); 7 m3 (ST-GA-139, ST-
GA-140, ST-GB-21, ST-GB-22, ST-GB-24, ST-GE-4, ST-
GE-5) (Tab. 1; Fig. 4).

Description.

M3. There are no roots. The teeth are hypsodont,
with cement on the reentrant triangles. There is a great
confluence between T2 and T3 and the second buccal
triangle is slightly shorter than the other buccal triangles.

ml. Hypsodont teeth. It has three closed triangles
(T1 to T3), whereas T4 and T5 are opposite and broadly
confluent, creating a diamond-shaped dentine field called
“pitymyan rhombus”. This rhombus is inclined backwards.
The anteroconid complex is formed also by two opposed

and confluent triangles (T6, T7), creating a second rhombus
that opens widely to an anterior lobe which is ovoid and
rounded.

m2. It has no roots. The teeth are hypsodont, with
cement on the reentrant triangles. Tooth with four triangles
and a posterior loop. T3 and T4 are confluent and the
angles are not sharp.

m3. It has no roots. The teeth are hypsodont, with
cement on the reentrant triangles. Tooth with four triangles
and a posterior loop. T3 and T4 are confluent and the
angles are not sharp. There is a big labiolingual asymmetry.

Remarks. The m1 have three closed triangles (T1 to
T3), whereas T4 and T5 are opposite and broadly confluent,
creating a diamond-shaped dentine field called “pitymyan
rhombus”, typical of the subgenus Terricola. T6/T7 are
displayed symmetrically and parallel like specimens of
M. duodecimcostatus, differentiating from Microtus gerbii
(Gerbe, 1879) with asymmetric and no parallel disposition
of T6/T7 (Brunet-Lecomte & Chaline, 1990). Together
with the great confluence of T2-T3 (contrary to what it
is seen on M. gerbei and the short second buccal triangle
of the third upper molar are typical from the group of
species Microtus sp. gr. M. duodecimcostatus-lusitanicus
(Gosalbez, 1987). The breadth of the anterior lobe (> 0.4
mm) and the slope of the pitymyan rhombus in m1, which
permits distinguishing both species, allow us to ascribe
these specimens to the species Microtus duodecimcostatus
(Brunet-Lecomte et al., 1987).

Family Muridae Fischer, 1817
Genus Apodemus Kaup, 1829

Apodemus sylvaticus (Linnaeus, 1758)

Material. 24 M1 (ST-GA-1 to ST-GA-6, ST-GA-8, ST-
GA-121, ST-GA-122, ST-GA-124, ST-GB-5, ST-GB-36,
ST-GB-89, ST-GB-90, ST-GC-49, ST-GD-1, ST-GD-4,
ST-GD-30, ST-GE-17); 7 M2 (ST-GA-7, ST-GA-13, ST-
GA-125, ST-GB-4, ST-GB-27, ST-GB-33, ST-GD-5);
2 M1-2 (ST-GB-37, ST-GB-94), 6 M3 (ST-GA-41, ST-
GA-94, ST-GB-6, ST-GB-91, ST-GC-5, ST-GD-7); 2 Md
(ST-GC-1, ST-GC-48a); 21 m1 (ST-GA-9 to ST-GA-11,
ST-GA-117, ST-GA-119, ST-GB-1 to ST-GB-3, ST-GB-25,
ST-GB-26, ST-GB-38, ST-GB-82, ST-GB-92, ST-GC-1b,
ST-GC-2, ST-GC-3, ST-GC-48b, ST-GC-76, ST-GC-93,
ST-GD-2, ST-GE-16); 11 m2 (ST-GA-12, ST-GA-14, ST-
GA-15, ST-GA-120, ST-GB-80, ST-GB-93, ST-GC-1c,
ST-GC-4, ST-GC-50, ST-GC-51, ST-GE-1); 1 m1-2 (ST-
GD-3); 6 m3 (ST-GA-16, ST-GA-42, ST-GA-123, ST-
GB-7, ST-GB-35, ST-GB-81) (Tab. 1; Fig. 4).
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Description.

MI1. Brachydont and bunodont molars. All molars
display t4 and t7 linked. 5 out of 8 specimens have tl
bis and two out of five have t2 bis, meanwhile six out of
seven have a spur in t3.

M2. Brachydont and bunodont molars. T9 is well
developed. t1 and t3 are big and isolated. There are four
roots.

M3. Brachydont and bunodont molars. The t1 is large
and isolated. The t3 is absent. The t4, t5, t6, t8 and t9 are
connected.

ml. Brachydont and bunodont molars. The tma is well-
developed. The anteroconid is symetric and linked to the
metaconid by a narrow crest. The labial cingulum is well
developed and it has a large round c1 and one or two
accesory cuspids. Big round or oval posterior heel shifted
towards the lingual side of the molar. It has two roots.

m2. Brachydont and bunodont molars. The antero-
labial part is large and oval. The labial cingulum is poorly
developed or absent. The posterior tubercle is big, round
or oval and shift towards the lingual side. Two roots.

m3. Brachydont and bunodont molars. The antero-
labial cuspid is absent. There is no accessory cuspid. All
the remains where it was possible to observe the cl (2)
display one.

Remarks. Differentiation between Apodemus sylvaticus
and Apodemus flavicollis (Melchior, 1834) is complicated
due to the similarity between the morphology and the
measurements of the dentition. However, a study of the
living populations made this discrimination possible
(Pasquier, 1974). The relative length of the m2 (length/
width) and the percentage of M2 with a reduced t9
(Pasquier, 1974; Michaux & Pasquier, 1974; Arrizabalaga
et al., 1999) are the characters, which led to differentiate
between both species. Meanwhile 4. syl/vaticus presents
a well-developed t9 in M2, low values of the relative
length of m2 and t4-t7 united in M1, 4. flavicollis presents
higher percentage of reduced t9 in M2, separation of t4-
t7 in M1 and high values of the relative length of m2
(Michaux & Pasquier, 1974; Arrizabalaga et al., 1999). The
relative length of the m2 (length/width) (Tab. 1), the well-
developed t9 in all M2and the union of t4-t7 in M1 led us
to identified these remains as Apodemus sylvaticus (Fig. 6).

Family Gliridae Muirhead, 1819
Genus Eliomys Wagner, 1840

Eliomys quercinus (Linnaeus, 1766)

Material. 1 D4 (ST-GD-15); 1 P4 (ST-GC-52); 1
p4 (ST-GD-6); 1 m1 (ST-GA-40, ST-GB-8); 1 m2 (ST-
GA-39); 2 m3 (ST-GB-28, ST-GD-16) (Tab. 1; Fig. 4).
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Figure 6. Relation between % M2 with reduced t9 and relative
length of m2 between current and fossil specimens from
Apodemys sylvaticus and Apodemys flavicollis, as well as mean
value for specimens from Units [-IV from El Salt site (black
star) (modified from Michaux & Pasquier, 1984).

Description.

D4. Brachydont and lophodont tooth. It has a sub-
triangular outline. The anteroloph is short and is connected
at a low level to the paracone. The protoloph is continuous
meanwhile the metaloph is discontinuous. There are no
centrolophs. The posterior side is broken.

P4. Brachydont and lophodont tooth. It has a sub-
triangular outline. The anteroloph is short and is connected
at a high level to the paracone. The protoloph and the
metaloph are continuous. There are no centrolophs.
The posteroloph is low and lingually connected to the
protocone.

p4. Brachydont and lophodont tooth. It has a sub-
triangular outline. Worn tooth. The posterolophid is high
and curved. It has two fused roots.

ml. Brachydont and lophodont tooth. The anterolophid
is continuous and connected to the protoconid. There is no
anterotropid. There is no centrolophid neither posterotropid.
The metaconid and the entoconid are separated by a narrow
valley. The metalophid and mesolophid are continuous.
The hypoconid is large.

m2. Brachydont and lophodont tooth. The anterolophid
is continuous and connected to the protoconid. There is no
anterotropid. There is acentrolophid but the posterotropid is
absent. The metaconid and the entoconid are separated by
a wider valley than in m1. The metalophid and mesolophid
are continuous. The hypoconid is large.
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m3. Brachydont and lophodont teeth. Continuous
anterolophid, in contact with the protoconid. The accessory
crests are absent. There is no centrolophid. The postelophid
is continuous. Labial part has become recently fragmented.

Remarks. Eliomys quercinus, Glis glis (Linnaeus,
1766) and Muscardinus avellanarius (Linnaeus, 1758)
are the three species of glirids recorded in the Iberian
Peninsula during the Late Pleistocene and the Holocene.
The morphology observed in the specimens from EI
Salt is very similar to Eliomys quercinus: the surface is
clearly concave and presents well developed cusps, low
number of transverse ridges and any accessory crests in
the lower molars. According to Ruiz Bustos et al. (1982)
and Paunesco & Abbassi (2002), these morphologies are
diagnostic features of the species E. quercinus.

5. RESULTS AND DISCUSSION

5.1. Taxa identified

Unit I to Unit IV of El Salt site have provided a NISP of
323 encompassing 16 taxa and a total MNI of 74. Seven
rodents (Arvicola sapidus, Microtus sp., M. arvalis, M.
cabrerae, M. duodecimcostatus, Apodemus sylvaticus,
and Eliomys quercinus), one lagomorph (Oryctolagus
cuniculus), two insectivores (Crocidura sp. and Sorex sp.),
one toad (Epidalea calamita), two lizards (Lacertidae indet.
and Chalcides cf. bedriagai) and three snakes (Serpentes
indet. Coronella cf. girondica, and cf. Coronella sp.) have
been identified (Tab. 2). The most represented species in
the assemblageis 4. sylvaticus with a total MNI of 17,
followed by Oryctolagus cuniculus with 11 (Tab. 2).
Comparing the fossil assemblage with the present-day
small vertebrate taxonomic spectrum in the Alcoi valleys,
the species M. cabrerae, M. arvalis, A. sapidus, and
species from the genus Sorex are absent today (Palomo
et al., 2007). Anthropogenic and climatic factors (high
temperatures and low rainfall) could explain this difference
(Guillem, 1995, 2001). Regarding the herpetofauna, all the
taxa described are present in the region today (AHE, 2020).
In the analyzed deposit, other remains with ecological
interest have been found. Remains of gastropods and
bivalves were also found, reaching a total of 22 taxa.
Gastropods are represented by 21 taxa while only one
bivalve has been determined. Fourteen taxa correspond
to terrestrial gastropods: Oxyloma elegans, Ferussacia
folliculus, Ceciloides acicula, Punctum pygmaeum,
Oligolimax annularis, Vallonia costata, Chondrina sp.,
Rumina decollata, Xerocrassa subrogata, Cochlicella sp.,
Monacha cartusiana, Iberus alonensis, and Pseudotachea

Table 2. Number of Identified Specimens (NISP), Minimum
Number of Individuals (MNI) of small vertebrates from the
gravelly deposit of El Salt (Alcoi).

Taxon NISP MNI %
Coronella cf. girondica 1 1 1.35
Chalcides cf. bedriagai 22 3 1.35
Epidalea calamita 2 1 4.05
Sorex sp. 2 1 1.35
Crocidura sp. 5 3 4.05
Oryctolagus cuniculus 99 12 16.22
Arvicola sapidus 5 2 2.70
Microtus sp. 30

Microtus arvalis 38 14 18.92
Microtus cabrerae 15 5 6.76
Microtus duodecimcostatus 20 11 14.86
Apodemus sylvaticus 74 17 22.97
Eliomys quercinus 10 4 5.41
Total 323 74 100

splendida. Five out of the 21 gastropod taxa are freshwater
species: Theodoxus meridionalis, Josefus aitanica, Ancylus
Auviatilis, Gyraulus laevis, and Lymnaeidae spp. Bivalves
are represented by the species Pisidium casertanum. The
taxa identified are similar to the current taxa in the region
(Gasull, 1971, 1975; Pujante et al., 1998; Martinez-Orti,
1999, 2006, 2014; Martinez-Orti & Robles, 2003). The
presence of fresh-water gastropods and bivalves denotes
the existence of water bodies in the surrounding areas of
the site.

Regarding the anthracological remains, a total of 7
taxa have been identified: Juniperus sp., Pinus nigra-
sylvestris, evergreen and deciduous Quercus, Salix-
Populus, Fabaceae and Maloideae. Excluding Pinus nigra-
sylvestris, which is very few represented in the current
local landscape, the other taxa are present in the region
nowadays. The homogeneous anatomical structure of
Juniperus means that it cannot be identified at the species
level, although the identification of seeds from Juniperus
sabina in units VIII and Xa confirms that at least this
species was present during the Middle Palaeolithic period.
Despite the fact that this anthracological record could
be reworked, the identified taxa show similarities with
anthracological sequences from several sites of the region
focused on the Late Glacial like Cova de les Cendres
(Moraira, Alicante) (Badal, 1990; Badal & Carrién, 2001),
Tossal de la Roca (Vall d’Alcala, Alicante) (Uzquiano,
1988), Ratlla del Bubo (Badal, 1990) or Coves de Santa
Maira (Castell de Castells, Alicante) (Aura et al., 2005;
Carrion, 2005).
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5.2. Biochronology

The resulting vertebrate assemblage is characteristic of
the Late Pleistocene and the Late Pleistocene-Holocene
transition. All the species that appear in the deposit analysed
are present in the Iberian Peninsula from the beginning of
the Late Pleistocene onwards (Sesé, 2005; Lopez-Garcia
et al., 2011). Microtus cabrerae constitutes the species
with the shortest time range as its first populations were
recorded in Middle-Late Pleistocene transition localities
of southern France (Laplana & Sevilla, 2013). For its
part, although the species Microtus duodecimcostatus has
been recorded in the Iberian Peninsula since the Middle
Pleistocene (Lopez-Martinez & Ruiz-Bustos, 1977), the
representatives of the subgenus Terricola are absent in the
Mediterranean zone until the Late Pleistocene (Guillem,
1995; Lopez-Garcia et al., 2008, 2012).

Another relevant taxon from a biochronological
point of view is Microtus arvalis. This species was only
distributed at the mountainous ranges of the northern half
of the Iberian Peninsula (Cordillera Cantabrica, Sistema
Central, Sistema Ibérico and Pirineos) until 1960-1970,
when this species began to colonize agricultural plains of
Castilla y Le6n due to irrigated crops in these suboptimal
areas (Luque-Larena et al., 2013). It mainly occupies the
Supramediterranean belt and it is absent in Mediterranean
zones (Rivas Martinez, 1987; Fernandez-Salvador, 2007).
The fossil record in the Iberian Peninsula for this species
and others with Eurosiberian requirements shows that their
distribution contracted around the Pleistocene-Holocene
transition (< 14.7 ka BP), coinciding with a climatic change
toward higher temperatures and increased rainfall, which
ensued landscape modifications throughout the Iberian
Peninsula (Carrion et al., 2010; Fernandez-Garcia et al.,
2016). Accordingly, different sites in the studied region
(southeastern of the Iberian Peninsula) show the presence
of M. arvalis in Pleistocene levels, such as Cova Bolumini
(level V) (Guillem et al., 1992), Cueva de San Anton
(Sarrién, 1982), Cova de les Cendres (lower part of Unit
V) (Guillem, 2001), Tossal de la Roca (levels I-IV “Corte
Interior”) (Cacho et al., 1995). However, it is absent in
levels and sites dated to the Holocene, such as Abric de la
Falguera (Guillem, 2006), Cingle de I’ Aigua (Villaverde et
al., 2010), Bolumini (levels I-IV) (Guillem et al., 1992),
Cendres (since the upper part of Unit V) (Tormo-Cunat,
2010), Cova Fosca (Sesé¢, 2011), Cova de 1’Or (Arribas,
2004) or Cova de la Sarsa (Sevilla, 1988). Thus, the
disappearance of M. arvalis from this territory can be dated
to 13.320 = 0.170 ka BP or between 13.320 += 0.170 ka BP
(Cova de les Cendres) and 10.520 + 0.06 ka BP (Cingle
de L’Aigua). In other regions such as northeastern Iberian
Peninsula, a contraction in the presence of M. arvalis and
related species has also been documented (Lopez-Garcia
et al., 2015; Fernandez-Garcia et al., 2016).

The biochronological significance of the presence of
M. arvalis at the studied units is inconsistent with the
presence of pottery at these deposits, which indicate that
their age is at most seven millennia before present, which
is the chronology for the first records of pottery in this
territory. The remainder species are not incompatible from
a biochronological point of view with the age indicated
by pottery for the El Salt gravelly levels. However, its
preservation, similar to that of the remains of M. arvalis,
suggests that they may have the same origin. Consequently,
the remains of M. arvalis and most of the small-vertebrate
remains recovered should be considered reworked elements
from older sediments, most likely from Late Pleistocene
or early Holocene. These older sediments were probably
eroded and its paleontological content incorpored to younger
deposit. Despite the fact that the anthracological record
could be reworked too, the identified taxa show similarities
with anthracological sequences from several sites of the
region focused on the end of the Late Glacial, such as Cova
de les Cendres (Moraira, Alicante) (Badal, 1990; Badal &
Carrion, 2001), Tossal de la Roca (Vall d’Alcala, Alicante)
(Uzquiano, 1988), Ratlla del Bubo (Crevillente, Alicante)
(Badal, 1990) or Coves de Santa Maira (Castell de Castells,
Alicante) (Aura et al., 2005; Carrion, 2005).

The appreciation of the reworked character of all or part
of the small-mammals’ assemblage from the gravelly unit
of El Salt site is consistent with the archaeological record
present in these units, where archaeological materials
indicative of different chronologies are mixed (Galvan et
al., 2014).

Reworking constitutes a taphonomic process that
implies unearthing and transport of past biological entities
(Fernandez Lopez, 2000). As a result of the transport of any
remain, rounding and polishing (abrasion), disarticulation
and even the production of linear marks are expected to
be found in an assemblage that has suffered a process
of transport. The existence of reworked material can be
pointed out by some of the evidences already mentioned
for transport as well as the coexistence of conservation
differences between the different elements that constitute
the studied sample (Ferndndez-Jalvo & Andrews, 2016;
and references therein). Evidences of rounding in breakage
edges and protrusions, polishing and brightness have
been observed in the assemblage analysed that suggests a
taphonomic alteration that includes at least transport (Fig. 7).
Further taphonomical and geoarchacological work is
needed to clarify the provenience of the studied faunal
assemblages, which, given the high energy, erosional
morphology and lithology of the sedimentary deposit,
could have been reworked in more recent time periods.

Taking into account the reworked character of the small-
mammals remains studied here, which is also extensive to
the archaeological record contained in the studied units,
we discard the possibility of carrying out a palacoclimatic
and/or palacoenvironmental reconstructions, either with
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Figure 7. a) SEM microphotograph of abraded molar of an arvicolid showing enamel and dentine equally rounded on the salient
angles of the tooth. b) SEM microphotograph of abraded phalange displaying rounded surface on the articulation and the fracture
on the distal epiphysis. ¢-d) Brightness, polishing and rounded ends of a vertebra. Scale bar equal 1 mm, except magnification on
section (a), which corresponds to 0.5 mm.

woody or vertebrate’ taxa that may be representative of the
environmental conditions that existed during the deposit
of these units.

It is worth to note that, in the absence of archaeological
record or absolute dates obtained on the sediment, it
would have been very difficult to recognize the reworked
character of a part, if not all, of the small-mammal
assemblage. In this sense, this work emphasizes the
need to establish clear criteria for reworking in small-
vertebrate’ assemblages, which can be used in these
situations. The material studied will give rise to future
work in this regard.

6. CONCLUSIONS

This study of the small vertebrates from the gravelly
deposit at El Salt site allowed us to draw the following
conclusions:

1) The small vertebrate assemblage is composed by
seven rodent species (Arvicola sapidus, Microtus sp., M.
arvalis, M. cabrerae, M. duodecimcostatus, Apodemus
sylvaticus, and Eliomys quercinus), one lagomorph
species (Oryctolagus cuniculus), two insectivore species
(Crocidura sp. and Sorex sp.), one toad (Epidalea
calamita), two lizard species (Lacertidae indet. and
Chalcides cf. bedriagai), and two snake species (Coronella
cf. girondica and cf. Coronella sp.). The most represented
species is 4. sylvaticus followed by Oryctolagus cuniculus.

2) The contradiction between the biochronological
meaning of some of the small-mammal species identified
with part of the archaeological content (Neolithic pottery),
together with the homogeneous conservation of the remains
force us to consider that most of the material analysed has
been reworked and therefore it is not suitable for carrying
out reliable climatic or environmental reconstructions for
the moment of the formation of this deposit.
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