
Acta Palaeontol. Pol. 68 (1): 23–46, 2023	 https://doi.org/10.4202/app.01013.2022

La Piquera in central Iberian Peninsula:  
A new key vertebrate locality for the Early Pliocene  
of western Europe
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Piñero, P., Martín-Perea, D.M., Sevilla, P., Agustí, J., Blain, H.-A., Furió, M., and Laplana, C. 2023. La Piquera in cen-
tral Iberian Peninsula: A new key vertebrate locality for the Early Pliocene of western Europe. Acta Palaeontologica 
Polonica 68 (1): 23–46.

We introduce the new vertebrate site of La Piquera (Duero Basin, central Iberian Peninsula), provide a detailed description 
of the lithostratigraphy and present a preliminary faunal list. The fossil vertebrate association includes amphibians (with 
representatives of the families Salamandridae, Alytidae, Pelodytidae, and Bufonidae), squamate reptiles (with mem-
bers of the families Agamidae, Lacertidae, Anguidae, Scincidae, Blanidae, ?Erycidae, and Colubridae/Psammophiidae), 
and mammals (with representatives of the families Soricidae, Erinaceidae, Muridae, Cricetidae, Gerbillidae, Gliridae, 
Sciuridae, Vespertilionidae, Rhinolophidae, Miniopteridae, Megadermatidae, Leporidae, Prolagidae, and Bovidae). The 
association indicates an intermediate biostratigraphic position between the southern Iberian sites of Sifón-413 (at about 
5.33–5.23 Ma) and Botardo-D (between 4.79 and 4.63 Ma), the new locality being correlated with the earliest Ruscinian 
(lower part of the MN14 unit). The ecological affinities of the identified small vertebrates suggest the presence of a land-
scape dominated by open herbaceous meadows in the surroundings of the fossil-site during the earliest Pliocene, with the 
occasional presence of woodland patches and stable water bodies under relatively dry and warm environmental conditions. 
La Piquera therefore enhances our knowledge on the vertebrate community recorded in central Iberian Peninsula during 
the earliest Pliocene. With more than 1200 remains, La Piquera becomes a key locality for the Early Pliocene of south-
western Europe, central Spain, where this time-span is poorly represented.
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Introduction
La Piquera site (N 41°25’56”, W 3°40’37”, 1128 m above see 
level) is located less than a kilometer south from Carabias 
(Segovia, Spain; Fig. 1). The site was discovered in 2014 by 
one of the authors (CL) in an inactive aggregate quarry called 
La Piquera (Fig. 1), which revealed several karstic cavities 
carved into Late Cretaceous dolostone and limestone. A 
report notifying the discovery was sent to the Territorial 
Service of Culture of Segovia and to the Directorate General 
of Cultural Heritage of the Junta de Castilla y León. The 
karstic infill was initially inferred a Neogene age (Late 
Miocene–Pliocene) given the surrounding sedimentary de-
posits in the study area (García-Cortés et al. 2008).

The Pliocene (5.33–2.58 Ma) was the last significant 
warm epoch in Earth’s climate history before the onset of 
Pleistocene glacial-interglacial dynamics. The Pliocene ma-
rine record is well known from several sections and cores, 
but continental sections are scarce in western Europe. In 
particular, the earliest Pliocene is not so well represented 
due to the scarcity of sites from this time. In this regard, the 
new site of La Piquera represents one of the few localities 
in the Iberian Peninsula from the earliest Pliocene, together 
with Sifón-413 in the Fortuna Basin (Piñero and Agustí 
2019), Puerto de la Cadena in the Murcia-Carrascoy Basin 

(Piñero et al. 2017b), Calicasas 3 and 4 and Purcal 4 and 7 
in the Granada Basin (García-Alix et al. 2008a–c), Peralejos 
E in the Teruel Basin (Adrover et al. 1988; Mein et al. 1990), 
and Botardo C, D in the Guadix-Baza Basin (Martín-Suárez 
1988; Piñero and Agustí 2020). Yet, there is a lack of infor-
mation from continental Early Pliocene vertebrate faunas, 
especially from the Duero Basin.

The Duero Basin, located in central Iberian Peninsula, 
represents the largest continental Neogene basin of Spain. 
The age of the stratigraphic successions of this basin 
ranges from the Early Miocene (Agenian, MN2) to the 
Early Pliocene (early Ruscinian, MN14) (López et al. 
1987; Calvo Sorando et al. 1993; Luengo et al. 2009, 2010). 
However, localities providing vertebrate faunas around 
the Mio-Pliocene transition are limited to Castillejo de 
Robledo, a site that has only yielded remains of rodents 
and lagomorphs (Luengo et al. 2009). This site was ini-
tially placed in the Early Pliocene (Luengo et al. 2009), 
although its chronology was later reconsidered and the site 
was placed at the end of the Late Miocene (Morales et al. 
2013). Consequently, a great effort was placed in the recent 
sampling campaigns at La Piquera to recover a representa-
tive number of vertebrate remains. This effort has proved 
to be worthwhile, as evidenced by the unprecedented num-
ber of fossils collected. Indeed, La Piquera has yielded 

Fig. 1. Geographic and geological context of La Piquera site, Lower Pliocene, Duero Basin, Spain. A. Map of the Iberian Peninsula showing the location 
of La Piquera site. B. Geological map of the study area and location of La Piquera quarry and site (modified from García-Cortés et al. 2008).
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one of the most extensive collections of small vertebrates 
from the earliest Pliocene in western Europe. Thereby, the 
significance of La Piquera lies both in its chronology and 
in the outstanding fossil vertebrate sample size. This pro-
vides an opportunity to better understand changes in faunal 
communities in the Iberian Peninsula after the Messinian 
Salinity Crisis (Krijgsman et al. 1999).

In this paper, we introduce the site of La Piquera by 
providing a detailed description of the lithostratigraphy and 
presenting a preliminary faunal list. This enables us to esti-
mate the age of the new site and to infer the prevalent palae-
oenvironmental conditions during its formation.

Institutional abbreviations.—UCM, Complutense University 
of Madrid, Spain

Abbreviations.—dp, lower deciduous premolar; M, upper 
molar; m, lower molar; MN, Mammal Neogene; P, upper 
premolar; p, lower premolar; t, tubercle.

Material and methods
Lithostratigraphic levels were described, measured, and 
logged using scaled drawings and photographed. Sediment 
types have been classified based on particle size distribu-
tions according to Blott and Pye (2012).

The fossil material referred to here was collected from 
the La Piquera site during the 2021 sampling campaign, in-
cluding remains from all palaeontological levels indistinctly. 
All the sediment retrieved during this campaign was wa-
ter-screened using superimposed 4-, 1-, and 0.5-mm mesh 
sieves. The collection from La Piquera includes more than 
a thousand identified small mammal teeth, mandibles and 
maxillae corresponding to 25 different taxa, and more than 
200 disarticulated cranial and postcranial bones of amphib-
ians and squamate reptiles comprising at least 18 taxa (see 
Table 1). Three large mammal tooth fragments have also 
been recovered. Although these fossils are currently spread 
out, housed in the Complutense University of Madrid (UCM), 
the Spanish National Natural Sciences Museum (MNCN), 
the Archaeological and Palaeontological Museum of the 
Community of Madrid (APM), and the Catalan Institute of 
Human Paleoecology and Social Evolution (IPHES), the final 
repository is going to be the Geodynamics, Stratigraphy and 
Paleontology Department at UCM (Madrid, Spain). Small 
mammal teeth are illustrated by means of micrographs taken 
with Environmental Scanning Electron Microscopy (ESEM) 
at the Servei de Recursos Científics i Tècnics de la Universitat 
Rovira i Virgili (Tarragona) with the exception of the sciurid 
and lagomorph teeth, whose photographs were taken with 
an Olympus SC180 digital camera coupled to an Olympus 
SZX12 binocular at the APM.

The systematic nomenclature generally follows Spey
broeck et al. (2020) for extant herpetofaunal taxa, with 
the exception of higher taxonomical categories that follow 

Georgalis and Smith (2020) for reptiles (especially snakes), 
and Hedges (2014) for scincids. Osteological nomenclature 
follows Sanchiz (1998) and Bailon (1999) for amphibians, 
Augé (2005) and Barahona and Barbadillo (1997) for liz-
ards, and Szyndlar (1984, 1991) for snakes. We employed 
the tooth terminology proposed by Van de Weerd (1976) for 
the descriptions of murids, Mein and Freudenthal (1971) for 
cricetids, Freudenthal (2004) for glirids, Wood and Wilson 

Table 1. Vertebrate faunal list of the site of La Piquera.

Order Family Species

Caudata Salamandridae
Pleurodeles sp.

Salamandridae indet.

Anura

Anura indet.
Alytidae Discoglossus sp.

Pelodytidae Pelodytes sp.
Bufonidae Bufotes cf. B. viridis group

Squamata

Serpentes indet.
(non-snake) Squamata indet.

Agamidae Agamidae indet.

Lacertidae
Lacertidae indet. 1
Lacertidae indet. 2

Anguidae Ophisaurus sp.
Scincidae Scincidae indet.
Blanidae Blanus sp.
Erycidae Erycidae indet.

Colubridae /  
Psammophiidae

morphotype 1
morphotype 2

Colubridae/Psammophiidae indet.

Eulipotyphla
Soricidae

Myosorex meini
Paenelimnoecus cf. pannonicus

Neomyini indet.
Erinaceidae Parasorex ibericus

Chiroptera

Rhinolophidae Rhinolophus sp. 1
Rhinolophus sp. 2

Vespertilionidae Myotis sp. 1
Myotis sp. 2

Megadermatidae Megadermatidae indet.
Miniopteridae Miniopterus sp.

Rodentia

Muridae

Stephanomys dubari
Apodemus gorafensis
Paraethomys meini
Occitanomys alcalai
Castillomys gracilis

Cricetidae
Apocricetus cf. barrierei

Ruscinomys lasallei
Blancomys aff. sanzi

Gerbillidae Debruijnimys sp.

Gliridae
Eliomys truci
Glis cf. minor

Sciuridae Atlantoxerus sp.

Lagomorpha
Leporidae Trischizolagus sp.

Prolagidae Prolagus sp. 1
Prolagus sp. 2

Artiodactyla Bovidae Bovidae indet.
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Fig. 2. Stratigraphic context of La Piquera site, Lower Pliocene, Duero Basin, Spain. A. Photograph of the La Piquera karstic infill and limit with dolos-
tone and limestone bedrock, showing levels with paleontological remains. B. La Piquera stratigraphic section highlighting the six lithostratigraphic units 
with small vertebrate content.
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(1936) for gerbilids, Sinitsa and Pogodina (2019) for sciu-
rids, Reumer (1984) for soricids, Mein and Martín Suárez 
(1993) for erinaceids, Angelone and Sesé (2009) for pro-
lagids, López-Martínez et al. (2007) for leporids, and Menu 
and Popelard (1987) and Sevilla (1988) for bats.

Geological setting
La Piquera site is located in the southeastern sector of the 
Duero Basin, ~20 km north of the Central System (Somo
sierra Range) and less than a kilometer southeast from the 
Pradales Range (Fig. 1B). The Pradales Range, with peaks 
above 1300 m above see level (masl), towers above the rest 
of the study area (average of 1000 masl). This range has a 
WSW-ENE lineation, and is composed of Mesozoic rocks: 
Triassic claystone, sandstone, conglomerate, marlstone, and 
dolostone; Jurassic limestone; and Cretaceous claystone, 
sandstone, conglomerate, marlstone, limestone, and dolos-
tone (García-Cortés et al. 2008). Of these, in our study area, 
only the Cretaceous materials are exposed, alongside Upper 
Miocene–Pliocene and Holocene deposits (García-Cortés et 
al. 2008; Fig. 1B).

The site of La Piquera consists of a small (around 1.4 m 
deep and 1 m width) vertically developed karstic cavity 
carved into Maastrichtian (Late Cretaceous) dolostone and 
limestone beds completely filled with sediments (Figs. 1B, 
2, 3). Its sedimentary filling can be divided into 16 litho-
stratigraphic units, six of which bear small vertebrate re-
mains (Fig. 2).

Unit 1 is a red (2.5YR 4/6), 13-cm-thick, very well sorted 
fine and very fine sandstone. Overlying it, Unit 2 hosts the 
first fossiliferous level (Level 1). Unit 2 is a yellowish red 
(5YR 5/8) coarsening upwards sequence, from fine and me-
dium (lower 4 cm) to coarse (uppermost 1 cm) sandstone. 
Abundant microfaunal remains are found in the lower 1 cm 
and uppermost 1 cm of the unit (Level 1). Unit 3 is a red 
(2.5YR 4/6) very fine sandy and silty deposit, very well 
sorted and 11 cm thick. Unit 4 is a 10-cm-thick coarsening 
upwards sequence, from fine to coarse red (2.5YR 4/6) 
sandstone. Unit 5 is composed of three coarsening upwards 
sequences, from fine and very fine sandstone to medium 
and coarse sandstone. Abundant microfaunal remains are 
found throughout the three sequences (Level 2). Unit 6 is 
a very well sorted, red (2.5YR 4/6) quartzofeldspathic fine 
sandstone. Unit 7 is a thin, 4-cm-thick, well sorted, light 
grey (5Y 7/1) fine sand, with abundant microfauna in the 
lowermost part (Level 3). Unit 8 is composed of several 
centimetric very fine to fine red (2.5YR 4/6) sandstone 
levels. Unit 9 is a thin, <3-cm-thick, light grey (7.5YR 7/1) 
coarsening upwards level, changing from fine to coarse 
sandstone, and contains copious amounts of microfaunal 
remains (Level 4). Unit 10 is a 15-cm-thick red (2.5YR 
4/6) laminated siltstone. Unit 11 is a 5-cm-thick medium to 
coarse pale red (2.5YR 6/2) sandstone. Unit 12 is composed 
of a thin (4 cm) claystone. Both Unit 11 and Unit 12 contain 

Fig. 3. La Piquera schematic block diagrams showing geological history. 
A. Eocene to Pliocene. Alpine orogeny causes Pradales Range to build. 
Local topographic variations lead to the carving of karstic cavities into 
Maastrichtian dolostone and limestone beds. B. Early Pliocene. Pradales 
Range dismantling and erosion create alluvial fans. Medial to distal de-
posits infill the karstic cavities. C. Present day. Weathering and erosion 
remove Pliocene alluvial fan deposits and expose karstic cavities.
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abundant microfaunal remains and belong to palaeontologi-
cal Level 5. Unit 13 is a 6-cm-thick pale red (2.5YR 6/2) silt-
stone, overlain by Unit 14, which is a 4-cm-thick sandstone. 
Unit 15, which contains Level 6, is a coarsening upwards 
bed, changing from siltstone to coarse sandstone with some 
pebbles and abundant palaeontological remains. The strati-
graphic sequence ends with Unit 16, which is composed of 
23 cm of pale red (2.5YR 6/2) siltstone.

Results
Faunal content.—The vertebrate association from the La 
Piquera site (Figs. 4–8) is highly diversified, comprising 
urodeles, anurans, lizards, snakes, artiodactyls, insecti-
vores, bats, rodents, and lagomorphs (Table 1).

Herpetofauna.—Concerning amphibians and squamate 
reptiles, La Piquera documents a rather high diversity with 
one urodele (a salamandrid), three anurans (one alytid, one 
pelodytid, and one bufonid), seven lizards (one agamid, 
three lacertids, one scincid, one anguid, and one blanid), 
and three snakes (one potential erycid, and two colubrids or 
psammophiids). The faunal list is composed of: Pleurodeles 
sp., Salamandridae indet., Discoglossus sp., Pelodytes sp., 
Bufotes cf. B. viridis group, Anura indet., Agamidae in-
det., Lacertidae indet. 1 (small-sized with mainly bicuspid 
teeth), Lacertidae indet. 2 (middle-sized with mainly bi-
cuspid teeth), indeterminate lizard 1 (small-sized with tri-
cuspid teeth), Scincidae indet., Ophisaurus sp., Blanus sp., 
(non-snake) Squamata indet., ?Erycidae indet., Colubridae/
Psammophiidae (morphotype 1), Colubridae/Psammophiidae 
(morphotype 2), Colubridae/Psammophiidae indet., and 
Serpentes indet. A complete osteological description of these 
fossils will be done in a future publication. Only the most 
important taxa are described here.

Amphibians: Pleurodeles is represented by a few trunk 
vertebrae at La Piquera. These vertebrae (Fig. 4A) preserve 
a small, concave-shaped bony lamina that connects the 
ventral side of the prezygapophyses to the ventral costal 
process. This character is only found in Pleurodeles (i.e., 
Haller-Probst and Schleich 1994).

Discoglossus is documented by a small ilium (Fig. 4B). 
This ilium bears a dorsally swollen tuber superior followed 
by a low dorsal crest on its anterior branch, a rather long 
pars ascendens, a small but clearly developed pars descen-
dens, and a smooth posteromedial face that has an interiliac 
groove clearly visible in posterior view and an interiliac 
tubercle. Only Discoglossus possesses such set of character-
istics (e.g., Roček 1994).

Pelodytes is represented by a small ilium with no tuber su-
perior and dorsal crest, and a typically slender humerus bear-
ing a straight diaphysis and a condyle slightly moved laterally.

Bufotes cf. B. viridis group is represented by a scapula 
(Fig. 4C). The scapula is longer than wide, and bears a ro-
bust, detached glenoid process that is clearly visible in dor-

sal view. The attribution to the B. viridis group is based on 
the sinuous concave anterior margin of the pars acromialis 
and the processus glenoidalis, whereas in all other species 
but Bufo verrucosissimus it is convex, and the presence 
of a shallow supraglenoid fossa on the base of the glenoid 
process, well visible on the posterior view, whereas in Bufo 
gr. B. bufo this fossa is absent and in Epidalea calamita this 
fossa is generally deeper (Bailon 1999).

Lizards: Agamid lizards are represented by a sole frag-
ment of maxilla or dentary, bearing the typical acrodont 
dentition (Fig. 4D).

Lacertid lizards are documented by a small number 
of dentaries. Their pertaining to the family Lacertidae is 
mainly based on the tooth morphology and their pleurodont 
insertion on the bone. The teeth are isodont, cylindrical 
and mono-, or bicuspid and on the dentaries the Meckelian 
canal is wide open. Some variation concerning the size of 
the fossil elements as well as differences observed between 
the types of cuspids represented on dentaries permit to cau-
tiously propose several morphotypes, as listed above.

Scincid lizards are represented by some fragmentary 
elements, mainly dentaries, bearing pleurodont, isodont, cy-
lindrical, and monocuspid teeth with a blunt apex. In lingual 
view, each tooth apex shows more or less visible ornamen-
tation, with delicate vertical striations limited ventrally by a 
transverse groove.

Anguid lizards are represented by a few trunk vertebrae 
(Fig. 4E) and one osteoderm (Fig. 4F). The trunk vertebrae 
have a total length of less than 5 mm. They are procoelous, 
longer than wide, with a long, low neural spine, and pro-
longed posteriorly in an interzygapophyseal tip. In ventral 
view, the centrum is subtriangular, with concave lateral 
margins and a slightly convex ventral surface in transverse 
section. The osteoderm is slightly longer than wide and 
dorsally bears relatively discrete dermal ornamentation, 
formed of anastomosing grooves (vermiculate ornamenta-
tion). The presence of a well-marked longitudinal keel sug-
gests a mediodorsal position for this osteoderm. Attribution 
to Ophisaurus is based on the subtriangular centrum with 
concave lateral margins in the trunk vertebrae (in contrast 
to the almost parallel lateral margins presents in Anguis 
or to the more robust subtriangular centrum with straight 
lateral margins in Pseudopus; e.g., Klembara and Rummel 
2018), and the presence of a longitudinal keel on the osteo-
derm (present in Ophisaurus and Pseudopus but absent in 
Anguis; Hoffstetter 1962).

 Amphisbaenian squamate Blanus sp. is represented by 
two incomplete dentaries (Fig. 4G) and three trunk verte-
brae (Fig. 4H). The preserved parts of the dentaries suggest 
that they were short and robust, bearing sub-pleurodont and 
monocuspid teeth. The anterior teeth are cylindrical and 
inclined anteriorly whereas the central and posterior teeth 
are cone-shaped, with a wide base and a posteromedially 
directed apex. The Meckel’s groove is open along its whole 
length. The trunk vertebrae are procoelous, with a cotyle 
and a condyle dorsoventrally flattened. They show a dor-
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soventrally flattened neural arch, with a concave posterior 
end and a well-marked interzygapophyseal constriction. 
The neural spine is reduced, and in lateral view the syn-

apophyses are globular and egg-shaped, which is charac-
teristic of posterior trunk vertebrae. The ventral surface of 
the centrum is flat, with slightly convex margins. All these 

Fig. 4. Digital images of amphibians and reptiles from La Piquera site, Lower Pliocene, Duero Basin, Spain. A. Salamandrid Pleurodeles sp., trunk vertebra 
in dorsal (A1), ventral (A2), and right lateral (A3) views, UCM-LPQ-CAU-1. B. Alytid Discoglossus sp., right ilium in lateral (B1) and posterior (B2) views, 
UCM-LPQ-ANU-1. C. Bufonid Bufotes cf. B. viridis group, left scapula in dorsal (C1) and posterior (C2) views, UCM-LPQ-ANU-2. D. Agamidae indet., 
maxilla? in mesial (D1) and lateral (D2) views, UCM-LPQ-SQU-1. E, F. Anguid Ophisaurus sp. E. Trunk vertebra in dorsal (E1), ventral (E2), and left lateral 
(E3) views, UCM-LPQ-SQU-2. F. Osteoderm, UCM-LPQ-SQU-3. G, H. Amphisbaenian Blanus sp. G. Right dentary in mesial (G1) and lateral (G2) views, 
UCM-LPQ-SQU-4. H. Trunk vertebra in dorsal (H1), ventral (H2), and right lateral (H3) views, UCM-LPQ-SQU-5. I. ?Erycidae indet., anterior trunk vertebra 
in dorsal (I1), ventral (I2), anterior (I3), right lateral (I4), and posterior (I5) views, UCM-LPQ-SQU-6. J. Colubridae/Psammophiidae (morphotype 1), trunk 
vertebra in dorsal (J1), ventral (J2), anterior (J3), left lateral (J4), and posterior (J5) views, UCM-LPQ-SQU-7. Scale bars 1 mm.



30	 ACTA PALAEONTOLOGICA POLONICA 68 (1), 2023

characters permit an attribution of the trunk vertebrae to 
Amphisbaenia. Currently, no clear diagnostic feature allow-
ing identification at family level is known for isolated trunk 
vertebrae of this group of squamates (i.e., Georgalis et al. 
2018). Here their attribution to Blanidae relies on their close 
association with the dentaries.

Snakes: A unique small cervical vertebra is reported to 
a potential erycid snake (Fig. 4I). In dorsal view it is wider 
than long with a well-marked interzygapophyseal constric-
tion. The neural spine is relatively strong, and it is low and 
long. The zygosphene is wide and possesses a convex ante-
rior margin. The articular surface of the preserved prezy-
gapophysis is well developed and more or less oval-shaped. 
In ventral view, the centrum is anteriorly wide, short, and 
convex. In ventral view, the haemal keel is slender and well 
delimited laterally, and it ends in a short and relatively ro-
bust hypapophysis with a sigmoid ventral margin in lateral 
view. In anterior view, the cotyle is slightly flattened dorso-
ventrally. There is no evidence of paracotylar foramina. The 
only preserved prezygapophysis lies upward and the neural 
canal is wide and roughly trapezoidal-shaped. Small sized 
trunk vertebrae, wider than long, in combination with low 
neural arches characterize the erycids (Hoffstetter and Rage 
1972; Szyndlar 1991; Szyndlar and Schleich 1994; Georgalis 
2019). The absence of caudal vertebrae precludes a definite 
attribution to erycid snakes.

Colubrid and/or psammophiid snakes are represented by 
five vertebrae. Two morphotypes can be recognized among 
the material. The morphotype 1 is represented by a unique 
trunk vertebra (Fig. 4J). The centrum has a length of 1.5 mm 
and is 1.57 times longer than wide. The neural spine is inter-
preted as having been originally extremely low. The prezy-
gapophyseal processes, although broken, seem to have been 
long. The zygosphene is unfortunately incomplete but seems 
to have been narrow. In ventral view, the haemal keel is very 
large on its whole length, with well-defined lateral margins. 
Among colubrids, these characters are only observed in genus 
Telescopus (Szyndlar 1991, 2005), however the most diagnos-
tic character is missing: parapophyses twice longer than the 
diapophyses (eroded on our fossil). Among psammophiids, 
this vertebra is somewhat reminiscent of Rhageris moilensis 
(Georgalis and Szyndlar 2022), but the margins of the neural 
arch are not straight in posterior view on our fossil.

The morphotype 2 corresponds to a rather elongated 
medium sized trunk vertebra (centrum length is around 
4.0  mm). In ventral view, the centrum is narrow, with 
slightly divergent lateral margins towards the front and has 
a long and narrow haemal keel over its entire length with 
well-defined lateral margins. In dorsal view, the articular 
surfaces of the prezygapophyses are sub-oval and anteriorly 
directed. The prezygapophyseal processes, although bro-
ken, seem to have been long and pointed. The neural spine 
seems to be moderately high. In posterior view, the poste-
rior edges of the neural arch are more or less straight and 
forming an angle close to 90°. When compared with extant 
Iberian colubrid snakes, its morphology fits with the one 

usually observed in species of Hemorrhois and Malpolon. 
When compared with species of Psammophis, our fossil is 
much less elongated.

The faunal list presented here for La Piquera fills a gap 
between the Miocene and the Late Pliocene faunas, and rep-
resents the first mentions for the Spanish Early Pliocene for 
Pleurodeles (previously known from the Upper Pliocene of 
Las Higueruelas and Camp dels Ninots; Mazo 1996; Gómez 
de Soler et al. 2012), agamid lizards (only recovered in the 
Upper Pliocene of Sarrión 1; HAB personal observations), 
and an erycid snake (represented in the Upper Pliocene by 
Eryx primitivus in Gorafe 5 and Eryx aff. E. primitivus 
in Moreda A; Szyndlar and Schleich 1994; Bailon 1991). 
Interestingly, besides an isolated mention of agamid lizards 
(similar to “Tinosaurus”) in the Eocene of Spain (Bolet 
2017), La Piquera would probably represent the earliest men-
tion of an extant genus in the Iberian Peninsula, whereas 
the family is well known from the Miocene and Pliocene of 
Italy and Greece (Delfino et al. 2008; Georgalis et al. 2019). 
The presence of a tricuspid toothed lizard in La Piquera is 
also of interest. Iguanidae, Teiidae, and some lacertid lizards 
are known to possess pleurodont teeth, which are flared and 
tricuspid (Augé 2005). Iguanidae (only known in Europe 
from the Upper Cretaceous, Eocene, and Oligocene; Augé 
2005; Smith 2009; Augé and Pouit 2012; Bolet 2017) and 
teiid lizards (currently restricted to the Americas, and known 
as fossils from the Eocene of France; Augé 2005; Augé and 
Brizuela 2020) can be reasonably discarded. Further com-
parisons with extant and extinct tricuspid lacertids may 
probably extend their occurrence to the Early Pliocene.

Mammals.—La Piquera shows a highly diversified mam-
mal association, with six bats (two rhinolophids, two ves-
pertilionids, one megadermatid, and one miniopterid), four 
insectivores (three soricids, and one erinaceid), 12 rodents 
(five murids, three cricetids, one gerbillid, two glirids, and 
one sciurid), three lagomorphs (one leporid, and two pro-
lagids), and one artiodactyl (a bovid).

Chiropterans: Bat remains in the new site of La Piquera 
are distinctly less abundant than those of other small mam-
mal groups. However, a preliminary overview of the ma-
terial recovered so far has evidenced a relatively high spe-
cies richness, among which the families Vespertilionidae, 
Rhinolophidae, Miniopteridae, and Megadermatidae are 
represented. The material consists predominantly of isolated 
teeth, although mandibular and maxillary fragments carry-
ing teeth have been recovered, as well as a couple of baculi 
and the distal part of a humerus. Fragments of phalanges 
are also relatively abundant, but unfortunately these only 
provide evidence of the presence of chiropterans and have no 
further taxonomic value.

Rhinolophid remains are the most numerous and they 
come from at least two different species discernible from 
size differences observed in homologous teeth (Fig. 5B, C). 
Rhinolophid isolated teeth are easily recognizable in fossil 
assemblages in which they are present thanks to their deli-
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cate appearance, with slender cusps, nyctalodont lower mo-
lars carrying a thin labial cingulum, first two upper molars 
with a distolingual heel, and flattened upper canines with a 
robust labial cingulum (Sevilla 1988).

Vespertilionids have yielded a lower number of remains, 
but seem to be represented as well by several species be-
longing to the genus Myotis (Fig. 5D, E). In this genus, the 
teeth have a more robust appearance, due to thicker cusps. 
The upper molars have no talon, and the lower molars are 
typically myotodont with relatively shorter trigonids and 
thick cingula on the labial side (Sevilla 1988).

Besides, the families Miniopteridae and Megadermatidae 
are also represented, although so far by a single specimen 
each. The former family comprises a single genus, Miniop
terus, with several extant species and a few fossil species in 
the European Neogene. The second upper molar found in 
La Piquera is partially broken (Fig. 5F), its anterolabial part 
missing so that the characteristic hook-like parastyle of all 
Miniopterus species is not observable. However, the overall 
outline, the shape of the metacone and protocone, and the 

small hypocone shelf are features that enable to assign this 
tooth to this genus (Sevilla and López-Martínez 1986).

Most interesting is the fourth lower premolar belonging to 
a megadermatid (Fig. 5A). Although this family is well repre-
sented in European Miocene assemblages (Sigé and Legendre 
1983; Storch 1999), it is rather rare in the Pliocene, with no 
records of this epoch in the Iberian Peninsula (Sevilla 1991). 
This tooth is laterally compressed instead of squarish as in 
vespertilionids or rhinolophids, with a carnivore-like appear-
ance; a well-developed cingulum is found both on its labial 
and lingual sides, extending on the distal side to form a short 
shelf. The current distribution of megadermatids is restricted 
to tropical and subtropical regions in Eastern Asia and central 
Africa. Fossils belonging to this family of bats are recorded 
in Oligocene and Miocene European sites, but are no longer 
found since sometime in the Early to Late Pliocene transi-
tion. Their disappearance from Europe was probably caused 
by climate change from subtropical to temperate conditions. 
Thus, the record of this megadermatid fossil in La Piquera 

Fig. 5. Digital images of chiropterans from La Piquera site, Lower Pliocene, Duero Basin, Spain. A. Megadermatidae indet., UCM-LPQ-CHI-1, right p4 in 
lateral view. B. Rhinolophid Rhinolophus sp. 1, UCM-LPQ-CHI-2, left mandibular fragment with m2 and m3 in lateral view. C. Rhinolophid Rhinolophus 
sp. 2, UCM-LPQ-CHI-3, right M1 in occlusal view. D. Vespertilionid Myotis sp. 1, UCM-LPQ-CHI-4, right M1 in occlusal view. E. Vespertilionid Myotis 
sp. 2, UCM-LPQ-CHI-5, left M2 in occlusal view. F. Miniopterid Miniopterus sp., UCM-LPQ-CHI-6, right M2 in occlusal view.
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supports the persistence of warm, subtropical climatic condi-
tions in Iberia at least during the Early Pliocene.

Insectivores: The insectivore assemblage includes four 
different species, namely three soricids (Myosorex meini, 
Paenelimnoecus cf. pannonicus, Neomyini indet.) and one 
galericine erinaceid (Parasorex ibericus).

Myosorex meini (Fig. 6A) is the main insectivore species 
represented in La Piquera. Its most evident differential traits 
are the non-pigmented teeth, the transversely elongated up-
per molars (mainly M1 and M2), the position of the mental 
foramen under the p4, the short talonids of m1 and m2, and 
the presence of a tiny a2 hanged between the a1 and the 
p4 in excellently preserved specimens. The occurrence of 
Myosorex meini reinforces the post-Messinian age of the site 
because Myosorex is a genus with an African origin, which 
reached the Iberian Peninsula during the Mediterranean 
desiccation (Furió et al. 2007). The predominance of this 
insectivore (about two thirds of the total insectivore assem-
blage) compared with the low frequencies of its counterparts 
is indicative of rather dry environmental conditions.

Paenelimnoecus is a frequent form in the Eurasian small 

mammal assemblages during most of the Miocene and 
Pliocene. Its small dimensions are only comparable with the 
Etruscan shrew (Suncus etruscus), the smallest present-day 
soricid. Other than its extremely reduced size, this extinct ge-
nus is characterized by the lack of entoconid cristids and the 
rather straight labial cingulids in m1 and m2. As a minor com-
ponent of the insectivore assemblage, not many elements have 
been recovered hitherto, so the specific ascription is still to be 
confirmed. The ecological preferences of this extinct genus of 
tiny shrews are yet unknown, but according to its widespread 
distribution, the genus Paenelimnoecus rather thrived under 
all kinds of environmental conditions. In such sense it is to be 
noticed that this genus was likely one of the few soricids not 
strictly dependent on high environmental wetness as deduced 
by its frequent occurrence in Mio-Pliocene localities from the 
southeast of Spain influenced by dry external conditions (e.g., 
Minwer-Barakat et al. 2010; Van Dam et al. 2014; Furió and 
Agustí 2017; Piñero et al. 2018b).

The occurrence of an undetermined form of Neomyini 
(Fig. 6B, C) is clearly evidenced by several mandibular ele-
ments preserving the condyle, in which a small upper articu-

Fig. 6. ESEM images of insectivores from La Piquera site, Lower Pliocene, Duero Basin, Spain. A. Soricid Myosorex meini Jammot, 1977, UCM-LPQ-
EUL-1, right M1 in occlusal view. B. Soricid Neomyini indet., UCM-LPQ-EUL-2, left mandibular fragment with p4–m2 in lateral view. C. Neomyini indet., 
UCM-LPQ-EUL-3, left mandibular fragment with m2 in lateral view. D. Erinaceid Parasorex ibericus (Mein and Martín-Suárez, 1993), UCM-LPQ-EUL-4, 
right M1 in occlusal view.
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lar facet is separated from an elongated lower articular facet 
by a long and rather narrow interarticular area. Other typical 
traits within the tribe are the weak to intermediate degree of 
pigmentation of the teeth, the undulated labial cingulids, 
and the clear presence of entoconid cristids in m1 and m2. 
The first Neomyini occurrences in Spain correspond to the 
latest Miocene faunas (Furió and Agustí 2017). Hitherto, 
the only reported genus of this tribe in the Early Pliocene 
faunas of Spain is Asoriculus (Rofes and Cuenca-Bescós 
2006), which was one of the most successful insectivores by 
the end of the Pliocene and the earliest Pleistocene (Furió et 
al. 2018). However, the available material from the studied 
locality does not preserve traits that are diagnostic at the ge-
nus or species level. In fact, other members of this tribe have 
been reported from different localities close to the transi-
tion from the Miocene to the Pliocene around Europe (e.g., 
Kowalski 1956; Rzebik-Kowalska 1998; Rzebik-Kowalska 
and Nesin 2010). Thus, even though the most likely genus 
of Neomyini present in La Piquera should be Asoriculus, 
other options cannot be discarded. In any case, the presence 
of neomyine forms is usually considered an indication of 
continental water bodies in the nearby area.

Parasorex (Fig. 6D) is a very frequent element within 
Middle Miocene to Pliocene small mammal assemblages 
from Spain. Parasorex ibericus is typical in Late Miocene 
and Early Pliocene faunas (Mein and Martín-Suárez 1993; 
Minwer-Barakat et al. 2012; Furió and Agustí 2017; Furió et 
al. 2018). Its occurrence in La Piquera is clearly evidenced 
by the rather large dental elements found and the trans-
versely elongated upper molars with the posterior cingula 
interrupted by the posterior arm of the metaconule. As in 
the case of the soricid Paenelimnoecus, Parasorex is eco
logically a eurytopic form, with a wide range of tolerance to 
external conditions. This galericine erinaceid is present in 
almost all the fossil sites close to the Mio-Pliocene transition 
from southwestern Europe, being better represented in fos-
sil assemblages with low deduced environmental moistures.

Rodents: The rodent assemblage from La Piquera (Fig. 7) 
is highly diversified, comprising the cricetids Ruscinomys 
lasallei, Apocricetus cf. barrierei, and Blancomys aff. sanzi, 
the murids Stephanomys dubari, Apodemus gorafensis, Para­
ethomys meini, Occitanomys alcalai, and Castillomys graci­
lis, the gerbil Debruijnimys sp., the glirids Eliomys truci and 
Glis cf. minor, and the sciurid Atlantoxerus sp.

Ruscinomys lasallei (Fig. 7A) is the second most numer-
ous rodent, with 15% of the total rodent abundance. This 
species is characterized by highly hypsodont teeth. In the 
M1 a deep groove separates the anterocone into two lobes. 
However, this groove does no reach the base of the crown, 
the two lobes of the anterocone becoming widely confluent 
as wear increases. The lingual lobe of the anterocone is 
rounded and smaller than the labial lobe. The anterior ecto
loph reaches the paracone at lower height than the posterior 
ectoloph. In the m1, the anteroconid is rounded and does not 
present an anterolophid. A labially oriented mesolophid is 
present, connecting the paraconid at mid height of the crown. 

The genus Ruscinomys was erected by Depéret (1890) to 
define a large-sized and high-crowned cricetid from the 
Pliocene of Perpignan, Ruscinomys europaeus. Ruscinomys 
is common in the Late Miocene and Early Pliocene faunas 
of western Europe, showing increase in tooth size and crown 
height over time (Minwer-Barakat et al. 2009a). Ruscinomys 
lasallei was defined as a species intermediate between the 
Turolian R. schaubi and the Ruscinian R. europaeus. The 
continuous record of this genus from the Turolian to the 
lower Ruscinian in the Granada Basin supports the hypoth-
esis of a lineage Ruscinomys schaubi–Ruscinomys lasallei–
Ruscinomys europaeus (García-Alix et al. 2008b).

Apocricetus is scarcely represented in the rich sample 
from La Piquera, with only one M1 (Fig. 7C) and a frag-
ment of m1 preserving the anterconoid, protoconid, and 
metaconid. The M1 lacks any evidence of cingulum ridge at 
the anterior wall of the tooth. The anterocone is double, the 
two lobes of the anterocone connecting posteriorly to a wide 
prelobe. The protolophule is posterior, and the mesoloph is 
absent. The tooth presents an anterior metalophule while the 
posterior metalophule is absent, the posteroloph connecting 
directly to the posterior wall of the metacone. Regarding the 
fragmentary m1, it presents a wide anteroconid slightly sub-
divided into three cusps. There is a very short prelophid, the 
two anterolophulids and the anterior arms of the protoconid 
and metaconid being almost confluent and drawing an “X” 
shape. The mesolophid is apparently absent. The shape of 
the M1 and the slight tripartition of the anteroconid in the 
m1 strongly point to Apocricetus barrierei, which is present 
in several Early Pliocene faunas known from the Betic and 
the Teruel basins (Freudenthal et al. 1998; García-Alix et al. 
2008b; Mansino et al. 2017b; Piñero et al. 2017a; among oth-
ers). However, more material will be necessary in order to 
confirm this assignment. This cricetid was originally iden-
tified in the Early Pliocene faunas of southern France, being 
first described as Cricetus barrierei (see Mein and Michaux 
1970). Later, this species was included in Apocricetus 
by Freudenthal et al. (1998). Apocricetus barrierei arose 
from the smaller Apocricetus alberti close to the Miocene/
Pliocene boundary (Freudenthal et al. 1998). The lower-
most Pliocene site of Purcal-4 (between 5.2 and 5.3  Ma; 
Martín-Suárez et al. 1998) yielded the oldest population 
clearly assigned to Apocricetus barrieri (García-Alix et al. 
2008b; Piñero and Agustí 2019). The species of Apocricetus 
constitute the anagenetic lineage Apocricetus aff. plinii–
Apocricetus plinii–Apocricetus alberti–Apocricetus bar­
rierei–Apocricetus angustidens. This lineage underwent 
gradual morphological and biometrical changes throughout 
the Late Miocene and Pliocene (MN11–MN16) (Freudental 
et al. 1998; Mansino et al. 2014).

The cricetid Blancomys aff. sanzi is surprisingly abundant 
among rodents from La Piquera, with 42 specimens (Fig. 7B). 
The genus is poorly known, its material being scarce and its 
record very discontinuous. The oldest record of Blancomys 
is found at the site of Almenara-Casablanca M, associated 
with a Late Miocene fauna including Apodemus gudrunae, 
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Stephanomys ramblensis, Paraethomys meini, Apocricetus 
alberti, Debruijnimys almenarensis, Myocricetodon jaegeri, 
Pseudomeriones abbreviatus, and Calomyscus sp. (Agustí 
et al. 2011; Minwer-Barakat et al. 2018). As in the case of 

allochtonous elements such as Debruijnimys almenaren­
sis, Pseudomeriones abbreviatus, Myocricetodon jaegeri, 
and Calomyscus sp., its entry in the Iberian Peninsula is 
most probably related with the Messinian Salinity Crisis, 

Fig. 7. ESEM images of rodents from La Piquera site, Lower Pliocene, Duero Basin, Spain, all in occlusal view. A. Cricetid Ruscinomys lasallei Adrover, 
1969, UCM-LPQ-ROD-1, left M1. B. Cricetid Blancomys aff. sanzi Adrover, Mein, and Moissenet, 1993, UCM-LPQ-ROD-2, right M1. C. Cricetid 
Apocricetus cf. barrierei (Mein and Michaux, 1970), UCM-LPQ-ROD-3, left M1. D, E. Murid Stephanomys dubari Aguilar, Michaux, Bachelet, Calvet, 
and Faillat, 1991. D. UCM-LPQ-ROD-4, right M1. E. UCM-LPQ-ROD-5, right m1 and m2. F. Murid Occitanomys alcalai Adrover, Mein, and Moissenet, 
1988, UCM-LPQ-ROD-6, left M1. G. Murid Apodemus gorafensis Ruiz Bustos, Sesé, Dabrio, Peña, and Padial, 1984, UCM-LPQ-ROD-7, right M1. 
H. Murid Castillomys gracilis van de Weerd, 1976, UCM-LPQ-ROD-8, left M1. I, J. Murid Paraethomys meini (Michaux, 1969). I. UCM-LPQ-ROD-9, 
right M2. J. UCM-LPQ-ROD-10, right m1, m2, and m3. K. Gerbillid Debruijnimys sp., UCM-LPQ-ROD-11, left m1. L. Glirid Eliomys truci Mein and 
Michaux, 1970, UCM-LPQ-ROD-12, left M1/2. M. Glirid Glis cf. minor, UCM-LPQ-ROD-13, left m1. N, O. Sciurid Atlantoxerus sp. N. UCM-LPQ-
ROD-14, left M1/2. O. UCM-LPQ-ROD-15, right m1/2. 
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which opened new dispersal routes with Africa and Asia 
(Agustí 1989; Agustí et al. 2006; García-Alix et al. 2016; 
Booth-Rea et al. 2018). Blancomys disappeared in the Late 
Pliocene. Other than Almenara-Casablanca M, the species 
of Blancomys are present in several sites from eastern and, 
although more rarely, southern Spain, including the Teruel, 
Alcoy, Granada, and Guadix-Baza basins (Mazo et al. 1985; 
Adrover 1986; Sesé 1989; Castillo 1990; Mein et al. 1990, 
Adrover et al. 1993b; García-Alix et al. 2008b; Maldonado-
Garrido et al. 2017; among others). In contrast, Blancomys 
appears to be absent from the rich late Neogene sequences 
of the Fortuna Basin (Agustí et al. 2006; Piñero and Agustí 
2019). Blancomys sanzi (type locality La Gloria 5, Teruel 
Basin) is so far the most archaic species of the genus, being 
smaller and less hypsodont than the species B. neglectus 
(type locality Layna) and B. meini (type locality Sarrión) 
(Van de Weerd et al. 1977; Adrover 1986). The abundant 
material coming from La Piquera coincides in shape with 
the sample from the type locality of La Gloria 5, although it 
presents smaller dimensions, suggesting that we are dealing 
with a more archaic population.

Stephanomys dubari (Fig. 7D, E) represents the most 
abundant rodent at La Piquera, making 65% for the whole 
rodent association, and 85% of the total murid sample. The 
teeth show the main features of Stephanomys, including high 
crown, development of longitudinal crests in the lower teeth, 
and presence of posterior crests and spurs on the tubercles 
1 and 3 (t1 and t3) in the upper teeth. The material from La 
Piquera is intermediate between Stephanomys ramblensis 
and Stephanomys cordii both in size and in stephanodonty 
and hypsodonty, pointing towards Stephanomys dubari, a 
taxon defined by Aguilar et al. (1991) as an intermediate spe-
cies between S. ramblensis and S. cordii. The morphology of 
the molars from La Piquera is also consistent with S. dubari 
from its type locality, Castelnou 3 (Aguilar et al. 1991), 
and other Mio-Pliocene localities (Mansino et al. 2017a; 
García-Alix et al. 2008c; Piñero and Agustí 2019). The other 
Stephanomys species from the Pliocene and Pleistocene are 
larger, have higher crowns and more pronounced stephano-
donty than the studied material. The sample of La Piquera 
is undoubtedly the most extensive collection of S. dubari 
recorded to date. The temporal distribution of this frequent 
murid extends from the Late Miocene to the Early Pliocene, 
being first recorded at Venta del Moro (6.2 Ma; Gibert et al. 
2013; Mansino et al. 2017a). The transitional replacement 
of Stephanomys dubari by Stephanomys cordii took place 
sometime between 4.9 and 4.6 Ma (Piñero and Agustí 2019). 
García-Alix et al. (2008c) proposed the anagenetic evolu-
tionary line Occitanomys adroveri–Stephanomys ramblen­
sis–Stephanomys dubari–Stephanomys cordii. This lineage 
underwent a continuous increase in size, crown height, and 
stephanodonty over time, which is supported by the very 
complete and continuous record of Stephanomys from the 
Fortuna Basin. The oldest evidence of Stephanomys has 
been documented at the late Turolian site of Sifón-1, at about 
6.9–6.7 Ma (Piñero and Agustí 2019).

The murid Occitanomys alcalai is well represented 
at La Piquera (Fig. 7F), being the second murid in abun-
dance (48 specimens). The sample from La Piquera differs 
from Occitanomys hispanicus in the better development 
of the t6–t9 connection. The teeth are similar in size to 
Occitanomys sondaari but, unlike that species, they have 
well-developed labial cingula in the lower molars, and t1bis 
and t6–t9 connection in the upper molars (Van de Weerd 
1976). Occitanomys brailloni can be distinguished from 
Occitanomys species from La Piquera by its larger size and 
more frequent and better developed longitudinal connec-
tions (Michaux 1969). Occitanomys adroveri is larger and 
has more frequency and better development of longitudinal 
connections in the lower molars. In addition, the t1 in the 
M1 is in a more anterior position (Van de Weerd 1976). The 
specimens from La Piquera are consistent with some of the 
diagnostic features of O. alcalai, including the relatively 
high crown, well-developed t1bis, absence of isolated tuber-
cles, well-developed spurs in the upper molars, and sym-
metrical anteroconid (Adrover et al. 1988). The size is also 
close to that of O. alcalai from Peralejos E (type locality; 
Adrover et al. 1988). This small-sized Occitanomys species 
is very common in Late Miocene and Early Pliocene Iberian 
faunas, having a wide stratigraphic range (Van de Weerd 
1976; Adrover et al. 1988, 1993b; García-Alix et al. 2008c; 
Minwer-Barakat et al. 2009b; Mansino et al. 2015a, 2016b, 
2017a; among others). Alike Stephanomys ramblensis, its 
oldest record has been reported at Sifón-1 (MN13; Piñero 
and Agustí 2019), whereas its last occurrence is recorded 
at the Lower Pliocene site of Gorafe-4 (upper MN14), be-
tween 4.30 and 4.19 Ma (Martín-Suárez 1988; Piñero et al. 
2018a). Occitanomys is known also from the Upper Pliocene 
(MN16), with the species Occitanomys brailloni.

Apodemus gorafensis is scarcely represented at La Piquera 
(20 specimens) (Fig. 7G). The molars lack a longitudinal crest 
in the lower teeth and have a well-developed medial antero-
conid (tma) in the m1, two diagnostic traits of Apodemus 
(Martín-Suárez and Mein 1998). These molars are larger or 
slightly larger than in the Miocene species Apodemus lug­
dunensis, Apodemus barbarae, and Apodemus meini, the 
Mio-Pliocene Apodemus gudrunae, and the Plio-Pleistocene 
Apodemus atavus (Van de Weerd 1976; Martín-Suárez 1988; 
Martín-Suárez and Freudenthal 1993; Piñero and Agustí 
2020; Agustí et al. 2022; among others). Apodemus agustii 
differs from the Apodemus sample of La Piquera by the pres-
ence of less pronounced stephanodonty in the upper molars, 
and a funnel delimited by the anteroconid, protoconid, and 
metaconid in m1 (Martín-Suárez 1988). The specimens from 
La Piquera fit the size of A. gorafensis from its type locality, 
Gorafe-A (Ruiz-Bustos et al. 1984). In addition, they show 
typical traits of A. gorafensis: presence of a well-developed 
labial cingulum and a large tma and c1 in the m1, presence 
of elongated t7 and posterior spur in the t3 of the M1, and 
weak t6–t9 connection in the M2. This species was first de-
scribed by Ruiz-Bustos et al. (1984) from the Lower Pliocene 
level of Gorafe-A (Guadix-Baza Basin), having been sub-
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sequently identified in several Late Miocene and Pliocene 
faunas from the Iberian Peninsula (Adrover et al. 1993b; 
García-Alix et al. 2008c; Mansino et al. 2015b; Piñero et al. 
2017a; among others). The oldest record of A. gorafensis was 
reported at the Upper Miocene level of Sifón-3 (MN13, upper 
Turolian), at about 6.7 Ma (Piñero and Agustí 2019). Martín-
Suárez and Mein (1998) suggested that this murid arose from 
A.  gudrunae. However, Piñero and Agustí (2019) proposed 
that A. gorafensis was either an immigrant to the Iberian 
Peninsula or the result of a quick cladogenetic process, based 
on evidence from the Fortuna Basin.

Castillomys gracilis (Fig. 7H) is relatively well repre-
sented in La Piquera. The material consists of 28 isolated 
teeth, with low crown, small size, absence of t7, develop-
ment of posterior spur in the t1 of the M2, and presence of a 
longitudinal spur in the m1. This morphology is consistent 
with that of Castillomys. The specimens from La Piquera 
differ from Castillomys crusafonti, Castillomys rivas, and 
Castillomys africanus by their smaller size and lesser de-
velopment of the t1–t5 and t3–t5 connections (Michaux 
1969; Martín-Suárez and Mein 1991; Coiffait 1991; Minwer-
Barakat et al. 2005). The presence of an isolated t3 in the 
M2, and the incomplete longitudinal connection in some 
m1 are in accordance with Castillomys gracilis. Moreover, 
the size is similar to that of C. gracilis from its type local-
ity, Caravaca (Van de Weerd 1976). Castillomys gracilis is 
considered a typical species of the Lower Pliocene in the 
Iberian Peninsula (Van de Weerd 1976; Mein et al. 1990). 
Apparently, the first occurrence of the genus Castillomys 
coincides with the beginning of the Pliocene (Piñero and 
Agustí 2019). Martín-Suárez and Mein (1991) proposed 
the evolutionary lineage Castillomys gracilis–Castillomys 
crusafonti–Castillomys rivas. Along this phyletic lineage, 
an increase in size and a better development of the longi-
tudinal connections in all molars occur. Castillomys from 
La Piquera would apparently represent the earliest record 
of this genus, which became extinct at the Early/Middle 
Pleistocene boundary (Agustí et al. 1999).

Paraethomys meini represents the least abundant murid 
at La Piquera, with only five identified specimens (Fig. 7I, 
J). The material is consistent with the typical features of 
Paraethomys: t9 absent in the M2, tma absent in the m1, 
weak or moderate labial cingulum in the lower molars, 
and presence of a small funnel of enamel in the m1. The 
specimens from La Piquera are smaller and have the distal 
spurs on the t1 and t3 less developed than in Paraethomys 
baeticus, Paraethomys abaigari, and Paraethomys jaegeri 
(Montenat and de Bruijn 1976; Adrover et al. 1988; Piñero 
and Verzi 2020). Paraethomys from La Piquera differs 
from Paraethomys balearicus in having slightly smaller 
size and lower-crowned molars (Torres-Roig et al. 2019). 
Paraethomys belmezensis can be distinguised from the 
studied molars by the presence of a well-developed tma 
connected to the lingual lobe of the anteroconid (Castillo 
Ruiz 1992). The molars from La Piquera are close in size 
and morphology to Paraethomys meini from its type local-

ity, Sète (France; Michaux 1969). The genus Paraethomys 
was a widely distributed murid in both southwestern 
Europe and northern Africa since the Late Miocene. The 
populations on both shores of the Mediterranean under-
went divergent evolutionary processes after their split at 
the end of the Messinian Salinity Crisis (De Bruijn 1973; 
Jaeger et al. 1975; Coiffait and Coiffait 1981; Renaud et 
al. 1999; among others). The North African representatives 
of the genus reached the late Middle Pleistocene, whereas 
the European lineage became extinct during the Pliocene. 
Paraethomys meini dispersed into Europe probably from 
northern Africa, prior to the Messinian Salinity Crisis, at 
about 6.2 Ma (Garcés et al. 1998, 2001; Agustí et al. 2006; 
Gibert et al. 2013). It is the oldest representative of the 
genus in Europe, whose stratigraphic range extends from 
the upper Turolian (MN13, Upper Miocene) to the upper 
Ruscinian (MN15, Pliocene). Paraethomys became more 
diversified during the Pliocene, when larger species such as 
Paraethomys baeticus, Paraethomys jaegeri, Paraethomys 
abaigari, Paraethomys belmezensis, and Paraethomys bale­
aricus occurred (Montenat and De Bruijn 1976; Castillo-
Ruiz 1992; Adrover et al. 1988; Torres-Roig et al. 2019; 
Piñero and Verzi 2020). The large-sized Paraethomys bae­
ticus would have diverged from Paraethomys meini through 
asymmetric speciation at about 4.6 Ma, representing the 
first form of the phyletic lineage Paraethomys baeticus–
Paraethomys abaigari–Paraethomys jaegeri, which is char-
acterized by a gradual increase of size and a progressive de-
velopment of longitudinal connections in the molars along 
the Pliocene. The genus must have vanished from Europe 
at some moment slightly before the Ruscinian/Villanyian 
boundary (Piñero and Verzi 2020).

Debruijnimys was established by Castillo and Agustí 
(1996) on the basis of the species Debruijnimys julii, from the 
Upper Pliocene site of Asta Regia (Jerez Basin). Besides the 
type-species, the formerly described Protatera almenarensis 
was also included in this genus by Agustí and Casanovas-
Vilar (2003). In the same paper, these authors also recognized 
a third unnamed species, Debruijnimys sp., from the site of 
Alcoy 4B. This species was smaller and had less developed 
longitudinal spurs than D. julii. Moreover, it also differs 
from D. almenarensis because of its more reduced size and 
smaller, rounded anteroconid. Isolated teeth of this small 
Debruijnimys species are also present at the Early Pliocene 
faunas of Sifón-413 (Piñero and Agustí 2019), Botardo D 
(Piñero and Agustí 2020), and Puerto de la Cadena (Piñero 
et al. 2017b). The specimens from La Piquera coincide in 
size and shape with the scarce material coming from Alcoy 
4B and the other above-mentioned sites. Debruijnimys sp. 
(Fig. 7K) from La Piquera is the largest sample of this un-
named species recovered to date (ten isolated teeth). The 
genus Debruijnimys is of African origin and probably dis-
persed into the Iberian Peninsula during the Messinian 
Salinity Crisis (Agustí et al. 2006; Minwer-Barakat et al. 
2009a). The oldest species of the genus is Debruijnimys al­
menarensis (Agustí 1990), which is restricted to a short in-
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terval close to the Miocene/Pliocene boundary. However, 
this genus persisted over the Pliocene with Debruijnimys sp. 
and Debruijnimys julii (Castillo and Agustí 1996; Piñero et 
al. 2017a, Mansino et al. 2015b). Agustí and Casanovas-Vilar 
(2003) proposed two different dispersal waves, so that in the 
first immigration wave Debruijnimys almenarensis reached 
the Iberian Peninsula, whereas Debruijnimys sp. arrived 
during the second one. Debruijnimys sp. probably evolved 
into Debruijnimys julii sometime between 4.8 and 4.4 Ma 
(Piñero and Agustí 2020), the latter persisting until the late 
Ruscinian (MN15) (Castillo and Agustí 1996).

Eliomys truci (Fig. 7L) is the dominant glirid in the as-
sociation of La Piquera, but its prevalence among the total 
sample of rodents is only around 1.5% (six isolated teeth). 
The M1/2 presents a very simple dental pattern, composed 
of anteroloph, protoloph, precentroloph, metaloph, and 
posteroloph. All these lophs (except the precentroloph) are 
lingually connected by a continuous endoloph. The pre-
centroloph is labially fused to the protoloph. There are no 
clearly differentiated cusps. The M3 also presents a very 
simple dental pattern, composed of anteroloph, protoloph, 
postcentroloph, metaloph, and posteroloph. The postcen-
troloph is labillay fused to the metaloph. As in the case of 
the M1/2, no clearly differentiated cusp can be recognized. 
Eliomys truci was originally described in the Early Pliocene 
fauna of Hautimagne (southern France, Mein and Michaux 
1970). Later, this species has been recognized in the Upper 
Miocene and Lower Pliocene of a number of Neogene ba-
sins in Spain: Teruel (Van de Weerd 1976; Adrover 1986; 
Adrover et al. 1993b), Fortuna (Piñero et al. 2018b; Piñero 
and Agustí 2019), Guadix-Baza (García-Alix et al. 2008b; 
Piñero and Agustí 2020), and Granada (García-Alix et al. 
2008b). It differs from the younger species of the genus 
(Eliomys yevesi, Eliomys intermedius, and Eliomys querc­
inus) by its smaller size and more complex dental pattern. 
The stratigraphic range of Eliomys truci is very wide. The 
oldest doubtless record of this dormouse comes from the 
early Vallesian fauna of Pedregueras 2A (MN9; Daams and 
Freudenthal 1988), whereas its youngest occurrence is re-
corded at Tollo de Chiclana-13 (MN16, lower Villanyian; 
García-Alix et al. 2008b).

Glis is represented at La Piquera by a single m1 (Fig. 7M). 
The dental pattern is composed of seven ridges: anterolophid, 
anterotropid, metalophid, centrolophid, mesolophid, postero-
tropid, and posterolophid. The anterolophid and metalophid 
are lingually fused by an endolophid; this is also the case for 
the metalophid and the posterolophid. The dimensions of the 
tooth (1.77 × 1.60 mm) fit the values of the species Glis minor 
from the type locality of Podlesice (Poland), although more 
material will be necessary in order to confirm this assign-
ment. Glis minor was originally defined at the Pliocene site 
of Podlesice as a subspecies Glis sackdillingensis minor (see 
Kowalski 1956). However, in his revision of the Pliocene and 
Pleistocene dormice from Poland, Kowalski (1963) decided 
to elevate the rank of this taxon to the species level based 
on its smaller dimensions. Glis minor is a widely distrib-

uted species, having been identified in the Plio-Pleistocene 
of France (Les Valerots; Chaline 1972), Italy (Moncuco 
Torinese; Angelone et al. 2011), Germany (Gundersheim 4 
and Sondershausen; Fejfar and Storch 1990; Hellmund and 
Ziegler 2012), Austria (Richardhof-Golfplatz, Richardhof-
Wald, Kohfidisch; Daxner-Höck and Höck 2009), Poland 
(Podlesice, Węże, Rębielice; Kowalski 1963), and Greece 
(Tourkobounia-1, Notio 1 and Komanos 1; De Bruijn and van 
der Meulen 1975; Hordijk and De Bruijn 2009). The extant 
Glis glis lives in forests and open woodland, and is mainly 
arboreal.

Sciurids are represented by scarce (one dp4, one m1/2 
and two M1/2) but well-preserved material (Fig. 7N, O). Its 
biometric homogeneity suggests that it corresponds to a sin-
gle taxon. The lower molars show an entolophid, which, ac-
cording to Cuenca-Bescós (1988), is a distinguishing feature 
of the tribe Xerini. Within faunas from the final part of the 
Late Miocene and the beginning of the Early Pliocene, this 
tribe is represented in the Iberian Peninsula by Atlantoxerus 
and Heteroxerus (Sesé 2006), which share a very similar 
dental pattern (Peláez-Campomanes 2001). Typically, the 
molars of Atlantoxerus species have larger dimensions than 
those of Heteroxerus, although some Atlantoxerus species 
share with Heteroxerus their reduced sizes. The sciurid mo-
lars from La Piquera have larger dimensions than those of 
the Heteroxerus species, excluding their attribution to that 
genus, so they are ascribed to Atlantoxerus. During the Late 
Miocene and Early Pliocene, two species of Atlantoxerus 
occurred in the study area: Atlantoxerus margaritae and 
Atlantoxerus adroveri (De Bruijn and Mein 1968; Van de 
Weerd 1976; Adrover et al. 1993a; García-Alix et al. 2007; 
Minwer Barakat et al. 2009a; Mansino et al. 2015b, 2016a; 
among others). A third species, Atlantoxerus cuencae, has 
been reported from the Late Miocene faunas of southern 
France (Aguilar et al. 1995). The size of the La Piquera 
lower (L = 2.75 mm; W = 2.92 mm; n = 1) and upper molars 
(L = 2.53 mm; W = 3.1 mm; n = 2; mean values) is similar 
to some populations of the species A. adroveri (Concud 3; 
Van de Weerd 1976) and A. cf. margaritae (Villalba Alta; 
Adrover et al. 1993a), but the small size of the sample pre-
vents further identification of this material. Nowadays, the 
ground squirrel Atlantoxerus is represented by the single 
species Atlantoxerus getulus from North Africa. It lives 
under arid or semiarid conditions, preferring sparsely 
vegetated areas of the Atlas Mountains (De Bruijn 1999; 
Krystufek et al. 2016).

Lagomorphs: The lagomorph assemblage from La 
Piquera includes three distinct forms that differ in size. The 
largest corresponds to a leporid because, in its lower denti-
tion, the talonids and trigonids of its molariform teeth are 
joined by a small lingual isthmus, and the third lower mo-
lar is bilobate (López-Martínez 1989; Laplana et al. 2015). 
Within the faunas from the final part of the Late Miocene 
and the beginning of the Early Pliocene, leporids are rep-
resented in the Iberian Peninsula by two genera, Alilepus 
and Trischizolagus (López-Martínez 1989, 2008; Sesé 2006). 
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The presence of an anteroflexid and a small paraflexid on 
p3 (Fig. 8A) rule out the inclusion of the La Piquera lepo
rid in Alilepus, whose representatives lack these structures 
(López-Martínez 1989; Čermak et al. 2015) and confirm its 
attribution to Trischizolagus. The scarcity of material (only 
one p3, the most diagnostic element, is available to date, Fig. 
8A) prevents us from specifying the attribution of this form 
beyond its generic ascription.

Trischizolagus is a widespread, extinct leporid. The 
geographic distribution of the genus includes much of 
the Palearctic region, having been recorded from western 
Europe to China, and probably northwestern Africa (López-
Martínez 1989; Geraads 1994; Averianov and Tesakov 1997; 
Qiu and Storch 2000; Čermák and Wagner 2013; Čermák 
et al. 2019; among others). The Iberian Trischizolagus re-
cord includes the most archaic species of the genus, i.e., 
Late Miocene Trischizolagus crusafonti and Early Pliocene 
Trischizolagus maritsae (Janvier and Montenat 1971; López-
Martínez 1989; Piñero et al. 2017b). These two species are 
smaller than the type species Trischizolagus dumitrescuae 
from the Late Pliocene of eastern Europe (Radulesco and 
Samson 1967). Although no transitional populations have 
yet been found, Trischizolagus has been proposed as a 
probable ancestor of Oryctolagus and Lepus, as well as 
for other leporines (López-Martínez 2008). The main hab-
itats of these extant lagomorphs are open lands such as 
Mediterranean shrubs.

Concerning the other two lagomorph species from La 
Piquera, their smaller size, the absence of any isthmus 
connecting the two lobes of the lower molariform teeth, 
the presence of three lobes in the m2, and the absence of 
m3 allow them to be included in the family Prolagidae 
(López-Martínez 1989; Laplana et al. 2015), while the pres-
ence of three labial and two lingual flexids allows them 
to be attributed to Prolagus (López-Martínez 1989). The 
most conspicuous difference between the two forms of 

Prolagus from La Piquera (Prolagus sp. 1 and 2) is their 
size (Fig. 8B, C). Ongoing studies on the dental morphol-
ogy of both forms will make it possible to determine their 
specific ascription.

Prolagus is one of the most common Neogene and 
Quaternary European mammals (López-Martínez 2001). 
It was a long-lived, widely distributed and abundant pro-
lagid genus that inhabited Europe, western Asia and North 
Africa (Angelone 2008). Like most pikas, the majority of 
Prolagus species are small sized. The Prolagus lineage in-
cludes about 22 different species, being present in Europe 
since the Early Miocene to the Holocene (López-Martínez 
1989, 2001; Angelone 2008; among others). According to 
López-Martínez (2001), Prolagus species were usually ther-
mophile wetland dwellers.

Artiodactyls: The large mammal remains from La 
Piquera are very scarce, comprising only three specimens, 
corresponding to three bovid teeth fragments: a left DP3 
(length = 7.2 mm: width = 6.4 mm), which can be attributed 
to an antilopini close to Gazella spp. or Hispanodorcas spp. 
according to its morphology and size (Alcalá 1994); a P3 
fragment (length = 14.4 mm) belonging to a larger sized bo-
vid with a moderately brachydont dentition; and an enamel 
fragment of a selenodont tooth, which could be decidual, 
very polished due to erosion, and that can be identified as a 
bunodont bovid upper molar.

Discussion
Stratigraphy of La Piquera site.—The cosmopolitanism, 
high evolutionary rates, and rapid diversification of small 
mammals, and particularly rodents, make them an excellent 
tool for correlating European faunas. Thereby, the stratigra-
phy of La Piquera can be estimated based on its micromam-
mal content.

Fig. 8. Lagomorphs from La Piquera site, Lower Pliocene, Duero Basin, Spain. A. Leporid Trischizolagus sp., UCM-LPQ-LAG-1, basal view of an unworn 
left p3. B. Prolagid Prolagus sp. 1, UCM-LPQ-LAG-2, left p3 in occlusal view. C. Prolagid Prolagus sp. 2, UCM-LPQ-LAG-3, right p3 in occlusal view.
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The rodents Ruscinomys lasallei, Eliomys truci, Stepha
nomys dubari, Occitanomys alcalai, Apodemus gorafensis, 
and Paraethomys meini are considered to be common taxa 
of the Miocene–Pliocene transition in the Iberian Peninsula. 
These rodents can be found in both Upper Miocene (up-
per Turolian, MN13) and Lower Pliocene (lower Ruscinian, 
MN14) localities (Martín-Suárez 1988; Mein et al. 1990; 
Adrover et al. 1993b; Agustí et al. 2006; García-Alix et al. 
2008b, c; Minwer-Barakat et al. 2009a, b, 2012; Mansino et 
al. 2015a, b, 2016b, 2017a, b; Piñero and Agustí 2019, 2020; 
Piñero et al. 2017b, 2018a; among others). However, consid-
ering biostratigraphic criteria, the presence of Castillomys 
gracilis implies an Early Pliocene age for La Piquera fauna. 
Although there are up to three samples of Castillomys gracilis 
presumably identified in the Late Miocene fauna (Salobreña, 
Almenara Casablanca-M, and La Dehesa-16; Aguilar et al. 
1984; García-Alix 2006; Agustí et al. 2011), the assignment 
of this material to the species is doubtful, most probably 
belonging to Occitanomys alcalai (see Piñero and Agustí 
2019). Thereby, the first occurrence of Castillomys gracilis 
would correspond to the Lower Pliocene, as was originally 
proposed by Van de Weerd (1976) and Mein et al. (1990). 
The presence of Debruijnimys sp. is a further evidence sup-
porting the Early Pliocene age of La Piquera fauna, since so 
far this gerbil has only been identified in sites assigned to 
the lower part of the MN14 unit (lower Ruscinian) (Agustí 
and Casanovas-Vilar 2003; Piñero and Agustí 2019, 2020; 
Piñero et al. 2017b). In addition, Apocricetus barrierei has 
been used to characterize the Lower Pliocene in the Iberian 
Peninsula, being indicative of an early Ruscinian age (see 
García-Alix et al. 2008b and references therein).

The insectivore assemblage also supports this chronol-
ogy. The simultaneous occurrence of Parasorex, Myosorex, 
Paenelimnoecus, and a Neomyini species (usually Asori­
culus gibberodon) is typical of the Lower Pliocene in Spain 
(Furió et al. 2018). Whereas Myosorex and Asoriculus (Neo
myini, in general) find their first occurrences at MN13, con-
temporary to the Messinian Salinity Crisis, Parasorex and 
Paenelimnoecus have their last occurrences at MN15 and 
MN16, respectively. Thus, the whole insectivore assemblage 
is consistent with an early Ruscinian age (MN14), when the 
four forms are rather frequent and abundant in the Iberian 
Peninsula.

At La Piquera there is no clear evidence of any reptile 
taxa with African affinities (waiting for a better attribution 
of snake material), that could be linked with a Messinian 
dispersal event, maybe with the exception of the poten-
tial erycid, as proposed by Szyndlar and Schleich (1994), 
and if the two snake taxa that were described above as 
Colubridae/Psammophiidae are indeed psammophiids, then 
they are the product of a Messinian dispersal from Africa to 
Iberia, as was recently demonstrated for the psammophiid 
Psammophis odysseus from Salobreña (southern Spain; 
Georgalis and Szyndlar 2022).

In the Fortuna Basin, the lowermost Pliocene level of 
Sifón-413 (5.33–5.23 Ma; Garcés et al. 2001; Piñero and Agustí 

2019) shares with La Piquera the presence of Occitanomys 
alcalai, Paraethomys meini, Stephanomys dubari, Debrui
jnimys sp., Apocricetus cf. barrierei, Ruscinomys cf. lasallei, 
and Eliomys truci. Sifón-413 provided a large sample of ro-
dent teeth belonging to a diversified assemblage in which the 
murid Castillomys gracilis is still absent, thus indicating a 
somewhat older age than La Piquera material.

The rodent assemblage from Puerto de la Cadena (south-
eastern Spain), dated to 5.0–4.9 Ma (Piñero et al. 2017b), is 
very similar to that of La Piquera. Similar taxa have been 
recognized in this level such as Apocricetus cf. barrierei, 
Debruijnimys sp., Paraethomys cf. meini, Stephanomys cf. 
dubari, and Ruscinomys lasallei, suggesting that they have 
a very close age. Similarly, in the Teruel Basin, the early 
Ruscinian locality of Peralejos-E shares with La Piquera 
some taxa such as Apocricetus barrierei, Apodemus go­
rafensis, Paraethomys meini, Stephanomys dubari (accord-
ing to García-Alix et al. 2008c), and Occitanomys alcalai 
(Adrover et al. 1988; Mein et al. 1990). Therefore, both sites 
are to be placed in a close biostratigraphic position.

The localities of Purcal-4 and 7 and Calicasas-3 and 4 
(García-Alix et al. 2008a–c), in the Granada Basin, have 
some taxa in common with La Piquera such as Occitanomys 
alcalai, Stephanomys dubari, Paraethomys meini, Apo­
demus gorafensis (Purcal-4, Calicasas-3), Castillomys grac­
ilis (Calicasas-3 and 4), Ruscinomys lasallei (Purcal-4 and 
Calicasas-3), and Apocricetus barrierei (Purcal-4 and 7). 
Thus, these sites must be very close in age. Purcal-4, a 
level correlated to the base of the Pliocene, has been dated 
to between 5.2 and 5.3 Ma (Martín-Suárez et al. 1998). In 
the Guadix-Baza Basin, Botardo-D is dated between 4.79 
and 4.63 Ma (Piñero et al. 2018b; Piñero and Agustí 2020) 
and has some elements in common with La Piquera such 
as Apocricetus barrierei, Paraethomys meini, Apodemus 
gorafensis, Castillomys gracilis, Debruijnimys sp., and 
Eliomys truci. However, Botardo-D includes Stephanomys 
cordii, descendant of Stephanomys dubari, suggesting a 
slightly younger age than La Piquera.

The nearby locality of Castillejo de Robledo (Luengo 
et al. 2009), in the Duero Basin, records some species also 
found in La Piquera. However, the Stephanomys species 
from Castillejo de Robledo was assigned to S. medius, 
which, without biometric data nor images, does not allow us 
to ascertain whether it corresponds to Stephanomys dubari 
or its descendant Stephanomys cordii. A more accurate 
study of the rodent fauna from this site would be required to 
be able to correlate precisely Castillejo de Robledo with La 
Piquera. Nevertheless, the record of the microtoid cricetid 
Celadensia at Castillejo de Robledo confirms its earliest 
Pliocene age (Mein et al. 1990), so these two sites would be 
stratigraphically close.

All the above-mentioned sites are older than those re-
porting two coexisting Paraethomys species (Paraethomys 
meini and Paraethomys baeticus; see Piñero and Verzi 2020 
and references therein). In La Piquera, two Paraethomys 
species are not yet distinguished. Despite this locality hav-
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ing yielded a huge number of rodent teeth, no specimen 
could be assigned to Paraethomys baeticus. This murid is a 
biostratigraphic marker of the upper part of the MN14 unit 
widely distributed in the Iberian Peninsula, whose chrono-
logical span ranges from ca. 4.6 to 4.3 Ma (Piñero and 
Verzi 2020). In this regard, La Piquera fauna is older than 
the Early Pliocene faunas recording Paraethomys baeticus 
such as Sifón Pista in the Fortuna Basin (Piñero and Agustí 
2019), La Bullana 3 and 2B in the Cabriel Basin (Mansino 
et al. 2015b), La Gloria-4 and Celadas-9 in the Teruel Basin 
(Adrover et al. 1993b), Gorafe A and Baza-1 in the Guadix-
Baza Basin (Ruiz Bustos et al. 1984; Piñero et al. 2017a), 
Calicasas-5A and Purcal-13 in the Granada Basin (García-
Alix et al. 2008a), and Alcoi Barranc Sud-2, 3, and 3A in the 
Alcoy Basin (Mansino et al. 2015a), among others.

The rodent association from La Piquera therefore indicates 
an intermediate biostratigraphic position between the Lower 
Pliocene levels of Sifón-413 (5.33–5.23 Ma) and Botardo-D 
(4.79–4.63 Ma), the new locality being correlated with the 
lower part of the MN14 unit (lower  Ruscinian) (see Fig. 9).

Palaeoenvironment.—Small vertebrates have been widely 
used as palaeoclimatic and palaeoecological indicators (e.g., 
López-García et al. 2008). Amphibian and reptile species 
are particularly useful for palaeoenvironmental reconstruc-
tions (Blain et al. 2009, 2016; Sánchez-Bandera et al. 2020; 
among others). Small mammal assemblages also provide 
interesting information on the past environmental and cli-
matic conditions (e.g., Martín-Suárez et al. 2001; Minwer-
Barakat et al. 2005; Montuire et al. 2006; Furió et al. 2011; 
Piñero et al. 2016). Here, we provide a preliminary palae-
oenviromental inference based on the ecological require-
ments of the small vertebrate taxa.

As a whole, the herpetofaunal assemblage from La 
Piquera suggests a relatively dry and warm, open environ
ment (Pelodytes, Bufotes viridis, possibly also agamids, 
scincids and lacertids, Blanus, and ?Erycidae) evolving lat-
erally to more humid scrubby and open-woodland conditions 
(Ophisaurus). Amphibians (Pleurodeles and Discoglossus) 
document the nearby presence of permanent water. Scincids 
and Blanus also indicate the presence of loose (sandy and 
stony) soils that they nowadays use for their thermoregula-
tion and as shelter (Pleguezuelos and Martínez-Rica 1997; 
Salvador 1997; Carrascal and Salvador 2002–2016; García-
París et al. 2004; Pleguezuelos et al. 2004). Mean annual pre-
cipitation, using the Paleoprecipitation tool method (Böhme 
et al. 2006), can be estimated around 374 mm, a rather low 
value especially when compared to the 700–750  mm ob-
served today in the region of study.

As for insectivores, the soricid Paenelimnoecus and the 
erinaceid Parasorex are ecologically eurytopic forms, with 
wide ranges of tolerance to external conditions. However, 
the dominance of the soricid Myosorex meini (2/3 of in-
sectivores) is indicative of rather dry environmental con-
ditions. This would be supported by the complete absence 
of desmanines, talpids that are linked to permanent water 

streams and that are abundant in the lowermost Pliocene in 
other areas of the Iberian Peninsula, such as the Teruel and 
Granada basins (Rümke 1985; Minwer-Barakat et al. 2020). 
The presence of continental water bodies in the nearby area 
is attested by the occurrence of Neomyini indet. It is sup-
ported by the occurrence of Prolagus, a lagomorph linked 
to wetlands.

The presence of a megadermatid among the chiropterans 
supports the presence of warm subtropical conditions when 
the deposit was formed. All Recent megadermatids have 
tropical and subtropical distributions, some of which linked 
to savanna environments thus agreeing with the palaeoenvi-
ronmental conditions indicated by the accompanying taxa.

Fig. 9. Biostratigraphic position of the La Piquera locality, placing other 
Spanish sites for comparison. The localities marked with an asterisk are 
calibrated with paleomagnetic data (Opdyke et al. 1997; Martín-Suárez et 
al. 1998; Garcés et al. 2001; Mansino et al. 2015b; Piñero et al. 2017b, 
2018a). Abbreviations: ATNTS, Astronomically Tuned Neogene Time 
Scale; ELMA, European Land Mammal Ages; MN, Mammal Neogene. 
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The rodent assemblage is mostly dominated by Rusci
nomys and Stephanomys, both taxa considered to be in-
habitants of open grassy areas (Van Dam and Weltje 1999; 
Piñero et al. 2017a). The two taxa account for a prevalence 
of about 80% among rodents. Although less abundant, 
Castillomys gracilis, Occitanomys alcalai, Blancomys sanzi, 
and Apocricetus barrierei are also interpreted as dwellers of 
open herbaceous meadows (García-Alix et al. 2008d and ref-
erences therein; Piñero et al. 2017a). The open, bare habitat is 
represented by Debruijnimys sp. and Atlantoxerus sp. (<1%). 
Likewise, the woodland elements (according to García-Alix 
et al. 2008d) are poorly represented (1.5% of rodents), with 
only Eliomys truci and Glis cf. minor. The ecological pref-
erences of Apodemus gorafensis and Paraethomys meini are 
unknown, but they account for a very small part of the total 
rodent sample (3.5%).

Overall, the ecological affinities assigned to the identi-
fied small vertebrates suggest the presence of a landscape 
dominated by open herbaceous areas in the surroundings of 
La Piquera during the earliest Pliocene, with the occasional 
development of forest patches and stable water bodies under 
relatively dry and warm environmental conditions.

Conclusions
The diversity and abundance of small vertebrate remains 
in La Piquera, a new locality from the Iberian Peninsula, 
is extraordinary. With more than 1200 remains, represent-
ing 25 families, La Piquera is in the way of becoming a 
key locality for the Early Pliocene faunas of southwestern 
Europe, central Spain, where this time-span is poorly rep-
resented. Among the material, there are representatives of 
urodeles (Salamandridae), anurans (Alytidae, Pelodytidae, 
and Bufonidae), lizards (Agamidae, Lacertidae, Anguidae, 
Scincidae, and Blanidae), snakes (?Erycidae and Colubridae/
Psammophiidae), artiodactyls (Bovidae), insectivores (Sori
cidae and Erinaceidae), bats (Rhinolophidae, Vespertilioni
dae, Megadermatidae, and Miniopteridae), rodents (Crice
tidae, Gerbillidae, Muridae, Gliridae, and Sciuridae), and 
lagomorphs (Leporidae and Prolagidae). The faunal as-
semblage suggests an earliest Pliocene age (at about 5.3–
4.6  Ma), lower part of the MN14 unit (early Ruscinian), 
with the presence of Debruijnimys sp., Castillomys gracilis, 
Stephanomys dubari, Apodemus gorafensis, Paraethomys 
meini, Occitanomys alcalai, Apocricetus cf. barrierei, and 
Ruscinomys lasallei, among others. The ecological require-
ments of the small vertebrates point to the dominance of 
open grassy areas with a scarce presence of forested envi-
ronments under relatively dry and warm conditions during 
the earliest Pliocene in the Duero Basin.

The La Piquera collection represents the richest sample 
of small vertebrates from the beginning of the Pliocene doc-
umented to date in the Iberian Peninsula, contributing to an 
improved knowledge of the local biostratigraphic succession 
during the Neogene. Some taxonomic groups would deserve 

further investigation, and some of them probably include 
new species. Therefore, it is expected that La Piquera will 
be the subject of several taxonomic works. Aside from pro-
viding new information on the local Early Pliocene palaeo-
environment, the detailed study of the vertebrates from this 
site will shed light on the fauna that lived in central Iberian 
Peninsula after the Messinian Salinity Crisis.
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