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Abstract. The Early Pleistocene site of  Quibas, in Sierra de Quibas (Murcia, Spain) was discovered in 1994 and 
has since then provided abundant material of  typical Epivillafranchian taxa. This biochron belongs to the Early-Middle 
Pleistocene transition (1.2 – 0.78 Ma), characterised by a change in orbital cyclicity from a 41 kyr cycle to 100 kyr that 
intensified the climate and culminated in the most important faunal turnover of  the Pleistocene regarding large mam-
mals. The Group of  Palaeoanthropology of  the National Museum of  Natural Sciences (CSIC, Spain) and the Institut 
Català de Paleoecologia Humana i Evolució Social (IPHES-CERCA, Spain) carried out four field seasons from 2015 to 
2018. Here we present the large herbivorous mammals recovered from the field, including the first citation of  two taxa 
new to the locality: Stephanorhinus cf. etruscus and Bison cf. voigtstedtensis. We also provide the first description of  previously 
mentioned taxa: Dama cf. vallonnetensis and Sus sp. Together with the remaining herbivores, the faunal community shows 
a strong European affinity with some regionalism. Compared with other Iberian localities, the site of  Quibas stands out 
for the lack of  hominin fossils or any evidence supporting their presence in the area, a peculiar scenario given that the 
Early-Middle Pleistocene transition broadly speaking sees the arrival of  humans into Europe.
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Introduction

Since its discovery in 1994, multiple research 
projects have been carried out at the Quibas site, 
resulting in the identification of  more than 70 spe-
cies of  vertebrates and invertebrates (Montoya et al. 
1999, 2001; Carlos-Calero et al. 2006c, b; Alba et al. 
2011, Blain et al. 2014; Pérez-García et al. 2015; Pi-
ñero & Alberdi 2015; Piñero et al. 2015, 2020). Made 
et al. (2008) published the most recent faunal list of  
the site, including five herbivorous macromammals: 
Equus altidens von Reichenau, 1915, Sus sp., Cervidae 
indet. cf. Dama nestii vallonnetensis (Lumley, Kahlke, 
Moigne & Moullé 1988), Ovibovini indet. cf. Praeovi-
bos sp. and Capra alba Moyà-Solà, 1987. Later, Piñero 
& Alberdi (2015) identified E. suessenbornensis Wüst, 
1901. These species belong to the Epivillafranchian 
biochron (1.2 - 0.78 million years ago [Ma]), char-
acterized by the replacement of  the Villafranchian 
fauna by the Galerian fauna throughout the Early-
Middle Pleistocene transition (EMPT; Kahlke 2004). 
This transition responds to a progressive change from 
obliquity dominated cycles to excentricity dominated 
cycles, which imply the intensification of  climatic 
fluctuations. Consequently, terrestrial biomes recon-
figured, affecting faunal communities (Kahlke 2000; 

Madurell-Malapeira et al. 2014). This was the most 
relevant dispersal event of  the Pleistocene in terms 
of  the evolution and reorganization of  large terres-
trial mammal communities (Rook & Martínez-Na-
varro 2010; Bellucci et al. 2015; Palombo 2018). Un-
gulate mammals are particularly sensitive to changes 
in climatic cyclicity and the environment (Azzaroli et 
al. 1988; Koufos et al. 2005; Strani et al. 2019).

Piñero et al. (2020) dated the stratigraphic suc-
cession of  Quibas to the 1.2-0.78 Ma interval, which 
places the site in the biochronological framework 
mentioned above, corresponding to the Early Pleis-
tocene. The importance of  Quibas relies on the con-
tinuous record from pre-Jaramillo to post-Jaramillo 
intervals, related to the first arrival of  Homo in Eu-
rope (Toro-Moyano et al. 2013).

Our objective is to update the faunal fossil re-
cord of  the site and provide the results of  work car-
ried out by the Group of  Palaeoanthropology of  the 
National Museum of  Natural Sciences (CSIC, Spain) 
and the Institut Català de Paleoecologia Humana i 
Evolució Social (IPHES-CERCA). The joint team 
carried out four-season fields from 2015 to 2018. 
Here we present the results regarding the fossil re-
cord of  macromammal herbivores, the most abun-
dant in the assemblage of  large mammals. 

Fig. 1 - Geographic location of  the fossiliferous site of  Quibas and stratigraphic framework. A) Map of  the Iberian Peninsula and geographic 
position of  Murcia. B) Location of  Quibas within the Sierra de Quibas. C) Structural and stratigraphic context of  the Quibas site 
(picture modified from Piñero et al. 2020). The yellow stars stand for the Quibas site and the provenance of  the studied specimens.
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Geological Setting

The palaeontological site of  Quibas (38º18’51’’ 
N, 1º4’42’’W) is on the southeast slope of  the Sierra 
de Quibas (Abanilla locality, Murcia) in the southeast 
of  the Iberian Peninsula (Fig. 1). This carbonate mas-
sif  is 6 km long and 2.5 km wide with a north-east – 
south-west orientation. It lies in the Middle Subbaetic 
region (Baetic Mountains) at the intersection of  three 
faults with N110E, N160E and N175E orientation 
(Durán et al. 2004; Rodríguez-Estrella et al. 2004).

The Sierra de Quibas mountain is composed 
of  allochthonous subbaetic sediments with a carbon-
ate series dominated by Lower Jurassic units (marl, 
clay and gypsum) (Rodríguez-Estrella et al. 2004). 
The great karstic activity at the Pliocene-Pleistocene 
transition resulted in a complex karstic system within 
the Lower Jurassic limestone and dolostone of  the 
mountain range. The palaeontological site is within 
this karstic complex, specifically in an endokarstic 
structure that involves galleries infilled with Pleisto-
cene detrital deposits (clay, sand and breccia) (Durán 
et al. 2004).

The site is organised into three main sections 
of  which two have more palaeontological relevancy 
(Rosas et al. inedit [2017]): Quibas-Cueva (QC), a 9 
m long and 5 m wide horizontal gallery; and Quibas-
Sima (QS), a 12 m deep and 2 m wide vertical chasm. 
The two areas are separated by calcitic speleothems 
(Carlos-Calero et al. 2006c). Recent work carried out 
by Piñero et al. (2020) dates the stratigraphic succes-
sion of  the Quibas section to between approximately 
1.08 – 0.98 Ma. In the palaeontological analysis, speci-
mens from levels QC4, QS3 and QS4 have been ac-
curately determined. Levels QS3 and QS4 have been 
dated to the Jaramillo subchron by biochronological 
analysis of  micromammals and magnetostratigraphy 
(Piñero et al. 2020, 2022). Following the correlation 
hypothesis proposed during the fieldwork, level QC4 
correlates with part of  the QS1, just prior to the Ja-
ramillo subchron (ca. 1.072 Ma). This hypothesis is 
plausible considering the dating of  the Quibas-Cueva 
Base at around ca. 1.08 Ma (Piñero et al. 2020).

Material And Methods

The studied fossil material was collected during the 2015-2018 
field seasons, and comes from the Quibas-Cueva (QC) and Quibas-
Sima (QS) sectors of  the Quibas palaeontological site (Murcia, Spain). 
The material belongs to three levels of  Quibas-Cueva (QC4, QC5, 

QC6) and two of  Quibas-Sima (QS3, QS4), with only specimens from 
QC4, QS3 and QS4 being suitable for detailed systematic analysis. The 
fossil labels describe the following information: site’year/level-suble-
vel/square/number. As an example, Q’18/QS3-1/N21/11 refers to 
Quibas, year 2018, level QS3, sublevel 1, N21 square, fossil number 
11. The fossil material is stored in the Department of  Palaeobiology 
(Group of  Palaeoanthropology) of  the National Museum of  Natural 
Sciences (CSIC, Madrid, Spain), pending its final deposit at the Museo 
Arqueológico de Murcia. The material relevant for taxonomic purposes 
was scanned into 3D models. The studied sample consists of  278 ma-
cromammal fossils.

For taxonomic determinations we consulted the reference col-
lections of  the National Museum of  Natural Sciences and the Museum 
of  Comparative Anatomy of  Vertebrates. The nomenclature for the 
fossils descriptions and measurements for equids follows Eisenmann 
et al. (1988), and for rhinoceroses we followed Guérin (1980) for the 
nomenclature and Mazza (1988) for measurements. In the case of  the 
artiodactyls, the nomenclature of  the dentition follows Bärmann & 
Rössner (2011) and Made (1996); the latter is also applied to the nomen-
clature and measurement of  suids. For cervids and bovids the measu-
res were taken according to specifications by Made & Tong (2008) and 
Made (1989, 2012), except for Ld for the distal phalanx when pertinent 
(Von Den Driesch 1976). Apart from the specified nomenclature in Ta-
ble 1, equid phalanges are as 2FIII, with the Arabic number indicating 
the number of  the phalanx and the roman numeral indicating the digit 
(also for metapodials). Premolars and molars are given as P and M, re-
spectively, preceded by a d in the case of  deciduous teeth. The dentition 
is identified with a superscript for the upper elements and a subscript 
for the lower elements. The present article only describes the most ta-
xonomically relevant fossils. All measurements are in millimetres (mm) 
unless specified. We took the measurements with electronic sliding cal-
lipers with 0.1 mm resolution and ± 0.2 mm error. 

Once the fossil material was determined, we carried out the sta-
tistical analyses. Bivariate analyses are for the P2 and MC III of  equids, 
MC IV of  rhinoceroses, M3 of  cervids and the first phalanx of  bovids. 
The MC III of  the rhinoceros was analysed through a violin diagram 
with a box plot. In the case of  the MC III of  the horse, we calculated 
the robusticity index as the product of  Bd and l (Bd/l). For the statisti-
cal analyses we used PAST v.4.04 software (Hammer et al. 2001). The 
data considered for each analysis is mentioned in each case throughout 
the manuscript. We also calculated the minimum number of  individuals 
(MNI) when the high fragmentation of  the material made it possible.

Systematic Palaeontology

We determined that 127 fossils out of  a sample 
of  278 macrommamals remains are from herbivors. 
Herein we describe the 33 most relevant fossils.

L Maximum length 
l Medial length
DAP Antero-posterior diameter 
DT Transverse diameter 
o On the occlusal surface
b On the base of the crown 
p On the proximal epiphysis 
d On the distal epiphysis 
BP Maximum transverse diameter of the proximal epiphysis 
BD/Bd Maximum transverse diameter of the distal epiphysis 
MC Metacarpus 
MT Metatarsus 

Tab. 1 - Abbreviations for measurements used in the present work.
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Order Perissodactyla Owen, 1848
Family Equidae Gray, 1821

Genus Equus Linnaeus, 1758

Equus altidens von Reichenau, 1915
Pl. 1, figs. A-D; Fig. 2

Referred material. Left P2 (Q’18/QS3-1/N21/11), two 
right humeri (Q’18/QS3-2/M21/2, Q’18/QS3-1/N20/5), left 
(Q’17/QS3/O22/12) and right radius (Q’18/QS3/N22/3), left 
(Q’17/QS3/O22/16) and right ulna (Q’18/QS3/N21/5), left MC 
III (Q’18/QS3-1/N23/1), 2F III (Q’17/QS3/Q22/1), 3F III (Q’17/
QS3/Q23/2).

Measurements. See Table 2.

Description. The P2 has the lower half  frag-
mented and sediment deposition on most of  the 
occlusal surface, preventing us from observing the 
fold pattern of  the enamel, but allowing us to see 
that it is unworn. The mesostyle is well developed, 
unlike the parastyle. The protocone is reduced and 
has a subtriangular shape with a deep postproto-
conal groove. (Pl. 1, fig. A)

The postcranial elements show the cha-
racteristics of  the genus: the humeri have three 
main tubercles on the proximal epiphysis of  equal 
height from a cranial and dorsal perspective, and a 
prominent deltoid tuberosity. The ulnas lack the 
distal third portion of  the bone with the remai-
ning end reduced. The MC III has two incisions 
on the proximal epiphysis for the rudimentary me-
tacarpals and only one sagittal ridge on the distal 
epiphysis. The 2F III is wider than it is long and the 
proximal articular surfaces are concave and equal 
in size. The condyles of  the distal epiphysis have 
the same height. The 3F III is ‘U’ shaped from the 
dorsal view and has two ungual apophyses.

Remarks. The MNI indicates two indivi-
duals, both at a subadult or young adult stage of  

maturity. According to Silver (1963), the fusion 
stage of  the proximal epiphysis of  the humerus 
(Q’18/QS3-2/M21/2) indicates an age of  appro-
ximately three and a half  years. This matches with 
the fusion stage of  both ulnas, which allows us to 
postulate that these three elements belong to the 
same individual.

Following the most up-to-date taxonomic 
and biogeographic reviews of  the equids that in-
habited Europe during the last 2 Ma it seems ne-
cessary to consider at least the systematic featu-
res proposed for Equus stehlini Azzaroli, 1964, E. 
stenonis Cocchi, 1867, E. altidens, E. suessenbornensis 
Wüst, 1901 and E. apolloniensis Koufos, Kostopou-
los and Sylvestrou, 1997 (Cirilli et al. 2021; Cirilli 
2022). Equus stehlini and E. stenonis have been re-
corded in Western and Central Europe until about 
1.8-1.3 Ma. In order to rule out the possible at-
tribution of  the Quibas specimens to all species 
of  the genus Equus present in Western Europe 
in the Early Pleistocene, data from E. livenzovensis 
have been included, although its last occurrence 
seems to be at ca. 2 Ma ago at Fonelas-1 (Alberdi 
et al. 1997). The presence of  specimens assigned 
to both E. altidens and E. suessenbornensis has been 
previously determined at Quibas, agreeing with 
the chronology proposed for the levels (Piñero 
& Alberdi 2015). Biometric comparison with the 
synchronic taxon E. apolloniensis has not been con-
sidered, as its distribution seems to be restricted to 
Eastern Europe (Gkeme et al. 2021; Cirilli 2022). 

The P2 shows the typical derived characteri-
stics of  stenonoid horses present in E. altidens (Al-
berdi et al. 1998): a subtriangular protocone and 
a deep postprotoconal groove. Piñero & Alberdi 
(2015) already mentioned these characteristics in 
previous studies of  the equids from Quibas. On 
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Table 3 1351 

MC III Side L BP BS DS BD DD Bda 
Q’17/QS3/O20/1 L - 52.6 - - - - - 
MC IV         
Q’17/QS3/P20/1 L 161.7 36.7 30 19.6 41.8 36.8 33 

 1352 

 1353 

 1354 

L Maximum length 
l Medial length 
DAP Antero-posterior diameter 
DT Transverse diameter 
o On the occlusal surface 
b On the base of the crown 
p On the proximal epiphysis 
d On the distal epiphysis 
BP Maximum transverse diameter of the proximal epiphysis 
BD/Bd Maximum transverse diameter of the distal epiphysis 
MC Metacarpus 
MT Metatarsus 

P2 Side DAPo DTo DAPb DTb DAP DT       
  

Q'18/QS3/N21/11 L 41.4 27.1 44.4 27.5 42.4 28.2       
  

MC III  1 2 3 4 5 6 7 8 9 10 11 12 13 16 
Q'18/QS3/N23/1 L - 239.95 - - 50.7 34.4 - - 3.9 45.8 - 35.4 29.4 9.1 
Humerus              

  

Q'18/QS3-2/M21/2 R 297.71 271.31 36 44.3 97.55 11.2 75.2 85.9 44.4 38.6 42.7 - - - 
Q'18/QS3/N20/5 R - - - - - - 74.7 85.4 - - - - - - 
Radius                
Q'18/QS3/N22/3 R 336.29 325.55 41.5 28.2 74.7 35.9 82.9 61.8 38.2 74.7 26.9 14.6 - - 
Ulna                
Q'17/QS3/O22/16 L - 84.2 47.1 54.1 73 - - - - - - - - - 
Q'18/QS3/N21/5 L - - 51.8 51 - - - - - - - - - - 
2FIII                
Q'17/QS3/Q22/1 - 49.2 36.9 40.8 49.3 33.6 46.3 - - - - - - - - 
3FIII                
Q'17/QS3/Q23/2 - - - - c.44.2 c.27 - - - - - - - - - 

Tab. 2 - Measurements of  Equus alti-
dens specimens from Quibas. 
Dimensions in millimetres 
(mm).
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the other hand, the other equid species previously 
identified from Quibas, E. suessenbornensis, has a 
long protocone, concave lingual borders, develo-
ped mesostyles and vestibular valleys (Alberdi et 
al. 1998). The bivariate analysis of  the occlusal sur-
face of  the P2 with DAPo - DTo (Fig. 2A) shows in 
a morphological range of  small dimensions in all 
specimens assigned to E. stehlini, separating them 
from the Quibas specimen. E. stenonis has a wider 
range of  variability in its proportions, with values 
that overlap with E. suessenbornensis and E. altidens 
and include the morphometry of  the Quibas spe-

cimen. This analysis clearly differentiates both spe-
cies previously identified from Quibas, with more 
rectangular and slender morphologies in E. altidens 
and quadratic and more robust morphologies in E. 
suessenbornensis. The specimen here described falls 
within the variability of  E. altidens. Although it is 
not similar to any sample in particular, it is closer 
to those of  Cueva Victoria (E. altidens) or Saint 
Vallier (E. stenonis) than to the P2 from Quibas 
previously studied by Montoya et al. (1999). This 
difference in the material from the same site and 

Fig. 2 - Equus altidens. A) bivariate analysis of  the upper premolar 
with both occlusal transverse diameter and anteroposterior 
diameter. B) bivariate analysis of  the left third metacarpal 
with medial length and robusticity index. S-G: Selvella-Gioi-
ella. Data extracted from Alberdi & Ruiz Bustos (1985), Al-
berdi et al. (1997), Montoya et al. (1999), Sarrión Montañana 
(2010), Alberdi & Piñero (2012, 2014), Alberdi y Palombo 
(2013), Piñero y Alberdi (2015), Made et al. (2017), Cirilli et 
al. (2021) and Cirilli (2022) .

Plate 1
 

Equus altidens. 
A-C - upper second premolar, Q’18/QS3-1/N21/1): A, occlusal 

view indicating the protocone; B, vestibular view; C, lingual 
view. 

D - left third metacarpal, Q’18/QS3-1/N23/1: cranial view. 
Scale bar: 50 mm.



Rosas A., Galli E., Fidalgo D., García-Tabernero A., Huguet R., García-Martínez D., Piñero P., Agustí J., Rico-Barrio A. & Vallverdú J.750

species may be due to attrition, since our premolar 
does not show any wear whilst the premolar stu-
died by Montoya et al. (1999) shows an advanced 
dental wear stage.

The results of  the MC III analysis (bivariate 
analysis l – Bd/l; Fig. 2B) separate the morpho-
logies of  E. livenzovensis, E. stenonis and E. stehli-
ni with good resolution. The first species shows 
a long metacarpal relative to its robusticity, which 
contrasts with the minimal length values found in 
E. stehlini. E. stenonis has higher mean values and 
higher variability, but still no overlap with E. stehli-
ni. Of  the species previously reported from Qui-
bas, E. suessenbornensis has the greatest length and 
robustness (with the exception of  the questionably 
identified specimen from Cueva Victoria; Alberdi 
& Piñero 2012), while E. altidens is characterized 
by high variability in length and robustness (both 
with lower values). Among the species considered 
in this analysis, the specimen described here falls 
better within the variability of  E. altidens, as do the 
rest of  the Quibas specimens for which data are 
available. It is not possible to observe a clear diffe-
rentiation between the subspecies of  the latter (E. 
altidens altidens and E. altidens granatensis). As pre-
viously indicated by Piñero & Alberdi (2015), the 
Quibas specimens are particularly slender compa-
red to E. altidens specimens from other sites, so 
they are grouped together in showing different 
proportions (Fig. 2B). Piñero & Alberdi (2015) 
also observed a similarity between specimens 
from Quibas and Venta Micena, although our me-
tacarpal falls within the general variability of  E. 
altidens. This similarity could be explained by the 
older chronology of  the palaeontological levels 
from which these authors collected the fossils at 
Quibas, closer in age to Venta Micena. Unfortuna-
tely, it was not possible to access the Venta Mice-
na material. The MC III studied here is within the 
variability of  E. altidens, although at its limits and 
close to the other Quibas specimens.

The assignment of  the specimens to the spe-
cies E. altidens agrees with the latest biochrono-
logical and biogeographical proposals for equids 
in Europe set out in Cirilli et al. (2021) and Cirilli 
(2022). The scarcity of  measurements on speci-
mens of  E. a. granatensis hampers our ability to co-
ver the variability of  this subspecies and therefore 
prevents us from determining fossil material at the 
subspecific level.

Family Rhinocerotidae Gray, 1821
Genus Stephanorhinus Kretzoi, 1942

Stephanorhinus cf. etruscus (Falconer, 1868)
Pl. 2, figs. A-F; Fig. 3

Referred material. Left MC III (Q’17/QS3/O20/1) and 
MC IV (Q’17/QS3/P20/1). We largely assign a dentition fragment 
to this taxon (Q’17/QS3/P21/9).

Measurements. See Table 3.

Description. The MC III preserves the 
proximalmost 10 centimetres of  the dorsal side. 
The articular facets for the unciform and the MC 
II are complete. The articular facet for the ma-
gnum is fragmented at the palmar limit of  the two 
facets mentioned above (unciform and MC II) (Pl. 
2, fig. A). The articular facets for the MC IV are 
absent.

The articular facet for the unciform is 
slightly concave with a subtriangular shape and a 
right anterior angle. The maximum length is 27.7 
mm. The articular facet for the MC II is flat and 
weakly developed, with its distal point slightly lo-
wer than the distal point of  the facet for the unci-
form. Lastly, the articular facet for the magnum is 
notably concave. The great fragmentation of  the 
diaphysis prevents us from observing other taxo-
nomically relevant characteristics.

The left MC IV is almost complete, lacking 
only the lateral half  of  the articular facet for the 
unciform and a fragment of  the proximal palmar 
region of  the diaphysis. The articular facet for the 
unciform is notably concave along the medio-late-
ral axis and slightly convex along the dorso-palmar 
axis. The articular facets for the MC III are round 
and enclose an angle close to 90º. These facets are 
extremely close to each other but do not make 
contact (Pl. 2, fig. C). The diaphysis curves imme-
diately after the distal end of  the palmar facet for 
the MC III, which is in contact with the unciform 
facet.
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Table 3 1351 

MC III Side L BP BS DS BD DD Bda 
Q’17/QS3/O20/1 L - 52.6 - - - - - 
MC IV         
Q’17/QS3/P20/1 L 161.7 36.7 30 19.6 41.8 36.8 33 

 1352 

 1353 

 1354 

L Maximum length 
l Medial length 
DAP Antero-posterior diameter 
DT Transverse diameter 
o On the occlusal surface 
b On the base of the crown 
p On the proximal epiphysis 
d On the distal epiphysis 
BP Maximum transverse diameter of the proximal epiphysis 
BD/Bd Maximum transverse diameter of the distal epiphysis 
MC Metacarpus 
MT Metatarsus 

P2 Side DAPo DTo DAPb DTb DAP DT       
  

Q'18/QS3/N21/11 L 41.4 27.1 44.4 27.5 42.4 28.2       
  

MC III  1 2 3 4 5 6 7 8 9 10 11 12 13 16 
Q'18/QS3/N23/1 L - 239.95 - - 50.7 34.4 - - 3.9 45.8 - 35.4 29.4 9.1 
Humerus              

  

Q'18/QS3-2/M21/2 R 297.71 271.31 36 44.3 97.55 11.2 75.2 85.9 44.4 38.6 42.7 - - - 
Q'18/QS3/N20/5 R - - - - - - 74.7 85.4 - - - - - - 
Radius                
Q'18/QS3/N22/3 R 336.29 325.55 41.5 28.2 74.7 35.9 82.9 61.8 38.2 74.7 26.9 14.6 - - 
Ulna                
Q'17/QS3/O22/16 L - 84.2 47.1 54.1 73 - - - - - - - - - 
Q'18/QS3/N21/5 L - - 51.8 51 - - - - - - - - - - 
2FIII                
Q'17/QS3/Q22/1 - 49.2 36.9 40.8 49.3 33.6 46.3 - - - - - - - - 
3FIII                
Q'17/QS3/Q23/2 - - - - c.44.2 c.27 - - - - - - - - - 

Tab.3 - Measurements of  Stephanorhinus cf. etruscus specimens from 
Quibas. Dimensions in millimetres (mm).
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Remarks. The estimated MNI indicates one 
individual. The material determined as Stephanorhi-
nus shows poorly developed relief  with a smooth 
and even shape. The general morphology is elon-
gated and slender.

Concerning the MC III, the articular facets 
for the MC II and the unciform are not dorsally 
extended as in the morphology shown by Guérin 
(1980) for S. etruscus from Senèze (Pl. 2, fig. A). In 
dorsal view the curvature between the unciform 
facet and the diaphysis is more similar to that of  
S. etruscus from Figline than the morphology of  S. 
hundsheimensis  (Toula 1902) from Mosbach, both 
illustrated by Fortelius et al. (1993) (Pl. 2, fig. B). 
The average size of  the BP of  the MC III is si-
milar in both species recorded in Europe during 
the Early-Middle Pleistocene transition and differs 
from the measurements reported for S. kirchbergen-
sis (Jäger, 1839) and S. hemitoechus (Falconer, 1868). 
The specimen from Quibas is close in size to the 
means of  both S. etruscus and S. hundsheimensis (Fig. 
3A).

The MC IV has the palmar facet for the MC 
II and the unciform facet connected, in agreement 
with the description of  Ballatore & Breda (2019). 
The perimeter of  the palmar facet for the MC III 
is continuous, similar to the specimen of  S. etruscus 

from Senèze. The morphology of  the medial sec-
tion of  the diaphysis shows a shape intermediate 
between those of  S. hundsheimensis from Vallonet 
and S. etruscus from Senèze, both illustrated by La-
combat (2005) (Pl. 2, fig. F). Fortelius et al. (1993) 
reported that the MC IV of  S. etruscus are flatter 
dorso-palmarly than in S. hundsheimensis. Analysing 
the proportions of  the metapodials with L – BD 
we can see some distance between the two species, 
with the Quibas specimen near the majority of  S. 
etruscus and particularly close to some specimens 
from Upper Valdarno (Fig. 3B). However, some 
specimens of  S. etruscus from Upper Valdarno 
show great variability in measurements (Fortelius 
et al. 1993; Mazza 1988; Pandolfi et al. 2017) and 
overlap with the values of  specimens attributed to 
S. hundsheimensis from sites such as Soleihac (La-
combat 2005) or Isernia (Fortelius et al. 1993).

The morphology and measurements descri-
bed for the Quibas specimens are more similar to 
those of  S. etruscus, reinforced by the distribution 
of  S. etruscus and S. hundsheimensis in the Iberian 
Peninsula in the Pleistocene (Made 2010). Despite 
these similarities, the scarce and fragmentary fossil 
material from the Quibas site leads us to propose 
Stephanorhinus cf. etruscus as a provisional taxono-
mic assignment.

Plate 2

Stephanorhinus cf. etruscus. 
A-B - third left metacarpal, Q’17/

QS3/O20/1: A, dorsal 
view of  the proximal epiph-
ysis with the reconstruction 
of  the missing fragments 
based on the S. etruscus 
specimen from Senèze 
(210959, Guerin 1980); B, 
cranial view indicating the 
curvature of  the diaphysis 
with the unciform facet. 

C-F - left fourth metacarpal, Q’17/
QS3/P20/1: C, axial view 
indicating the articular 
facets; D, dorsal view of  
the proximal epiphysis; E, 
palmar view; F, transverse 
section of  the middle di-
aphysis. 

Scale bar: 50 mm.
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Order Artiodactyla Owen, 1848
Family Suidae Gray, 1821
Genus Sus Linnaeus, 1758

Sus sp.
Pl. 3, figs. A-F

Referred material. Right MT IV (Q’18/QS3/P19/17), left 
intermediate phalanx (Q’18/QS3-2/M22/1).

Measurements. See Table 4.

Description. The right MT IV is elongated 
and slender and with proximal and distal ends dama-
ged. The diaphysis is quadratic and flat on the cranial 

side. The proximal end only preserves the anterior 
region of  the articular facet for the cuboid and the 
articular facet for the MT V. This anterior region also 
has a pronounced concavity (Pl. 3, fig. A). The sa-
gittal ridge of  the distal end is incomplete on both 
cranial and plantar sides.

The intermediate left phalanx is complete 
and excellently preservation. The articular facet for 
the proximal phalanx takes up most of  the proximal 
surface, with the lateral half  considerably bigger than 
the medial one (Pl. 3, fig. D). The posterior edge of  
this articular facet bears a little tubercle at the medial 
groove. The palmar side has a posterior tuberosity in 
which the lateral projection is larger than the medial 
one (Pl. 3, fig. F). The articular facet for the distal 
phalanx orientates strongly to the axial axis of  the 
limb on the maximum cranialmost point of  the an-
terior side, which is also discernible in the anterior 
aspect of  the proximal end (Pl. 3, fig. E).

Fig. 3 - Stephanorhinus cf. etruscus. A) violin diagram with boxplot of  
the left third metacarpal; B) bivariate analysis of  the left 
fourth metacarpal with the length and maximum transverse 
diameter of  the distal epiphysis. Data extracted from Guerin 
& Heintz (1971), Bonifay (1973), Dubar et al. (1978), Mazza 
(1988), Cerdeño (1990), Fortelius et al. (1993), Mazza et al. 
(1993), Alberdi et al. (1997), García-Fernández et al. (2003), 
Lacombat (2005) and Pandolfi et al. (2017).

Plate 3
Sus sp. 
A-C - right fourth metatarsal, Q’18/QS3/P19/17: A, dorsal view of  

the proximal epiphysis indicating the anterior region of  the 
articular facet for the cuboid; B, cranial view; C, plantar view 
indicating the lateral half  of  the posterior extension. 

D-F - left intermediate phalanx, Q’18/QS3-2/M22/1: D, dorsal 
view of  the proximal epiphysis; E, cranial view indicating 
the anterior margin; F, palmar/plantar view indicating the 
posterior tuberosities. 

Scale bar: 30 mm.
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Remarks. We attribute two fossils to an inde-
terminate species of  this genus. The MNI estimated 
is one.

The MT IV is remarkably similar to contem-
porary specimens of S. scrofa Linnaeus 1758 except 
for a more elongated, robust and wide diaphysis. 
The Quibas specimen has a more rectangular pro-
ximal articular facet and the articular facet for the 
cuboid is wider in the anterior region, with a deeper 
concavity. The lateral half  of  the posterior exten-
sion is morestrongly inclined towards the plantar 
side (Pl. 3, fig. C).

The intermediate phalanx has the more 
cranial aspect of  the distal articular facet more an-
gled towards the axial axis than specimens in the 
reference collection (contemporary Sus scrofa). This 
also applies to the anterior edge of  the proximal 
epiphysis. The articular facet of  contemporary S. 
scrofa is smaller and less extended on the proximal 
surface than the fossil specimen, with both halves 
similar in size and shape. The tubercle at the medial 
groove is smoother in the reference collection spe-
cimens.

All characteristics agree with the description 
of  Sus (Schmidt 1972; Hillson 2016). The following 
reasons prevented us from identifying the material 
to the species level: chronological overlap of  the 
fossil record of  S. scrofa and S. strozzi Forsyth Major, 
1881, both present at the Early-Middle Pleistocene 
transition; poorly developed taxonomic studies and 
diagnostic features on postcranial elements of  both 
species; lack of  studies on the intraspecific variabi-
lity of  the postcranial elements, with chronologic 
and geographic characterization of  S. scrofa and S. 
strozzi in Europe pending further review (Cherin et 
al. 2020).

Family Cervidae Goldfuss, 1820
Genus Dama Frisch, 1775

Dama cf. vallonnetensis (Lumley, Kahlke, Moigne 
& Moullé, 1988)

Fig. 4

Referred material. Left M3 (Q’16/QC4/K20/1), fragmen-
ted left radius (Q’16/QC4/Re/16).

Measurements. See Table 5.

Description. The M3 is a brachydont tooth 
that only preserves the crown. On the vestibular 
side, the metastyle and the metacone style are wea-
ker than the other styles. The mesostyle is oriented 
mesially on the occlusal surface and has a strong 
development of  the cingulum at the base of  the 
crown, which continues to the paracone style (Fig. 
4B). This cingulum also connects the paracone style 
to the parastyle. Regarding the occlusal surface, we 
see the metaconule fold on the distal wall of  the po-
sterior infundibulum. On the lingual side, the lobes 
show a strong projection that is greater on the ante-
rior lobe. We can also see a moderate development 
of  the cingulum that continues to the mesial side of  
the anterior lobe and the distal side of  the posterior 
lobe. This cingulum involves the entostyle, although 
it only preserves the base.

The proximal epiphysis of  the radius is small 
and shows some damage. The anterolateral region is 
absent and the line of  fusion visible. On the dorsal 
side, the articular surface for the humerus is medio-
laterally oval with the medial groove not very deep 
and the lateral facet flat and inclined to the cranial 
side. On the medial facet we see a fovea. The caudal 
edge is higher than the cranial edge and bears a V-
shaped incision for the ulna (Fig. 4C).

Remarks. The development and wear of  the 
M3 indicates a young adult individual, as does the 
radius. We estimate one MNI.

Following the trait descriptions of  Lister (1996) 
for Dama and Cervus, the M3 matches characters 1 – 
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Table 4 1355 

Metapod Side l DAPp DAPps DAPpf DTp DAPd DTd 
Q'17/QS3/P20/3 - - - - - - - 19.3 
MT IV         
Q'18/QS3/P19/17 R 94.9 - - - - - 19 
Intermediate phalange  L       
Q'18/QS3-2/M22/1 L 26.3 20.3 18.9 13.5 19.2 17.5 17.3 

 1356 

Table 5 1357 

M3 Side DAP DAPb DTa DTp Ha (Hbu) 
Q'16/QC4/K20/1 L 19.6 17.6 20.6 19.0 15.6 
Radius Lado DAPp     
Q’16/QC4/Re/16 L 20 - - - - 

 1358 

Table 6 1359 

dP3 Side DAPo DT DTa DTp   
Q’17/QS3/O22/2 L 20.2 10.9 - -   
dP4        
Q'18/QS3-1/N20/2 R 34.9 13 13.4 12.6   
M1        
Q’17/QS3/O22/2 L 31.1 13.4 13.5 14.2   
M2        
Q’17/QS3/Q20/1 R 36.7 15.8 14.5 15.4   
Radius  BFd BFdm BFdl    
Q’18/QS3-1/M22/3 L 72.44 37.49 33.76    
MC III-IV  DTd      
Q'17/QS3/O22/5 R 60.00      
Proximal phalange  L DAPp DAPpf DTp DAPd DTd 
Q'18/QS4/O20/1 L 71.1 - - - 25.3 30.3 
Q'18/QS3-1/O20/3 R - 39.9 36.5 31.9 - - 
Intermediate phalange  DAPd      
Q'18/QS3-1/O20/7 L 31.9      
Distal phalange  DTp Ld     
Q’18/QS3-1/O20/5 L 23.6 53.5     

 1360 

 1361 

 1362 

 1363 

Tab. 4 - Measurements of  Sus sp. 
specimens from Quibas. 
Dimensions in millimetres 
(mm).
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M2        
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Tab. 5 - Measurements of  Dama cf. vallonetensis specimens from Qui-
bas. Dimensions in millimetres (mm).
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4 for the first genus mentioned, although the meta-
conule fold is on the posterior infundibulum. One 
of  the diagnostic characteristics of  the M3 mentio-
ned by Di Stefano (1996) and illustrated by Lister 
(1996) to distinguish the two genera is the presence 
of  a lingual cingulum that includes the entostyle and 
continues to the distal side of  the metaconule. This 
trait is found in Cervus but not in Dama. According 
Di Stefano (1996) and Lister (1996), the molar illu-
strated in Fig. 4 matches most of  the characteristics 
of  Dama except for the presence of  a metaconule 
fold in the posterior infundibulum of  the M3 and a 
moderate development of  the cingulum that com-
prises, although weakly, the interlobular entostyle. In 

addition, Cervus is characterized by having evolved 
forms, whilst Dama and Axis illustrate more archaic 
features (an entostyle and metaconule fold) that get 
weaker as species evolve and even disappear in some 
cases (Di Stefano & Petronio 1998, 2002).

Axis is another genus recorded in the Early 
Pleistocene whose differential diagnosis relative to 
red deer and fallow deer may be challenging. Most 
characteristics of  Axis are present in the antler 
morphology, like in the majority of  cervids (Croi-
tor 2014, 2018). Regarding the teeth, and specifically 
the M3, we find that this genus usually has the me-
taconule fold reduced or absent (Di Stefano & Pe-
tronio 2002; Petronio et al. 2013). Contrary to this 
statement, other authors identify the M3 of  Axis as 
a tooth with a well-developed interlobular style and 
cingulum (Made et al. 2017), which highlights the 
difficulty to determine cervid specimens in the fos-
sil record. Nevertheless, these features are present 
in other fossil specimens like Dama roberti Breda & 
Lister, 2013, which shows a well-developed entostyle 
and a vestibular cingulum that extends mesially and 
distally. Pfeiffer (2002) stated that along the Dama 
lineage more than one state for a particular charact 
can be present in the same species.

The bivariate analysis of  the DAPb – DTp 
for the M3 (Fig. 4) shows a clear difference between 
the genera Dama and Cervus, the latter being larger. 
Dama has greater variability in DAPb than in DTp, 
which is better reflected in the subspecies D. dama 
clactoniana (Falconer, 1868). D. vallonnetensis is better 
defined in both variables. The M3 from Quibas is 
near the specimens of  Atapuerca TD8, determined 
as D. vallonnetensis. It is important to consider that the 
amount of  data for each taxon on this analysis varies, 
and therefore the results should be considered with 
caution. Previous studies from the locality reported 
the presence of  a Dama-like cervid and even cited 
the presence of  Cervidae indet. cf. Dama nestii vallon-
netensis on the site, the latter lacking description of  
the material (Montoya et al. 1999; Made et al. 2008).

Regarding the radius, the relationship betwe-
en the coronoid processes of  the caudal and cra-
nial edges and the sagittal relief  are more similar 
to Dama than Cervus (Lister 1996; Breda 2015). 
The anterior margin of  the proximal epiphysis is 
straight, without the characteristic relief  of  Cervus, 
whilst the lateral edge shows no thickening (Fig. 4). 
This matches the third character of  Lister (1996) for 
the radius, which indicates the absence of  relief  on 

Fig. 4 - Dama cf. vallonnetensis. Plate with fossil material and graphic 
representation with bivariate analysis. Plate: A-B left upper 
third molar, Q’16/QC4/K20/1: A) occlusal view; B) ves-
tibular view. C) fragmented left radius, Q’16/QC4/Re/16: 
anterior view. Scale bar: 20 mm. 

Graphic: Bivariate analysis with both posterior transverse diameter 
and antero-posterior diameter on the base of  the crown of  
the left upper third molar. Data extracted from Made (1999, 
2012), Breda & Lister (2013) and Made et al. (2017).
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the medial half  of  the proximal articular surface of  
Dama. On the other hand, the anterior margin of  
Cervus is more sinuous, especially on the medial half. 
Species of  Dama have a notable slope on this ante-
rior margin, as does our specimen from Quibas. The 
V-shaped incision of  the caudal edge agrees with 
the description for Dama; the incision in Cervus is 
U-shaped and deeper. On the caudal side, the facets 
of  the caudal margin also match the descriptions for 
Dama (Breda 2015).

Other possible species for our specimens 
would D. nestii (Azzaroli, 1947) and D. eurygonos 
(Azzaroli, 1947), both described mainly on cra-
nial characters and antlers (Di Stefano & Petronio 
1998, 2002) and even postcranial elements (Petronio 
1979). Neither of  these publications mentions spe-
cific characteristics on the M3 for comparison. Croi-
tor (2006) provides some description of  D. eurygonos 
upper molars, but the only comparable result “[…] 
weak interrupted cingulum borders lingual sides of  
all molars […]” does not negate the remaining ar-
guments for D. vallonnetensis. On the other hand, the 
fallow deer identified in Atapuerca TD8 by Made et 
al. (2017) matches the moderate styles and entostyle 
shown in our specimen.

We focus on the M3 for our determination sin-
ce locomotor strategies and ecological preferences 
can overshadow taxonomically relevant morphology 
on postcranial elements (Croitor 2006, 2014, 2018), 
although the characteristics of  the radius support the 
assignment to Dama. The characters of  the M3 and 
radius plus the bivariate analysis performed support 
the presence of  D. cf. vallonnetensis. Most importan-
tly, the upper molar matches in both description and 
dimensions the fallow deer from Atapuerca TD8 
(Made et al. 2017), coincident in age with Quibas. 
We use this nomenclature following the proposal of  
Croitor & Bonifay (2001), which states that fallow 
deer from Late Villafranchian should use vallonneten-
sis as the specific epithet.

Our determination should be considered with 
caution since most cervids are described mainly on 
cranium and antlers, and postcranial elements in 
some cases. The fossil record of  Quibas did not 
provide us with these elements, and therefore we 
propose the preliminary determination of  Dama cf. 
vallonnetensis.

Family Bovidae Gray, 1821
Genus Bison Hamilton Smith,1827

Bison cf. voigtstedtensis Fischer, 1965
Pl. 4, figs. A-I; Fig. 5

Referred material. Left hemimandible with M1, M2 and dP3 
associated (Q’17/QS3/O22/2), right M2 (Q’17/QS3/Q20/1), proxi-
mal phalanx (Q’18/QS4/O20/1) and distal phalanx (Q’18/QS3-1/
O20/5, Q’18/QS3-1/O20/15).

Measurements. See Table 6.

Description. The hemimandible preserves 
the lingual side of  the mandibular body and the be-
ginning of  the mandibular ramus. The M1 and the 
M2 are on their respective dental alveoli whilst the 
dP3 is off  its alveolus, although it was found together 
with the hemimandible. Both molars show strong 
hypsodonty with slight wear on the occlusal surface 
and an entostylid that is well developed (Pl. 4, fig. 
B). The M1 emerges from the bone and shows wear 
on both lobes that is more pronounced on the ante-
rior one. On the vestibular side the ectostylid is low. 
The preprotocristid and internal postmetacristid are 
wide. The mesostylid is stronger than the metastylid 
and entostylid. These three stylids have a distal 
orientation on the occlusal surface and the ento-
stylid has little distal extension. The M2 is emerging 
and shows the same characters of  the mesostylid 
and metastylid, with slight wear on the anterior lobe 
and no wear on the posterior lobe. The preproto-
cristid shows a small fossa from the enamel fold on 
the occlusal surface (Pl. 4, fig. B). Both molars from 
the hemimandible have U-shaped valleys between 
the metaconid and entoconid on the lingual side. 
The right isolated M2 (Q’17/QS3/Q20/1) shows 
identical and symmetric anatomical characteristics 
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Metapod Side l DAPp DAPps DAPpf DTp DAPd DTd 
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Tab. 6 - Measurements of  Bison cf. voigtstedtensis specimens from Qui-
bas. Dimensions in millimetres (mm).
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to the M2 of  Q’17/QS3/O22/2, including the wear 
stage. This suggests that the hemimandible and the 
isolated M2 belong to the same individual. The mo-
lars show approximately the same DAP through 
their height (more evident on the M1). The associa-
ted dP3 has the anterior stylid fragmented on the 
lingual side and the occlusal surface shows slight 
wear (Pl. 4, fig. D, F).

The proximal phalanx is robust and elon-
gated. The proximal articular surface has a deep U-
shaped groove, and the caudal edge is continuous 
with a smooth pit (Pl. 4, fig. H). The axial side is 
straight, and the plantar side fragmented on the 
dorsal half, comprising the proximal epiphysis. The 
slenderness suggests that it is a posterior phalange.

Both distal phalanges lack the posterior tu-
berosity for the flexor, Q’18/QS3-1/O20/5 with 
the posterior half  on the axial side missing. The 
dorsal edge is straight and relatively short, with a 
poorly developed apophysis for the extensor. The 
general morphology is robust.

Remarks. We estimate an NMI of  one indi-
vidual. The emergence of  the molars and the den-
tal wear suggest an approximate age of  18 months 
(Hillson 2005).

The hypsodonty and robusticity of  the mo-
lars indicate that this material belongs to a bovid, 
and the presence of  ectostylids determines it as a 
Bovinae (Made 1998). Within this subfamily we find 
populations assigned to several species of  bovid ge-
nera in the Pleistocene of  the geographic region 
where the Quibas specimens were found: Leptobos, 
Bison (Eobison and Bison), and Bos. 

The lower molars of  Leptobos show strong 
buttresses with dental cement between them, a low 
ectostylid, faint stylids, and the absence of  a me-
taconule fold (Azanza & Morales 1989; Duvernois 
1990). Our specimen only shares with species of  
this genus the presence of  strong buttresses and the 
absence of  a metaconule fold, lacking the cement 
between lobes. Kostopoulos et al. (2018) also men-
tioned the lack of  the preprotocristid fossa in Lep-
tobos when lower molars are unworn, whereas this 
fossa is clearly visible in our specimen. Regarding 
the other two genera, the infundibula and enamel 
folds agree with species of  the genera Bos/Bison 
(Hillson 2005). We followed Slott-Moler (1990) in 
separating this pair, and according to his criteria, our 
specimen shows the characteristics of  species of  Bi-
son: its ectostylid is shorter and wider than in species 

Plate 4

Bison cf. voigtstedtensis. 
A-C - left fragment of  hemimandi-

ble with the first and second 
lower molars, Q’17/QS3/
O22/2: A, lingual view; B, 
occlusal view of  the lower 
molars; C, vestibular view. 

D-F - left deciduous third lower pre-
molar, Q’17/QS3/O22/2: 
D, lingual view; E, vestibular 
view; F, occlusal view. 

G-I - proximal phalange, Q’18/
QS4/O20/1: G, dorsal view 
of  the proximal epiphysis; 
H, cranial view; I, palmar/
plantar view. 

Scale bar: 50 mm.
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of  Bos, the lingual groove is shallow with a rounded, 
horizontal base and the entostylid is distally orien-
ted. Comparison of  our molars with those figured 
by Bona & Sala (2016), Tong et al. (2017), and Ko-
stopoulos et al. (2018) also support the attribution 
to species of  Bison (triangular and narrow shape, 
enamel fold on the preprotocristid, and strong deve-
lopment of  the mesostylid and entostylid).

Within Bison, we find proposals that distin-
guish two subgenera: Eobison for primitive speci-
mens and Bison for derived specimens. According 
to Kostopoulos (1997), the former has lower molars 
that are prismatic and narrow in shape with weak 
mesostylid and entostylid, a considerable presence 
of  cement, an ectostylid connected to the anterior 
lobe and lacking the goat fold, internal basal pillars, 
and an anterior constriction on the lobes. Our speci-
men differs in the development of  the stylids (since 
both mesostylid and entostylid are well developed), 
the significant presence of  cement (which might be 
relative given its wear stage), and the presence of  
an anterior constriction on the lobes (it forms the 
preprotocristid fossa). Given these dissimilarities, 
the minor relevance of  some coincident attributes 
(shape of  molars and lack of  goat fold), and the gre-
ater agreement of  criteria with the previously men-
tioned characteristics, we believe the species under 
exam shows derived features and therefore does not 
belong to Eobison.

Regarding our first phalanx, we find some 
descriptions in the literature that allow for determi-
nation of  the genus. When considering the criteria 
of  McCuaig Balkwill & Cumbaa (1992) our speci-
men matches some of  the characteristics for spe-
cies of  Bos (anterior margin with a single concavity 
coinciding with the medial groove of  the proximal 
articular surface, and a concave abaxial margin in 
dorsal view) and some of  species of  Bison (smo-
oth pit on the caudal edge with a U-shaped medial 
groove on the proximal articular surface). Consi-
dering further criteria for discrimination (Brugal 
1995; Made et al. 2017; Tong et al. 2017; Sorbelli 
et al. 2021), the assignment of  the first phalanx of  
Quibas to a species of  Bison is supported: proximal 
articular surface wide with an axial margin that is 
mostly straight with a slight concavity and a convex 
abaxial margin, with a rectangular shape of  the ar-
ticular surface; it also shows a similar width throu-
ghout its length.

Within Bison species, the determination of  
our material becomes complicated. The description 
of  species is mostly based on cranial characters, 
horn cores, or metapodials (Made 2013; Masini et 
al. 2013; Mead et al. 2014; Kostopoulos et al. 2018), 
all absent in our sample. For this reason, we will 
focus on the analysis of  the proximal phalanx to 
identify the species present in Quibas. The early 
wear stage of  the molars and the low discrimina-
ting ability between species of  Bos and Bison of  M1 
and M2 (López González et al. 1999) prevent us 
from performing analyses on these elements.

We carried out a bivariate analysis on the pro-
ximal phalanx (L – DTd, Fig. 5) that shows that 
species Bison has more slender phalanges than Bos. 
We can see that the ‘Ubeidiya specimens are the 
most slender in our sample, whereas Bison schoeten-
sacki Freudenberg, 1910 is the most robust (Sorbelli 
et al. 2021). Our specimen falls in the middle of  the 
graphic and between these two data sets, showing 
intermediate slenderness together with Bison voigt-
stedtensis. The specimen from Quibas groups best 
with the fossils of  B. voigtstedtensis from Atapuerca 
TD8 (Ata06, TD8b, G-04, 119), but close to spe-
cimen IPS14977 of  B. schoetensacki from Cal Guar-
diola (Sorbelli et al. 2021).

The distal phalanges show the characteri-
stics of  Bison, whereas Bos has more sinuous dor-
sal, solar and medial margins and a more developed 
apophysis for the extensor.

Fig. 5 - Bison cf. voigtstedtensis. Bivariate analysis of  the proximal 
phalanx with distal transverse diameter and length. Data 
extracted from Breda et al. (2010), Martínez-Navarro et al. 
(2012), Made et al. (2017), Tong et al. (2017) and Sorbelli et 
al. (2021).
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Following the statement in the fallow deer 
section, our identification should be considered 
with caution, as the taxonomy of  most large bo-
vids is based on cranial and horn core characters, 
or metapodials (Sher 1997; Breda et al. 2010). In 
consequence, based on the systematic description 
of  our material and the analysis performed on the 
first phalanx, we propose Bison cf. voigtstedtensis as a 
preliminary identication of  the large bovid present 
in Quibas.

Genus Capra Linnaeus, 1758

Capra alba Moyà-Solà, 1987
Pl. 5, figs. A-E

Referred material. Right maxilla fragment with P2, P3, P4, 
M1 (Q’16/QC4/Re/20), P3, P4, M1, M2 (Q’17/QS3/Q23/6), M1, M2, 
M3 (Q’18/QS4/O19/3), right hemimandible with P2, P3, dP4, M1, M2 
(Q’18/QS3-1/N22/1), P2, P3, P4, M1 (Q’17/QS3/O21/5), M2, M3 
(Q’16/QC4/J20/1), left hemimandible with M3 (Q’16/QC4/J20/1). 
Isolated teeth: left M3 (Q’15/QC4-QC5/Re/16), left M1 (Q’15/
QC4-QC5/M20/3), left M2 (Q’16/QC4/Re/7), right (Q’18/QS3-1/
O19/6, Q’18/QS3-1/O19/9, Q’18/QS3-1/O19/14) and left MC 
III (Q’18/QS4-1/P19/25), right (Q’15/QC4-QC5/Re/13, Q’16/
QC4/L20/7, Q’18/QS3-1/O19/3) and left MT III (Q’18/QS3-1/
O19/17).

Description. All the dentition is hypsodont, 
with prismatic and angular lobes (triangular in mo-
lars).

The dP4 has three lobes, with the anterior 
and intermediate lobes mesially inclined, and the 
posterior one with a vertical orientation relative to 
the mandible. We find an ectostylid between the 
intermediate and posterior lobes on the vestibular 
side.

The P3 is rectangular and mesio-distally wide. 
We see a slight concavity on the distal end of  the 
vestibular side, preceded by an anterior convexity 
that extends mesially to the lingual side. On the lin-
gual side a V-shaped valley is visible on the mesial 
end. The P4 is also rectangular, with its wide section 
on the distal end a posterior enlargement, separated 
from the principal lobe of  the tooth by a lingual-
vestibular constriction. In the M1 the mesostylid 
and the goat-fold on the anterior lobe are marked 
and project to the lingual and vestibular sides, re-
spectively. The metastylid also stands out and proj-
ects towards the lingual side. In an older individual 
(Q’17/QS3/O21/5) we only observe the triangular 
shape of  the lobes, and only in the posterior lobe 

we can see an infundibulum. The M2 narrows from 
the root to the coronal end on the mesial side. In 
the M3 the anterior and intermediate lobes project 
distally, whilst the third lobe is oriented to the ves-
tibular side. This third lobe is round without being 
convex. The ectostylids are poorly developed.

Both upper premolars  (P3 and P4) have a 
quadratic morphology typical of  Caprinae. Regard-
ing the upper molars, Q’15/QC4-QC5/Re/16 
and Q’17/QS3/Q23/6 have some traits that are 
not shared with the remaining specimens: an ir-
regular outline of  the infundibula, an interlobular 
enamel fold on the lingual side and vestibular styles 
oriented towards the central axis of  the tooth. On 
the other hand, most teeth have the parastyle and 
metastyle diverging from the central tooth axis 
while the mesostyle is oriented mesially. The M3 of  
an immature individual shows a poorly developed 
metastyle except for a little opening on the occlusal 
surface (Pl. 5, figs. A, B); an older individual (Q’15/
QC4-QC5/Re/16) presents a highly developed 
metastyle (Pl. 5, figs. C-E).

The metacarpals are slender compared to 
the metatarsals, although their length is similar. 
Most of  the metapodials have the distal epiphysis 
unfused, which makes a biometric study of  the ro-
busticity difficult.

Remarks. The estimated MNI indicates the 
presence of  four individuals: two adults and two ju-
veniles, all of  different ages according to their den-
tal wear.

The characteristics mentioned for each ele-
ment of  the dentition indicate that the material 
belongs to the subfamily Caprinae, specifically to 
species of  the genus Capra, and rule out the gen-
era Ovis, Praeovibos and Hemitragus (Rivals & Blasco 
2008; Zeder & Pilaar 2010).

The determination of  this species is based 
on two main characteristics: the robusticity of  the 
metapodials and the development of  the metastyle 
in the M3. Carlos-Calero et al. (2006b) mention this 
last characteristic, as well as its variability, as weighty 
arguments to identify C. alba. It is present on the 
Quibas specimens here studied (Pl. 5). This vari-
ability and the size disparity observed in our sample 
present the possibility of  a marked sexual dimor-
phism in the dentition and metapodials of  C. alba, 
previously observed on scapulas and horn cores of  
other specimens from Quibas (Carlos-Calero et al. 
2006b; Made et al. 2008). 
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The metacarpals studied are slenderer and 
more similar to the metatarsals than in a modern 
Capra pyrenaica Schinz 1838 specimen. This agrees 
with the previous statements of  Montoya et al. 
(1999) and Carlos-Calero et al. (2006b). A biometri-
cal analysis of  the metapodials is not possible due 
to the immaturity of  the specimens and the frag-
mentation of  the material, although the characteris-
tics match those described by Montoya et al. (1999); 
Carlos-Calero et al. (2006b) and Vicente Gabarda et 
al. (2016) for C. alba.

Regarding Praeovibos, this genus has a devel-
oped cingulum at the base of  both upper and lower 
molars, as well as an interlobular fossette on the oc-
clusal surface of  the upper molars, both absent in 
the specimens from Quibas and the fosslis of  the 
species of  Capra we consulted (Crégut & Guérin 
1979). These characteristics of  Praeovibos are visible 
in other specimens: one from Maasvlakte (Nether-
lands) described by Van Kolfschoten & Vervoort-
Kerkhoff  (1999), in which we can clearly see a no-
table cingulum at the base accompanied by poorly 
developed ectostylids, and another from Fonelas P-1 
(Spain), in which the fossettes of  the upper molars 
are easy to identify (Garrido 2008b). The M3 from 
Quibas share the weakly developed ectostylids but 

lack a cingulum at the base, being smooth on every 
face. Since the description of  Praeovibos is mostly 
based on the skull and horn cores, we did not find 
detailed descriptions concerning the postcranial el-
ements, and the metacarpus figured by Montoya et 
al. (1999) lacks such detail.

Another Caprinae from the Villafranchian pe-
riod is Gallogoral (Rook & Martínez-Navarro 2010). 
This genus is infrequent at most sites (except for 
Senèze) and is usually underrepresented in the fos-
sil record (Andrés Rodrigo 2011). The only record 
of  species of  Gallogoral in the Iberian Peninsula is 
in the north-east, at the site of  Puebla de Valverde 
(2.14 – 1.95 My, Sinusía et al. 2005). We find two 
main aspects that let us dismiss the villafranchian 
Gallogoral based on the dentition (Guèrin 1965): the 
presence of  a fossette on the occlusal surface be-
tween the two lobes of  the upper molars (absent 
in our specimens) and the absence of  the goat-fold 
in the M1 (present in our specimens). Although we 
observe an interlobular enamel fold on the lingual 
side of  some upper molars, these do not form a fos-
sette, which would not appear in older stages, since 
the molars are markedly worn, whereas specimens 
of  the species of  Gallogoral present such fossetta in 
early stages of  wear. From the postcranial remains 

Plate 5 

Capra alba. 
A-B - right maxilla with upper first, 

second and third molars, 
Q’18/QS4/O19/3: A, ves-
tibular view; B, occlusal view. 

C-E - left upper third molar, Q’15/
QC4-QC5/Re/16: C - lin-
gual view; D - occlusal view; 
E - vestibular view. The dis-
continuous line indicates the 
metastyle. 

Scale bar: 30 mm.
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we found that metapodials are shorter and more ro-
bust in Gallogoral compared to our specimens, which 
are longer, slenderer and have clearly marked char-
acteristics, unlike the specimens shown by Andrés 
Rodrigo (2011).

The herbivorous macromammals of  the Qui-
bas site identified in the present work are Equus 
altidens, Stephanorhinus cf. etruscus, Sus sp., Dama cf. 
vallonnetensis, Bison cf. voigtstedtensis and Capra alba. 
These taxa join the previously identified herbivores 
Equus suessenbornensis and Praeovibos sp. (Fig. 6).

Discussion

The two sectors considered in this work, Qui-
bas-Cueva (QC) and Quibas-Sima (QS) are chron-
ologically close according to Piñero et al. (2020) 
and represent the pre-Jaramillo and Jaramillo peri-
ods, respectively. The base level of  Quibas-Cueva 
is dated between 1.2 – 1.07 Ma, just prior to the 
beginning of  the Jaramillo subchron represented in 
Quibas-Sima (1.07 – 0.99 Ma). At the same time, 
Rosas et al. (2017, unpubl.) realized that the infilling 
process of  both sectors belongs to the same depo-

sitional stage, and therefore can be regarded as one 
single site despite the material distribution within 
the endokarstic structure. From this information 
and the chronological proximity of  the sampled 
levels (QC4, QC5, QC6, QS3 and QS4) we studied 
the material of  both sectors together. Specifically, 
in the palaeontological analysis presented in this 
work, specimens from levels QC4, QS3 and QS4 
have been precisely identified. Levels QS3 and QS4 
have been clearly dated to the Jaramillo subchron 
and level QC4 can be dated near the limit of  the Ja-
ramillo subchron (ca. 1.072 Ma) taking into account 
the stratigraphic correlations (Piñero et al. 2020, 
2022; Fig. 1).

Among the herbivores presented here there is 
a noteworthy absence of  Praeovibos material , since 
Carlos-Calero et al. (2006c) recovered from Quibas-
Cueva more material with clear affinities to this 
genus. Similarly, no element of  our sample could 
be attributed to the species Equus suessenbornensis, 
previously reported in Quibas by Piñero & Alberdi 
(2015). Since it has not been possible to review all 
the specimens found in excavation campaigns prior 
to 2015, the presence of  Praeovibos and E. suessen-
bornensis in the association cannot be ruled out and 
these taxa will also be taken into account in the dis-

Fig. 6 - Chronological range of  Late Villafranchian and Epivillafranchian herbivores species recorded in Quibas and estimated chronology of  
the main archaeo-palaeontological sites in Europe. EVT: Estació Vallparadis Terrassa; MU: Middle Unit; CGR: Cal Guardiola; UU: 
Upper Unit; CNERQ: Cueva Negra del Estrecho del Río Quipar; BB: Barranc de la Boella; TD6: Trinchera Dolina-6; LU: Lower Unit; 
PO: Ponton de la Oliva; TE9: Trinchera Elefante-9. 
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cussion of  the herbivore assemblage. Regarding the 
carnivores, work on the fossil material from Quibas 
is underway at present. The updated faunal list of  
Quibas is in Table 7.

Origin of  the macromammal herbivore 
assemblage from Quibas 

We present four new taxa from the Quibas 
site, as well as descriptions of  the previously identi-
fied fallow deer and suid (Made et al. 2008). All the 
herbivorous macromammals recorded at the site 
have controversial phylogenetic relationships and/
or their origin is unresolved.

The fossil record of  both Equus altidens and 
E. suessenbornensis encompasses the Early-Middle 
Pleistocene transition (EMPT) in Europe, espe-
cially in the southwest (Palombo & Alberdi 2017; 
Cirilli 2022). Both species have controversial phy-
logenetic relationships (Boulbes & van Asperen 
2019; Cirilli et al. 2021). In the case of  E. altidens, 
we find three different hypotheses (see Palombo & 
Alberdi 2017 and references therein): a European 
origin as descendant of  E. stenonis through anagen-
etic processes, an African origin as descendant of  
E. tabeti Arambourg, 1970/E. numidicus Pomel, 1897 
(reflected in morphological analysis; Guerrero-Alba 
& Palmqvist 1997; Cirilli et al. 2021), and a possible 
Asian origin as descendant of  E. qinyangensis Deng 
& Xue, 1999. For E. suessenbornensis, a European ori-
gin as descendant of  E. major Delafond & Deperet, 
1893 is the most parsimonious hypothesis based on 
biometrical and morphological analyses (Palombo 
& Alberdi 2017). Following the European origin hy-

pothesis, Palombo & Alberdi (2017) suggested that 
the coexistence of  both species in Quibas (similar 
to other fossiliferous sites across Europe) most 
probably reflects sympatric speciation from ecologi-
cal differences. The European origin of  E. altidens 
and E. suessenbornensis is supported by the recent re-
assessment of  equids from Greece (Gkeme et al. 
2021).

Stephanorhinus etruscus, on the other hand, 
shows a clearer fossil record than the equids. The 
earliest record of  this species is in the Pliocene of  
Spain (Las Higuerelas, 3.3 Ma), where it persisted 
until ca.  0.9 Ma (Pandolfi et al. 2017). From here, 
the record roughly agrees with a coherent expan-
sion towards the east: chronologically the arrival of  
the species is recorded through France and Italy 
to Germany, extending to Greece, the Balkans and 
Turkey (Pandolfi et al. 2017). However, the last ap-
pearance is in the Iberian and Italian peninsulas, 
both acting as refugees. The fossil record of  S. 
etruscus in the Iberian Peninsula synchronous with 
Quibas is at Atapuerca TD4-8, Cueva Victoria, 
Huéscar 1, El Chaparral, Venta Micena, and ten-
tatively at Atapuerca TE7-14 and Barranco León 5 
(Made et al. 2017). As mentioned above (System-
atic Palaeontology, Rhinocerotidae) two species are 
present in the Iberian Peninsula and Europe during 
the EMPT: S. etruscus and S. hundhseimensis, the lat-
ter recorded starting at 1.5 Ma. The morphology 
of  these species is extremely similar and therefore 
their identification is difficult (Ballatore & Breda 
2013). The enamel proteome analysis recently car-
ried out by Cappellini et al. (2019) supports the 
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Table 7 1364 

 1365 

  
1366 

Mollusca Bythinella sp., Chondrina farinesii farinesii, Iberus gualtieranus, Jaminia (Jaminia) 
quadridens, Oxychilus (Ortizius) mercadali, Palaeoglandina montenati, Pomatias sulcatus, 
Pseudotachea splendida, Rumina decollate, Sphincterochila (Albea) candidissima, Testacella 
sp. aff. Testacella (Testacella) haliotidea, Trochoidea (Xerocrassa) murcica 

Arthropoda cf. Armadillium sp., Coleoptera indet., Diplopoda indet 
Amphibia Bufo sp., Bufotes viridis, Pelodytes sp. 
Reptilia Agamidae indet., Blanus gr. B. cinereus, Coronella girondica, Dopasia sp, Elaphe cf. E. 

scalaris, Lacerta lepida, Lacertidae indet., Malpolon monspessulanus, Natrix sp., Ophisaurus 
manchenioi, Psammodromus algirus, Serpentes indet., Tarentola mauritanica, Testudo 
hermanni or Chersine hermanni, Vipera latastei, Zamenis scalaris 

Aves Anthus pratensis, Athene noctua, Carduelis, Carduelis chloris, Carduelis spinus, Columba 
livia, Coturnix, Cuculus canorus, Delichon urbica, Geronticus eremita, Gypaetus barbatus, 
Oenanthe hispanica, Otus scops, Parus major, Phoenicurus ochruros, Prunella modularis, 
Saxicola rubetra, Saxicola torquata, Serinus serinus, Strix aluco 

Mammalia Allophaiomys sp., Apodemus sylvaticus, Castillomys rivas rivas, Crocidura kornfeldi, Elyomis 
quercinus, Erinaceus sp., Hystrix refossa, Miniopterus cf. horaceki, Myotis myotis, Myotis 
nattereri, Neomys sp., Oryctolagus cf. giberti, Prolagus calpensis, Rhinolophus euryale, 
Rhinolophus ferrumequinum, Rhinolophus hipposideros, Sciurus aff. magistri, Sciurus aff. 
vulgaris, Felidae indet. cf. Megantereon, Lynx pardinus, Meles meles meles, Vulpes 
alopecoides, Canis sp., Macaca sylvanus florentina, Equus altidens, Equus suessenbornensis, 
Stephanorhinus cf. etruscus, Sus sp., Dama cf. vallonnetensis, Bison cf. voigtstedtensis, 
Ovibovini indet. cf. Praeovibos sp., Capra alba 

Tab. 7 - Faunal assemblage of  Qui-
bas including the new ma-
terial.
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European origin reflected by the fossil record for 
species of  this genus, the subsequent dispersial to-
wards eastern Eurasia and the relationship between 
S. etruscus and S. hundhseimensis as descendants of  
a primitive lineage. Nevertheless, this analysis also 
showed the paraphyletic traits of  Stephanorhinus. 
We will not delve into this matter as it invalidates 
the previous systematic relationships of  the genus 
based on ecological preferences and morphology.

The fossil record of  Sus is extensive and 
widespread. In the Early Pleistocene two species 
are present in Europe: S. strozzi and S. scrofa. The 
former survived as an element of  the Villafranchian 
fauna and the second appeared in the Galerian, sur-
viving until today. A previous review of  the suids 
fossil record in Europe identified a gap between 
1.8 – 1.2 Ma (Martínez-Navarro et al. 2015) but 
recently Made et al. (2017) demonstrated the ex-
istence of  fossils determined as Sus sp. within that 
time, thus completing the continuity of  the fossil 
record. In Europe S. strozzi is abundant until 1.8 
Ma and persisting until 0.9 Ma (Martínez-Navarro 
et al. 2015; Bona & Sala 2016). The latest record 
of  the species is at Vallparadís Composite Section 
(Cherin et al. 2019, 2020) at ca. 1.1 Ma, close to 
that of  La Boella (ca. 1 Ma, Vallverdú et al. 2014), 
both in the north of  the Iberian Peninsula and with 
similar chronologies to Quibas. Simultaneously, the 
first record of  S. scrofa in Europe is in the Iberian 
Peninsula at ca. 0.9 Ma in Atapuerca TD6 (Made 
1999), which suggests the coeval existence of  both 
species in the Iberian Peninsula and Europe. The 
phylogenetic relationships within species of  this 
genus remain unresolved, with some hypotheses 
suggesting S. strozzi as a descendant of  S. arvensis 
and S. scrofa descending S. lydekkeri Zdansky, 1928. 
However, recent work by Cherin et al. (2018) does 
not support these hypotheses but relates S. strozzi 
to verrucosic pigs from Island South East Asia and 
S. scrofa to the intermediate form S. lydekkeri, thus 
also connecting it with verrucosic pigs. Cherin et 
al. (2018) reviewed S. strozzi and limited its record 
to Europe and west-Asia, whilst Groenen et al. 
(2012) were able to establish the origin of  S. scrofa 
in Southeast Asia.

According to Made et al. (2017), we find three 
species of  Dama during the 1.1 – 0.9 Ma period in 
southwest Europe: D. vallonnetensis, D. nestii and D. 
robertorum Breda & Lister, 2013. Within this times-
pan, D. vallonnetensis fossils have been recovered in 

the Iberian Peninsula in Atapuerca TD4-8, Cueva 
Victoria and El Chaparral, and tentatively recorded 
in Atapuerca TE7-14, Fuente Nueva 3 and Barran-
co León 5 (Made et al. 2017). Even so, the review 
of  the cervids from the sites of  Fuente Nueva 3 
and Barranco León 5 by Abbazzi (2010) only ac-
cepts the presence of  Praemegaceros cf. verticornis 
Dawkins, 1872 and Metacervoceros rhenanus Dubois, 
1904 at these localities. As we have already stated 
above, Made et al. (2008) lists the presence of  cf. 
Dama nestii vallonnetensis in Quibas. There is contro-
versy surrounding this species, as some specimens 
determined as D. vallonnetensis have been reassigned 
to other genera (Cervus, Axis, Euraxis, Pseudodama) 
or species and subspecies (nestii, euygonos) (Kahlke 
1997; Di Stefano & Petronio 1998, 2002; Pfeiffer 
2002; Breda & Lister 2013; Petronio et al. 2013; 
Croitor 2014). Croitor (2006, 2014, 2018) explains 
that several reassignments are most likely due to 
similar locomotor strategies and ecological prefer-
ences when studies focus on postcranial morphol-
ogy, especially those concerning Pseudodama and 
Euraxis. Croitor & Bonifay (2001) clarify that D. 
vallonnetensis is an archaic fallow deer that is more 
abundant in southern Europe. Concerning the ori-
gin of  this fallow deer, morphological and molecu-
lar analyses confirm this genus as a close relative of  
Megacerini (Mennecart et al. 2017 and references 
therein; Heckeberg 2020), although its origin is 
controversial. Its fossil record is restricted to the 
European continent, suggesting a local radiation 
(Croitor 2014), whilst other authors suggest an 
Asian immigration reflected in mitochondrial and 
nuclear phylogenies (Gilbert et al. 2006). Like the 
genus Dama, the fossil record of  D. vallonnetensis is 
restricted to Europe (Croitor 2014).

Regarding Bison cf. voigtstedtensis our material 
is close to that of  Atapuerca TD8, although the 
taxonomic status of  this species is somewhat de-
bated and it is considered by several authors to be 
a subespecies of  B. schoetensacki (for more informa-
tion see Sorbelli et al. 2021). In a similar time range, 
we find four species in the Iberian Peninsula: B. 
degiulii Masini, 1989, B. menneri Sher, 1997, B. voigt-
stedtensis, and B. schoetensacki. The earliest presence 
of  species of  Bison (Eobison) in this region is at 
Venta Micena ca. 1.5 Ma (Martínez-Navarro et al. 
2011; Sorbelli et al. 2021), and tentatively at Fuente 
Nueva 3 and Barranco León 5 as B. degiulii (Made 
et al. 2017). B. cf. menneri was identified at Sima del 
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Elefante TE9c (ca. 1.2 Ma, Huguet et al. 2017) and 
B. voigtstedtensis is present at Atapuerca (TD4-6) and 
Cueva Negra del Estrecho del Río Quípar (Made 
et al. 2017; Álvarez-Posada et al. 2018; López Ji-
ménez et al. 2020). Lastly, B. schoetensaki is present 
in Vallparadís Estació, Cal Guardiola and tenta-
tively recorded at El Chaparral, Pontón de la Oliva 
and Cueva Victoria (Made et al. 2017; Sorbelli et 
al. 2021). Little information exists about the skel-
eton of  B. voigtstedtensis and about its phylogenetic 
relationships. The hypodigm of  B. voigtstedtensis is 
restricted to Europe, mainly in the Central-West-
ern area. The controversy and rarity of  this species 
complicates the interpretation of  its geographic 
distribution and origin. However, the oldest record 
is in Atapuerca TE 4-7 (Spain) at ca. 1.1 Ma (Made 
et al. 2017), indicating a possible European nature 
of  the species. Looking at the B. schoetensacki record 
(as the species with which B. voigtstedtensis shares 
its highly debated taxonomy) the first record is in 
Western Europe during the EMPT in Le Vallonnet 
and Cal Guardiola at ca. 1.2 – 1.1 Ma (Brugal 1995; 
Sorbelli et al. 2021). This species spreads rapidly 
throughout Europe, from Spain and Italy to the 
British Isles and reaching central Asia at the end of  
the Middle Pleistocene (Breda et al. 2010; Sorbelli 
et al. 2019). This rapid dispersion and the broad, 
European distribution prevent us from knowing 
the precise origin of  the taxon, leading us to the 
same conclusion as for B. voigtstedtensis: a European 
nature of  the species that might also imply a Euro-
pean origin.

The genus Praeovibos appears for the first 
time in Europe in Fonelas P-1 (Garrido 2008; ca. 2 
Ma Arribas et al. 2009) and ranges from southwest-
ern Europe to the Yukon in Alaska, surviving until 
de Middle Pleistocene (McDonald et al. 1991). In 
contrast to our sample, Carlos-Calero et al. (2006a) 
found material attributable to cf. Praeovibos; Crégut-
Bonnoure in Garrido (2008) identified the material 
from Quibas as P. mediterraneus Crégut-Bonnoure 
2002, which is the only attempt to reach a specific 
determination, mainly due to the scarcity of  com-
parative material. Morphological comparisons of  
this caprine led some authors to identify the ge-
nus as monophyletic (P. priscus) and as an ances-
tor of  Ovibos (Garrido 2008; Arribas et al. 2009; 
Stefaniak et al. 2021). A mitochondrial DNA phy-
logenetic analysis places Praeovibos within the di-
versity of  Ovibos, suggesting that the former might 

be an earlier morphotype of  the latter (Campos et 
al. 2010). Praeovibos immigrated into Europe from 
Asia, where the origin of  the genus is placed (Ar-
ribas et al. 2009).

Capra alba is a species from the Early Pleisto-
cene of  the Iberian Peninsula present at Venta Mi-
cena, Quibas, Huéscar-1 and tentatively at Barran-
co León 5 (Made et al. 2017). On the other hand, 
studies on the Quibas site suggest the taxonomic 
consideration of  the species C. alba as Hemitragus 
albus (Crégut-Bonnoure 1999; Montoya et al. 1999). 
Arribas & Garrido (2008) suggest that C. alba is a 
descendant of  C. baetica Arribas & Garrido, 2008, 
also identified only in the Iberian Peninsula, while 
Made et al. (2008) state the uncertainty of  the phy-
logenetic position of  C. alba with three hypotheses: 
it may suggest a primitive species, a form more 
closely related to Hemitragus, or be more closely re-
lated to Pseudois or Ammotragus. This caprine has an 
extremely restricted record and shows a possible 
endemism event in the southeastern Iberian Pen-
insula.

Even though the phylogenetic relationships 
and the origins of  the identified taxa are not com-
pletely clear, the fossil record of  E. altidens, S. 
etruscus, D. vallonnetensis, B. voigtstedtensis and C. alba 
shows a strong European affinity or restricts their 
presence to Europe. This indicates a dominance of  
European taxa at the Quibas site, except for Sus sp. 
and cf. Praeovibos sp., both of  Asian origin but not 
fully comparable since we could not determine the 
species in either case.

The Quibas site in a biochronostrati-
graphic context

The herbivorous macromammals studied 
here (Fig. 6) and the remaining large mammals 
identified in previous studies (Table 7) are placed 
within the Epivillafranchian framework. However, 
many taxa typical of  this period (1.2 – 0.78 Ma) 
are not present in the site, which raises some ques-
tions. Some of  these taxa are (Madurell-Malapeira 
et al. 2019): Homotherium latidens (Owen, 1846), Me-
gantereon whitei (Broom, 1937), Panthera gombaszoe-
gensis Kretzoi, 1938, Puma pardoides (Owen, 1846), 
Panthera sp., Pachycrocuta brevirostris (Gervais, 1850), 
Crocuta crocuta (Erxleben, 1777), Lycaon lycaonoi-
des (Kretzoi, 1938), Ursus deningeri von Reichenau, 
1904, Mammuthus meridionalis (Nesti, 1825), Hippo-
potamus antiquus Desmarest, 1822, Megaloceros savini 
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(Dawkins, 1887), Cervus elaphus Linnaeus, 1758, Ca-
preolus sp., Bison schoetensacki, Ammotragus europaeus 
Moullé, Echassoux & Martinez-Navarro, 2004, Sus 
strozzi and Stephanorhinus hundsheimensis. A. europaeus 
and C. elaphus appear in the lower and upper limit 
of  the biochron, respectively. The most remarkable 
characteristic of  Quibas is the minimal presence of  
large carnivores (some material was determined as 
cf. Megantereon but there is no mention of  it since 
Carlos-Calero et al. 2004) and the absence of  mam-
moths, hippos and humans. The present paper 
mentions the large mammals Stephanorhinus and Bi-
son for the first time, which suggests that the the 
lack of  these taxa may be due to their stratigraphic 
position or taphonomic biases and not an actual 
absence in the faunal community.

According to Magri & Palombo (2013), the 
Jaramillo interval registers low values of  diversity, 
origination and extinction of  taxa for the Iberian 
Peninsula but shows a high turnover index (i.e., a 
change in faunal taxonomic composition). Spain 
was the first area reflecting this turnover compared 
to France and Italy, which also implies a regionali-
sm within the already diverse southwestern Euro-
pe. This local event is apparent in the presence of  
endemic species such as Capra alba or the slender-
ness of  Equus altidens in the specimens from Qui-
bas (Fig. 2).

The fossil sites that harbour typical Epivil-
lafranchian taxa and have similar chronologies to 
Quibas in the Iberian Peninsula are the Vallparadís 
Composite Section (VCS), Barranc de La Boella, 
Atapuerca (TD4-7, TE7-14), El Molinar, Pontón 
de la Oliva, El Chaparral, Cueva Victoria and Cue-
va Negra del Estrecho del Río Quípar (CNERQ). 
In other regions of  Europe similar sites are Al-
goz, Le Vallonnet, Durfort, Saint-Prest, Unter-
massfeld, Colle Curti, Betfia and Happisburgh-3. 
In the Iberian Peninsula, we find that Cueva Victo-
ria, CNERQ, El Chaparral, Sima del Elefante and 
Gran Dolina have similar environmental condi-
tions, somewhat wetter than Quibas, and except for 
El Chaparral and Cueva Victoria, those sites show 
evidence of  human presence. Both Cueva Victoria 
and CNERQ share some characteristics with our 
site, such as the geographic location, macro- and 
micromammal taxa, chronological age, and the 
karstic character of  the site. On the other hand, 
CNERQ differs in palaeoenvironment, depositio-
nal environmentand presence of  hominin fossils or 

artefacts, the latter being absent from the site un-
der exam (the most remarkable aspect). This raises 
some questions as to why Quibas shows no sign of  
hominins, as El Chaparral and Cueva Victoria. The 
palaeoenvironmental reconstruction of  the Quibas 
site, for both Quibas-Cueva and Quibas-Sima (Mon-
toya et al. 1999; Piñero et al. 2020) indicates an open 
and relatively dry environment, especially for QS3 
and QS4, dominated by rocky areas and patches of  
more humid and arboreal areas. This is consistent 
with the new mention and description of  Stepha-
norhinus, possibly Sus, Dama and Bison testifying to 
a diversity of  environments. Compared with Cueva 
Victoria and CNERQ, Quibas was drier, had a ro-
cky area and was far from relatively large water bo-
dies (Gibert et al. 2016; López Jiménez et al. 2020). 
This could suggest some obstacles to accessibility 
and survival. However, Quibas had some cavities 
open and accessible slightly earlier than 1 Ma, which 
were later infilled with sediments and fossil remains 
swept along by rain (Romero et al. 2009). 

Considering the sites of  El Chaparral (Cádiz, 
Spain) and Cueva Victoria (Cartagena, Murcia) we 
see an extremely similar situation: both sites are on 
the slope of  a mountain range, with fossils embed-
ded within the sediment infilling of  a karstic struc-
ture, a patchy environment with a dry open landsca-
pe with remaining forested and humid areas, and 
a restricted record of  Epivillafranchian mammals 
without evidence of  Homo (Fernández-Sánchez et 
al. 2017). If  the lack of  human presence is confir-
med in the future, the environmental characteristics 
mentioned above might explain this absence. Later, 
at ca. 0.75 Ma, Cúllar Baza-1 shows similar condi-
tions to Quibas, El Chaparral and Cueva Victoria 
although in this case there is evidence of  human 
presence (Bellucci et al. 2021), which raises some 
questions as to whether the human absence relates 
to taphonomic biases or eco-physiographic human 
preferences. It is important to mention that the 
chronology of  Cúllar Baza-1 is still disputed due to 
the contradictory biochronological estimates (0.73-
0.9 Ma; Alberdi et al. 1989) with the estimate of  
441 ± 27 ka by applying techniques of  amino acid 
racemization analysis in gastropods by Ortíz et al. 
(2000).

Figure 6 shows graphically the correlation 
between the main European sites of  the 2-0.8 Ma 
chronological span and the presence of  the taxa 
identified at Quibas.
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Conclusions

Here we present the herbivorous large mam-
mal fossil material gathered during four field seasons 
(2015-2018) at Quibas. Typical taxa from the site are 
Equus altidens, E. suessenbornensis, Praeovibos sp. and Ca-
pra alba. New material has been identified for the first 
time at the site: Stephanorhinus cf. etruscus and Bison cf. 
voigtstedtensis, along with the first description of  Dama 
cf. vallonnetensis and Sus sp. Most of  the taxa show 
a strong European affinity, and some regionalism, 
concordant with the faunal dynamics of  the Early-
Middle Pleistocene transition that characterizes the 
southwestern region of  Europe. Sus sp. and Praeovibos 
sp. are the only taxa of  Asian origin, although the 
identification of  the species (S. scrofa and P. priscus as 
Asian, and S. strozzi and P. mediterraneus as European) 
may change this last statement.

The Quibas site (Murcia, Spain) shows a parti-
cular scenario in the southeast Iberian landscape:

- A transitional faunal association with signs of  
possible endemism events. The European affinity of  
the herbivorous macromammals at the site is notable.

- Lack of  most typical Epivillafranchian fauna 
and hominins, both widely recorded in the Iberian 
Peninsula during this time. Possible explanations for 
these absences remain unclear and require a deeper 
study of  the whole fossiliferous site.

- The absence of  anthropic influence provides 
the opportunity to study a wild fauna community in a 
generally hominin-influenced landscape.

Acknowledgements: We are very grateful to the editor and two ano-
nymous reviewers for their valuable comments and corrections. We are 
grateful to colleagues for their contribution during field campaigns and 
the Town Hall of  Abanilla for their support. The Comunidad Autóno-
ma de la Región de Murcia allowed permission and support for the field 
work. We would like to thank Mariano Padilla Cano, curator of  the Mu-
seum of  Comparative Anatomy of  Vertebrates from the Universidad 
Complutense de Madrid, who gave us access to the osteological collec-
tions for their study. This work was supported by Ministerio de Ciencia 
e Innovación, Spain, Grant/Award Numbers: CGL2016-75109-P and 
CGL2016-80000-P; AGAUR, Gencat, Project number: SGR2017-859; 
the Palarq Foundation, Spain; the Comunidad Autónoma de la Región 
de Murcia, Spain, Grant Number: ARQ115/2018 (Subvención para la 
Investigación e Intervención en el Patrimonio Arqueológico y Paleon-
tológico de la Región de Murcia); and CERCA Programme/Generalitat 
de Catalunya. The Institut Català de Paleoecologia Humana i Evolució 
Social (IPHES-CERCA) has received financial support from the Spa-
nish Ministry of  Science and Innovation through the ‘María de Maeztu’ 
program for Units of  Excellence (CEX2019-000945-M). DF was sup-
ported by a JAE Intro grant (JAEINT_20_0_01073) of  the Consejo 
Superior de Investigaciones Científicas, co-financed by the Museo Na-
cional de Ciencias Naturales. PP was beneficiary of  a postdoctoral fel-
lowship from the ‘María de Maeztu’ program. 

References

Abbazzi L. (2010) - La fauna de cérvidos de Barranco León 
y Fuente Nueva-3. In: Toro I., Martínez-Navarro B. & 
Agustí J. (Coords) - Ocupaciones humanas en el Pleis-
toceno Inferior y Medio de la cuenca de Guadix-Baza: 
273-290. Junta de Andalucía. Consejería de Cultura.

Alba D.M., Carlos-Calero J.A., Mancheño M.Á., Montoya P., 
Morales J. & Rook L. (2011) - Fossil remains of  Macaca 
sylvanus florentina (Cocchi, 1872) (Primates, Cercopithe-
cidae) from the Early Pleistocene of  Quibas (Murcia, 
Spain). Journal of  Human Evolution, 61: 703-718.

Alberdi M.T. & Palombo M. R. (2013) - The Early Pleistocene 
from Pirro Nord (Apricena, Southern Italy). Palaeonto-
graphica, Abt. A, 298(1-6): 147-167.

Alberdi M.T. & Piñero P. (2012) - Estudio de los caballos 
del yacimiento de Cueva Victoria, Pleistoceno Inferior 
(Murcia). Mastia, 11-13: 325-358.

Alberdi M.T. & Ruiz Bustos A. (1985) - Descripcion y sig-
nificato biostratigrafico y climatico del Equus e Hippo-
potamus, en el yacimento de Venta Micena (Granada). 
Estudios Geológicos, 41: 251-261.

Alberdi M.T., Alcalá L., Azanza B., Cerdeño E., Mazo A.V., 
Morales J. & Sesé C. (1989) - Consideraciones bioes-
tratigráficas sobre la fauna de Vertebrados fósiles de 
la cuenca de Guadix-Baza (Granada, España). Trabajos 
Neógeno-Cuaternario, 11: 347-355.

Alberdi M.T., Cerdeño E., López-Martínez N., Morales J. 
& Soria M.D. (1997) - La fauna villafranquiense de el 
Rincón-1 (Albacete, Castilla - La Mancha). Estudios Geo-
lógicos, 53: 69-93.

Alberdi M.T., Ortiz-Jaureguizar E. & Prado J.L. (1998) - A 
quantitative review of  European stenonoid horses. Jour-
nal of  Paleontology, 72: 371-387.

Álvarez-Posada C., Parés J.M., Cuenca-Bescós G., Made 
J., Rosell J., Bermúdez de Castro J.M. & Carbonell E. 
(2018) - A post-Jaramillo age for the artefact-bearing 
layer TD4 (Gran Dolina, Atapuerca): New paleomag-
netic evidence. Quaternary Geochronology, 45: 1-8.

Andrés Rodrigo, M. (2011) - Los bóvidos Villafranquienses de 
La Puebla de Valverde y Villarroya: sistemática, filogenia 
y paleobiología. PhD thesis. University of  Zaragoza.

Arambourg C. (1970) - Les vertébrés du Pléistocène de 
l’Afrique du Nord. Archives du Muséum national d’Histoire 
naturelle, 10(1): 1-126.

Arribas A. & Garrido G. (2008) - Los representantes más an-
tiguos del género Capra (Bovidae, Artiodactyla, Mam-
malia) en el registro euroasiático (Fonelas P-1, Cuenca 
de Guadix, España). Vertebrados del Plioceno superior termi-
nal en el suroeste de Europa: Fonelas P-1 y el Proyecto Fonelas: 
461-473.

Arribas A., Garrido G., Viseras C., Soria J.M., Pla S., Solano 
J.G., Garcés M., Beamud E. & Carrión J.S. (2009) - A 
mammalian lost world in Southwest Europe during the 
late Pliocene. PLoS ONE, 4: e7127.

Azanza, B. & Morales, J. (1989) - Los artiodáctilos de Huélago, 
Huescar-1 y Cúllar de Baza-1 (cuenca de Guadix-Baza, 



Rosas A., Galli E., Fidalgo D., García-Tabernero A., Huguet R., García-Martínez D., Piñero P., Agustí J., Rico-Barrio A. & Vallverdú J.766

Granada). Trabajos sobre Neógeno-Cuaternario, 11: 289-314.
Azzaroli A. (1947) - I cervi fossili della Toscana. Palaeonto-

graphia Italica, 43: 46-81.
Azzaroli A. (1964) - The two Villafranchian horses of  the Up-

per Valdarno. Palaeontographia Italica, 59: 1-12.
Azzaroli A., de Giuli C., Ficcarelli G. & Torre D. (1988) - Late 

Pliocene to Early Mid-Pleistocene mammals in Eurasia: 
Faunal succession and dispersal events. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 66: 77-100.

Ballatore M. & Breda M. (2013) - Stephanorhinus hundsheimen-
sis (Rhinocerontidae, Mammalia) teeth from the early 
Middle Pleistocene of  Isernia La Pineta (Molise, Italy) 
and comparison with coeval British material. Quaternary 
International, 302: 169-183.

Ballatore M. & Breda M. (2019) - Revision of  the rhinocer-
os remains (Rhinocerotidae, Mammalia) from the late 
Pliocene of  Etouaires (Auvergne, France) and the mor-
phological distinction between the postcranial bones of  
Stephanorhinus elatus and S. etruscus. Comptes Rendus - Pa-
levol, 18: 191-208.

Bärmann E.V. & Rössner G.E. (2011) - Dental nomencla-
ture in Ruminantia: Towards a standard terminological 
framework. Mammalian Biology, 76: 762-768.

Bellucci L., Palombo M.R., Demiguel D., Strani F. & Alberdi 
M.T. (2021) - New taxonomical, biochronological and 
palaeoenvironmental data from the Middle Pleistocene 
site of  Cúllar de Baza 1 (Granada, Spain). Quaternary Sci-
ence Reviews, 261: 106932.

Bellucci L., Sardella R. & Rook L. (2015) - Large mammal 
biochronology framework in Europe at Jaramillo: The 
Epivillafranchian as a formal biochron. Quaternary Inter-
national, 389: 84-89.

Blain H.A., Bailon S., Agustí J., Piñero-García P., Lozano-
Fernández I., Sevilla P., López-García J. M., Romero 
G. & Mancheño M.A. (2014) - Youngest agamid lizards 
from Western Europe (Sierra de Quibas, Spain, late Ear-
ly Pleistocene). Acta Palaeontologica Polonica, 59: 873-878.

Bona F. & Sala B. (2016) - Villafranchian-Galerian mammal 
faunas transition in South-Western Europe. The case of  
the late Early Pleistocene mammal fauna of  the Fran-
toio locality, Arda River (Castell’Arquato, Piacenza, 
Northern Italy). Geobios, 49: 329-347.

Bonifay M.F. (1973) - Dicerorhinus etruscus FALC. Du Pléisto-
cène moyen des grottes de Lunel-Viel (Hérault). Annales 
de Paléontologie, 59: 79-112.

Boulbes N. & van Asperen E.N. (2019) - Biostratigraphy and 
Palaeoecology of  European Equus. Frontiers in Ecology 
and Evolution, 7: 301.

Breda M. & Lister A.M. (2013) - Dama roberti, a new species 
of  deer from the early Middle Pleistocene of  Europe, 
and the origins of  modern fallow deer. Quaternary Science 
Reviews, 69: 155-167.

Breda M. (2015) - The early Middle Pleistocene fallow deer 
Dama roberti: new insight on species morphology from a 
complete postcranial skeletoon from Valdemino (north-
western Italy). Geological Journal, 50: 257-270.

Breda M., Collinge S.E., Parfitt S.A. & Lister A.M. (2010) - 
Metric analysis of  ungulate mammals in the early Middle 

Pleistocene of  Britain, in relation to taxonomy and bio-
stratigraphy. I: Rhinocerotidae and Bovidae. Quaternary 
International, 228: 136-156.

Broom R. (1937) - On some new fossil mammals from lime-
stone caves of  the Transvaal. South African Journal of  Sci-
ence, 33: 750-769.

Brugal J.-P. (1995) - Le Bison (Bovinae, Artiodactyla) du gi-
sement Pléistocène moyen ancien de Durfort (Gard, 
France). Bulletin du Muséum national d’histoire naturelle, 
16C(2-4): 349-381.

Campos P.F., Sher A., Mead J.I., Tikhonov A., Buckley M., 
Collins M., Willerslev E. & Gilbert M.T.P. (2010) - Clari-
fication of  the taxonomic relationship of  the extant and 
extinct ovibovids, Ovibos, Praeovibos, Euceratherium and 
Bootherium. Quaternary Science Reviews, 29: 2123-2130.

Cappellini E., Welker F., Pandolfi L., Ramos-Madrigal J., 
Samodova D., Rüther P.L., Fotakis A.K., Lyon D., 
Moreno-Mayar J.V., Bukhsianidze M., Jersie-Christensen 
R.R., Mackie M., Ginolhac A., Ferring R., Tappen M., 
Palkopoulou E., Dickinson M.R., Stafford T.W., Chan 
Y.L., Götherström A., Nathan S.K.S.S., Heintzman P.D., 
Kapp J.D., Kirillova I., Moodley Y., Agusti J., Kahlke 
R.D., Kiladze G., Martínez-Navarro B., Liu S., Sando-
val Velasco M., Sinding M.H.S., Kelstrup C.D., Allentoft 
M.E., Orlando L., Penkman K., Shapiro B., Rook L., 
Dalén L., Gilbert M.T.P., Olsen J.V., Lordkipanidze D. 
& Willerslev E. (2019) - Early Pleistocene enamel pro-
teome from Dmanisi resolves Stephanorhinus phylogeny. 
Nature, 574: 103-107.

Carlos-Calero J.A., Made J. & Mancheño M.A. (2006a) - Nue-
vos restos de Ovibovini (Mammalia, Artiodactyla) en el 
yacimiento paleontológico pleistoceno de la Sierra de 
Quibas (Abanilla, Murcia). XXII Jornadas de la Sociedad 
Española de Paleontología: 97-99.

Carlos-Calero J.A., Made J., Mancheño M.A., Montoya P. & 
Romero G. (2006b) - Capra alba Moyà-Solà, 1987 del 
Pleistoceno Inferior de la Sierra de Quibas (Albanilla, 
Murcia, España). Estudios Geologicos, 62: 571-578.

Carlos-Calero J.A., Mancheño M.A., Montoya P. & Ruiz Bus-
tos A. (2004) - El yacimiento pleistoceno de la Sierra 
de Quibas (Abanilla, Murcia). Nuevas aportaciones. XX 
Jornadas de la Sociedad Española de Paleontología: 40-41.

Carlos-Calero J.A., Montoya P., Mancheño M.A. & Morales J. 
(2006c) - Presencia de Vulpes praeglacialis (Kormos, 1932) 
en el yacimiento pleistoceno de la Sierra de Quibas 
(Abanilla, Murcia). Estudios Geologicos, 62: 395-400.

Cerdeño E. (1990) - Stephanorhinus hemitoechus del Pleistoceno 
medio y superior de España. Estudios Geológicos, 479: 465-
479.

Cherin M., Alba D.M., Crotti M., Menconero S., Moullé P.-E., 
Sorbelli L., Utschig G. & Madurell-Malapeira, J. (2019) 
- The suid record from Vallparadís Section (NE Iberian 
Peninsula) and the post-Jaramillo persistence of  Sus 
strozzii in Europe. XIX Riunione annuale della Società Pale-
ontologica Italiana: 11-12.

Cherin M., Alba D.M., Crotti M., Menconero S., Moullé P.É., 
Sorbelli L. & Madurell-Malapeira J. (2020) - The post-
Jaramillo persistence of  Sus strozzii (Suidae, Mammalia) 



New herbivores from the Early-Middle Pleistocene transition 767

in Europe: new evidence from the Vallparadís Section 
(NE Iberian Peninsula) and other coeval sites. Quaternary 
Science Reviews, 233: 106234.

Cherin M., Sorbelli L., Crotti M., Iurino D.A., Sardella R. & 
Souron A. (2018) - New material of  Sus strozzii (Suidae, 
Mammalia) from the Early Pleistocene of  Italy and a 
phylogenetic analysis of  suines. Quaternary Science Re-
views, 194: 94-115.

Cirilli O., Pandolfi L., Rook L. & Bernor R.L. (2021) - Evolu-
tion of  Old World Equus and origin of  the zebra‑ass 
clade. Scientific Reports, 11: 10156.

Cirilli O., Saarinen J., Pandolfi L., Rook L. & Bernor R.L. 
(2021) - An updated review on Equus stenonis (Mamma-
lia, Perissodactyla): New implications for the European 
early Pleistocene Equus taxonomy and paleoecology, 
and remarks on the Old World Equus evolution. Quater-
nary Science Reviews, 269: 107155.

Cocchi I. (1867) - L’uomo fossile dell’Italia Centrale. Memorie 
della Società Italiana di Scienze Naturali, 2: 1-180.

Crégut E. & Guérin C. (1979) - Premiere decouverte en Eu-
rope sud-occidentale de Praeovibos priscus (Mammalia, 
Artiodactyla, Ovibovinae) dans le gisement Pleistocene 
Moyen Ante-rissien de la Caune de L’arago (Tautavel, 
Tyrenees-orientales, France). Geobios, 12 (3): 459-465.

Crégut-Bonnoure E. (1999) - Les petits Bovidae de Venta 
Micena (Andalousie) et de Cueva Victoria (Murcia). In: 
Gibert J., Sánchez F., Gibert L. & Ribot F. (Eds) -The 
Hominids and Their Environment during the Lower 
and Middle Pleistocene of  Eurasia: 191-228. Museo 
de Prehistoria y Paleontología. Ayuntamiento de Orce, 
Orce.

Crégut-Bonnoure E. (2002) - Les Ovibovini, Caprini et Ovini 
(Mammalia, Artiodactyla, Bovidae, Caprinae) du Plio-
Pléistocène d’Europe: systématique, évolution et bio-
chronologie. PhD dissertation. Université Claude Ber-
nard, Lyon.

Croitor R. & Bonifay M-F. (2001) - Étude préliminaire des 
cerfs du gisement pléistocène inférieur de Ceyssaguet 
(Haute-Loire). PALEO, 13: 129-144.

Croitor R. (2006) - Early Pleistocene small-sized deer of  Eu-
rope. Hellenic Journal of  Geosciences, 41: 89-117.

Croitor R. (2014) - Deer from Late Miocene to Pleistocene of  
Western Palearctic: matching fossil record and molecu-
lar phylogeny data. Zitteliana B, 32: 115-153.

Croitor R. (2018) - Plio-Pleistocene Deer of  Western Pale-
arctic: Taxonomy, Systematics, Phylogeny. Institute of  
Zoology of  the Academy of  Sciences of  Moldova, 
Chişinău.

Dawkins W.B. (1872) - On the Cervidae of  the Forest-bed 
of  Norfolk and Suffolk. Quaterly Journal of  the Geological 
Society of  London, 28: 405–410.

Dawkins W.B. (1887) - British Pleistocene Cervidae. Mono-
graph on british Mammalia of  the Pleistocene period, 6. 
Paleontological Society: 1-29.

Delafond F. & Deperet C. (1893) - Les terrains tertiaires de 
la Bresse et leurs gites de lignites et de minerais de fer. 
Etudes des Gîtes Minéraux de la France. Imprimerie 
Nationale, Paris, 332 pp.

Deng T. & Xue X. (1999) - Chinese Fossil Horses of  Equus 
and their Environment. China Ocean Press, China, 158 
pp.

Desmarest A.G. (1822) - Mammalogie, ou description des es-
pèces des Mammifères. Veuve Agasse, 277-555.

Di Stefano G. & Petronio C. (1998) - Origin of  and relation-
ships among the Dama-like cervids in Europe. Neues Jah-
rbuch für Geologie und Paläontologie - Abhandlungen, 207 (1): 
37-55.

Di Stefano G. & Petronio C. (2002) - Systematics and evolu-
tion of  the Eurasian Plio-Pleistocene tribe Cervini (Ar-
tiodactyla, Mammalia). Geologica Romana, 36: 311-334.

Di Stefano G. (1996) - Identification of  fallow deer remains 
on the basis of  its skeletal features: taxonomical con-
siderations. Bollettino della Societΰ Paleontologica Italiana, 34: 
323-331.

Dubar M., Guérin C. & Heintz E. (1978) - Les nouveaux gi-
sements villafranchiens du Ravin de Cornillet (Mous-
tiers St. Marie, Alpes de Haute Provence, France) et leur 
contexte géologique. Geobios, 11: 367-381.

Dubois E. (1904) - On an equivalent of  the Cromer Forest 
Bed in The Netherlands. Proceedings Kon. Nederland Akad-
emie Wetenschappen. Section Sciences, 7 (3): 214-222.

Durán J.J., López-Martínez J. & Mancheño M.A. (2004) - Dos 
registros de espeleotemas pleistocenos de gran potencia 
en la Península Ibérica: primeros resultados isotópicos. 
Boletin Geologico y Minero, 115: 265-270.

Duvernois M.-P. & Guérin C. (1990) - Les Bovidae (Mamma-
lia, Artiodactyla) du Villafranchien supérieur d’Europe 
occidentale. Geobios, 22 (3): 339-379.

Eisenmann V., Alberdi M.T., De Giuli C. & Staesche U. (1988) 
- Collected papers after the ‘New York International 
Hipparion Conference, 1981’. In: Woodburne M.O. & 
Sondaar P. (Eds) - Studying Fossil Horses, Volume I: 
Methodology: 1-77. Leiden, New York.

Erxleben J.C.P. (1777) - Systema regni animalis per classes, 
ordines, genera, species, varietates cum synonymia et 
historia Animalium. Classis I. Mammalia. Imprensis 
Weigandianis, Lipsiae.

Falconer H. (1868) - On the European Pliocene and Postplio-
cene species of  the genus Rhinoceros. Paleontological Mem-
oires and Notes, 2: 309-403.

Fernández-Sánchez D., Moreno-Márquez A., Gutiérrez-López 
J. & Giles-Pacheco F. (2017) - Metodología arqueológica 
de excavación en brecha de un yacimiento del Pleisto-
ceno Inferior: El Chaparral (Villaluenga del Rosario, 
Cádiz, España). Arqueología Iberoamericana, 36: 97-106.

Fischer K.H. (1965) - Bisonreste (Bison schoetensacki voigtstedten-
sis ssp. n.) aus den altpleistozänen Tonen von Voigtstedt 
in Thüringen. Paläontologische Abhandlungen, Abteilung A. 
Paläozoologie, 2(2-3): 364-377.

Forsyth Major C.J. (1881) - Studi sugli avanzi pliocenici del ge-
nere Sus. Atti della Società toscana di scienze naturali, 2: 227. 

Fortelius M., Mazza P. & Sala B. (1993) - Stephanorhinus (Mam-
malia: Rhinocerotidae) of  western European Pleistoce-
ne, with a revision of  S. etruscus (Falconer, 1868). Palae-
ontographia Italica, 80: 63-155.

Freudenberg W. (1910) - Wisent und Ur im. K. Naturalienka-



Rosas A., Galli E., Fidalgo D., García-Tabernero A., Huguet R., García-Martínez D., Piñero P., Agustí J., Rico-Barrio A. & Vallverdú J.768

biett zu Stuttgart. Neues Jahrbuch für Mineralogie, Geologie 
und Paläontologie, 2: 132-133.

Frisch J.L. (1775) - Das Natur-System der vierfüssigen Thiere 
in Tabellen, darinnen alle Ordnungen, Geschlechte 
und Arten, nicht nur mit bestimmenden Benennungen, 
sondern beygesetzten unterscheidenden Kennzeichen 
angezeight werden zum Nutzen der erwachsenen Schul-
jugend. Günther, Glogau, Germany, 30 pp.

García-Fernandez D., Galobart A., Ros X. & Cerdeño E. 
(2003) - Stephanorhinus etruscus (Rhinocerotidae) en el Vil-
lafranquiense de Crespia (Girona, NE de la Peninsula 
Iberica). Paleontologia i Evoluciσ, 34: 279-296.

Garrido G. (2008) - Praeovibos sp. (Bovidae, Artiodactyla, Mam-
malia): la primera cita del género en el Plioceno superior 
terminal de Eurasia (Fonelas P-1, Cuenca de Guadix, 
Granada). In: Arribas A. (Ed) - Vertebrados Del Plioce-
no Superior Terminal En El Suroeste de Europa: Fone-
las P-1 y El Proyecto Fonelas, Vol. 10: 475-488. Instituto 
Geológico y Minero de España, Madrid.

Gervais P. (1850) - Zoologie et Paléontologie Françaises. 
Nouvelles Recherches sur les Animaux Vivants et Fos-
siles de la France. Tome I. Contenant l’Énumerération 
Méthodique et Descriptive des Espèces ainsi que les 
Principes de leur Distribution Géographique et Paléon-
tologique. Arthus Bertrand, Paris, 271 pp. 

Gibert L., Scott G.R., Scholz D., Budsky A., Ferràndez C., Ri-
bot F., Martin R.A. & Lería M. (2016) - Chronology for 
the Cueva Victoria fossil site (SE Spain): Evidence for 
Early Pleistocene Afro-Iberian dispersals. Journal of  Hu-
man Evolution, 90: 183-197.

Gilbert C., Ropiquet A. & Hassanin A. (2006) - Mitochondrial 
and nuclear phylogenies of  Cervidae (Mammalia, Ru-
minantia): Systematics, morphology, and biogeography. 
Molecular Phylogenetics and Evolution, 40: 101-117.

Gkeme A.G., Koufos G.D. & Kostopoulos D.S. (2021) - Re-
considering the Equids from the Early Pleistocene Fau-
na of  Apollonia 1 (Mygdonia Basin, Greece). Quaternary, 
4: 12.

Goldfuss G.A. (1820) - Handbuch der Zoologie. Dritter Theil, 
zweite Abtheilung. Nürnberg, Johann Leonhard Schrag: i-xxiv 
+ 1-512, pl. 3-4.

Goldfuss G.A. (1820) - Handbuch der Zoologie. J. L. Schrag, 
Nürnberg.

Gray H. (1821) - On the natural arrangement of  vertebrate 
animals. London Medical Repository Review, 15: 296-310.

Groenen M.A.M., Archibald A.L., Uenishi H., Tuggle C.K., 
Takeuchi Y., Rothschild M.F., Rogel-Gaillard C., Park 
C., Milan D., Megens H.J., Li S., Larkin D.M., Kim H., 
Frantz L.A.F., Caccamo M., Ahn H., Aken B.L., Ansel-
mo A., Anthon C., Auvil L., Badaoui B., Beattie C.W., 
Bendixen C., Berman D., Blecha F., Blomberg J., Bolund 
L., Bosse M., Botti S., Bujie Z., Bystrom M., Capitanu 
B., Carvalho-Silva D., Chardon P., Chen C., Cheng R., 
Choi S.H., Chow W., Clark R.C., Clee C., Crooijmans 
R.P.M.A., Dawson H.D., Dehais P., De Sapio F., Dibbits 
B., Drou N., Du Z.Q., Eversole K., Fadista J., Fairley 
S., Faraut T., Faulkner G.J., Fowler K.E., Fredholm M., 
Fritz E., Gilbert J.G.R., Giuffra E., Gorodkin J., Grif-

fin D.K., Harrow J.L., Hayward A., Howe K., Hu Z.L., 
Humphray S.J., Hunt T., Hornshoøj H., Jeon J.T., Jern P., 
Jones M., Jurka J., Kanamori H., Kapetanovic R., Kim J., 
Kim J.H., Kim K.W., Kim T.H., Larson G., Lee K., Lee 
K.T., Leggett R., Lewin H.A., Li Y., Liu W., Loveland 
J.E., Lu Y., Lunney J.K., Ma J., Madsen O., Mann K., 
Matthews L., Mclaren S., Morozumi T., Murtaugh M.P., 
Narayan J., Nguyen D.T., Ni P., Oh S.J., Onteru S., Panitz 
F., Park E.W., Park H.S., Pascal G., Paudel Y., Perez-En-
ciso M., Ramirez-Gonzalez R., Reecy J.M., Rodriguez-
Zas S., Rohrer G.A., Rund L., Sang Y., Schachtschnei-
der K., Schraiber J.G., Schwartz J., Scobie L., Scott C., 
Searle, S., Servin, B., Southey, B. R., Sperber, G., Stadler, 
P., Sweedler, J. V., Tafer, H., Thomsen, B., Wali R., Wang 
J., Wang J., White S., Xu X., Yerle M., Zhang G., Zhang 
J., Zhang J., Zhao S., Rogers J., Churcher C. & Schook 
L.B. (2012) - Analyses of  pig genomes provide insight 
into porcine demography and evolution. Nature, 491: 
393-398.

Guerin C. & Heintz, E. (1971) - Dicerorhinus etruscus (Falconer, 
1859), Rhinocerontidae, Mammalia, du Villafranchien 
de La Puebla de Valverde (Teruel, Espagne). Bulletin de 
Muséum National D’Historie Naturelle, 18: 13-22.

Guérin C. (1980) - Les rhinocéros (Mammalia, Perissodac-
tyla) du Miocène terminal au Pléistocène supérieur en 
Europe occidentale. Comparaison avec les espèces ac-
tuelles. Documents des Laboratoires de Géologie de la Faculte des 
Sciences de Lyon, 79: 1-1182.

Guérin, C. (1965) - Gallogoral (nov. gen.) meneghinii (Rütimeyer, 
1878) un rupicapriné du Villafranchien d’Europe occi-
dentale. Documents des Laboratoires de Géologie de la Faculte 
des Sciences de Lyon, 11, 353 pp.

Guerrero-Alba S. & Palmqvist P. (1997) - Estudio morfomé-
trico del caballo de Venta Micena (Orce, Granada) y su 
comparación con los équidos modernos y del Plio-Pleis-
toceno en el viejo y nuevo mundo. Paleontologia i Evoluciò, 
30-31: 93-148.

Hamilton Smith C. (1827) - Supplement to the order Rumi-
nantia. In: Cuvier G. & Whitakker G.B. (Eds.) - The ani-
mal kingdom arranged in conformity with its organiza-
tion, 5: 373. London.

Hammer Ø., Harper D.A.T. & Ryan P. (2001) - Paleontological 
statistics software package for education and data analy-
sis. Palaeontologia Electronica, 4: 1-9.

Heckeberg N.S. (2020) - The systematics of  the Cervidae: A 
total evidence approach. PeerJ, 8: e8114.

Hillson S. (2005) - Teeth. Cambridge University Press, New 
York, 373 pp.

Hillson S. (2016) - Mammal Bones and Teeth: An Introduc-
tory Guide to Methods of  Identification. Routledge, 
New York, 132 pp.

Huguet R., Vallverdú J., Rodríguez-Álvarez X.P., Terradillos-
Bernal M., Bargalló A., Lombera-Hermida A., Mené-
ndez L., Modesto-Mata M., Made J., Soto M., Blain 
H.A., García N., Cuenca-Bescós G., Gómez-Merino G., 
Pérez-Martínez R., Expósito I., Allué E., Rofes J., Bur-
jachs F., Canals A., Bennàsar M., Nuñez-Lahuerta C., 
Bermúdez de Castro J.M. & Carbonell E. (2017) - Level 



New herbivores from the Early-Middle Pleistocene transition 769

TE9c of  Sima del Elefante (Sierra de Atapuerca, Spain): 
A comprehensive approach. Quaternary International, 433: 
278-295.

Jäger G.F. (1839) - Über die fossilen Säugetiere welche in Wür-
temberg in verschiedenen Formationen aufgefunden 
worden sind, nebst geognotischen Bemerkungen über 
diese Formationen. C. Erhard Verlag, Stuttgart, 139 pp. 

Kahlke H.-D. (1997) - Die Cerviden-Reste aus dem Unter-
pleistozän von Untermaßfeld. In: Kahlke R.-D. (Ed) 
- Das Pleistozänvon Untermaßfeld Bei Meiningen 
(Thüringen). Teil 1: 181-276. Habelt GMBH, Bonn.

Kahlke R.-D. (2000) - The Early Pleistocene (Epivillafran-
chian) Faunal Site of  Untermassfeld (Thuringia, Central 
Germany). Synthesis of  New Results. In: Lordkipanidze 
D., Bar-Yosef  O. & Otte M.  (Eds) - Early Humans at 
the Gates of  Europe: 123-138. Etudes et Recherches 
Archéologiques de l’Université de Liège, Liège.

Kahlke R.-D. (2004) - Late Early Pleistocene European large 
mammals: a mixture of  Villafranchian and Galerian 
(Cromerian) elements? In: Maul L.C. & Kahlke R.-D.  
(Eds) - Late Neogene and Quaternary biodiversity and 
evolution: Regional developments and interregional cor-
relations Conference, Terra Nostra: 125-127. Schriften 
der Alfred-Wegener-Stiftung, Berlin.

Kostopoulos D.S., Maniakas I. & Tsoukala E. (2018) - Early 
bison remains from Mygdonia Basin (Northern Greece). 
Geodiversitas, 40: 283-319.

Kostopoulos D.S. (1997) - The Plio-Pleistocene artiodactyls 
(Vertebrata, Mammalia) of  Macedonia 1. The fossilifer-
ous site “Apollonia-1”, Mygdonia basin of  Greece. Geo-
diversitas, 19(4): 845-875.

Koufos G.D., Kostopoulos D.S. & Sylvestrou I.A. (1997) - 
Equus apolloniensis n. sp. (Mammalia, Equidae) from the 
Latest Villafranchian locality of  Apollonia, Macedonia, 
Greece. Paleontologia i Evolució, 30-31: 49-76.

Koufos G.D., Kostopoulos D.S. & Vlachou T.D. (2005) - Neo-
gene/Quaternary mammalian migrations in Eastern 
Mediterranean. Belgian Journal of  Zoology, 135: 181-190.

Kretzoi M. (1942) - Präokkupierte und durch ältere zu erset-
zende Säugetiernamen. Földtani Közlöny, 72: 345-349.

Kretzoi M.V. (1938) - Die Raubtiere von Gombaszög nebst ei-
ner Übersicht der Gesamtfauna. Annales Musei Nationalis 
Hungarici, 31: 87-157.

Lacombat F. (2005) - Les rhinocéros fossiles des sites préhis-
toriques de l’Europe méditerranéenne et du Massif  Cen-
tral: Paléontologie et implications biochronologiques. 
Archaeopress, Oxford, 175 pp.

Linnaeus C. (1758) - Systema Naturae Per Regna Tria Natu-
rae, Secundum Classes, Ordines, Genera, Species Cum 
Characteribus, Differentiis, Synonimis, Locis. Laurentii 
Salvii, Stockholm, 1032 pp.

Lister A.M. (1996) - The Morphological Distinction between 
Bones and Teeth of  Fallow Deer (Dama dama) and Red 
Deer (Cervus elaphus). International Journal of  Osteoarchaeol-
ogy, 6: 119-143.

López González F., Vila Taboada M. & Grandal D’anglade A. 
(1999) - Sobre los grandes bóvidos pleistocenos (Bovi-
dae, Mammalia) en el NO de la Península Ibérica. Cader-

nos do Laboratorio Xeolóxico de Laxe, 24: 57-71.
López Jiménez A., Haber Uriarte M., López Martínez M. & 

Walker M.J. (2020) - Small-mammal indicators of  bio-
chronology at Cueva Negra del Estrecho del Río Quípar 
(Caravaca de la Cruz, Murcia, SE Spain). Historical Biolo-
gy, 32: 18-33.

Lumley H., Kahlke H.-D., Moigne A.-M. & Moullé P.-E. 
(1988) - Les faunes de grands mammiferes de la grotte 
du Vallonnet Roquebrune-Cap-Martin, Alpes-Mari-
times. L’Anthropologie, 92(2): 465-496. 

Lumley H., Kahlke H.D., Moigne A.M. & Moullé P.E. (1988) 
- Les faunes da grandsmammifères de la grotte du Val-
lonnet, Roquebrune-Cap-Martin, Alpes-Maritimes. 
L’Anthropologie, 92: 465-496.

Made J. & Tong H.W. (2008) - Phylogeny of  the giant deer 
with palmate brow tines Megaloceros from west and Sino-
megaceros from east Eurasia. Quaternary International, 179: 
135-162.

Made J. (1989) - The bovid Pseudoeotragus seegrabensis nov. gen., 
nov. sp. from the Aragonian (Miocene) of  Seegraben 
near Leoben (Austria). Proceedings of  the Koninklijke Neder-
landse Akademie van Wetenschappen B, 92: 215-240.

Made J. (1996) - Listriodontinae (Suidae, Mammalia), their evo-
lution, systematics and distribution in time and space. 
Contributions to Tertiary and Quaternary Geology, 33: 3-254.

Made J. (1998) - Ungulates from Gran Dolina (Atapuerca, 
Burgos, Spain). Quaternaire, 9: 267-281.

Made J. (1999) - Ungulates from Atapuerca TD6. Journal of  
Human Evolution, 37: 389-413.

Made J. (2012) - The latest Early Pleistocene giant deer Megalo-
ceros novocarthaginiensis n. sp. and the fallow deer Dama cf. 
vallonnetensis from Cueva Victoria (Murcia, Spain). Mas-
tia, 11-13: 269-323.

Made J., Carlos-Calero J.A. & Mancheño M.Á. (2008) - New 
material of  the goat Capra? alba from the Lower Pleis-
tocene of  Quibas (Spain); notes on sexual dimorphism, 
stratigraphic distribution and systematics. Bollettino della 
Societa Paleontologica Italiana, 47: 13-23.

Made J., Rosell J. & Blasco R. (2017) - Faunas from Atapu-
erca at the Early-Middle Pleistocene limit: The ungulates 
from level TD8 in the context of  climatic change. Qua-
ternary International, 433: 296-346.

Made, J. (2010) - The rhinos from the Middle Pleistocene of  
Neumark-Nord (Saxony-Anhalt). Veröffentlichungen des 
Landesamtes für Denkmalpflege und Archäologie, 62: 433-500.

Made J. (2013) - First description of  the large mammals from 
the locality of  Penal, and updated faunal lists for the 
Atapuerca ungulates – Equus altidens, Bison and human 
dispersal into Western Europe. Quaternary International, 
295: 36-47.

Madurell-Malapeira J., Ros-Montoya S., Espigares M.P., Alba 
D.M. & Aurell-Garrido J. (2014) - Villafranchian large 
mammals from the Iberian Peninsula: paleobiogeogra-
phy, paleoecology and dispersal events. Journal of  Iberian 
Geology, 40(1): 167-178.

Madurell-Malapeira J., Sorbelli L., Bartolini Lucenti S., Rufi 
I., Prat-Vericat M., Ros-Montoya S., Espigares M.P. & 
Martínez-Navarro B. (2019) - The Iberian latest Early 



Rosas A., Galli E., Fidalgo D., García-Tabernero A., Huguet R., García-Martínez D., Piñero P., Agustí J., Rico-Barrio A. & Vallverdú J.770

Pleistocene: glacial pulses, large carnivorians and homi-
nins. XXXV Jornadas de Paleontología. Sociedad Española de 
Paleontología: 155-159.

Magri D. & Palombo M.R. (2013) - Early to Middle Pleisto-
cene dynamics of  plant and mammal communities in 
South West Europe. Quaternary International, 288: 63-72.

Martínez-Navarro B., Belmaker M. & Bar-Yosef  O. (2012) - 
The Bovid assemblage (Bovidae, Mammalia) from the 
Early Pleistocene site of  ’Ubeidiya, Israel: Biochrono-
logical and paleoecological implications for the fossil 
and lithic bearing strata. Quaternary International, 267: 
78-97.

Martínez-Navarro B., Madurell-Malapeira J., Ros-Montoya 
S., Espigares M.P., Medin T., Hortolà P. & Palmqvist P. 
(2015) - The Epivillafranchian and the arrival of  pigs 
into Europe. Quaternary International, 389: 131-138.

Martínez-Navarro B., Ros-Montoya S., Espigares M.P. & 
Palmqvist P. (2011) - Presence of  the Asian origin Bo-
vini, Hemibos sp. aff. Hemibos gracilis and Bison sp., at the 
early Pleistocene site of  Venta Micena (Orce, Spain). 
Quaternary International, 243: 54-60.

Masini F. (1989) - I bovini villafranchiani dell’Italia. PhD dis-
sertation, University of  Modena and Florence, Florence, 
152 pp.

Masini F., Palombo M.R. & Rozzi R. (2013) - A reappraisal of  
the Early to Middle Pleistocene Italian Bovidae. Quater-
nary International, 288: 45-62.

Mazza P. (1988) - The Tuscan Early Pleistocene rhinoceros 
Dicerorhinus etruscus. Palaeontographia Italica, 75: 1-87.

Mazza P., Sala B. & Fortelius M. (1993) - A small latest Vil-
lafranchian (late Early Pleistocene) rhinoceros from Pie-
trafitta (Perugia, Umbria, Central Italy) with notes on 
the Pirro and Westerhoven rhinoceroses. Palaeontographia 
Italica, 80: 25-50.

Mccuaig Balkwill D. & Cumbaa S.L. (1992) - A Guide to the 
Identification of  Postcranial Bones of  Bos taurus and Bi-
son bison. Canadian Museum of  Nature, Ottawa, 277 pp.

Mcdonald J.N., Ray C.E. & Harington C.R. (1991) - Taxonomy 
and Zoogeography of  the Musk Ox Genus Praeovibos 
Staudinger, 1908. In: Purdure J.R, Klippel W.E. & Styles 
B.W. (Eds) - Beamers, Bobwhites, and Blue-Points: Tributes to 
the Career of  Paul W. Parmalee, Vol. 23: 285-314. Illinois 
State Museum Scientific Papers, Springfield.

Mead J.I., Jin C., Wei G., Sun C., Wang Y., Swift S.L. & Zheng 
L. (2014) - New data on Leptobos crassus (Artiodactyla, 
Bovidae) from Renzidong Cave, Early Pleistocene (Ni-
hewanian) of  Anhui, China, and an overview of  the ge-
nus. Quaternary International, 354: 139-146.

Mennecart B., Demiguel D., Bibi F., Rössner G.E., Métais G., 
Neenan J.M., Wang S., Schulz G., Müller B. & Costeur L. 
(2017) - Bony labyrinth morphology clarifies the origin 
and evolution of  deer. Scientific Reports, 7: 13176.

Montoya P., Alberdi M.T., Barbadillo L.J., Made J., Morales J., 
Murelaga X., Peñalver E., Robles F., Bustos A.R., Sán-
chez A., Sanchiz B., Soria D. & Szyndlar Z. (2001) - Une 
faune très diversifiée du Pléistocène inférieur de la Sierra 
de Quibas (province de Murcia, Espagne). Earth and Pla-
netary Science Letters, 332: 387-393.

Montoya P., Alberdi M.T., Blazquez A.M., Barbadillo L.J., 
Fumanal M.P., Made J., Marin J.M., Molina A., Morales 
J., Murelaga X., Peñalver E., Robles F., Ruiz Bustos A., 
Sánchez A., Sanchiz B., Soria D. & Szyndlar Z. (1999) - 
La fauna del Pleistoceno Inferior de la Sierra de Quibas 
(Abanilla, Murcia). Estudios Geologicos, 55: 127-161.

Moullé P.É., Echassoux A. & Martinez-Navarro B. (2004) - 
Ammotragus europaeus: une nouvelle espèce de Caprini 
(Bovidae, Mammalia) du Pléistocène inférieur à la grotte 
du Vallonnet (France). Comptes Rendus Palevol, 3(8): 663-
673.

Moyà Solà S. (1987) - Los bóvidos (Artiodactyla, Mammalia) 
del yacimiento del Pleistoceno inferior de Venta Micena 
(Orce, Granada, España). Paleontologia i evolució, 1: 181-
236.

Moyà-Solà S. (1987) - Los bóvidos (Artiodactyla, Mammalia) 
del yacimiento del Pleistoceno inferior de Venta Micena 
(Orce, Granada, España). Paleontologia i Evolució, Memo-
ria especial, 1: 181-236.

Nesti F. (1825) - Sulla nuova specie di elefante fossile del 
Valdarno all’Illustrissimo Sig. Dott. Prof. Ottaviano 
Targioni Tozzetti (Lettere sopra alcune ossa fossili del 
Valdarno non per anco descritte). Nuovo Giornale di Let-
tere, 11(24): 195-216.

Ortíz J.E., Torres T., Llamas J.F., Canoira L., García-Alonso 
P., García de la Morena M.A., & Lucini M. (2000) - 
Datación de yacimientos paleontológicos de la Cuenca 
de Guadix-Baza (Sector de Cúllar-Baza, Granada, Es-
paña) y primera estimación de la edad de la apertura de 
la cuenca mediante el método de racemización de ami-
noácidos. Geogaceta, 28: 109-112.

Owen R. (1846) - A History of  British Mammals and Birds. 
John van Voorst, London, 560 pp.

Owen R. (1848) - Description of  the teeth and portions of  
jaws of  two extinct anthracotheroid quadrupeds (Hyo-
potamus vectianus and Hyop. bovinus) discovered by the 
Marchioness of  Hastings in the Eocene deposits of  the 
N.W. coast of  the Isle of  Wight: With an attempt to de-
velop Cuvier’s idea of  the classification of  Pachyderms 
by the number of  their toes. Quarterly Journal of  the Geo-
logical Society of  London, 4: 103-141.

Owen R. (1848) - Description of  the teeth and portions of  
jaws of  two extinct anthracotheroid quadrupeds dis-
covered by the Marchioness of  Hastings in the Eocene 
deposits of  the N.W. coast of  the Isle of  Wight: with 
an attempt to develop Cuvier’s idea of  the classification 
of  Pachyderms by the number of  their toes. Quaternary 
Journal Geological Society of  London, 4: 103-141.

Palombo M.R. & Alberdi M.T. (2017) - Light and shadows in 
the evolution of  South European stenonoid horses. Fos-
sil Imprint, 73: 115-140.

Palombo M.R. (2018) - Faunal dynamics in SW Europe dur-
ing the late Early Pleistocene: Palaeobiogeographical 
insights and biochronological issues. Comptes Rendus - Pa-
levol, 17: 247-261.

Pandolfi L., Cerdeño E., Codrea V. & Kotsakis T. (2017) - Bio-
géographie et chronologie du rhinocéros éteint Stepha-
norhinus etruscus (Mammalia, Rhinocerotidae) d’Eurasie. 



New herbivores from the Early-Middle Pleistocene transition 771

Comptes Rendus - Palevol, 16: 762-773.
Pérez-García A., Murelaga X., Mancheño M.Á., Aberasturi 

Rodriguez A. & Romero G. (2015) - The tortoises from 
the Lower Pleistocene palaeontological site of  Quibas 
(Región de Murcia, Spain). Comptes Rendus - Palevol, 14: 
589-603.

Petronio C. (1979) - Dama nestii eurygonos Azz. Di Capena 
(Roma). Geologica Romana, 18: 105-125.

Petronio C., Bellucci L. & Di Stefano G. (2013) - Axis eurygonos 
from Pirro Nord (Apricena, Southern Italy). Palaeonto-
graphica, Abeitlung B: Palaeozoology – Stratigraphy, 298 (1): 
169-181.

Pfeiffer T. (2002) - The first complete skeleton of  Megaloceros 
verticornis (Dawkins, 1868) Cervidae, Mammalia, from 
Bilshausen (Lower Saxony, Germany): description and 
phylogenetic implications. Mitteilungen des Museums für 
Naturkunde in Berlin, Geowissenschaftliche Reihe, 5: 289-308.

Piñero P. & Alberdi M.T. (2015) - Estudio de los caballos del 
yacimiento de Quibas, Pleistoceno Inferior final (Aba-
nilla, Murcia, España). Estudios Geologicos, 71: e034.

Piñero P., Agustí J., Blain H.A., Furió M. & Laplana C. (2015) 
- Biochronological data for the Early Pleistocene site 
of  Quibas (SE Spain) inferred from rodent assemblage. 
Geologica Acta, 13: 229-241.

Piñero P., Agustí J., Laborda C., Duval M., Zhao J.X., Blain 
H.A., Furió M., Laplana C., Rosas A. & Sevilla P. (2022) 
- Quibas-Sima: A unique 1 ma-old vertebrate succes-
sion in southern Iberian Peninsula.  Quaternary Science 
Reviews, 283: 107469.

Piñero P., Agustí J., Oms O., Blain H.A., Furió M., Laplana C., 
Sevilla P., Rosas A. & Vallverdú J. (2020) - First continu-
ous pre-Jaramillo to Jaramillo terrestrial vertebrate suc-
cession from Europe. Scientific Reports, 10: 1901.

Pomel A. (1897) - Homme, singe, carnassier, équidés, suilliens, 
ovidés. Les Equidés. Carte Géologique de l’Algérie, 12: 
1-44.

Rivals F. & Blasco R. (2008) - Presence of  Hemitragus aff. ce-
drensis (Mammalia, Bovidae) in the Iberian Peninsula: 
Biochronological and biogeographical implications of  
its discovery at Bolomor Cave (Valencia, Spain). Comptes 
Rendus Palevol, 7: 391-399.

Rodríguez-Estrella T., Mancheño M.Á., Romero G. & 
Hernández J.M. (2004) - Características geológicas de 
la Sierra de Quibas (Abanilla, Murcia). Su relación con 
un yacimiento paleontológico pleistoceno. Geogaceta, 35: 
115-118.

Romero G., Mancheño M.A., Carlos J.A. & Marín J. (2009) - El 
centro de interpretación del yacimiento paleontológico 
de la sierra de Quibas (Abanilla). XX Jornadas de Patrimo-
nio Cultural de la Región de Murcia: 197-204.

Rook L. & Martínez-Navarro B. (2010) - Villafranchian : The 
long story of  a Plio-Pleistocene European large mam-
mal biochronologic unit. Quaternary International, 219: 
134-144.

Rosas A., Huguet R., Peraita Cachaza M., Enesco P., Rico 
Barrio A., Vallverdú J., García D., García-Tabernero A., 
Piñero P. & Agustí J. (2017) - Memoria de excavación. 
Quibas 2017: 2-13 de Octubre. Inedit. Museo Nacional 

de Ciencias Naturales and Institut Catalá de Paleoecolo-
gia Humana i Evolució Social.

Sarrión Montañana I. (2010) - Puntualizaciones sobre la fauna 
del Pleistoceno inferior / medio de la Cova del Llen-
tiscle (Vilamarxant, Valencia). Archivo de Prehistoria Levan-
tina, 28: 11-45.

Schinz R. (1838) - Descripción de Capra pyrenaica. Nouveaux 
memoires de la Societe Helvetique d’histoire Naturell, 
Neuchatel, Swiss.

Schmidt E. (1972) - Atlas of  Animal Bones for Prehistorians, 
Archaeologists and Quaternary Geologists. Elsevier, 
Amsterdam, 167 pp.

Sher A.V. (1997) - An Early Quaternary bison population from 
Untermaßfeld: Bison menneri sp. nov. In: Kahlke R.-D. 
(Ed.) - Das Pleistozän von Untermaßfeld bei Meiningen 
(Thüringen), Teil 2. Monographien des Römisch-Germanischen 
Zentralmuseums Mainz, 40: 101-180.

Silver I.A. (1963) - The Ageing of  Domestic Animals. In: 
Brothwell D. & Higgs E. (Eds) - Science in Archaeolo-
gy: A Comprehensive Survey of  Progress and Research: 
250-268. Basic Books, New York.

Sinusía, C., Pueyo, E.L., Azanza, B. & Pocoví, A. (2005) - 
Datación magnetoestratigráfica del yacimiento paleon-
tológico de Puebla de Valverde (Teruel). Geotemas, 6(4), 
339-342.

Slott-Moler R. (1990) - La faune. In: Jaubert J., Lorblanchet 
M., Laville H., Slott-Moler R., Turq A. & Brugal J.-P. 
(Eds) - Les Chasseurs d’Aurochs de La Borde: Un Site 
Du Paléolithique Moyen (Livernon, Lot): 33-59.  Maison 
des Sciences de l’Homme, Paris.

Sorbelli L., Alba D.M., Cherin M., Moullé P.E., Brugal J. & 
Madurell-Malapeira J. (2021) - A review on Bison schoeten-
sacki and its closest relatives through the early-Middle 
Pleistocene transition: Insights from the Vallparadís Sec-
tion (NE Iberian Peninsula ) and other European locali-
ties. Quaternary Science Reviews, 261: 106933.

Sorbelli L., Cherin M., Alba D. M. & Madurell-Malapeira J. 
(2019) - The Epivillafranchian Bison schoetensacki sample 
from the Vallparadís section. XXXV Jornadas de Paleon-
tología. Sociedad Española de Paleontología: 155-159.

Stefaniak K., Lipecki G., Nadachowski A., Semba A., Ratajc-
zak U., Kotowski A., Roblíčková M., Wojtal P., Shpan-
sky A.V., Malikov D.G., Krakhmalnaya T.V., Kovalchuk 
O.M., Boeskorov G.G., Nikolskiy P.A., Baryshnikov 
G.F., Ridush B., Jakubowski G., Pawłowska K., Cyrek K., 
Sudoł-Procyk M., Czyżewski Ł., Krajcarz M., Krajcarz 
M.T., Żeromska A., Gagat P. & Mackiewicz P. (2021) 
- Diversity of  muskox Ovibos moschatus (Zimmerman, 
1780) (Bovidae, Mammalia) in time and space based on 
cranial morphometry. Historical Biology, 33: 62-77.

Strani F., Demiguel D., Alba D.M., Moyà-Solà S., Bellucci L., 
Sardella R. & Madurell-Malapeira J. (2019) - The effects 
of  the “0.9 Ma event” on the Mediterranean ecosystems 
during the Early-Middle Pleistocene transition as re-
vealed by dental wear patterns of  fossil ungulates. Qua-
ternary Science Reviews, 210: 80-89.

Tong H.W., Chen X. & Zhang B. (2017) - New fossils of  Bison 
palaeosinensis (Artiodactyla, Mammalia) from the steppe 



Rosas A., Galli E., Fidalgo D., García-Tabernero A., Huguet R., García-Martínez D., Piñero P., Agustí J., Rico-Barrio A. & Vallverdú J.772

mammoth site of  Early Pleistocene in Nihewan Basin, 
China. Quaternary International, 445: 250-268.

Toro-Moyano I., Martínez-Navarro B., Agustí J., Souday C., de 
Castro J. M. B., Martinón-Torres M., Fajardo B., Duval 
M., Falguères C., Oms O., Parés J.M., Anadón P., Julià 
R., García-Aguilar J.M., Moigne A.-M., Espigares M. P., 
Ros-Montoya S. & Palmqvist P. (2013) - The oldest hu-
man fossil in Europe, from Orce (Spain). Journal of  Hu-
man Evolution, 65(1): 1-9.

Toula F. (1902) - Das Nashorn von Hundsheim Rhinoceros. 
(Ceratorhinus Osborn) hundsheimensis nov. form. Mit Aus-
fuhrungen iiber die Verhaltnisse von elf  Schadeln von 
Rhinoceros (Ceratorhinus) sumatrensis. Abh. k.k. Geologische 
Reichsanstalt, 19(1): 1 -92.

Vallverdú J., Saladié P., Rosas A., Huguet R., Cáceres I., Mos-
quera M., Garcia-Tabernero A., Estalrrich A., Lozano-
Fernández I., Pineda-Alcalá A., Carrancho Á., Villalaín 
J.J., Bourlès D., Braucher R., Lebatard A., Vilalta J., Es-
teban-Nadal M., Bennàsar M.L., Bastir M., López-Polín 
L., Ollé A., Vergés J.M., Ros-Montoya S., Martínez-Na-
varro B., García A., Martinell J., Expósito I., Burjachs F., 
Agustí J. & Carbonell E. (2014) - Age and date for early 
arrival of  the Acheulian in Europe (Barranc de la Boella, 
la Canonja, Spain). PLoS ONE, 9: e103634.

Van Kolfschoten, T. & Vervoort- Kerkhoff, Y. (1999) - The 
Pleistocene and Holocene Mammalian assemblages 
from the Maasvlakte near Rotterdam (the Netherlands), 
with special reference to the Ovibovini Soergelia minor 

and Praeovibos cf. priscus. Deinsea, 7, 369-381.
Vicente Gabarda M., Martínez Valle R., Guillem Calatayud 

P.M., Garay Martí P., Pueyo E. & Casabó J. (2016) - The 
Lower Palaeolithic site Alto de las Picarazas (Andilla-
Chelva, Valencia). Quaternary International, 393: 83-94.

Von Den Driesch A. (1976) - A Guide to the Measurement of  
Animal Bones from Archaeological Sites. Peabody Mu-
seum Bulletins, 148 pp.

von Reichenau W. (1904) - Über eine neue fossile Bären-Art 
Ursus deningeri MIHI aus den fluviatilen Sanden von 
Mosbach. Jahrbuch des Nassauischen Vereins ftir Naturkunde, 
57: 1-11.

von Reichenau W. (1915) - Beitrage zur Naheren Kenntnis 
Fossiler Pferde aus Deutschem Pleistozan, insbeson-
dere iiber die Entwicklung und die Abkaustadien des 
Gebisses vom Hochterrassenpferd (Equus mosbachensis v. 
R.). Abhandlungen Geologischen Landsanstalt, 7:1-155.

Wüst E. (1901) - Untersuchungen über das Pliozän und das 
älteste Pleistozän Thüringens nördlich vom Thüringer 
Walde und westlich von der Saale. Abhan-dlungen der Na-
turforscgung Gessellschaf, 23: 1-352.

Zdansky O. (1928) - Die Säugetiere der Quartärfauna von 
Choukoutien. Palaeontologia Sinca Series C, 5: 1-198.

Zeder M.A. & Pilaar S.E. (2010) - Assessing the reliability of  
criteria used to identify mandibles and mandibular teeth 
in sheep, Ovis, and goats, Capra. Journal of  Archaeological 
Science, 37: 225-242.


