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ARTICLE INFO ABSTRACT

Article history: In this paper we analyze the rodent assemblage from the Early Pleistocene site of Grutal
Received 9 April 2015 (Quibas karstic complex, Murcia, SE Spain), providing taphonomic comments and paleoe-
Accepted after revision 20 August 2015 cological and paleoclimatic data. The studied assemblage includes 209 identified rodent
Available online 20 October 2015 teeth corresponding to at least four taxa. The Karstic source of the site and the low pres-

ence of digested remains suggest that the accumulation is scatological in origin, with the
influence of predators such as owls; the accumulation also shows certain evidence of slight
hydrodynamic sorting. For the area around Quibas/Grutal the paleoecological study indi-
Keywords: cates a predominance of rocky areas (31.7%), forested environments (31.7%) and open dry
Paleoecology meadows or shrublands (29.7%), which would indicate a mosaic forest environment, and
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.l;:i)et?;l:g:s;omgy to a lesser extent the presence of open humid land (5.4%) and areas along streams or
Rodentia ponds (1.5%). The distribution of the bioclimatic spectra yields the highest percentage for
Early Pleistocene a Mediterranean climate (37.5%), while the climatic parameters calculated (MAT=15°C,
Iberian Peninsula MTW =25.7°C, MTC=4.3°C, MAP =390 mm) suggest colder and slightly more humid con-
ditions than today at the time of the deposition of the remains. The data also point to a
relative decrease in temperature within the phase in which the site was produced, which
possibly occurred during a relative cold period between MIS 36 and MIS 40 according to
the age.
© 2015 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
RESUME
Mots clés : Dans cet article, nous analysons I'assemblage de rongeurs du Pléistocéne inférieur de Grutal
Paléoécologie (complexe karstique de Quibas, Murcie, Sud-Est de I'Espagne), en ajoutant une remar-
?:Eﬁ;l:g:s;glogle que taphonomique et en fournissant des données paléoécologiques et paléoclimatiques.
Rodentia L'assemblage étudié comprend 209 dents de rongeurs correspondant au minimum a quatre

taxons. L'origine karstique du site et le faible pourcentage de restes digérés suggérent
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que I'accumulation est d’origine scatologique, avec l'influence de prédateurs comme les
rapaces nocturnes ; I'accumulation montre aussi une certaine évidence d'un léger tri
hydrodynamique. Pour I'environnement autour de Quibas/Grutal, I'étude paléoécologique
montre une prédominance de zones rocheuses (31,5 %), d’environnements forestiers (31,5
%) et de prairies ouvertes et séches ou de zones broussailleuses (30,3 %), qui indiquerait
un environnement forestier en mosaique et, dans une moindre mesure, la présence de ter-
ritoires ouverts et humides (5,8 %) et d’aires riveraines (1 %). La distribution des spectres
bioclimatiques fournit le plus haut pourcentage pour le climat méditerranéen (37,5 %),
alors que les parameétres climatiques calculés (MAT=15°C, MTW =25,7°C, MTC=4,3°C,
MAP =390 mm) suggérent des conditions plus froides et 1égérement plus humides que
I'actuel lors du dépot des restes. Les données montrent aussi une certaine baisse des tem-
pératures, suggérant que le site s’est formé probablement au cours d'une période froide,

entre le SIM 36 et le SIM 40, d’aprés la chronologie du site.
© 2015 Académie des sciences. Publié par Elsevier Masson SAS. Tous droits réserveés.

1. Introduction

The Early Pleistocene site of Quibas (Abanilla, Mur-
cia) is situated in an area called Collado del Rey, on the
southeastern slope of the Sierra de Quibas, in an aban-
doned limestone quarry at an altitude of 669 meters AMSL
(Fig. 1A). The location coordinates are 38° 18 51” N, 1°
4’ 42" W. The Sierra de Quibas is a 6-km-long and 2.5-
km-wide calcareous massif (mainly Jurassic limestone and
dolomites) that runs in a NE-SE direction in the Mid-
dle Subbetic region (Rodriguez-Estrella et al., 2004). This
complex was affected by great karstic activity during the
Plio-Pleistocene, resulting in many karstic structures. Some
of these structures are infilled by mixed detritic sediments
and/or chemical precipitates, and in one of them the Quibas
site is located (Duran et al., 2004). Thus, the Quibas out-
crop is formed by Pleistocene karstic infilling of several
cavities situated within the dolomites of the Lower Lias
(Jurassic). The main karstic structures are a gallery known
as “Entrada Cueva” (5m wide, 9m high and more than
30m in length; 2 on Fig. 1B) and a chasm known as “Sima”
(20m deep and 2 m wide; 1 on Fig. 1B). These two cav-
ities are separated by 3-m-thick calcitic speleothems but
are probably connected internally (Montoya et al., 1999).
The stratigraphic and sedimentological features of the basal
part of the Quibas site have been established by Fumanal
and Blazquez in Montoya et al. (1999); nowadays they are
covered by debris (“debris” on Fig. 1B). The sample was col-
lected in 2009 (Cuadros, 2010) from Grutal, a small karstic
cavity located in the basal part of the Quibas site profile (3
on Fig. 1B). It is a detritic cavity formed by limestone clasts,
which range between 10 and 20 cm in size, and a reddish
silty clay matrix with carbonate crusts.

The main interest of this site lies in its chronology and
the abundance and diversity of the faunal association iden-
tified (Rodriguez-Estrella et al., 2004). The fossil record
provides both vertebrates and invertebrates from the Early
Pleistocene. Preliminary faunal lists were published in
Montoya et al. (1999, 2001), including both the vertebrate
and invertebrate fossil record. As for the macrofauna, sev-
eral taxonomic works have studied Macaca sylvanus, Vulpes
praeglacialis, Capra alba, Equus altidens and Equus suessen-
bornensis (Alba et al., 2011; Carlos-Calero et al., 2004,
20064a,2006b; Made vanderetal.,2007; Pifiero and Alberdi,
2015). Regarding the microfauna, Montoya et al. (1999,

2001) included a preliminary identification of the micro-
mammal association; Pifiero (2012); Pifiero et al. (2015)
described the rodent assemblage from Quibas/Grutal;
Cuadros (2010) carried out a taphonomic approach of the
micromammals; and Blain et al. (2014) ascertained the lat-
est occurrence of agamid lizards from western Europe.

Pifiero (2012) and Pifiero et al. (2015) identified the
rodent faunal list from Quibas/Grutal as comprising
Allophaiomys sp., Apodemus ex gr. mystacinus-epimelas,
Castillomys rivas, and Eliomys quercinus (Fig. 2). Until
recently, A. mystacinus included two subspecies: A. mystac-
inus mystacinus and A. mystacinus-epimelas. Nowadays
these subspecies are ranked as separate species, A. mystac-
inus and A. epimelas (Krystufek and Vohralik, 2009; Wilson
and Reeder, 2005). However, A. epimelas is likely to be
present but recorded as A. mystacinus. Therefore Pifiero
(2012) and Pifiero et al. (2015) classified Apodemus species
as A. ex gr. mystacinus-epimelas. Based on the compari-
son with other Early Pleistocene sites, and although the
arvicoline was not identified at species level, the shape of
both m1 and M3 of Allophaiomys sp. from Quibas/Grutal
was perfectly in accordance with Allophaiomys sp. from
Fuente Nueva 3 and Barranco Leén 5 (Guadix-Baza Basin).
Further comparison using principal component analysis
(performed on different measurements), also indicated a
great similarity with respect to the sample from Fuente
Nueva 3 and Barranco Leén 5. Thus the chronology of
Quibas/Grutal can be estimated as between ca. 1.2-1.4 Ma.
This result is congruent with the age established for Quibas
by Montoyaetal.(1999,2001)according to the faunal asso-
ciation (not only micromammals), which includes species
that indicates an Early Pleistocene age.

The aim of the present paper is to complement the infor-
mation about the rodent assemblage from Quibas/Grutal
offered by Piflero et al.(2015), adding taphonomic informa-
tion and providing paleoecological and paleoclimatic data
on the “Sierra de Quibas” during the Early Pleistocene.

2. Materials and methods

The small-mammal sample was collected from the
small karst cave known as Grutal (Pifiero et al., 2015).
All the sediment (around 10kg.) was water-screening
using superimposed 4, 1 and 0.5 mm mesh screens. The
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Fig. 1. (Color online.) A. Geographic location of the site of Quibas (Murcia, Spain). B. Wide-angle sketch of Quibas site. 1, Sima; 2, Entrada Cueva; 3, Grutal;

Circle, sample extraction area.

Fig. 1. (Couleur en ligne.) A. Localisation géographique du site de Quibas (Murcie, Espagne). B. Schéma grand-angle du site de Quibas. 1, Sima ; 2, Entrada

Cueva ; 3, Grutal ; Cercle, zone d’extraction de I'échantillonnage.

Quibas/Grutal assemblage includes 209 identified rodent
teeth corresponding to at least four taxa (a minimum num-
ber of 32 individuals). The specimens studied are currently
stored at the Institut de Paleoecologia Humana i Evolucié
Social (IPHES; Tarragona, Spain).

To analyze the evidence of hydrodynamic transport, the
relative abundance of each type of tooth was expressed as
a percentage of the recovered teeth with respect to the
expected number according to the minimum number of
individuals (based on the most abundant element present
in the fossil sample) (Andrews, 1990; Wolff, 1973).

In order to reconstruct the ecological conditions that
prevailed in the vicinity of Quibas/Grutal, we used the
Habitat Weightings Method (Blain et al., 2008; Cuenca-
Bescés et al., 2005, 2009; Lopez-Garcia et al., 2014; among
others), based on the distribution of each rodent taxon

A)

in the habitat(s) where they are found today (for extant
species) or where they are assumed to have lived in the
past (for extinct species). The habitats were classified into
five main types: open dry meadows, open humid mead-
ows, woodland and woodland-margin areas, water-edges,
and rocky areas (Blain et al., 2008). Each taxon was rated
to a maximum score of 1.00, which was divided up propor-
tionally to its habitat preferences if the species dwelled in
more than one habitat type.

To implement the Habitat Weightings Method, it was
necessary to calculate the proportions of each taxon in
the assemblage. There are different methods of making
this calculation, one of them being the minimum number
of individuals (MNI), which is normally applied to fossil
assemblages without evidence of hydrodynamic transport
(Avery, 2003; Chaline et al., 1995). Our sample did show

Fig. 2. Rodent species from Quibas/Grutal. A. Left m1 of Allophaiomys sp., QB-10-G1-R/19b. B. Right M1 of Apodemus ex gr. mystacinus—epimelas, QB-10-
G1-R/1d. C. Left M1 of Castillomys rivas, QB-10-G1-R/11a. D. Left M1-2 of Eliomys quercinus, QB-10-G1-R/13i. Scale bar equals 1 mm.

Fig. 2. Espéces de rongeurs de Quibas/Grutal. A. m1 gauche d’Allophaiomys sp., QB-10-G1-R/19b. B. M1 droite d’Apodemus ex gr. mystacinus-epimelas,
QB-10-G1-R/1d. C. M1 gauche d'Castillomys rivas, QB-10-G1-R/11a. D. M1-2 gauche d’Eliomys quercinus, QB-10-G1-R/13i. Echelle = 1 mm.

Modified from Pifiero et al. (2015).
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certain evidence of hydrodynamic sorting, so we calculated
the quantitative composition on the basis of the relative
abundance of each taxon (following Castillo, 1990; Garcia-
Alix et al., 2008, 2009; Martin-Suarez, 1988; Martin-Suarez
et al., 2001; Minwer-Barakat, 2005). To avoid the over-
representation of a taxon, we used the total number of
teeth of each taxon, divided by its number of diagnostic
elements (Murinae and Arvicolinae: 12 molars; Gliridae:
16 molars). Daams et al. (1999) proposed using rodent
associations with 100 or more m1+m2 + M1 + M2 for pale-
oecological studies based on micromammals. Hadly (1999)
suggested that reconstructing the local mammalian com-
munity requires only a minimum sampling effort (200-250
specimens). Minwer-Barakat (2005) reduced this number
to 100 because he only considered Rodentia and Insec-
tivora. Our sample consists of 209 specimens, of which 151
are m1+m2+M1+M2.

Paleoclimatic reconstruction was carried out following
the qualitative bioclimatic method proposed by Hernandez
Fernandez (2001). This analysis is made on the supposition
of a significant correlation between climate and mammal
community composition, applying multivariate discrimi-
nant analysis to modern mammal faunas and climates from
throughout the world (Hernandez Fernandez and Pelaez-
Campomanes, 2003a). The approach to the past climatic
conditions at Quibas/Grutal was based on the bioclimatic
components from the rodent fauna (Hernandez Fernandez
and Peldez-Campomanes, 2005). We used the rodent
assemblage identified by Pifiero et al. (2015) to apply this
method. The bioclimatic characterization of the extinct
rodent species and living species from Quibas/Grutal that
was required for calculation of the bioclimatic spectra
was taken from Hernandez Fernandez et al. (2007) and
Hernandez Fernandez (2001), respectively.

3. Taphonomy
3.1. Scatological origin

The percentages of specimens digested, exemplified by
the progressive reduction of enamel on the teeth (Fig. 3),
are low (9 pieces, 4.3% of therodent teeth). This suggests the
influence of what Andrews (1990) designated a category 1
predator, such as owls, in the accumulation of the rodent
assemblage in Quibas/Grutal. Most authors consider that

A) B)

small-mammal remains in karstic sites are accumulated
by the action of nocturnal avian predators (owls) through
the rejection of pellets rich in skeletal material after diges-
tion (Dauphin et al., 1996; Saavedra and Simonetti, 1998;
Terry, 2004). Agusti and Martin-Suarez (1986) pointed out
that nocturnal birds of prey are the major accumulators of
micromammal remains at sites of scatological origin, above
allthose that are active near their nesting and roosting sites,
such as current barn owls.

The faunal list of the Quibas site published in Montoya
etal. (1999, 2001) includes three species of nocturnal birds
of prey (which are potential predators): Athene noctua, Otus
scops and Strix aluco. Athene noctua is a small predator that
nests in cavities and feeds mainly on small mammals and
invertebrates (Tomé et al., 2008), so it may be an important
accumulator of small mammals in our karstic site. In this
case, the biological bias would be reduced because A. noc-
tua shows opportunistic feeding behaviour that does not
reflect prey selection (Goutner and Alivizatos, 2003). Otus
scops can incorporate small vertebrates into its diet, but it is
mainly insectivorous (Latkova et al., 2012). Strix aluco is an
opportunistic bird of prey that can collect and accumulate a
significant representation of the small-mammal fauna from
a given area (Cuenca-Bescos et al., 2005; Pokines, 1998).
These owl species are usually generalist feeders, but they
are limited by their small body size and take a restricted
range of prey, though one that is representative of their
hunting range area (Fernandez-Jalvo et al., 1998). The
opportunistic behaviour of the potential predators point
out to a reduced biological bias. To a lesser degree, diur-
nal birds of prey and mammalian carnivores may also be
involved in the scatological accumulation, but these show
opportunistic behaviour (Fernandez-Jalvo et al., 1998).

3.2. Evidence of slight hydrodynamic transport

In karstic systems, fluvial activity is usually a short-lived
process because transport ranges tend to be short in con-
trast to those of open-air sites (Gillieson, 1996; Kos, 2003a).
Taking into account the rodent cranial fossils (mandibles,
makxillaries and teeth), our sample shows a certain degree
of evidence of slight hydrodynamic sorting:

e the number of isolated molars is ten times greater than
the number of empty alveolar spaces in the maxillae

C)

Fig. 3. Digested teeth from Quibas/Grutal. A. Left M1 of A. ex gr. mystacinus-epimelas, QB-10-G1-R/2k. B. Right M3 of A. ex gr. mystacinus-epimelas,
QB-10-G1-R/4d. C. Left M1 of C. rivas, QB-10-G1-R/11c. D. Right m2 of E. quercinus, QB-10-G1-R/16a. Scale bar equals 1 mm.

Fig. 3. Dents digérées de Quibas/Grutal. A. M1 gauche d’A. ex gr. mystacinus-epimelas, QB-10-G1-R/2k. B. M3 droite d’A. ex gr. mystacinus-epimelas,
QB-10-G1-R/4d. C. M1 gauche de C. rivas, QB-10-G1-R/11c. D. m2 droite d’E. quercinus, QB-10-G1-R/16a. Echelle =1 mm.
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Table 1

Percentage of each type of tooth for each rodent species recovered from Quibas/Grutal relative to the expected number according to the MNI (100%

correspond to a recovery of all teeth expected in accordance with the MNI).
Tableau 1

Pourcentage de chaque type de dent pour chaque espéce de rongeurs récoltés a Quibas/Grutal en fonction du nombre attendu selon le NMI (100 %
correspond a la récolte de toutes les dents attendues dans le gisement en accord avec le NMI).

Species Apodemus ex gr. Castillomys rivas Allophaiomys sp. Eliomys quercinus
mystacinus-epimelas

P4 35.7

m! 73.7 50 0 32.2

M? 44.8 66.6 16.7

M3 23.7 0 16.7 35.7

Total upper teeth 47.4 38.9 11.1 33

Py 215

M; 97.4 66.6 50 39.3

M, 73.7 50 50

M; 73.7 333 16.7 14.3

Total lower teeth 81.6 50 38.8 28.6

Total population 64.5 445 25 31.3

MNI: minimum number of individuals.

and mandibles (only 26 out of 209 teeth are inserted
in 14 bones, which present in total 17 empty alveolar
spaces), indicating destruction either of mandibles or
skulls (Andrews, 1990; Kos, 2003a);
lower teeth are over-represented with respect to upper
teeth (see Table 1). Maxillae are more fragile than jaws
(Castillo et al., 2001), so during transport activity the
former tend to be lost faster. In this context, element
abundances indicate that more than half of the expected
pieces based on the MNI are absent from the upper teeth;
and only one fractured makxilla is preserved as opposed to
13 mandibles (A. ex gr. mystacinus: nine mandibles and
one maxilla; C. rivas: three mandibles; Allophaiomys sp.:
one mandible; E. quercinus: no mandible or maxilla);
the frequency of preservation and the size of the murine
teeth (Apodemus and Castillomys) decrease overall in the
order: M1, M2, M3 (see Table 1). A predominance of the
same type of tooth is evidence of the dispersion of the
remains due to hydrodynamic sorting (Wolff, 1973). A
lower 0.5 mm screen has been used in order to recover all
the fossils and so avoid possible bias during the collecting
process (Minwer-Barakat, 2005);
e different numbers of left and right teeth occur within the
same species. Lateral selection indicates separation of the
pellets before their burial (Minwer-Barakat, 2005).

Montoya et al. (1999) detected infilling of the cavities
at the Quibas site by mudflow and mass displacement.
Pellets produced by owls could have been transported into
the cave via the entrance or moved inside the cavities.
If material was regurgitated within the vicinity of the
cave or even inside the cave, it could have been displaced
with minimal damage (Andrews, 1990; Kos, 2003b), since
most of the teeth retain their roots and show no signs of
abrasion (rounding).

4. Paleoecology

Micromammals are more effective than macromam-
mals when it comes to making paleoenvironmental
inferences, since they have more specific ecological
requirements, the energetic and physiological restrictions

create a high degree of specialization in small species, and
micromammal species are more abundant than macro-
mammal species (Hernandez Fernandez, 2001). In this
sense, micromammals have widely been used as paleocli-
matical and paleoecological indicators; studies of rodent
assemblages in particular provide useful information on
paleoenvironments and paleoclimates (Garcia-Alix et al.,
2008; Martin-Suarez et al., 2001; Minwer-Barakat et al.,
2005; Montuire et al., 2006, among others). The rodent
association may be influenced by the ability of predators to
select their prey. However, as pointed out in the previous
section, the owl species in question can collect and accu-
mulate a significant representation of the small-mammal
fauna, and also in this case potential predators do not seem
to have led to a significant biological bias. In this context,
we attempt to analyze the environment in the vicinity of
Quibas/Grutal at the moment of its deposition.

The main criterion used to establish the habitat(s) of an
extant species is based on actualism, whereas the habitat of
an extinct taxon is based on its phylogenetic relationships
with extant species, on its association with taxa whose
ecological requirements are known, or on biogeograph-
ical criteria (Garcia-Alix et al., 2008; Lopez Antofianzas
and Cuenca-Bescés, 2002). Dental patterns can also be
used (Gomez Cano et al., 2013; Hernandez Fernandez and
Pelaez-Campomanes, 2003b), but this method should be
taken with caution, at least in reconstructing the humid-
ity preferences of fossil rodents (Freudenthal et al., 2014).
Martin-Suarez et al. (2001) indicated that taxa within the
same anagenetic evolutionary lineage have the same pre-
ferences. Nevertheless, when the speciation occurs due to a
change in the physical environment (vicariant speciation)
ancestor and descendant may have opposite ecological
preferences. These authors also suggested that taxa with
opposite frequency peaks have opposite ecological pre-
ferences, and that immigrants replacing taxa with highly
similar dental patterns may have opposite preferences.

4.1. Ecological preferences

Allophaiomys is an extinct microtine genus and rep-
resents the earliest evolutionary grade of voles with
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Table 2

Relative abundances of each rodent taxon from the Early Pleistocene of Quibas/Grutal, with the distribution of their potential habitats.

Tableau 2

Abondances relatives pour chaque taxon de rongeur du Pléistocéne inférieur de Quibas/Grutal, avec leur distribution selon les habitats potentiels.
Species Relative abundance (%) Habitat

W R oD OH WE

Allophaiomys sp. 4.6 - - 0.33 0.33 0.33
Apodemus ex gr. mystacinus-epimelas 73.0 0.33 0.33 0.33 - -
Castillomys rivas 7.6 - - 0.5 0.5 -
Eliomys quercinus 14.8 0.5 0.5 - - -

W: woodland and woodland-margin areas; R: rocky areas; OD: open dry meadows or shrublands; OH: open humid meadows; WE: water-edges.

rootless lower teeth and cementum in the reentrant angles.
According to Cuenca-Bescés et al. (2005), the fact that
Allophaiomys has no roots and has continuously grow-
ing molars indicates open grassland or tundra dwellers.
Allophaiomys is believed to have been ancestral to European
Microtus (Chaline, 1966; Martin, 1975). Nowadays Micro-
tus generally prefers open meadows, but there are also
species inhabiting water-edge areas. Voles in general are
animals adapted to fibrous grasslands, as shown by their
hypsodont molars (Cuenca-Bescés et al., 2005). During the
Plio-Pleistocene, different lines of arvicolids increased their
molar hypsodonty with the appearance of cementum, an
evolutionary trend which is usually interpreted as an adap-
tation to a diet rich in abrasive food such as grasses, and
therefore as indicating a spread of open meadow areas
(Fejfar and Heinrich, 1990; Fejfar and Repenning, 1992;
Minwer-Barakat, 2005). On the basis of this information we
assume that the environment inhabited by Allophaiomys sp.
was open dry meadows (0.33), open humid meadows (0.33)
and water-edge areas (0.33).

Today, A. mystacinus and A. epimelas (recorded as A.
mystacinus) are found in areas with a relatively warm cli-
mate in the Balkan Peninsula and Middle East. They are
associated with dry forest and shrubland in rocky areas.
Their presence in fossil sites may be connected with the
presence of rocky environments in the vicinity of the local-
ity (Agusti, 1982; Minwer-Barakat, 2005; Mitchell-Jones
et al.,, 1999; Storch, 2004). Therefore, we distribute this
taxon into three habitat types: open dry meadows (0.33),
woodland (0.33) and rocky areas (0.33).

Castillomys rivas is an extinct rodent. Itis interpreted as a
eurytopic species, i.e. it does not provide information about
specific ecological conditions (Garcia-Alix et al., 2009;
Minwer-Barakat, 2005). Nevertheless, given the presence
of morphological features in the dental pattern associ-
ated with stephanodonty (the development of longitudinal
ridges between molar cusps), it may indicate a diet based
on grass (van Dam and Weltje, 1999; Gémez Cano et al.,
2013; Montoya et al., 1999; Renaud et al., 2005), so open
meadows should be expected as its preferred habitat (0.5
open dry; 0.5 open humid).

Eliomys quercinus underwent a great expansion
throughout Europe during the entire Pleistocene. Nowa-
days, it is generally found in low-density deciduous and
conifer woodland (0.5), and also in stony or rocky areas
(0.5) with some vegetation at forest edges from Spain
to the Ural Mountains. Areas with abundant herbaceous
vegetation seem to be a limiting factor on its presence
(Lopez-Garcia et al., 2011). Its identification in fossil

sites has been considered indicative of forest areas and
a temperate climate (Chaline, 1972; Lopez-Garcia et al.,
2011; Sesé and Villa, 2008).

4.2. Paleoecological reconstruction

The rodent assemblage from Quibas/Grutal is clearly
dominated by Apodemus ex gr. mystacinus-epimelas, with
a relative abundance of 73%, followed by Eliomys quercinus
with a prevalence of 14.8%, Castillomys rivas with 7.6% and
Allophaiomys sp. with 4.6% (Table 2). The distribution of
the relative abundances of rodent taxa and their habitat
preferences (Table 2; Fig. 4) indicates a dominance of
rocky habitats (31.7%), woodland and woodland-margin
areas (31.7%), and open dry meadows (29.7%). The mixture
of inhabitants of dry meadows or shrublands and forested
environments is consistent with a mosaic forest scenario in
the vicinity of Quibas/Grutal, while rocky areas probably
reflect the proximity of the cave. The existence of open
habitats with a predominance of shrublands and rocky
environments is supported by the appearance of certain
macromammal taxa in Quibas, such as Lynx pardinus
and Capra alba, and gastropods such as Pomatias sulcatus
and Chondrina farinesii, while the presence of cervids
(Cervidae indet.) suggests the occurrence of forested areas
(Montoya et al., 1999, 2001). Our rodent assemblage also
indicates open herbaceous habitats with some humidity
requirements (5.4%) and areas surrounding water such as

1.5%

M Woodland

B Rocky

[ Open dry
Open humid

B Water-edge

Fig. 4. Distribution of the habitats at Quibas/Grutal according to the eco-
logical preferences of the rodent species.

Fig.4. Distribution des rongeurs de Quibas/Grutal par habitat, en accord
avec leurs préférences écologiques.
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Table 3

Climatic parameters for Quibas/Grutal calculated according to the bioclimatic analysis based on rodent associations proposed by Hernandez Fernandez
(2001), present climate data from Abanilla (Rivas-Martinez and Rivas-Sdenz, 1996-2009), and climatic parameters from Quibas obtained by Agusti et al.

(2009) and Hernandez Fernandez et al. (2007).
Tableau 3

Paramétres climatiques pour Quibas/Gruta1, calculés selon I'analyse bioclimatique basée sur les associations de rongeurs proposée par Hernandez Fernandez
(2001), les données climatiques actuelles d’Abanilla (Rivas-Martinez et Rivas-Saenz, 1996-2009) et les paramétres climatiques de Quibas obtenus par Agusti

et al. (2009) et Herndndez Ferndndez et al. (2007).

Quibas/Grutal Current data in Difference between Agusti et al. Hernandez Ferndndez
Abanilla results and current (2009) etal. (2007)
Results r? ES data
MAT 15.1 0.930 3.6 19.6 -4.5 15.0£2.3 15.378
MTW 25.7 0.746 4.7 33.6 -79 242+1.5 26.074
MTC 4.3 0.932 5.1 8.8 -4.5 7.0+29 4.307
MATA 214 0.779 6.4 24.8 -34 - 21.76
MAP 390.6 0.746 470.6 303 +87.6 723+£233 417.217
AD 45 0.926 13 5 -0.5 - 4.94

MAT: mean annual temperature (in °C); MTW: mean temperature of the warmest month (in °C); MTC: mean temperature of the coldest month (in °C);
MATA: mean annual thermal amplitude (in °C); MAP: mean annual precipitation (in mm); AD: aridity duration (months); ES: standard error for the

estimation; r2: coefficient of determination.

areas along streams, lakes or ponds (1.5%). The presence
of humid areas at Quibas is well supported by the occur-
rence of Anthus pratensis, Geronticus eremita and Saxicola
torquata (Montoya et al., 1999, 2001), avian species that
dwell in wet meadows and at pond edges. Large herbivores
such as Praeovibos mediterraneus as well as Equus altidens
and Equus suessenbornensis (Pifiero and Alberdi, in press)
also provide evidence of the presence of wet and open
meadows.

5. Paleoclimatology

Nowadays, the climate around the Sierra de Quibas is
characterized by a strong tendency towards aridity due
to the low and irregular rainfall distribution shared by
all Mediterranean basins. The great variability of rain-
fall together with elevated temperatures results in high
evapotranspiration, reaching a maximum in the months of
extreme drought, i.e. June, July and August. Abanilla has
a mean annual precipitation (MAP) that ranges between
250-300mm and a mean annual temperature (MAT) of
19.6°C (Manzano Garro, 1987; Rivas-Martinez and Rivas-
Saenz, 1996-2009).

On the basis of the rodent association from
Quibas/Grutal we have calculated climatic parame-
ters (Table 3) following the bioclimatic model proposed by
Hernandez Fernandez (2001) for rodent assemblages. The
distribution of the bioclimatic spectra yields the highest
percentage for a Mediterranean climate (37.5%), followed
by tropical with summer rains (25%), typical temperate
(12.5%), arid-temperate (12.5%), and cold-temperate
(12.5%). The Mediterranean climate at Quibas/Grutal is
supported by the resulting climatic parameters, such as
low mean annual precipitation (MAPqypas/Gruta1 =390 mm)
and the aridity duration (ADqyipas/Gruta1 =4-5 months). Our
results indicate a colder and slightly more humid climate
than today in the Sierra de Quibas. The mean annual
temperature (MATquibas/Gruta1 = 15.1°C) was 4.5°C lower,
and the mean annual precipitation 87 mm higher than
current values. The mean temperature of the coldest
month (MTC) was 4.3°C, and the mean temperature of

the warmest month (MTW) was 25.7 °C, whereas today in
Abanilla MTC=8.8°C and MTW =33.6°C.

Previous paleoclimatic inferences from Quibas have
been drawn using both the bioclimatic model proposed
by Hernandez Fernandez (2001) for rodent assemblages
(Hernandez Fernandez and Peldez-Campomanes, 2003a;
Hernandez Fernandez et al., 2007) and the Mutual Climate
Range method (Blain et al., 2009) for amphibian and squa-
mate reptile assemblages (Agusti et al., 2009). Both studies
are based on the faunal list of Quibas published in Montoya
et al. (1999, 2001). The data published by Agusti et al.
(2009) (Table 3) resemble ours but with differences in the
MTC (7 °C) and MAP (723 mm), Quibas/Grutal being colder
and dryer. Otherwise, the climatic parameters proposed by
Hernandez Fernandez et al. (2007) (Table 3) fit very well
with the results of this work. In any case, all of them cor-
roborate the prevalence of colder and wetter conditions
than at present.

Agusti et al. (2009) recognize five alternating climatic
phases in the Early Pleistocene. Phase 3 includes the sites
of Barranco Le6n 5, Fuente Nueva 3, Sima del Elefante,
Cueva Victoria and Quibas, and is characterized by a sharp
increase in temperature and precipitation in relation to
the previous phase, which explains the early human occu-
pation at that time (Agusti et al., 2009). However, within
this context the site of Quibas represents a moment of
relative decline in temperature, particularly the mean tem-
perature of the coldest month (Agusti et al., 2009), which
also occurs in Quibas/Grutal. Garcia-Alix et al. (2009) indi-
cated relative cold and wet conditions for Huétor Tajar
and Tojaire sections (Granada Basin), which are coeval of
Quibas/Grutal. These localities would be included into the
same phase according to the time interval and the climatic
interpretation.

In conclusion, the data obtained in this work suggest a
colder and slightly wetter climate than today during the
formation of Quibas/Grutal between ca. 1.4 and 1.2Ma
(Pifiero et al., 2015). This interpretation is concordant with
the progressive general cooling detected by Shackleton
(1995) during the Early Pleistocene. One of the charac-
teristics of the latest Early Pleistocene of the southeast of
the Iberian Peninsula was the slightly colder climate than
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nowadays and the change in the rainfall regime with more
rainy winters and slightly drier summers, as is displayed
at Barranco Le6n and Fuente Nueva 3 (Blain et al., 2011)
and Cueva Victoria (Blain, 2015). As shown by Lisiecki and
Raymo (2005) using the benthic 880 record, the period
between 1.2 and 1.4 Ma manifested various cold stages,
which include Marine Isotope Stages (MIS) 36, 38, and 40.
The accumulation of remains at Quibas/Grutal could have
occurred during a relative cold period between MIS 36 and
MIS 40.

6. Conclusions

The analysis of the rodent assemblage from the Early
Pleistocene of Grutal establishes the following conclu-
sions:

e the very low percentage of digested teeth in the rodent
assemblage from Quibas/Grutal and the karstic origin of
the site suggest that the sample was accumulated by the
action of nocturnal avian predators. The main accumu-
lators are likely to have been generalist feeders, whose
accumulations would represent the rodent association
from their hunting area;

the remains display evidence of a certain degree of hydro-
dynamic transport, such as a great abundance of isolated
molars, distinct proportions of lower and upper teeth, dif-
ferent numbers of left and right teeth within the same
species, and a decrease in the preservation of murine
teeth by size in the order M1, M2, M3;

the distribution of the species according to their potential
habitat(s) indicates a mixture of dry meadows or shrub-
lands, woodland and woodland-margin zones and rocky
habitats with the presence of open herbaceous meadows
and water-edges, which is consistent with a mosaic for-
est scenario in the vicinity of Quibas/Grutal during the
formation of the site;

paleoclimatic data suggest a Mediterranean climate for
the Sierra de Quibas during the Early Pleistocene, with
colder temperatures and slightly higher rainfall than
today. They also point to a relative decrease in temper-
ature within the phase in which it was produced. The
accumulation of remains may have occurred during arel-
ative cold period between MIS 36 and MIS 40 according
to the age of the site.
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