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Abstract: In this article, we present the results of the research carried out at the Gravettian occupation level of
Cueva del Arco (Spain). For this purpose, a multidisciplinary investigation has been carried out in which all the
elements recovered in the excavations carried out since 2015 at this site have been studied. The results are
contextualised alongside all of the existing Gravettian sites in Mediterranean Iberia. The study of the material
culture, the fauna, the landscape, and the dating has allowed us to approach the occupations of the site from
many perspectives and has permitted us to conclude that Cueva del Arco was occupied sporadically at the
beginning of the Gravettian period by a small human group in what would be the beginning of the consolida-
tion of the anatomically modern humans (AMH) in this territory. Furthermore, these occupations were pre-
ceded by others belonging to the Aurignacian, which left hardly any remains in the cave. The data presented in
this article lead us to believe that Cueva del Arco is a site of great importance for the knowledge of the
beginning of the AMH settlement in the Iberian Mediterranean, both in its expansion towards the south and in
its definitive consolidation in this territory.
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1 Introduction

In this article, we present the data obtained from the excavations of the Gravettian occupation of Cueva del
Arco. The site has been excavated since 2015, and an archaeological sequence has been documented beginning
in the Middle Palaeolithic, followed by various levels of the Upper Palaeolithic and ending with early Neolithic
occupation (Martin-Lerma & Romdn, 2018; Martin-Lerma et al., 2019, 2023).

Cueva del Arco is located in the municipality of Cieza (Murcia, Spain) at an altitude of 335-350 m asl and
lies in a small ravine (Barranco de la Tabaquera) flowing into the river Segura, near Los Almadenes Canyon
(Figure 1). It is a complex of various cavities around a large natural arch, which gives the name to the complex
(translated into English as the “The Arched Cave”). These cavities have been individually labelled with letters,
from A to E. Cave A is the focus of the current excavations and has provided the data for this study (Figure 2).
Cave D has evidence of Palaeolithic art, as does Arco-II, a small cavity about 10 m away from the main arch
(Salmerén Juan et al., 1997). In order to situate Cueva del Arco contextually, a brief overview of the periods
which were documented at the site is essential.

The beginning of the Upper Palaeolithic period (Aurignacian and Gravettian) is a heated topic in the
Iberian Peninsula Palaeolithic research for many years. Like any time of transition, it has generated debates
on various aspects, such as the disappearance of Neanderthals, the economy, the material culture, the land-
scape, and the chronological extent of the period (Cortés-Sdnchez et al., 2019; Finlayson et al., 2006; Finlayson
et al., 2008; Lloveras et al., 2016; Martinez-Alfaro et al., 2022; Martinez Varea, 2019; Molina Hernandez, 2015;

Figure 1: Image of the Cueva del Arco and location map.
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Figure 2: Images of the excavation in Cueva del Arco, cavity A. (a) Year 2015; (b) Year 2019; (c) Year 2019; (d) Hearth 1 (year 2015).

Morales et al., 2019; Real et al., 2019; Vidal Matutano, 2016; Villaverde et al., 2019; Zilhdo & Pettitt, 2006; Zilhdo
et al., 2017; Zilhdo, 2000, 2006).

The Iberian Mediterranean area, in particular, is precisely one of the most active regions for the study of
the Gravettian period, especially due to the existence of a large number of sites that have provided important
information on the beginning of the Upper Palaeolithic. These sites, many of them recently excavated, include
Cova de les Malladetes (Villaverde et al., 2021), Cova de les Cendres (Villaverde & Roman, 2004; Villaverde et al.,
2019), El Palomar (De la Pefia, 2012), and La Boja (Zilhdo et al., 2017).

For all these reasons, the data provided by Cueva del Arco are of great interest. It makes it possible to
significantly add to current knowledge, providing new information concerning material culture and its spatial
distribution, the economy, and the landscape. These data are also supported by modern excavation metho-
dology and radiocarbon dating that allow us to discuss the beginnings of the Gravettian period on the
Mediterranean side of the Iberian Peninsula.

2 The Excavation

Cueva del Arco has been known archaeologically since the early 1990s after the discovery of two cavities with
Palaeolithic rock art (Salmerdn Juan et al.,, 1998) in Cave E and Arco II. In Cave E, two horse protomes, a doe,
and some geometric lines can be attributed to the Solutrean period. At Arco II, there are three goats seen
frontally and a possible vulva, stylistically assigned to the Upper Magdalenian period.

It was not until 2014 that some remains of the lithic industry, initially suspected and later confirmed to be
from the Palaeolithic, were detected on the surface of Cave A. This led us to start the excavation project in 2015
(Martin-Lerma & Romadn, 2018) (Figure 2).

To date, eight campaigns have been carried out, allowing the extensive excavation of Caves A and D, and a
1m? test-pit in Cave E. The most complete and best-preserved archaeological deposit is the one found in Cave A.
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Within it, four archaeological units were excavated. These units are culturally attributed to the Middle and
Upper Palaeolithic (Aurignacian, Gravettian, and Solutrean). On the top, material from the end of the Early
Neolithic was recovered.

Cave D was documented Neolithic occupation, while the Palaeolithic remains that have been recovered to
date (basically, lithic and faunal remains) do not allow clear assignment within the Upper Palaeolithic. In Cave
E, the test-pit carried out thus far has not allowed us to document human occupations.

3 Methodology

The Gravettian levels we are presenting in this article have been excavated in an area of about 50 m? in Cave A.
The surface has been divided into squares of 1 m?, which, in turn, have been subdivided into four sub-squares
measuring 50 cm on each side. The excavation was carried out using artificial spits 5 cm thick, always con-
sidering possible natural stratigraphic changes. The major changes in terms of textural and compositional
features allowed us to define four “excavation units.”

All the sediment has been dry sifted through two 5 and 2 mm meshes, collecting all materials, including
charcoal, micromammals, and small lithic remains. The characteristics of the sediment (which is rather fine
and silty) have allowed this type of screening, although several sediment samples have been put aside for
flotation and subsequent separation in the laboratory.

In order to study the spatial distribution of the materials (both horizontally and vertically), a three-
dimensional plan was created in which each of the excavated layers and units were situated and distributed
in a 3D document.

3.1 Mammal Remains

For the taxonomic and anatomical study of the macrofaunal remains, the reference bone collection from the
Laboratorio Gil-Mascarell of the Department of Prehistory, Archaeology, and Ancient History of the University
of Valencia was used. Indeterminate remains were classified first by weight according to the following
categories: (i) very small <5Kkg (e.g. Oryctolagus cuniculus, Felis silvestris), (ii) small between 5 and 100 kg
(e.g. Capra pyrenaica), (iii) medium between 100 and 300 kg (Cervus elaphus), and (iv) large >300 kg, (Equus
ferus, Bos primigenius) (Blasco, 2011), based on the mean weight of an adult from each of the present taxa.
Second, they were classified by bone type, including (i) long bones (diaphysis of limb bones, including
metapodial and phalanges), (i) flat bones (cranial and axial skeleton, scapula, and coxal), and (iii) articular
bones (carpal, tarsal, and epiphysis) (Caceres, 2002).

Regarding the identification of age-at-death of ungulates, the classification was established based on dental
eruption and wear and epiphysis fusion (Azorit, 2011; Barone, 1976; Mariezkurrena, 1983; Pérez Ripoll, 1988;
Serrano et al., 2004; Silver, 1963). The individuals were classified into five categories: neonatal (deciduous teeth in
eruption), infantile (complete deciduous teeth and permanent teeth germs), juvenile (deciduous teeth with
different wear stages and some permanent teeth), adult (permanent teeth with different wear stages), and senile
(permanent teeth with a heavy degree of wear) (Blasco, 2011). In the case of leporids, age-at-death was established
based on epiphysis fusion following Sanchis (2012) and Cochard (2004), and the individuals were classified into
three categories: juvenile (up to 3 months), subadult (3-9 months), and adults (>9 months).

The Number of Remains (NR), the Number of Identified Specimens (NISP), the Minimum Number of
Elements (MNE), and the Minimum Number of Individuals (MNI) were used to calculate the general composi-
tion of the assemblage (Lyman, 1994, 2008). The standardised minimal animal units (% MAU) were also applied
to the Capra pyrenaica remains (Binford, 1984). The percentage of Survivorship (% ISu) (Brain, 1981) and its
correlation with the bone density of leporids (Pavao & Stahl, 1999) was applied by calculating Spearman’s rho,
used to see if density differentiation can explain any bias in the assemblage. To evaluate the anatomical
proportions and their relation to anthropic and non-anthropic accumulations, different indexes have been
applied (Lloveras & Nadal, 2015): postcranial/cranial (PCRT/CR), appendicular/cranial (PCRAP/CR), long bones/
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cranial (PCRLB/CR), autopodia/zygopodia (AUT/ZE), zygopodia/stylopodia (Z/E), proximal/distal (P/D), and ante-
rior/posterior (AN/PO).

Regarding the taphonomic analysis, all bones were seen under a stereomicroscope (Nikon SMZ-10A) to
identify fractures and modifications. The classification of fractures followed Villa and Mahieu’s (1991) distinc-
tion between fresh and dry, depending on the morphology of fracture planes. To describe specific morpho-
types, the Real et al. (2022) classification was used. The codes from this work are a combination of the origin of
the fracture (fresh/dry/mixed) and the anatomical parts of the bone that are conserved including, for example,
the length of the diaphysis, the width of circumference, or the quantity of the epiphysis.

To establish the origin of the accumulations, diagnostic modifications of non-human predators and
humans were documented. Non-anthropogenic modifications were classified as tooth marks (scores, punc-
tures, pits, and furrowing), fracture marks (notches, bone loss, and crenulated edges), and digestions, following
classic criteria (Andrews, 1990; Binford, 1981; Dominguez-Rodrigo & Piqueras, 2003; Sala et al., 2012; Yravedra,
2006). Percussion marks (Vettese et al., 2020), cut-marks (Binford, 1981; Pérez Ripoll, 1992; Shipman & Rose,
1983; Soulier & Costamagno, 2017), and burnt bones (Stiner et al., 1995; Théry-Parisot et al., 2004) were
registered as anthropogenic modifications. Specific references were considered for the modifications on
leporid bones (Cochard et al., 2012; Hockett & Haws 2002; Lloveras & Nadal, 2015; Lloveras et al., 2009, 2011;
Pérez Ripoll, 1993, 2004, 2005; Rosado-Méndez et al., 2016; Sanchis et al., 2011), as Leporidae are the best-
represented family. Type of modification, agent, origin (percussion, cut-marks, tooth marks, and digestion),
location, shape, distribution, direction, intensity, and quantity are the characteristics recorded for each
modification.

3.2 Avifaunal Remains

The avifauna remains have been analysed from an archaeozoological perspective, with anatomical and
taxonomic identification, as well as taphonomically, considering variables such as fragmentation, biotic and
abiotic alterations, and possible marks of human origin. For the anatomical and taxonomic determination,
reference collections have been used and diagnostic, metric, and morphological characters from the literature
have been checked. For an initial approach to the remains in terms of orders and families, the work of Cohen
and Serjeantson (1996) has been used. To identify passerines, especially small passerines, attempts have been
made to apply the criteria proposed by Moreno (1985, 1986, 1987). Specifically in the case of corvids, the
proposals of Tomek and Bochenski (2000) have been used. In the case of columbiforms, the criteria of Tomek
and Bochenski (2009) have been applied. For the taphonomic marks and specifically the degrees of digestion,
the work of Lloveras et al. (2014) has been used.

3.3 Plant Remains

During the excavation process, some charcoal fragments were taken manually, mainly from concentrations.
The rest of the sediment was dry-sieved, and sediment samples were systematically collected to be processed
using the tank flotation system, which allows for the recovery of very small organic remains. Once washed and
dried, the samples were processed for the selection of the archaeobotanical material under a binocular loupe
between 3 and 60 magnifications.

Charcoal analysis is based on the botanical identification of carbonised wood, i.e. determining which
species the charcoal is derived from. For the standard analysis, charcoal is broken up manually, and no
chemical treatment is needed, so these samples can be used later for radiocarbon dating (Vernet et al,
1979). Each fragment is observed under a reflected light brightfield/darkfield optical microscope with different
lenses ranging from 50x to 1,000x magnification. Wood anatomical features are compared with specialised
literature on plant anatomy (e.g. Greguss 1955, 1959; Jacquiot et al., 1973; Jacquiot, 1955; Schweingruber, 1990) as
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well as to a reference collection of current charred wood. For the observation of specific features and for
taking pictures, we used a Hitachi S-4800 scanning electron microscope (SEM) held at the Central Service for
Experimental Research Support (SCSIE) at the University of Valencia.

Charcoal analysis is on-going, however, to date, nine samples from Level II (including charcoal scattered
throughout the level and hearth1) have been analysed with a total of 410 charcoal fragments.

Carpological analysis includes the study of not only seeds and fruits, but also stems, rhizomes, and tubers.
For the taxonomical identification, carpological remains were observed under a low-power microscope and
compared with specialised literature (Sabato & Pefia-Chocarro, 2021; Torroba Balmori et al., 2013). In addition,
a reference collection of current seeds and fruits was used. The histological identification was carried out after
the observation of the remains under a reflected light brightfield/darkfield optical microscope.

To date, both hand-picked remains and those recovered during dry sieving have been identified. A total of
43 remains from three spits from Level II have been identified, but the carpological analysis is still ongoing.

The combination of anthracological and carpological analysis provides paleoclimatic and paleoeconomic
information. Based on the ecological requirements of identified taxa, past climatic conditions and landscapes
are reconstructed. The use of plant resources — firewood, food, and raw material — could be deeply assessed
with the analysis of charred wood and seed remains.

For the palynological analysis of five coprolites, after the samples were weighed (Arc-Copl: 2.02 g; Arc-
Cop2: 10.74 g; Arc-Cop3: 0.84; Arc-Cop4: 3.83 g; Arc-Cop5: 0.41g; Table 9), the “Classic Chemical Method” was
followed for the extraction of palynomorphs (Dimbledy, 1985; Erdtman, 1969), with the modifications proposed
by Girard and Renault-Miskovsky (1969) also taken into consideration. In order to evaluate the quality of the
laboratory processing, we added one tablet of Lycopodium spores (BATCH No. 710961.500) to each coprolite
sample. After being treated at the laboratory, the samples were mounted on slides with the use of liquid
paraffin. The palynological identification was made by conventional microscopy (400x and 1,000x) using an
optical microscope. We also used the palynomorph reference collection of the Department of Environmental
Biology (Sapienza University of Rome) and of the Department of Plant Biology (University of Murcia). The
pollen count data were treated with the Tilia Graph 1.7.16 program in order to obtain the pollen diagrams.

3.4 Stone Tools

The methodology for the use-wear analysis consisted of gentle cleaning of the tools in an ultrasonic tank with
deionised water and neutral pH detergent (Twen-20), always observing beforehand for the possible presence
of stuck-on residues. An Olympus BHM] model microscope with Nomarski-type interferential contrast — DIC —
and connection to a digital camera were used for traceological study (Martin-Lerma, 2015).

For the study of retouched tools, the typology of Sonneville-Bordes and Perrot (1954, 1955, 1956) has been
used, and the studies of the French school for technology (e.g. Inizan et al., 1995; Pelegrin, 1995, 2000; Tixier
et al., 1980) have been followed.

4 Stratigraphy

The deposit of Cave A is composed of several geoarchaeological field units (GFU) that were grouped, during
archaeological fieldwork, into three main archaeological units (I, II, and III — see Martin-Lerma et al., 2023 for
details) (Figure 3). All the units throughout the deposit contain common to abundant stones. They are com-
posed of angular and sub-angular fragments of local limestone, ranging from a few millimetres to several
centimetres in size.

Archaeological unit I sup. correspond to the Holocene series and consists of dark sediments, rich in
organic matter and combustion by-products, with few stones. The lower boundary of archaeological unit I
sup. is sharp and well recognisable but slightly irregular due to ancient biological activity.
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Figure 3: Cueva del Arco: stratigraphic section of Cave A. The labels correspond to the GFU (Martin-Lerma et al., 2023); archaeological
units are reported to the right.

Archaeological units I inf. and II represent the upper part of the Pleistocene series and include three main
layers. The set of layers is almost horizontal in the inner sector of the shelter and slightly dips outwards (by
very few degrees) approaching the dripline. All the layers are made up of sediment with a dominant clastic
coarse fraction (limestone fragments) and fine material, the colour of which ranges from yellowish to
brownish hues. The units were distinguished among them according to the relative quantity of coarse clastic
inputs and the characteristics of the fine material (grain size, colour, and presence of secondary calcium
carbonate). The base of archaeological unit I is a thin layer of silt with fine sand, 7.5YR5/6, and common stones,
sometimes with horizontal orientation pattern (GFU A3). Below this, there is an intercalation of clast-supported
limestone breccia with common angular platy stones (some of them are clearly frost-slabs), with a well-visible
horizontal orientation pattern and scarce fine material, 7.5YR5/6 (GFU A4). The thickest unit is GFU A5, which
shows the same features as GFU A3 but features slightly larger stones and weak cementation by calcium
carbonate, which is also sometimes found in the form of small nodules. This layer lies on a concave lens
enriched with ash and charcoal fragments, which stratigraphically corresponds to the top of archaeological
unit III (A6 in Figure 3).

The succession of Cave A broadly shows the typical characteristics of southern European rock-shelter
infillings formed in Mediterranean environmental contexts (Angelucci et al., 2018), that is crude stratification,
predominance of coarse angular fraction with variable quantity of fine material and poor textural sorting,
local enrichment of secondary calcium carbonate, and slight disturbance by ancient biological activity. The
limestone fragments that make up the bulk of the sedimentary deposit are of local origin and clearly come
from the rock shelter’s roof and wall. Among the limestone fragments, frost slabs are detected; they may
indicate frost action (among other processes of wall disintegration) within a cold, moist climate context. As a
whole, the succession of Cave A is rather thin, indicating a low sedimentation rate during its accumulation; this
can be related to the position within the cave (i.e. sedimentary inputs in this position were scarce and mostly
coming from cave walls).
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5 Radiocarbon Dates

5.1 Sample Selection for Radiocarbon Dating

At Cueva del Arco, the selection of botanical material for dating has followed a strict protocol that first implies
botanical identification. Dating is a destructive method, and if the sample is not first identified, valuable
information about the history of the plants and their distribution is lost. In addition, the correct selection
of the species to be dated can help solve taphonomic issues (Carrién Marco et al., 2018). Given the taxonomic
poverty at Cueva del Arco and the predominance of long-lived species, the application of dendrological
observations has been essential, such as the presence of bark or the last growth rings of the plant (which
would give the closest date to the wood-cutting). Another criterion has been the selection of short-lived organs
of long-lived species, as in the case of the pinecone bract, which is a reproductive leaf of the cone or strobilus,
which offers greater precision than wood of the same species.

5.2 Results

For Unit II of Cave A, four radiocarbon dates were obtained on Juniperus sp. charcoal (Table 1, Figure 12) and
another date from Unit III that can be derived from level II. Three dates, from two of the hearths, are very close
to one another, possibly showing an occupation event in the cavity in the early Gravettian period. For these
three, the maximum and minimum probable dates are between 30890 and 29930 cal BP.

The other two dates are a little earlier, 33580-31620 and 36091-35203 cal BP and, as we will see in the final
discussion, open up the possibility of the existence of some occupation from the end of the Aurignacian.

6 Lithic Industry

6.1 Technology

Evidence for the lithic industry found in levels I sup/inf. and II of Cavity A of Cueva del Arco is provided by 873
pieces. From I sup., we have removed the shapeless pieces, debris, splinters, and edges, as we do not know
for certain whether they belong to the Gravettian period, nor do they provide any technological information.
Of the total remains, 721 pieces are made of flint, making up the vast majority. The rest are made of quartzite
(102 pieces), limestone (29), siliceous limestone (18), quartz (1), jasper (1), and sandstone (1). Regarding level II,
we have a total of 389 pieces (Table 2). Of the materials found, the small number of cores (22 cores and
fragments) is striking. Most of them (19) appear in the I sup/inf. level, which gives us minimal information

Table 1: Radiocarbon dates from Cueva del Arco, Cave A, were obtained at the laboratories of ETH (Zurich, Switzerland), VERA (Vienna,
Austria) and BETA Analytics (Miami, USA)

Unit Ref. Sample BP § 3 Cal BP (95%)
I ETH-67833 Juniperus sp. 26193 + 104 -205+1 30801-30148
II ETH-67834 Juniperus sp. 26279 + 106 -21+£1 30870-30233
I VERA-7068 Juniperus sp. 26151 + 172 -21.4+14 30846-30068
I VERA-7063 Juniperus sp. 28617 + 287 =278 + 1.1 33780-31948
I Beta - 627630 Celtis seed 31190 £ 190 -6.5 36091-35203

ETH and VERA samples were pretreated using the ABOx-SC (acid-base-oxidation-stepped combustion) method (Brock and Higham,
2009). The results were calibrated with OxCal (version 4.4).
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Table 2: Number of lithic blanks from level II

Level II Quarzite Chert Siliceous limestone TOTAL Retouched
Flake 24 106 5 135 16
Laminar Flake 0 5 0 5 1
Blade 0 27 3 30 9
Bladelet 1 27 4 32 13
Thermal Flake 0 2 0 2 0
Core 0 2 0 2 0
Trimming (CTE) 1 12 1 14 3
Debris 21 135 9 164 1
Burin Spall 0 5 0 5 0
TOTAL 47 321 22 389 43

about the blank extraction processes, as we cannot completely rule out these pieces belonging to occupations
after the Gravettian period. Of the three pieces that appear in level II, one corresponds to a very depleted core
fragment. The second is a complete core, with an orthogonal pattern and extraction of bladelets and possibly
blades, as shown by the last 8.6 mm laminar extraction. The third core is shapeless, with extractions in three
different directions. We have managed to preserve the reassembly of one of the last extractions — a laminar
flake measuring 23.3 mm x 13.3 mm x 3.2 mm. The other cores, which we study here because we consider that,
given the limited material corresponding to times later than the Gravettian, they must belong to this period,
vary a little in type. We have examples of the frontal unipolar type for the extraction of blades and bladelets (5)
with a quadrangular and pyramidal shape, and ecaillée frontal bipolar (1) for the extraction of bladelets and
flakes.

All the cores and fragments are used up as much as possible and are very small, because the maximum
possible amount of raw material has been used. There is also not enough cortex remains in the pieces to
distinguish whether these cores come from raw material nodules or plaquettes, although we believe that in the
case of quartzite (4) they are nodules, due to their natural shape in the area. This is also due to the large
number of core trimming elements (CTE) that we found in the deposit.

One of the features of these pieces, beyond their high level of fractures, is the intense preparation of the
overhangs and the percussion planes. This is one more indication that as much of the raw material as possible
has been used. We have pieces showing small flakes all along the entire edge of the percussion plane,
especially on overhangs, semi-tablets, and tables, as well as indications in the tables demonstrating the
knapping errors typical of the use of a core at the end of its life.

With regard to the blanks, we can appreciate a clear overall tendency towards blade extraction, despite
the fact that the majority of blanks are flakes (335). This is because these are not generally the final objective of
the preparation but rather the remains of knapping and preparation. A factor determining this conclusion is
that most of the retouched tools are made from blades and that most of the flakes are fractured and very small
in size: 20.54 mm x 18.7 mm % 4.75 mm on average.

Flake extraction is carried out through surface preparation of the butts, which are mostly smooth. In the
pieces where we have been able to distinguish it thanks to technological marks, percussion is generally with a
hard hammer (163). This places us in the initial moments of the knapping process.

Although there are fewer of them (232), blade blanks are the end products of the blank extraction process.
They are also considerably fractured, but they provide us with a great deal of information about the tech-
nology used. Concerning the types of blank, we have a larger number of bladelets, although the difference is
minimal. If we relate this to the cores found, we can extrapolate that, at first, they were perhaps used for blade
extraction, and then, when they became smaller, bladelets were extracted. We have no cores that are clearly
for blade extraction to provide us with full knowledge of this aspect, which is not clarified by the CTE. We must
also consider the possibility that these blanks are brought in already knapped from other places. Regarding the
section of these blanks, 61.5% have a triangular section, so the extraction of these blades could be via frontal
patterns using working fronts.
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The vast majority of blade negatives on the various blanks are unipolar (150), as opposed to bipolar ones
(17), which confirms us the use of this type of reduction pattern (frontal unipolar cores).

Finally, in this regard, we have pieces with well-prepared butt, which could indicate that they are blanks
showing fully exploited cores. Above all, abrasions predominate and the variety of butts increases with respect
to flakes, as linear and punctiform butts appear, although the majority continue to be smooth (68), followed, a
long way behind, by dihedral (12), with the use of a soft hammer notably increasing (more than 50% of the total
that we have been able to determine).

The data obtained after the study of Gravettian technological processes at Cueva del Arco have parallels in
other sites in the Mediterranean area and inland in the southeast of the Iberian Peninsula. We found simila-
rities in the characteristics of the initial reduction processes with the items analysed at Cueva de Nerja
(Malaga), where there are low numbers of cortical pieces and very few cores — a problem similar to the
one we found. Flakes also predominate, with blade blanks selected to make retouched tools (Jorda Pardo et al.,
2008). This last characteristic is a general feature in the Gravettian period in the Mediterranean area, as we
also find it in sites such as Cova de les Cendres (Alacant), where the finds are focused on blade exploitation,
with many laminar flakes, even though flakes form a majority of the unworked blanks. Like this set, there are
also cores from which blades and bladelets are extracted as work progresses and their size is reduced
(Villaverde et al., 2019).

In terms of knapping patterns, Cueva del Arco complex coincides with others such as Les Cendres, Cova de
les Mallaetes (Valéncia), and Abrigo del Palomar (Albacete), where we also find mostly unipolar prismatic
cores, although bipolar knapping is by no means exceptional. For example, at Palomar, bipolar knapping has
been interpreted as a way of recycling unworked supports and flint fragments, extracting bladelets from them
with little technical difficulty (De la Pefia & Vega Toscano, 2013). We should also stress that at Cueva del Arco
we did not find blades extracted from cores in the form of carinated end-scrapers. Nor do these appear at
Abrigo de La Boja (Zilhdo et al., 2010), although they are abundant at the Palomar and Mallaetes (De la Pefia &
Vega Toscano, 2013).

The maintenance of the cores as they are being worked on also shows similarities, again with the Palomar
complex, where the CTE are mainly semi-tablets and blade tables to correct the percussion plane and eliminate
preparation and extraction knapping errors. Meanwhile, in the Valencian area, extraction on the flanks of the
core to clean the extraction surface from the sides is predominant, as the cores are shorter (Villaverde et al.,
2019). Finally, we found these cores to have been used up as far as possible after the extraction of bladelets
(Zilh&o et al., 2010).

6.2 Stone Tool Typology

A total of 43 retouched pieces have been found at the Gravettian level II, including four pieces from level I inf.
which are clearly Gravettian (Table 3), representing 11% of the material recovered and 20% of production
blanks. If we consider the excavated area, we can see we are dealing with a low density of lithic materials.
Among these pieces, we would like to highlight the presence of six scrapers which, due to their characteristics,
and having studied the materials from the Middle Palaeolithic level, we would prefer to include there. These
are pieces that appeared in the intersection between levels II and III and which we believe belong to the lower
level.

To distinguish the gravettes from microgravettes, we have considered their width, taking 8 mm as the
measurement to separate them. This measurement is based on studies carried out in recent years in the
Iberian Mediterranean area for Gravettian projectiles (Roman & Villaverde, 2006; Villaverde et al., 2019) that
combine the characteristics of the pieces from this area with various approaches made in other areas (e.g.
Soriano, 1998).

The analysis of the materials, taking into account that, due to their low number, the data are merely
indicative, shows us we are dealing with an occupation in which backed pieces predominate (40%), with
microgravettes (27%) clearly ahead of Gravette points (8.1%). The other types are similarly represented at
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Table 3: Retouched types from Level I inf. and II following Sonneville-Bordes and Perrot (1954, 1955, 1956) table numbers

List no. TYPE No. Group No.

1 Simple end scraper 1 G 2

8b Ogival end scraper 1

30a Angled burin on a break 2 B 2

48 Gravette point 3 D 13

51 Microgravette 10

60 Straight truncated piece 1 T 1

65 Retouch on 1 edge 3 RP 4

66 Retouch on 2 edges 1

75 Denticulated 2 ND 2

85a Backed bladelet 1 ml 4

85d Fine retouched bladelet 1

85e Pointed bladelet 1

91c Truncated backed point 1

92 Varia 9 v 9
TOTAL 37 37

77 Sidescraper 6 SS 6

between 2 and 5%. The miscellaneous group is abundant, although most are fragments of unclassifiable
retouched pieces (Figure 4).

The low number of pieces and the fragmentation of most of them do not permit a detailed analysis of the
dimensions, but we can point out that the largest piece is a Gravette point measuring 69 mm in length by
13 mm in width, while the only complete microgravette measures 29 mm x 4 mm, although there is a piece that
is still 43 mm in length even with a distal fracture. This shows us some of these pieces can be almost as long as
the gravettes. If we analyse the width and thickness of all the pieces, we can see that the site we have here
could show the largest projectiles of all the Gravettian sites in the Iberian Mediterranean (Romdan &
Villaverde, 2006).

On the other hand, the presence of a finely retouched pointed bladelet is worth noting and also, although it
appeared in the test pit and is not included in this study, a double-backed microblade tip. These are pieces
found at recently excavated Gravettian sites with classification systems like the one we have applied in this
study (Villaverde et al., 2019) that accompany gravettes and microgravettes.

The presence of end scrapers and burins is the same (two pieces). One of the end scrapers is quite large,
and despite a proximal fracture (and the frontal reduction itself), it is 58 mm long. The other piece is a distal
end (front) with an ogival tendency. The two burins are angled on fractures and are of a good size (the entire
58 mm in length). It should be noted that one of them appeared in the centre of one of the combustion
structures.

A small bladelet with fine direct retouches which appeared just below one of the hearths dated to the early
Gravettian period deserves a special mention. Although its type could be related to the Gravettian, the fact that
itis not a backed piece and the existence of two dates of 33580-31620 and 36091-35203 cal BP makes us consider
that it is a piece linked to a Evolved Aurignacian occupation that we have not detected in the excavation
because it consisted of very sporadic occupation of the cavity.

This is a question that the data we currently possess does not allow us to confirm. However, because of the
chronological and cultural context of the Aurignacian period in our area of study, it can be left open.

6.3 Use-wear Analysis
The use-wear analysis remains at an initial phase, but in this study, we are able to offer some of the early

results we are obtaining. The randomly selected sample includes 12 pieces: four pieces with no retouching
(flake/blade) and two of each type (end scraper/burin/Gravette/microgravette).
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Regarding the microscopic alterations detected, we found three pieces (208, 734 and 735) with the so-called
“floor shine” produced by rolling in sediment. This alteration, although it has not made the study impossible,
has particularly affected the finer-grained flint and is especially present in the higher areas of the topography.
However, most of the pieces analysed show no evidence of shine, so there have been no difficulties with the
microscopic analysis.

In a functional study, we cannot focus solely on the retouched material, as the unretouched blanks also
show signs of use. In fact, the two selected flakes (610 and 639) have been used to work wood, as they have a

1 2 3

15

Figure 4: Stone Tools. Gravette points (1-3); blades (4-5); backed bladelets/points (6, 8-11); double backed point (7); Dufour bladelet (12);
burins (13, 16); end-scrapers (14-15).
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polish with a gently curving texture typical of this type of material, which extends to areas of medium
topography. The light it reflects is bright, and some characteristic accidents can be perceived, such as undula-
tions following the direction of use, and microholes.

One of the blades has no traces of use (208) and the other (634) shows a compact polish evenly distributed
over high points of the topography and also in adjacent depressed areas. It is shiny with a curved tendency
typical of something used to work a hard material, like bone or antler. We also found small, unevenly
distributed chips, predominantly semicircular in shape, associated with sharpening.

Both domestic tools and projectiles have been selected from the retouched pieces. The two end scrapers —
one on a flake (734), and one end scraper front (428) — have been used for leather work. The polish looks rough
and greasy, as is very characteristic of this type of activity. The second piece is seen to have been used more,
due to intense, continuous work, which allows us to confirm that it is the product of reworking, even preser-
ving grooves that mark the oblique direction of the scraping.

Regarding the burins, one of the selected pieces is a burin on break (735) directly related to working bone
material. It has a shiny, compact polish that is evenly distributed, with a clear scaly tendency. The other piece
analysed (202) shows only percussion grooves and no signs of use, which has allowed us to interpret it as a core
for extracting blanks rather than a tool.

Finally, we focus on analysing projectile items. The two selected microgravettes (983 and 741) show
similarities in the traces found, as, although they show neither polishing nor impact macrofractures, they
do retain impact striations and microchips on the edge caused by having been thrown at and striking, a harder
object, probably an animal carcass.

The study of the gravettes (943 and 981) reveals a different use, as they lack the grooves and breaks derived
from the impact. Instead, they show polishing developed with grooves related to continuous transversal
activities. We cannot, therefore, rule out the possibility that these pieces may have been used as parts of
small knives for various uses. This hypothesis is strengthened by their considerable size, unlike the micro-
gravettes previously analysed.

Thanks to the analysis of the set of pieces, the functional potential of the Gravettian lithic material from
Cueva del Arco is abundantly clear (Figure 5). The traceological studies in progress will undoubtedly help us to
understand the type of activities carried out in the cave during its different phases of occupation, as has been
done at other sites in the Region of Murcia (Zilh&o et al., 2017).

7 Fauna

7.1 Macrofauna
7.1.1 Taxonomic and Anatomical Composition

The Gravettian macrofaunal assemblage is composed of 1,038 remains: 525 (50.3%) determinate and 522 (49.7%)
indeterminate (Table 4), and seven coprolites. Several ungulates, one carnivore species, and leporids were
identified.

Leporids are the best-represented group in terms of NISP (91.7% of the determinates). Most of the anato-
mical elements of leporids are present in the assemblage (Table 5, Figure 6). Maxilla, femur, humerus, and tibia
are the best-represented elements (>50%), but also mandible, cranium, radius, and ulna show high values
between 30 and 40% (% ISu). Scapula, coxal, and sacrum are represented around 20%. Axial elements, carpal,
tarsal, and phalanges, however, have low percentages (<20%). There is no correlation between % ISu and
bones density (rs = 0.4348; p = 0.0276). Thus, it is unlikely that diagenetic processes biased the assemblage.

Capra pyrenaica is the most abundant species of ungulates, with 6.2% over the determinate remains,
although there are also a few bones from Equus ferus, Cervus elaphus, and Bos primigenius. The anatomical
representation by % MAU of Capra pyrenaica shows an incomplete skeleton. Cranial elements, stylopodia and
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Figure 5: Results obtained from the use-wear analysis. Scraper (1); burin (2); microgravette (3-4); gravettes (5-6).

zeugopodia, calcaneus, and astragalus are well-represented with values between 50 and 100% (Table 5, Figure 6).
First and second phalanges are also present, but in lower quantities, whereas the axial skeleton and waist are
absent.

Equus ferus is represented by one upper molar, a coxal, and two diaphysis of tibia and a metapodial. There
is only a hemimandible and a radius of Cervus elaphus, and a teeth fragment from Bos primigenius. Only one
carnivore species has been documented, three bones from Felis silvestris: a distal fragment of a humerus, a
proximal epiphysis of an ulna, and a complete third phalange.

Regarding the age-at-death, a minimum of one adult individual of Cervus elephus, Equus ferus, Bos
primigenius, and Felis silvestris has been calculated. In the case of Capra, there is one infantile individual
aging between 1 and 2 years old and one adult (Table 4). In the case of leporids, there is one juvenile, five
subadults, and 10 adults.
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Table 4: Taxonomic composition by NISP, % NISP, and MNI of Level II

NISP % NISP % NISP det MNI
Infantile Juvenile Subadult Adult

DETERMINATE 516 49.7
Perissodactyla 4 0.4 0.8
Equus ferus 4 0.4 0.8 1
Artiodactyla 36 35 7.0
Bos primigenius 1 0.1 0.2 1
Capra pyrenaica 32 3.1 6.2 1 1
Cervus elaphus 3 0.3 0.6 1
Carnivora 3 0.3 0.6
Felis silvestris 3 0.3 0.6 1
Lagomorpha 473 45.6 91.7 1 5 10
INDETERMINATE 522 50.3
Very small size 7 0.7
Small size 5 0.5
Small-medium size 177 16.9
Medium size 9 0.9
Medium-large size 3 0.3
Large size 5 0.5
Indeterminate 316 30.2

1,038 2 5 15

Subadult age is referred only to Leporidae (shown in Section 3).

7.1.2 Taphonomic Analysis

7.1.2.1 Fractures
The assemblage is strongly fragmented, only 17.1% are complete bones. The most abundant category of length
is 10-20 mm (75.7%), and only 1.4% are higher than 50 mm.

Regarding ungulates and carnivores, four teeth of Capra pyrenaica, one tooth of Cervus elaphus, and a
Felis silvestris phalange are complete. Fragmented remains are represented mainly by fresh and indetermi-
nate fractures (Table 6). Long bones and metapodials diaphysis without complete circumference are the most
abundant morphotypes of Capra pyrenaica as well as the remains from other small- to medium-sized speci-
mens. Moreover, other elements like mandible, calcaneus, astragalus, and phalanges are also freshly
fractured.

Leporid bones — without counting remains with recent fractures — are nearly equally complete (42.6%)
and fragmented (57.4%) (Table 6). Complete bones include phalanges, metapodials, compact bones, cranial and
axial elements, and some non-fused epiphysis of long bones. Concerning the origin of the fractures, 42.2% are
indeterminate, 28.9% fresh, 28% dry, and 0.9% mixed. Fresh fractures are located mainly on long bones, but
also on metapodials, phalanges, calcaneus and coxal. The most repeated morphotypes on long bones include
fragments of diaphysis without complete circumference in the case of femur and tibia; cylinders on humerus
and ulna; proximal parts (diaphysis + epiphysis) of femur, radius, and tibia; and distal parts of humerus
(Figure 7). Metapodials are fragmented as distal or proximal parts, and there is only one isolated diaphysis.

7.1.2.2 Modifications

Thermal alteration is the most abundant modification, though it affects only 5.1% of the identified assemblage
(Table 7). Nonetheless, if the percentage is calculated over each species, values increase to 33.3% (medium-
sized animals), 25% (Equus ferus), 9% (small- to medium-sized animals), and 7.9% (indeterminate). Charred
degree (79.2%) is more important than calcinate (11.3%), affecting the whole bone in 75.5% of the cases.
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Table 5: Anatomical composition of the species by NISP and MNE

Equus ferus Bos primigenius Capra pyrenaica Cervus elaphus  Felis silvestris Leporidae

NISP = MNE  NISP = MNE NISP MNE NISP = MNE NISP = MNE NISP  MNE
Cranial 1 1 14 14 2 125 89
Cr 1 1 19 5
Mx 25 19
Mand 2 2 1 30 14
Hy 1 1
Teeth 1 1 10 10 1 51 51
Axial 30 30
Vc 2 2
Vt 2 2
VI 13 13
Vs 4
Rb 9 9
Forelimb 6 6 1 2 81 70
Sc n 8
H 1 1 1 20 18
R 2 2 1 15 1
U 1 1 1 12 "
Cp 2 1
Mc 2 2 21 21
Hindlimb 2 9 8 109 73
Cx 1 n 7
F 1 1 43 19
T 1 2 2 25 17
Pa 2 2
As 1 1 3 3
Ca 2 2 6
Ta 3 3
Mt 3 2 16 16
Extremities 1 3 3 1 102 100
Mtp indet 1 1 1 14 12
Phat 1 1 44 44
Pha2 1 1 19 19
Pha3 1 25 25
Indet. 26
Articular bone 1
Long bone 25

4 1 31 30 3 3 473 362

Abbreviations: Cr (cranium), Mx (maxilla), Mand (mandible), Hy (hyoid), Vc (cervical vertebra), Vt (thoracic vertebra), VI (lumbar vertebra),
Vs (sacrum vertebra), Vcd (caudal vertebra), V (indeterminate vertebra), Rb (rib), Sc (scapula), H (humerus), R (radius), U (ulna), Mc
(metacarpal), Cp (carpal), Cx (coxal), F (femur), T (tibia), Mt (metatarsal), Pa (patella), As (astragalus), Ca (calcaneus), Ta (tarsal), Mtp
(metapodia), Pha (phalanx), Pha R (residual phalanx), Se (sesamoid).

The other anthropogenic modifications are scare (1.2%) (Table 7). There are nine pieces evidencing
percussion: eight percussion flakes and a notch on a tibia of Capra pyrenaica. These modifications plus other
fresh fractures reflect the access to marrow. Moreover, three bones present cut-marks, all of them short,
oblique, and with multiple slicing marks. One cut-mark is on the diaphysis of a small- to medium-sized
specimen that could have been caused during the defleshing process. The other two are located on Capra
pyrenaica bones including one on the proximal part of a metatarsal diaphysis and another on the distal part of
an ulna diaphysis (Figure 8). These marks could be a consequence of skinning and disarticulation activities,
respectively.
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Figure 6: Anatomical representation of Capra pyrenaica (% MAU) and Leporidae (% ISu). Abbreviations are shown in Table 5.

Non-anthropogenic modifications have been documented mainly by digestive corrosions (4%) (Table 7),
which affect leporids and remains of small- to medium- and very small-sized animals. This corrosion is
documented on bones less than 20 mm (85.7%) and between 20 and 40 mm (14.3%). In the case of leporids,
most of these remains present a light/moderate level of corrosion (Table 8), with a polished surface, slimming
edges, and even porosity on the spongy parts, and affect all kinds of bones, from axial to appendicular
fragments (Figure 8).

There are also another two non-anthropogenic modifications (0.3%) (Table 7): light, short, and multiple
scores on the diaphysis of a long bone of a medium-sized animal, and on a calcaneus of Capra pyrenaica. The
latter is located on the edge of a fracture and is associated with its consumption. And a distal part of Felis
silvestris humerus shows a partial consumption of the epiphysis with traces of corrosion surrounding the
fracture (Figure 8).

Moreover, some notches of an indeterminate origin have been identified, including on a long bone
diaphysis of small- to medium-sized animal, on the ilium and the proximal part of a tibia of Leporidae
(Figure 8). The notches on the tibia and coxal could have been made by a non-human predator.
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Table 6: Complete and fractured bones, and type of fractures by species

Complete Fragmented

Recent Fresh Dry Mixed Indet.

Determinate
Equus ferus 0 1 3 0 0 0
Bos primigenius 0 0 0 0 0 1
Capra pyrenaica 4 3 12 2 0 1
Cervus elaphus 1 0 1 1 0 0
Felis silvestris 1 0 1 0 0 1
Leporidae 172 69 67 65 2 98
Indeterminate
Very small size 0 2 3 1 0 1
Small size 0 0 0 4 0 1
Small-medium size 0 0 61 56 3 53
Medium size 0 0 2 2 2 3
Medium-large size 0 0 0 2 0 1
Large size 0 0 1 0 0 1

178 75 151 133 7 17

7.2 Avifauna

The birds recovered make up a modest set of no more than 51 remains from different squares (C18, C19, D18,

D19) in level II, layer 2.

Proximal Diaphysis Distal
H 1 3
1.1 1
11.1.3 1
I1.1.4 1
11.2.4 1
R 4
11.2.4 4
U 1 1
1.1 1
11.2.3 1
F 9 12
11.1.1.1 5
11.1.1.2 3
11.2.2 1
11.4.2 12
T 2 4
11.1.2 1
11.2.4 1
11.4.2 4
Mtp 1 3
1.1 1
11.2.4 1
11.3.4 2 2

Proximal part

| diaphysis epiphysis diaphysis  epiphysis
+ + \
4 (100%) 1 (< 24%)
<25% 0%
Diaphysis
; I
Distal part
B diaphysis  epiphysis
+
4 (100%)
<50%

Figure 7: List of the fresh fractures of long bones metapodials from Leporidae and their specific morphotype (follow Real et al., 2022).
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Table 7: Anthropogenic and non-anthropogenic modification by species

Anthropogenic Non-anthropogenic Indeterminate

Cut- Notches Percussion flakes Burnt Scores Bone loss Digestions Notches
marks bones

Equus ferus 1

Capra pyrenaica 2 1 1

Felis silvestris 1

Leporidae 8 30 2

Very small size 1

Small-medium size 1 16 M 1

Medium size 8 3 1

Indeterminate 25

NM 3 1 8 53 2 1 42 2

% NISP with M 0.3 0.1 0.8 5.1 0.2 0.1 4.0 0.2

Total Number of Modifications (NM): Percentage of remains with modification (% NISP with M).

From the results obtained, it should be noted that there are two sizes of birds from the family Corvidae. The
first of them, which is more abundant, is medium to small in size. It is compatible in measurements with the
genus Pyrrhocorax and specifically closest to Pyrrhocorax pyrrhocorax. Larger items are compatible in measure-
ments with Corvus corone. Of the five remains identified, three show some degree of corrosion due to digestion.

The other passerines correspond to small birds: three of them are close in size to the thrush and the rest
even smaller. It has been difficult to taxonomically classify these elements, and all we dare say is that some
could belong to the Paridae family. Of the 37 remains, nine show some degree of corrosion from digestion.

The only piece associated with the genus Columba corresponds to a femur with measurements that make it
compatible with either C. livia or C. palumbus. It shows corrosion from digestion. The two remains classified as
Perdicinae are compatible in size with the genus Alectoris. They show corrosion from digestion. The two
fragments could correspond to the same individual (proximal ulna and distal ulna).

Finally, the remains without any kind of identification could correspond to the aforementioned taxa,
although one phalanx is morphologically reminiscent of some small bird of prey, which could be a strigiform
or an accipitriciform.

The degree of corrosion from digestion ranges from slight to medium, although the number of unaltered
remains exceeds those with digestion marks, and in some cases, they have been strongly digested. Apart from
small manganese stains and some elements with slight concretion, no other types of taphonomic alterations are
observed. There is no type of mark of an anthropic nature, from thermoalteration, cut marks, or percussion. All
this leads us to believe that this is a set that has reached the site in some kind of natural way. Some of the taxa
live in caves (Pyrrhocorax and perhaps Columba) and could be birds that died in situ. On the other hand,
digestion refers to elements consumed by some type of predator which, due to the low significance of the sample,
is difficult to identify. Perhaps, there has been activity by some small- or medium-sized nocturnal predator.

7.3 Micromammals

The morphological and metric analysis of the molars of rodents recovered in the Gravettian levels has allowed
us to identify Apodemus sylvaticus, known as the field mouse. It has been identified from eight mandibular
fragments and a maxillary fragment, with an incomplete presence of the corresponding molar pieces. We have
also identified Iberomys cabrerae from a pair of mandibular first molars among a dozen isolated teeth
belonging to the Arvicolidae family.

The species described are common in Upper Pleistocene sites in the Iberian Peninsula and survive to the
present day. We should also mention that these three species coexist today in forest ecosystems and open areas
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(b)

Figure 8: (a) Anthropogenic modifications: cut-marks on Capra pyrenaica ulna (1) and metatarsal (2). (b) Non-anthropogenic modifi-
cations: scores on a diaphysis from a medium-sized specimen (1); bone loss on the distal part of a humerus of Felis silvestris (2); notch on
a tibia and a coxal of Leporidae (3); digested bones from Leporidae (4).

with a Mediterranean climate. We should highlight the strict requirements of Iberomys cabrerae, which requires
green herbaceous cover throughout the year, with constant high humidity, and no frost or periods of drought.

8 Spatial Distribution

The excavation has provided evidence of three hearths characterised by good preservation conditions (Figure
2d). The three hearths are located next to the drip line of the cavity, marking a spatial separation between the
exterior and the interior (Figure 9).
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Table 8: Remains with digestive corrosion by degree

Degree of digestive corrosion Total digt. % digest.

Light (1) Moderate (2) Intense (3) Extreme (4)
Leporidae 1 10 7 2 30
VI 1 1 7.7
Vt 1 1 25.0
Rb 1 1 1.1
H 1 1 5.0
R 3 1 4 26.7
u 1 1 2 16.7
Cx 1 1 2 18.2
F 2 2 4 9.3
Mt 1 2 3 18.8
As 1 1 2 66.7
Mtp 2 1 3 21.4
Phal 2 1 3 6.8
Long bone 3 3 12.0
Very small size 1 1
F 1 1 100.0
Small-medium size 4 4 3 1"
VI 1 1 2 66.7
Rb 1 1 2 1.8
Long bone 3 3 6 5.6
Articular bone 1 1 43

15 15 10 2 42 8.9

Total NR with digestive corrosion (Total digest.); percentage of affected remains over each element (% digest.). For abbreviations see
Table 5.

The spatial distribution of the materials clearly indicates that it is around these hearths where the greatest
intensity of occupation was, with most of the industrial and faunal remains being clearly linked to these
domestic structures.

It is therefore the area that separates the cavity from the outside where the usual domestic tasks, such as
lithic knapping (remains of the entire operational chain are found in this area) and activities related to the
processing of fauna, would have been carried out.

9 Palaeoecological Data

9.1 Charcoal Analysis

Charcoal analysis has revealed the use of very few woody species: Ephedra sp. (joint pine), Juniperus sp.
(juniper), Pinus halepensis (Aleppo pine), Pistacia sp., Quercus sp. evergreen (holm oak and kermes oak),
and Rosmarinus officinalis (rosemary). Juniper accounts for approximately 92% of the wood used, being the
rest of the species scarcely represented (Figure 10).

Although all species of the genus Juniperus are very similar, Greguss (1959) classifies species with short
rays (one-six cells high) and species with long rays (average of more than six cells high). Charcoal identified at
Cueva del Arco belongs to the first group, among which the species Juniperus communis, J. excelsa, J. sabina,
and/or J. thurifera could be present. In any case, all the species of the genus form open forests, which withstand
different temperatures, but conditions of enormous aridity. The presence of Pistacia sp., Pinus halepensis, and
Quercus sp. evergreen (although with very low percentages) denotes relatively warm conditions.
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Figure 9: Spatial distribution of lithic industry, faunal remains, and location of preserved hearths.

The excellent preservation of the wood and the large size of the charcoal fragments (which can reach several
cm) have allowed us to corroborate, in the case of Juniperus, the high presence of wood with very weak
curvature (more than 80% on average in the samples) and very narrow rings, which is evidence of mature
trees: this corroborates the immense exploitation of Juniperus, probably favoured by the enormous abundance
and availability of this genus.

9.2 Carpological Analysis

Forty-four carpological remains, including pinecone bracts, bark fragments, rhizomes and stems, were recov-
ered. Most part of the assemblage is composed of Pinus sp. cone bracts (Figure 10, no 12), some of them
identified as Pinus halepensis. Two fragments of rhizomes and one stem of Monocotyledon plants were also
documented (Figure 10, no 3). Moreover, an uncharred macrospore of Isoetes sp. was recovered.

The carpological assemblage shows low taxonomical diversity in the current state of the analysis, but
future works including the analysis of flotation samples could increase the number of taxa, especially con-
sidering the good state of preservation of the archaeobotanical remains.

9.3 Palynologycal Analysis of Five Coprolites

The five coprolites studied for pollen (samples ID Arc-Copl to Arc-Cop5; Figure 11) were collected during the
2017 fieldwork campaigns, in Level II (squares C-19 and C-18 of the excavations grid; Table 9). These coprolites
were fragmented and morphologically could not be associated with their producing species. Although they are
very frequent in Palaeolithic sites and indeed subject of palynological investigations (Carrién et al,
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Figure 10: Archaeobotanical remains from Cueva del Arco: 1. Ephedra sp. cross section x120; 2. Ephedra sp. tangential section x500; 3.
Monocotyledon rhizomes; 4. Pistacia sp. cross section x120; 5. Pistacia sp. tangential section x300; 6. Quercus sp. evergreen cross section
x100; 7. Juniperus sp. cross section x90; 8. Juniperus sp. tangential section x400; 9. Juniperus sp. radial section x900; 10. Pinus sp. halepensis
cross section x40; 11. Pinus sp. halepensis radial section x800; 12. Pinus halepensis cone bract (SEM images, except for photos 3 and 12,
which have been taken under a binocular).

2001, 2007, 2008, Carrién Marco et al.,, 2018, 2019; Ochando et al., 2020), hyaena coprolites can be discarded on
the basis of coprolite morphology. The Arco coprolite fragments might therefore correspond to other medium
to small species, which would be coherent with the faunal findings at Level II (Table 9).

A pollen diagram representing Trees, Shrubs, Herbs, Spores, and NPPs (non-pollen palynomorphs) was
prepared (Figure 11), together with a summatory of arboreal pollen (AP) and non-arboreal pollen (NAP). It
should be emphasised that the number of spores and NPPs present in the coprolites was relatively low (Table
9). A total of 1,014 palynomorphs were identified, counting 968 pollen grains and 46 spores and NPPs. Along
with spores and NPPs, we excluded from the total pollen sum the counts of Asteroideae assuming it might be
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Figure 11: Percentage pollen diagram of the coprolites of Cueva del Arco including Trees, Shrubs, Herbs, Spores and NPPs, summatory of
AP and NAP. Black dots for percentages below 2.

overrepresented due to local occurrences. The percentage of indeterminable types remained in values lower
than 3 (Table 9). The number of pollen types varies between 9 and 21, with a total of 28 recognised taxa. The
number of palynomorphs extracted from the coprolites ranges between 2914.32 and 23842.73 grains/g (Table 9).

All the coprolites were polleniferous (Table 9, Figure 11). The pollen sum varied between 142 and 211 pollen
grains. NAP is predominant across all samples, reaching values >86%, except in coprolite Arc-Cop5, in which
the lowest percentage of NAP (41%) is reached. The most noteworthy characteristics of this level are the
abundance of Artemisia (9-76%), Poaceae (4-61%), and Amaranthaceae (1-10%), while Plantago does not
exceed 4%. Other NAP includes Asteroideae (counted out of the pollen sum), Caryophyllaceae, Apiaceae,
Brassicaceae, Coris, and Lamiaceae. Among AP (Figure 11), Pinus nigra-sylvestris (6-24%) and Juniperus
(2-22%) are remarkable, while Pinus halepensis-pinea is below 5%. The occurrence of evergreen Quercus,
Pistacia, and Genisteae are also ecologically meaningful, as well as the frequencies of deciduous Quercus,
Populus, Salix, Buxus, Phillyrea, Calicotome, Withania, Rhamnus, Thymelaeaceae, and Cistus. Fungal spores,
algae, bryophyta, pteridophyta, and NPPs do not abound (Figure 11, Table 9) although the occurrences of
Pteridophyta, Triletes, Glomus, Zygnemataceae, and Acritarch are occasionally noticeable.

Coprolite pollen assemblage is co-dominated by three or four of the main pollen contributors, namely
Pinus nigra-sylvestris, Juniperus, Artemisia, and Poaceae (Figure 11). Exceptions include Arc-Cop2 and Arc-Cop3
exclusively dominated by Artemisia and Poaceae, respectively. Palaeoecologically, the pollen spectra involve



26 —— Didac Roman et al.

xCal v4.4.4 Bronk Ramsey (2021 Reimer ot al (2020)

1 1 1 1 1 1
36000 34000 32000 30000 28000 26000

Foradada
Angel 1
Malladetes
Comte
Casa Moliners
Moro
Cendres
Barriada
Ratlla Bubo
Palomar
Arco

La Boja

DE GRUYTER

Finca Doiia Martina

Nerja

24000

WWMMMMWMMWMWWMWWWW

Figure 12: Radiocarbon dates from Iberian Mediterranean. Calibrated with atmospheric curve IntCal20 (Reimer et al., 2020) in OxCal

software v.4.4.2. (Bronk Ramsey, 2017, 2009b).

the occurrence of diverse trees, shrubs, and herbs, with broad-leaf trees, Mediterranean components, conifers,
xerothermophytes, indicators of saline substrates, and heliophytes such as Asteroideae and Cistaceae. The
xero-heliophytic component (Poaceae, Artemisia, Amaranthaceae) has a high cover. The woody component is
relatively low (with the exception of samples Arc-Cop5), which includes a combination of mesophytes, such as
deciduous trees (deciduous Quercus, Populus, and Salix), and Mediterranean taxa in addition to evergreen
oaks and pines (Buxus, Pistacia, Calicotome, Cistus, Withania, Phillyrea, and Rhamnus). According to the
aforementioned data, the Palaeolithic vegetation surrounding Cueva del Arco would include wormwood,
grass, pine, oak, juniper, pistacia, and wormwood steppes, open parklands, riverine forest patches, helophytic

matorrals, rocky scrub with hemicryptophytes and shrubby grasslands.

10 The Early Upper Palaeolithic at Cueva del Arco in the Iberian

Mediterranean Context

The data obtained from the excavations in Cave A at Cueva del Arco have allowed us to document an
interesting occupation site from the beginning of the Gravettian period. It also opens up the possibility of

the existence of some Evolved Aurignacian occupation.



DE GRUYTER The Early Upper Palaeolithic in Cueva del Arco == 27

For the Aurignacian, if we accept its presence around the two dates obtained, we must imagine sporadic
occupation by these pioneering human groups. It is probable that this limited occupation has been integrated
into the Gravettian materials. If so, and given the characteristics of the site, we do not believe that these materials
are statistically important, although at La Boja site it has been suggested that at the end of this period the backed
bladelets, of which we have some examples at Arco, replace the Dufour bladelets (Zilhdo et al., 2017).

The occupations of the end of the Aurignacian at sites such as Cova de les Cendres or Malladetes show few
materials (Villaverde et al., 2019, 2021). The general perception is that these first groups of anatomically modern
humans (AMH) arriving in the Iberian Mediterranean did not manage to settle definitively in the region and
were organised in small and possibly highly mobile groups that left few materials evidence. They did not finally
settle until the Gravettian period. This evolution is what could be represented at Cueva del Arco itself.

The Gravettian period has received a great deal of attention in recent years in the Mediterranean Iberia.
Recent excavations at various sites have allowed new studies showing the importance of this period for the
consolidation of the settlement by AMH south of the river Ebro (De la Pefia & Vega Toscano, 2013; Villaverde &
Roman, 2004, 2013; Villaverde et al., 2019, 2021; Zilhdo et al., 2017).

The Gravettian is characterised by the manufacture of backed projectiles, to which splintered pieces and
some truncations are added. This period can be divided into three phases, although the changes at the
industrial level are small and have to do in particular with a greater or lesser occurrence of gravettes and
microgravettes (Villaverde et al., 2019). Despite this homogeneity in the stone tools, some features can also be
made out that could show a degree of regionalisation with respect to neighbouring areas such as the Cantab-
rian Sea or the Pyrenees. This concerns the presence of particular pieces such as the Cendres type points
(Villaverde & Romdn, 2004; Villaverde et al., 2019) and the absence or very low frequency of pieces highly
characteristic in other territories such as the Noailles burins (according to Zilhdo et al., 2017 there are some
pieces from the mid-Gravettian at Finca Dofia Martina site).

Chronologically, we currently have 68 Gravettian dates and 13 for the end of the Aurignacian period from
14 sites (Table 10, Figure 12)". The analysis of all these dates allows us to propose the date of 31500 cal. BP as the
beginning of the Gravettian period in the Iberian Mediterranean. At this time, the Aurignacian period seems to
end. These limits coincide with some recent Bayesian studies in which it has been proposed that the end of the
Aurignacian could be between 31600 and 30400 cal. BP and the beginning of the Gravettian between 31700 and
30900 cal. BP (Martinez-Alfaro et al., 2022; Villaverde et al., 2021).

At Cueva del Arco, we find occupations from the beginning of the Gravettian period, chronologically
comparable with several sites in the Mediterranean Iberian Peninsula dated between 31500 and 30500 cal BP
(Foradada de Calafell, Malladetes, Cendres, Barriada, Palomar, La Boja, and Finca Dofia Martina) (Figure 13), with
most of the oldest sites concentrated in the centre and southeast. The presence in Catalonia of Cova Foradada
(Morales et al., 2019) makes it possible to confirm, as is logical to think if the Gravettian spread from eastern
Europe, that sites from these initial stages also exist in the northern part of the Iberian Mediterranean.

The Gravettian faunal assemblage from Cueva del Arco presents a taxonomic spectrum coinciding with
those already seen in other faunal assemblages from this period in the Iberian Mediterranean area (e.g. Aura
Tortosa et al., 2012; Iturbe et al., 1993; Rufi et al., 2019; Villaverde et al., 2019, 2021). At Cueva del Arco, leporids
are the dominant taxon (45%) within the determined remains. Among the macrofauna, there is a higher
abundance of Spanish ibex, and a lower presence of other ungulate species (red deer, auroch, horse) and
only one carnivore species (wild cat). The proportion between the most represented ungulates follows the
pattern present in other assemblages from inland/mountainous zones of the Iberian Mediterranean area,
where Spanish ibex is more hunted, such as Cova de les Malladetes or Cova Beneito (Iturbe et al., 1993; Sanchis
et al,, 2023). Moreover, this pattern departs somewhat from the northern sites such as at Cova de I’Arbreda,
where horse remains constitute a higher number of instances (Nadal et al., 2005; Rufi et al., 2021).

1 Like other studies (Villaverde et al., 2019), we have discounted some problematic dates from the northeast of the peninsula
(Arbreda, Roc de la Melca, and Balma de la Griera) due to stratigraphic problems; the Cova Beneito date due to doubts over its
attribution and its large indeterminacy band; those from some Andalusian sites (Bajondillo, Higueral de Valleja) because they were
made by TL; and some dates in Nerja, also because they have large indeterminacy bands.
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Table 10: List of radiocarbon dates from the Gravettian sites from Mediterranean Iberia
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SITE LEVEL REF. LAB. BP + Cal. BP (95%) SAMPLE Reference
Arco Ila ETH-67833 26193 104 G 30840-30200 C Martin-Lerma et al., 2023
Arco Ila ETH-67834 26279 106 G 30880-30320 C Martin-Lerma et al., 2023
Arco Ila VERA-7068 26151 172 G 30890-29930 C Martin-Lerma et al., 2023
Arco 1Ib VERA-7063 28617 287 A/G? 33580-31620 C Martin-Lerma et al., 2023
Arco 111 Beta-627630 31190 190 A 36091-35203 S Unpublished
Barriada A Beta-296222 22750 110 G 27430-26750 C Fernandez et al., 2011
Barriada B Beta-296223 25260 120 G 29660-28940 C Fernandez et al., 2011
Barriada C Beta-362534 27140 160 G 31300-30940 C Fernandez et al., 2011
Cendres XIV-XV Beta-437194 22190 80 G 26495-26285 C Villaverde et al., 2019
Cendres XV Beta-142282 21230 80 G 25820-25340 C (PN)  Villaverde & Roman, 2004
Cendres Xv? Beta-287546 20800 110 G 25480-24640 C Villaverde & Roman, 2013
Cendres XVIA Beta-437195 22750 110 G 27430-26750 C Villaverde et al., 2019
Cendres XVIA Beta-303419 23350 100 G 27750-27390 C(QP)  Villaverde & Roman, 2013
Cendres XVIA Beta-287548 23920 100 G 28230-27710 C Villaverde & Roman, 2013
Cendres XVIA Beta-287549 23860 100 G 28140-27700 C Villaverde & Roman, 2013
Cendres XVIA-inf Beta-142283 24240 220 G 28760-27800 C Villaverde & Roman, 2004
Cendres XVIA Beta-155606 24080 150 G 28510-27750 C Villaverde & Roman, 2004
Cendres XVIA? Beta-295148 21880 100 G 26320-25880 C (R) Villaverde & Roman, 2013
Cendres XVIA-sup Beta-437196 24850 110 G 29170-28610 C Villaverde et al., 2019
Cendres XVIB-sup Beta-437197 26020 130 G 30780-29780 C Villaverde et al., 2019
Cendres XVIB Beta-437823 25590 100 G 30150-29350 C (A) Villaverde et al., 2019
Cendres XVIB Beta-189078 25850 260 G 30790-29350 C(PN)  Villaverde & Roman, 2004
Cendres XVIB Beta-287537 25600 140 G 30280-29280 C Villaverde & Roman, 2013
Cendres XVIB-inf Beta-437198 26580 90 G 31000-30680 C Villaverde et al., 2019
XVIC-sup
Cendres XVIC? VERA6428A 26970 190 G? 31280-30780 C(PN)  Villaverde et al., 2019
Cendres XVIC? VERAG6428A 27560 240 G? 31880-31020 C(PN)  Villaverde et al., 2019
Cendres XVIC Beta-437199 28450 110 A/G? 32960-31800 C Villaverde et al., 2019
Cendres XVIC Beta-437193 28690 160 A/G? 33380-32180 C Villaverde et al., 2019
Cendres XVIC VERAG427A 29270 260 A 33960-32860 C (PN)  Villaverde et al., 2019
Cendres XVIC VERAG427A 29490 260 A 34140-33100 C(PN)  Villaverde et al., 2019
Cendres XVID Beta-458346 31080 170 A 35340-34620 C () Villaverde et al., 2019
Moro Beta-464213 22230 80 G 26754-26150 C Roman et al., 2021
Moro Beta-464211 23730 90 G 27984-27625 C Roman et al., 2021
Casa Moliners IV Beta-438707 23780 180 G 28210-27570 C Miret et al., 2016
Comte SU1001 Beta-413715 25050 100 G 29430-28750 C Casabo et al., 2016
Comte SU1002 Beta-413716 24010 90 G 28330-27770 C Casabo et al., 2016
Malladetes VII VERA-6607 23150 130 G 27660-27220 C Villaverde et al., 2021
Malladetes VII VERA-6608 23840 150 G 28230-27630 C Villaverde et al., 2021
Malladetes IX VERA-6610 23530 140 G 27880-27480 C Villaverde et al., 2021
Malladetes IX VERA-6612 24090 150 G 28520-27760 C Villaverde et al., 2021
Malladetes X VERA-6613 24170 160 G 28610-27810 C Villaverde et al., 2021
Malladetes X VERA-6616 24230 150 G 28660-27860 C Villaverde et al., 2021
Malladetes X VERA-6617 24380 180 G 28820-27980 C Villaverde et al., 2021
Malladetes X VERA-6618 24280 160 G 28730-27890 C Villaverde et al., 2021
Malladetes X VERA-6503 24180 150 G 28600-27840 C Villaverde et al., 2021
Malladetes X? Beta-155607 25120 240 G 29720-28640 C Villaverde et al., 2021
Malladetes XI VERA-6504 26080 180 G 30880-29760 C Villaverde et al., 2021
Malladetes XI VERA-6505 25820 170 G 30600-29480 C Villaverde et al., 2021
Malladetes XI VERA-6506 25930 170 G 30740-29580 C Villaverde et al., 2021
Malladetes XI VERA-6507 26120 180 G 30900-29820 C Villaverde et al., 2021
Malladetes XII VERA-6508 30100 280 A 34660-33700 C Villaverde et al., 2021
Malladetes XIII VERA-6509 29520 270 A 34150-33190 C Villaverde et al., 2021
Malladetes XII KN-1/926 29690 560 A 34820-32620 C Fortea & Jorda, 1976
Angel 1 10 med b GrA-16961 25330 190 G 29890-28890 C Utrilla & Domingo, 2001
La Boja OH12 VERA-5852 23530 150 G 27899-27434 C Zilhdo et al., 2017

(Continued)
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Table 10: Continued

SITE LEVEL REF. LAB. BP + Cal. BP (95%) SAMPLE Reference

La Boja OH13 VERA-5789 27260 230 G 31483-30895 C Zilhdo et al., 2017

La Boja OH15 VERA-6153 30548 363 A 35137-33891 C Zilhdo et al., 2017

La Boja OH16 VERA-6154 30686 355 A 35289-33989 C Zilhdo et al., 2017

La Boja OH17 VERA-6156 30918 359 A 35561-34165 C Zilhdo et al., 2017

Finca DM 6_7 VERA-6170HS 24450 170 G 28837-28058 C Zilhdo et al., 2017

Finca DM 6_7 VERA-5367HS 23480 150 G 27864-27408 C Zilhdo et al., 2017

Finca DM 7b VERA-5368 26990 220 G 31312-30765 C Zilhdo et al., 2017

Nerja V11 Beta-102023 24730 250 G 29320-28240 C Jorda & Aura, 2008

Nerja V13 Beta-189080 24200 200 G 28700-27780 C Jorda & Aura, 2006

Nerja V11_13 Beta-131576 24480 110 G 28710-28030 C Arribas et al., 2004

Palomar I Beta-185409 21560 110 G 26050-25650 B De la Pefia & Vega Toscano, 2013
Palomar v Beta-85410 26430 210 G 31070-30270 B De la Pefia & Vega Toscano, 2013
Palomar \Y Beta-185411 26230 200 G 30960-30000 B De la Pefia & Vega Toscano, 2013
Palomar VI Beta-185412 28050 230 G/A? 32650-31210 B De la Pefia & Vega Toscano, 2013
Ratlla Bubo I Beta-565510 23620 90 G 27901-27556  C Martinez-Alfaro et al., 2022
Ratlla Bubo I Beta-565511 21190 80 G 25748-25284 C Martinez-Alfaro et al., 2022
Ratlla Bubo I Beta-565512 22270 90 G 26886-26174 C Martinez-Alfaro et al., 2022
Ratlla Bubo I Beta-565513 25740 100 G 30340-29529 C Martinez-Alfaro et al., 2022
Ratlla Bubo 1_1v Beta-565518 25890 100 G 30552-29701 C Martinez-Alfaro et al., 2022
Ratlla Bubo v Beta-565519 21770 80 G 26161-25835 C Martinez-Alfaro et al., 2022
Ratlla Bubo v Beta-565520 21450 90 G 25950-25577 C Martinez-Alfaro et al., 2022
Ratlla Bubo v Beta-565521 21890 80 G 26325-25905 C Martinez-Alfaro et al., 2022
Ratlla Bubo v Beta-565522 24780 90 G 29050-28554 C Martinez-Alfaro et al., 2022
Ratlla Bubo v Beta-565524 24500 90 G 28780-28300 C Martinez-Alfaro et al., 2022
Cova Foradada IIIn OxA-24646 26570 120 G 31045-30610 M Morales et al., 2019

The anatomical representation of Spanish ibex is biased, as shown by the absence of the axial skeleton and
the waists, although it is possible that some axial remains of a small- to medium-sized specimens belong also to
the Spanish ibex. Despite these data, and given the reduced NR, we are unable to determine how this prey was

Figure 13: Gravettian sites cited in the text. 1. Arbreda; 2. Foradada; 3. Angel 2; 4-9. Malladetes, Parpall6, Casa dels Moliners, Moro,
Cendres, Barriada; 10. Ratlla del Bubo; 11. Palomar; 12. Arco; 13-14. Boja y Finca Dofia Martina; 15. Nerja.
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transported, although its size could indicate a complete transportation, as other assemblages point out, such as
Cova del Comte (Casabo et al., 2016) or Cova de les Cendres (Villaverde et al., 2019).

The faunal assemblage is highly fragmented, as is usual in Palaeolithic sites with a significant anthropic
component. The presence, although scarce, of anthropogenic modifications (cut-marks, percussion marks, and
thermal alterations) as well as fresh fractures that indicate the exploitation of the marrow, follow an anthropic
origin of the remains. The activity of other non-human predators is very limited, mainly bones with digestive
corrosions and the presence of some coprolites could be from small-medium-sized carnivores. These char-
acteristics have already been described for other Gravettian sites, where humans process medium and large
prey to consume meat and bone marrow from all types of bones (long bones, metapodials, phalanges, cranial
elements), but occasionally alternating with carnivore or raptor occupations (Aura Tortosa et al., 2010; Mar-
tinez Valle, 1996; Rufi et al., 2019; Sanchis et al., 2023).

In relation to the leporid assemblage, it is especially relevant because of its quantity and origin. The agents
that hunt on small prey such as rabbits and can accumulate their remains in caves and shelters are diverse,
ranging from human groups themselves to terrestrial carnivores and birds of prey (e.g. Lloveras & Nadal, 2015;
Pérez Ripoll, 2004). Consumption by humans has been documented throughout the Upper Palaeolithic, but
with particular importance in the Late Upper Palaeolithic, (e.g. Cacho et al., 1995; Hockett & Bicho, 2000; Real,
2020; Rosado-Méndez et al., 2018; Rufa et al., 2018). In contrast, during the Early Upper Palaeolithic (Aurigna-
cian and Gravettian), leporid assemblages seem to have an eminently mixed component, although the cases
are diverse. Sometimes, human groups are the main ones responsible, as in the Gravettian of Cendres and
Beneito, or the Aurignacian of Arbreda (Lloveras et al., 2016; Martinez Valle, 1996; Pérez Ripoll, 2005; Villaverde
et al., 2019), and other predators intervene occasionally. But in other assemblages, such as the Aurignacian of
Terrasses de la Riera dels Canyars, the Aurignacian and Gravettian of Malladetes or the Gravettian of Arbreda,
humans play a secondary or very occasional role (Rosado-Méndez et al., 2015; Rufi et al., 2019; Sanchis et al.,
2016). The leporid accumulation from Cueva del Arco seems to correspond to the second group of deposits.

The presence of cylinders, as well as fresh fractures on long bones, is consistent with human consumption.
There are no cut-marks or human bite marks that could support such consumption, only a few burnt bones.
However, in other sites where an anthropic origin of rabbit remains was determined, no cut-marks were
identified either (Hockett & Haws, 2002).

On the other hand, the presence of digested bones suggests that a non-human agent was involved in the
accumulation of the assemblage. We have compared the indexes established for the study of rabbit bone
accumulations by terrestrial carnivores and birds of prey (Lloveras & Nadal, 2015) with the data from our
assemblage (Table 11), and the results are not completely consistent with any agent. On the one hand, the low
percentage of digested bones and their light/moderate degree does not coincide with those seen in terrestrial
carnivore assemblages such as fox or lynx, neither in the percentage of complete bones nor adult individuals.
On the other hand, the anatomical representation, the number of adult individuals, the total percentage of
complete remains, and the degree of digestion could be related to the activity of nocturnal birds of prey.
However, the percentage of digested bones and almost absence of other marks do not coincide.

In summary, the characteristics of the leporid accumulation do not coincide with one single agent.
Therefore, there is a complex taphonomic process at Cueva del Arco, in which several predators were
involved, from human groups to birds of prey. On the one hand, the ungulate assemblage seems to respond
mainly to human subsistence activities, although the presence of some digested bones and coprolites suggests
that at some point carnivores would have used this space as a den. On the other hand, the small number of
faunal remains and their mixed origin show that the occupations of the Gravettian human groups at Cueva del
Arco were short and spaced out over time. In addition, the bird remains, with a natural and non-human origin
(small- or medium-sized nocturnal predator activity), are therefore consistent with this type of human
occupation.

In terms of landscape, the analysis of plant macro-remains from Pleistocene sites on the Mediterranean
side of the Iberian Peninsula indicates that throughout the entire period the landscapes surrounding were
dominated by conifers and, specifically, by pines (mostly cryophiles) and by junipers. These formations must
have occupied large areas of the peninsula from sea level to the altitudinal tree limit, which must have been
much lower than we know today in the mountains, as many of them would have been covered with permanent
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Table 11: Main data of the Leporidae accumulation from Cueva del Arco, taking as reference the indexes of Lloveras and Nadal (2015)

ARCO
NISP 473
MNI 16
AR% values > Femur, maxillia, humerus, tibia, mandible, radius, ulna
AR% values < Carpal, vertebrae, rib, tarsal, phalange 2-3
PCRT/CR 2.58 + postcranial
PCRAP/CR 2.34 + appendicular
PCRLB/CR 0.92 + crenial
AUT/ZE 0.44 + styp/zeugopodium
Z/E 0.83 + stylopodium
P/D 2.35 + proximal
AN/PO 0.74 + posterior
% Complete 34.0
% Complete long bones 34
% Digested 6.3
% Digested long bones 23
Light 15.0
Moderate 15.0
Intense 10.0
Extreme 2.0
% other marks 0
% adults 62.5

Abbreviations: percentage of anatomical representation (AR%), postcranial/cranial ratio (PCRT/CR), appendicular/cranial ratio (PCRAP/
CR), long bones/cranial ratio (PCRLB/CR), proximal/distal ratio (P/D), anterior/posterior ratio (AN/PO), autopodium/zeugopodium +
stylopodium (AUT/ZE), zeugopodium/stylopodium (Z/E).

snow throughout the year. The extreme southeast and south of the Iberian Peninsula would have been the
warmest areas, perhaps, with bioclimatic conditions of the Mesomediterranean type. More thermophilic pine
forests would have been found here (Badal, 1998; Badal et al., 2012; Zilhdo et al., 2016).

The results of macroremains and pollen obtained at Cueva del Arco are consistent with this general image
of the Pleistocene but, particularly in the cave surroundings, with the presence of some mesophytes taxa such
as deciduous Quercus, Populus, Salix, and Juniperus are visibly more abundant than pines within charcoal
remains but, in pollen, pines are at least, as abundant as junipers. This may be due to a predominance of
junipers at a local scale, while pines could develop in areas further away from the fuel collection area. This
abundance of junipers may be related to the existence of more arid conditions (precipitation of 200-500 mm a
year) than at other sites where pines and, to a lesser extent, Quercus were predominated, under sub-humid-
type conditions (600-1,000 mm annual average). Thus, the massive presence of Juniperus at some sites in the
SE of the peninsula and in the Ebro Valley may indicate highly arid conditions during the Late Pleistocene
period. In this respect, Abrigo de La Boja (Mula, Murcia) stands out, where the values of Juniperus sp. reach
100% of the anthracological record in the Solutrean period (Badal et al., 2019) and the Ratlla del Bubo
(Crevillent, Alicante), where the anthracological spectrum of the Gravettian levels is dominated by Juniperus
sp., exceeding 90% of the record in all of them (Martinez-Alfaro et al., 2022).

In the Murcia region, the pollen sequences available for the Late Pleistocene period also refer to the
existence of xeric conditions, although with many nuances, offering a greater variety and a regional landscape
with mosaics of formations. For example, in the Middle and Upper Palaeolithic sequence of Cueva Perneras
(Lorca), there is a general scarcity of arboreal elements, an important xerosclerophilous and Mediterranean
component. As in Cueva del Arco, some thermophilic taxa are also documented. Xericity can be found in the
high percentage of Artemisia and Chenopodiaceae (Carrion & Dupré, 1994).

Other sites on the Mediterranean side of the peninsula show a predominance of junipers and savin trees
in the most arid phases of the Pleistocene sequence, as is the case at the Cova de les Cendres (Martinez Varea
et al., 2019).
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These open forest-steppe landscapes, formed by cryophile pines and junipers or savins, predominated in
all Mediterranean regions. The undergrowth would be made up of a wide diversity of woody, shrubby plants,
such as fabaceae, rockroses or labiatae, and herbaceous plants. At Cueva del Arco, we find rosemary, which
has also been identified in Middle Palaeolithic contexts at the Abrigo de la Quebrada (Carrién Marco et al.,
2019) and during the Upper Palaeolithic in the Cova de les Cendres (Martinez Varea et al., 2019), as well as
monocotyledons typical of dry and stony soils, such as esparto grass.

At Cueva del Arco, the presence of pinecone bracts contrasts with the scarcity of charcoal fragments of this
taxon. In terms of wood, Pinus halepensis has been identified, but only one of the recovered bracts can be
clearly associated with this species, as the others are very fragmented. At other sites, such as Figueira Brava,
Cueva de Nerja, or Gorham’s Cave, these differences between the two types of remains have been related, in
the case of the stone pine (Pinus pinea), with possible management oriented towards the consumption of pine
nuts as food (Badal, 1998; Ward et al., 2012; Zilhdo et al., 2020). The seeds of the Aleppo pine are not large
(6-7 mm), but they are currently consumed in some parts of North Africa, such as Tunisia, mixed with honey
or in porridge (Morales et al.,, 2015; Rivera & Obodn, 1991). The presence of Pinus halepensis bracts in E1 Mekta
(Tunisia) has been interpreted as remains of a collection of pinecones for the consumption of pine nuts
(Morales et al., 2015). To check whether similar management was occurring in Cueva del Arco, it will be
necessary to expand the sample.

11 Conclusions

The excavations carried out at Cueva del Arco and the multidisciplinary study undertaken to confirm this
place as one of the main sites for obtaining knowledge of the early Upper Palaeolithic period in the Iberian
Mediterranean, especially in relation to the consolidation of the first AMH groups in the area.

The data collected at the site and its study in a wider context allow us to reckon that, after considerable
Neanderthal occupation, the first groups of AMH to arrive in this territory in the Aurignacian period visited
Cueva del Arco. It was possibly a very sporadic occupation, which we cannot define at a stratigraphic level.
Despite this, a stone tool that can be ascribed to this time appearing below the hearths of the early Gravettian
period and two radiocarbon dates that correspond to the Evolved Aurignacian seem to confirm a human
presence in the cavity.

From the existing data, it has been possible to confirm that the consolidation of the population of AMH in
the Iberian Mediterranean occurred from the Gravettian period onwards. At the beginning of this stage, Cueva
del Arco was occupied to a greater extent, although it seems that these were also sporadic occupations in a
very specific period between 30890 and 29930 cal BP. The presence of a larger quantity of materials and the
occurrence of well-preserved hearths offer us a very specific image of the group that inhabited the site at
the time.

Industrially, within a typical Gravettian set, the large number of projectiles recovered (gravettes, micro-
gravettes, and backed flakes) is surprising, if compared with domestic tools. These data, together with the
study of the animal remains, in which an occupation pattern that could be sporadic is observed, as well as the
short period in which this occupation is recorded according to dating, allow us to conclude that the occupation
pattern at Cueva del Arco could be associated with a place with very short stays for hunting.

Acknowledgments: The authors are indebted to all the students and collaborators (Grupo GECA) who took
part in the fieldwork.

Funding information: Research at Cueva del Arco is carried out under the direction of I. Martin-Lerma and D.
Romadn and is financially supported by project 32248 exp. ARQ105/2018; project PID2021-128349NB-100 funded
by MCIN/AEI/10.13039/501100011033/and FEDER Una manera de hacer Europa; project CIDEGENT/2018/043 (Pla
GenT, Generalitat Valenciana) and Cieza City Council.



DE GRUYTER The Early Upper Palaeolithic in Cueva del Arco == 33

Author contributions: All authors have accepted responsibility for the entire content of this manuscript and
approved its submission. DR and IM-L: fieldwork direction, conceptualisation, investigation (data collection
and elaboration), Stone tools research, writing (original draft preparation and review) and funding acquisi-
tion. DEA and JA: geoarchaeology research, review and editing. JSC and JO: palynological research, review, and
editing. YC-M and CM-V: anthracological and carpological research, review, and editing. AL: microfaunal
research, review, and editing. NSM: stone tools research, review and editing. CR: macrofaunal research,
review, and editing. AS: GIS research, review, and editing. JN: avifaunal research, review, and editing.

Conflict of interest: The authors state no conflict of interest.

Data availability statement: All data generated or analysed during this study are included in this published
article.

References

Andrews, P. (1990). Owls, caves and fossils. University of Chicago Press.

Angelucci, D. E., Anesin, D., Susini, D., Villaverde, V., Zapata, J., & Zilhdo, J. (2018). A tale of two gorges: Late Quaternary site formation and
surface dynamics in the Mula basin (Murcia, Spain). Quaternary International, 485, 4-22. doi: 10.1016/j.quaint.2017.04.006.

Arribas, A., Aura, J. E., Carridn, J. S., Jordd, J. F., & Pérez Ripoll, M. (2004). Presencia de hiena manchada en los depésitos basales
(Pleistoceno superior final) del yacimiento arqueoldgico de la Cueva de Nerja (Mélaga, Espafia)». II Congreso Ibérico de Paleontologia
/ XVIII Jornadas de la Sociedad Espafiola de Paleontologia, 109-121.

Aura Tortosa, J. E., Jorda, J. F., Perez Ripoll, M., Morales, J. V., Avezuela, B., Tiffagom, M., & Jardén, P. (2010). Treinta afios de investigacién
sobre el Paleolitico superior de Andalucia: La cueva de Nerja (Malaga, Espafia). In X. Mangado (Ed.), £/ Paleolitico superior peninsular.
Novedades del siglo XXI (pp. 149-172). SERP.

Aura Tortosa, J. E., Jorda, J. F., Pérez, M., Badal, E., Avezuela, B., Morales, J. V., Tiffagom, M., Wood, R., & Marlasca, R. (2012). El corredor
costero meridional: Los cazadores gravetienses de la Cueva de Nerja (Malaga, Espafia). In C. de las Heras, J. A. Lasheras, A.
Arrizabalaga, & M. Rasilla (Eds.), Pensando el Gravetiense: Nuevos datos para la region cantdbrica en su contexto peninsular y pirenaico
(pp. 104-113). Ministerio de Educacién, Cultura y Deporte.

Azorit, C. (2011). Guia para la determinacion de la edad del ciervo ibérico (Cervus elaphus hispanicus) a través de su denticién: Revision
metodoldgica y técnicas de eleccion. Anales de la Academia de Ciencias Veterinarias de Andalucia Orientales, 24, 235-264.

Badal, E. (1998). El interés econdmico del pino pifionero para los habitantes de la Cueva de Nerja. InJ. L. Sanchidrian & M. D. Simén (Eds.),
Las culturas del Pleistoceno superior en Andalucia (pp. 287-300). Patronato de la Cueva de Nerja.

Badal, E., Martinez-Varea, C. M., Canté, A., Angelucci, D. E., Villaverde, V., Zapata, ., & Zilh&o, J. (2019). Firewood in the fireplace: Fuel use
in the Solutrean of La Boja Rock-Shelter (Murcia, Spain). In I. Schmidt, J. Cascalheira, N. Bicho, & G. C. Weniger (Eds.), Human
Adaptations to the Last Glacial Maximum: The Solutrean and Its Neighbors (pp. 337-352). Cambridge Scholars Publishing.

Badal, E., Villaverde, V., & Zilhdo, J. (2012). Middle Palaeolithic wood charcoal from three sites in south and west Iberia: Biogeographic
implications. In E. Badal (Ed.), Wood and charcoal. Evidence for human and natural history (pp. 13-24). Sagvntvm, 13-Extra.

Barone, R. (1976). Anatomie comparée des mammiféres domestiques. Tome 1: Ostéologie. Vigot.

Binford, L. R. (1981). Bones: Ancient men and modern myths. Academic Press.

Binford, L. R. (1984). Faunal remains from Klasies River Mouth. Academic Press.

Blasco, R. (2011). La amplitud de la dieta cdrnica en el Pleistoceno medio peninsular: Una aproximacién a partir de la Cova del Bolomor
(Tavernes de la Valldigna, Valencia) y del subnivel TD10-1 de Gran Dolina (Sierra de Atapuerca, Burgos). (PhD thesis). Universitat Rovira i
Virgili.

Brain, C. K. (1981). The Hunters or the hunted? An introduction to Africa cave taphonomy. University of Chicago Press.

Brock, F., & Higham, T. F. G. (2009). AMS radiocarbon dating of Paleolithic-aged charcoal from Europe and the Mediterranean Rim using
ABOx-SC. Radiocarbon, 51(2), 839-846.

Bronk Ramsey, C. (2009b) Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1), 337-360. doi: 10.1017/5003382220003386.

Bronk Ramsey, C. (2017). Methods for summarizing radiocarbon datasets. Radiocarbon, 59(6), 1809-1833. doi: 10.1017/RDC.2017.1085.

Céceres, 1. (2002). Tafonomia de yacimientos antrdpicos en karst. Complejo Galeria (Sierra de Atapuerca, Burgos), Vanguard Cave (Gibraltar) y
Abric Romani (Capellades, Barcelona). (PhD thesis). Universitat Rovira i Virgili.

Cacho, C., Fumanal, M. P., Lépez, P., Lépez, J. A., Pérez Ripoll, M., Martinez, R., Uzquiano, P., Arnanz, A., Sdnchez Marco, A., Sevilla, P.,
Morales, A., Rosell, E., Garralda, M. D., & Garcia, M. (1995). El Tossal de la Roca (Vall d’Alcal, Alicante). Reconstruccién paleoambiental
y cultural de la transicion del Tardiglaciar al Holoceno inicial. Recerques del Museu d’Alcoi, 4, 11-101.


https://doi.org/10.1016/j.quaint.2017.04.006
https://doi.org/10.1017/S003382220003386
https://doi.org/10.1017/RDC.2017.1085

34 —— Didac Roman et al. DE GRUYTER

Carrién Marco, Y., Guillem Calatayud, P., Eixea, A., Martinez Varea, C. M., Tormo, C., Badal, E., Zilh&o, J., & Villaverde, V. (2019). Climate,
environment and human behaviour in the Middle Palaeolithic of Abrigo de la Quebrada (Valencia, Spain): The evidence from
charred plant and micromammal remains. Quaternary Science Reviews, 217, 152-168. doi: 10.1016/j.quascirev.2018.11.032.

Carrién Marco, Y., Verdasco Cebrian, C., Morales-Pérez, . V., & Aura Tortosa, J. E. (2018). Au-dela du radiocarbone: Analyse de taxons et
contexte combinés pour la détection de problemes taphonomiques. Un exemple dans les Grottes de Santa Maira (Alacant,
Espagne). ArchéoSciences, Revue d’Archéometrie, 42(1), 35-43. doi: 10.4000/archeosciences.5179.

Carrién, J. S., & Dupré, M. (1994). Pollen data from Mousterian sites in southeastern Spain. AASP Contributions Series, 29, 17-26.

Carrién, J. S., Finlayson, C., Fernandez, S., Finlayson, G., Allué, E., L6pez-Saez, A., L6pez-Garcia, P., Fuentes, N., Gil, G., & Gonzélez-
Sampériz, P. (2008). A coastal reservoir of biodiversity for Upper Pleistocene human populations: Palaeoecological investigations in
Gorham’s Cave (Gibraltar) in the context of the Iberian Peninsula. Quaternary Science Reviews, 27, 2118-2135.

Carrién, J. S., Riquelme, J. A, Navarro, C., & Munuera, M. (2001). Pollen in hyaena coprolites reflects late glacial landscape in southern
Spain. Palaeogeography, Palaeoclimatology, Palaeoecology, 176, 193-205.

Carrién, ). S., Scott, L., Arribas, A., Fuentes, N., Gil-Romera, G., & Montoya, E. (2007). Pleistocene landscapes in central Iberia inferred from
pollen analysis of hyena coprolites. Journal of Quaternary Science, 22, 191-202.

Casabé, J., de Dios Boronat, J., Carrién Marco, Y., Esquembre, M. A,, Guillem, P. M., Martinez-Valle, R., Soler, B., Costa, P., & Bolufer, J.,
(2016). New evidence of Palaeolithic rock art at the Cova del Comte (Pedreguer, Spain): Results of the first surveys. Quaternary
International, 432(Part B), 25-40. doi: 10.1016/j.quaint.2015.12.061.

Cochard, D. (2004). Les léporides dans la subsistance paléolithique du sud de la France. (PhD thesis). Université de Bordeaux I.

Cochard, D., Brugal, J. P., Morin, E., & Meignen, L. (2012). Evidence of small fast game exploitation in the Middle Paleolithic of Les
Canalettes Aveyron. France. Quaternary International, 264, 32-51. doi: 10.1016/j.quaint.2012.02.014.

Cohen, A., & Serjeantson, D. (1996). A manual for the identification of bird bones from archaeological sites. Revised edition. Archetipe
Publications Ltd.

Cortés-Sanchez, M., Jiménez-Espejo, F. J., Simén-Vallejo, M. D., Stringer, C., Francisco, M. C. L., Garcia-Alix, A., Vera Peldez, J. L.,
Odriozola, C. P, Riquelme-Cantal, ). A., Parrilla Girdldez, R., Maestro Gonzélez, A., Ohkouchi, N., & Morales-Mufioz, A. (2019). An early
Aurignacian arrival in southwestern Europe. Nature Ecology & Evolution, 3(2), 207-212. doi: 10.1038/s41559-018-0753-6.

De la Pefia, P. (2012). Sobre la unidad tecnolégica del Gravetiense en la Peninsula Ibérica: Implicaciones para el conocimiento del Paleolitico
superior inicial. (PhD thesis). Universidad Complutense de Madrid.

De la Pefia, P., & Vega Toscano, G. (2013). The Early Upper Palaeolithic puzzle in Mediterranean Iberia. Quartdr, 60, 85-106. doi: 10.7485/
QU60-4.

Dimbleby, G. W. (1985). The palynology of archaeological sites. Academic Press.

Dominguez-Rodrigo, M., & Piqueras, A. (2003). The use of tooth pits to identify carnivore taxa in tooth marked archaeofaunas and their
relevance to reconstruct hominid carcass processing behaviours. journal of Archaeological Science, 30, 1385-1391.

Erdtman, G. (1969). Handbook of Palynology. Hafner Publishing Company.

Fernandez Lépez de Pablo, )., Gdmez Puche, M., & Martinez-Orti, A. (2011). Systematic consumption of non-marine gastropods at open-air
Mesolithic sites in the Iberian Mediterranean region. Quaternary International, 244, 45-53.

Finlayson, C., Fa, D. A., Jiménez Espejo, F., Carrién, J. S., Finlayson, G., Giles Pacheco, F., Rodriguez Vidal, J., Stringer, C. B., & Martinez
Ruiz, F. C. (2008). Gorham’s Cave, Gibraltar - the persistence of a Neanderthal population. Quaternary International, 181(1), 64-71.
doi: 10.1016/j.quaint.2007.11.016.

Finlayson, C., Giles Pacheco, F., Rodriguez-Vidal, ., Fa, D. A., Gutiérrez Lopez, |. M., & Santiago Pérez, A. (2006). Late survival of
Neanderthals at the southernmost extreme of Europe. Nature, 443(7113), 805-853. doi: 10.1038/nature05195.

Fortea, F. J., & Jorda, F. (1976). La Cueva de Les Mallaetes y los problemas del Paleolitico superior del Mediterraneo Espafiol. Zephyrus,
XXVI-XXVII, 129-166.

Girard, M., & Renault-Miskovsky, J. (1969). Nouvelles techniques de preparation en palynologie appliques a trois sediments du
Quaternaire final de I"Abri Corneille (Istres-Bouches-du-Rhone). Bulletin de I’Association Francaise pour I'Etude du Quaternaire, 4,
275-284.

Greguss, P. (1959). Holzanatomie der Europaischen Laubhdlzer und Straiicher. Akadémiai Kiado.

Greguss, P. (1955). Identification of living gymnosperms on the basis of Xylotomy. Akadémiai Kiado Budapest.

Hockett, B. S., & Bicho, N. F. (2000). The rabbits of Picareiro cave: Small mammal hunting during the late Upper Palaeolithic in the
Portuguese Estremadura. Journal of Archaeological Science, 27(8), 715-723. doi: 10.1006/jasc.1999.0496.

Hockett, B. S., & Haws, J. A. (2002). Taphonomic and methodological perspectives of leporid hunting during the Upper Paleolithic of the
western Mediterranean Basin. Journal of Archaeological Method and Theory, 9, 269-302. doi: 10.1023/A:1019503030246.

Inizan, M. L., Reduron, M., Roche, H., & Tixier, J. (1995). Technologie de la pierre taillée. Ed (p. 199). CNRS.

Iturbe, G., Fumanal, M. P., Carrién, J. S., Cortell, E., Martinez, R., Guillem, P. M., Garralda, M. D., & Vandermeersch, B. (1993). Cova Beneito
(Muro, Alicante): Una perspectiva interdisciplinar. Recerques del Museo d’Alcoi, 2, 23-88.

Jacquiot, C, Trenard, Y., & Dirol, D. (1973). Atlas d’anatomie des bois des angiospermes (Essences feuillues). Centre Technique du Bois.

Jacquiot, C. (1955). Atlas d’anatomie des bois des coniféres. Centre Technique du Bois.

Jorda, J., & Aura, E. (2006). Radiocarbono, cronoestratigrafia y episodios ocupacionales en el Pleistoceno superior y Holoceno de la Cueva
de Nerja (Mélaga, Andalucia, Espafia). Zona Arqueoldgica, 7, 578-597.

Jorda, ., & Aura, E. (2008). 70 fechas para una cueva. Revision critica de 70 dataciones c14 del Pleistoceno superior y Holoceno de la cueva
de Nerja (Malaga, Andalucia, Espafia). Espacio, Tiempo y Forma. 1, 239-256.


https://doi.org/10.1016/j.quascirev.2018.11.032
https://doi.org/10.4000/archeosciences.5179
https://doi.org/10.1016/j.quaint.2015.12.061
https://doi.org/10.1016/j.quaint.2012.02.014
https://doi.org/10.1038/s41559-018-0753-6
https://doi.org/10.7485/QU60-4
https://doi.org/10.7485/QU60-4
https://doi.org/10.1016/j.quaint.2007.11.016
https://doi.org/10.1038/nature05195
https://doi.org/10.1006/jasc.1999.0496
https://doi.org/10.1023/A:1019503030246

DE GRUYTER The Early Upper Palaeolithic in Cueva del Arco == 35

Jorda Pardo, . F., Aura Tortosa, J. E., Avezuela Aristu, B., Pérez Ripoll, M., & Tiffagom, M. (2008). El Gravetiense de la Cueva de Nerja
(Malaga, Espafa). In Le Gravettien et ses descendances. Groupe de Reflexion sur I'arrivee de ’homme moderne dans I’Arc Latin, Arco Latino
- Arc Latin - Arc Llati (pp. 27-34). Conseil Général des Pyrénées-Orientales y Centre Européen de Recherches Préhistoriques de
Tautavel.

Lloveras, L., & Nadal, J. (2015). Els agents predadors de petites preses en jaciments arqueologics i la importancia dels referents
tafondmics actuals. El cas de les acumulacions de leporids a la peninsula ibérica. In A. Sanchis & J. L. Pascual (Eds.), Preses petites i
grups humans en el passat. II Jornades d’Arqueozoologia (pp. 5-26). Museu de Prehistoria de Valéncia.

Lloveras, L., Maroto, J., Soler, J., Thomas, R., Moreno-Garcia, M., Nadal, J., & Soler, N. (2016). The role of small prey in human subsistence
strategies from Early Upper Palaeolithic sites in Iberia: The rabbits from the Evolved Aurignacian level of Arbreda Cave. journal of
Quaternary Science, 31(5), 458-471. doi: 10.1002/jqs.2869.

Lloveras, L., Moreno-Garcia, M., & Nadal, J. (2009). Butchery, cooking and human consumption marks on rabbit (Oryctolagus cuniculus)
bones: An experimental study. Journal of Taphonomy, 7, 179-201.

Lloveras, L., Moreno-Garcia, M., Nadal )., Garcia-Arguelles, P., & Estrada, A. (2011). Aproximacién experimental al procesado de carcasas
de lepéridos durante el Epipaleolitico. El caso de la Balma del Gai (Moia, provincia de Barcelona, Espafia). In A. Morgado, J. Baena, &
D. Garcia (Eds.), Actas del Sequndo Congreso Internacional de Arqueologia experimental, Ronda, Mdlaga. Noviembre 2008 (pp. 337-342).
Universidad de Granada.

Lloveras, L., Moreno-Garcia, M., Nadal, J., & Thomas, R. (2014). Blind test evaluation of accuracy in the identification and quantification of
digestion corrosion damage on leporid bones. Quaternary International, 330, 150-155. doi: 10.1016/j.quaint.2013.07.033.

Lyman, R. L. (1994). Vertebrate taphonomy. Cambridge University Press.

Lyman, R. L. (2008). Quantitative paleozoology. Cambridge University Press.

Mariezkurrena, K. (1983). Contribucién al conocimiento de la denticion y el esqueleto postcraneal de Cervus elaphus. Munibe, 35,
149-202.

Martinez Valle, R. (1996). Fauna del Pleistoceno Superior del Pais Valenciano: Aspectos econémicos, huellas de manipulacion y valoracion
paleoambiental. (PhD thesis). Universidad de Valencia.

Martinez Varea, C. M. (2019). La recoleccion de vegetales por los grupos humanos durante el Paleolitico superior. Frutos, semillas, tallos y hojas
de la Cova de les Cendres (Teulada-Moraira, Alicante). (PhD thesis). Universitat de Valencia.

Martinez Varea, C. M., Badal, E., Real, C., Roméan, D., & Villaverde, V. (2019). Plants for daily life during Solutrean in Cova de les Cendres
(Alicante, Spain). In I. Schmidt, J. Cascalheira, N. Bicho, & G. C. Weniger (Eds.), Human adaptations to the Last Glacial Maximum: The
Solutrean and its Neighbors (pp. 353-371). Cambridge Scholars Publishing.

Martinez-Alfaro, A., Badal, E., Eixea, A., Martinez-Varea, C. M., Real Margalef, C., Aura Tortosa, J. E., & Villaverde, V. (2022). Abric de la Ratlla
del Bubo (Crevillent, Alicante). Resultados de las campafias de 1986-1991. Nuevos datos sobre su secuencia paleolitica. Lucentum, 41,
9-33. doi: 10.14198/LVCENTVM.20759.

Martin-Lerma, 1. (2015). Funcionalidad de la industria litica magdaleniense del interior peninsular: La Pefia de Estebanvela (Ayllon, Segovia).
(PhD thesis). UNED.

Martin-Lerma, L., & Roman, D. (2018). Intervenciones arqueoldgicas en la Cueva del Arco. En J. Lomba (Ed.), Arte rupestre y Arqueologia en
Los Almadenes (Cieza, Murcia). Intervencion integral tras el incendio de un paraje protegido y Patrimonio Mundial (pp. 395-414).
Monografias CEPAR, 4. Cieza: Ayuntamiento de Cieza, Centro de Estudios de la Prehistoria y el Arte Rupestre.

Martin-Lerma, L., Romén, D., & Sdnchez-Martinez, N. (2019). Las ocupaciones paleoliticas de la Cueva del Arco (Cieza, Murcia). In ). Garcia
Sandoval, P. Enrique Collado Espejo, A. Iniesta Sanmartin (Eds.), XXV Jornadas de Patrimonio Cultural Regién de Murcia (pp. 123-129).

Martin-Lerma, L., Roman, D., Armellini, J., Sdnchez-Martinez, N., & Angelucci, D. (2023). A site complex featuring rock art and Middle-to-
Upper-Palaeolithic deposits. First data from Cueva del Arco, Cieza, Spain. Journal of Paleolithic Archaeology, 6, 19. doi: 10.1007/541982-
023-00146-y.

Miret, C., Carrién, Y., Hortelano, L., Jardén, P., Ruiz, J. M., & De Wit, H. (2016). Casa dels Moliners Castell de Castells, Alacant. Un jaciment a
Iaire lliure del Paleolitic superior en el Pla de Petraco. Archivo de Prehistoria Levantina, XXXI, 27-60.

Molina Hernandez, F. ). (2015). E/ silex del Prebético y cuencas nedgenas en Alicante y sur de Valencia: Su caracterizacion y estudio aplicado al
Paleolitico medio. (PhD thesis). Universitat d’Alacant.

Morales, . I, Cebria, A., Burguet-Coca, A., Fernandez-Marchena, J. L., Garcia Argudo, G., Rodriguez- Hidalgo, A., Soto, M., Talamo, S.,
Tejero, J. M., Vallverdd, J., & Fullola, J. M. (2019). The Middle-to-Upper Paleolithic transition occupations from Cova Foradada
(Calafell, NE Iberia). PLOS ONE, 14(5), 41. doi: 10.1371/journal.pone.0215832.

Morales, J., Mulazzani, S., Belhouchet, L., Zazzo, A., Berrio, L., Eddargach, W., Cervi, A., Hamdi, H., Saidi, M., Coppa, A., & Pefia-Chocarro, L.
(2015). First preliminary evidence for basketry and nut consumption in the Capsian culture (ca. 10,000-7500BP): Archaeobotanical
data from new excavations at El Mekta, Tunisia. Journal of Anthropological Archaeology, 37, 128-139. doi: 10.1016/j.jaa.2014.12.005.

Moreno, E. (1985). Clave osteoldgica para la identificacion de los paseriformes ibéricos L. Aegithalidae, Remizidae, Paridae, Emberizidae,
Passeridae, Fringilidae, Alaudidae. Ardeola, 32(2), 295-377.

Moreno, E. (1986). Clave osteolégica para la identificacién de los paseriformes ibéricos II. Hirundidae, Prunellidae, Sittidae, Certhiidae,
Troglodytidae, Cinclidae, Laniidae, Oriolidae, Corvidae, Sturnidae, Motacillidae. Ardeola, 33(1-2), 69-129.

Moreno, E. (1987). Clave osteoldgica para la identificacion de los paseriformes ibéricos III. Muscicapidae. Ardeola, 34(2), 243-273.

Nadal, J., Fullola, J. M., & Esteve, X. (2005). Caballos y ciervos: Una aproximacién a la evolucién climatica y econémica del Paleolitico
superior en el Mediterraneo peninsular. Munibe, 57, 313-324.


https://doi.org/10.1002/jqs.2869
https://doi.org/10.1016/j.quaint.2013.07.033
https://doi.org/10.14198/LVC&#132;E&#132;N&#132;TVM.20759
https://doi.org/10.1007/s41982-023-00146-y
https://doi.org/10.1007/s41982-023-00146-y
https://doi.org/10.1371/journal.pone.0215832
https://doi.org/10.1016/j.jaa.2014.12.005

36 —— Didac Roman et al. DE GRUYTER

Ochando J, Carrién JS, Rodriguez-Vidal J, Jiménez-Arenas JM, Ferndndez S, Amords G, Munuera M, Scott L, Stewart JR, Knul MV, Toro-
Moyano I, Ponce de Le6n M, Zollikofer C. (2020). Palynology and chronology of hyaena coprolites from the Pifiar karstic Caves Las
Ventanas and Carihuela, southern Spain. Palaeogeography, Palaeoclimatology, Palaeoecology, 552, 109771.

Pavao, B., & Stahl, P. W. (1999). Structural density assays of leporid skeletal elements with implications for taphonomic, actualistic and
archaeological research. Journal of Archaeological Science, 26, 53-66. doi: 10.1006/jasc.1998.0299.

Pelegrin, J. (1995). Technologie lithique: Le Chételperronien de Roc-de-Combe (Lot) et de la Céte (Dordogne). CNRS.

Pelegrin, J. (2000). Les techniques de débitage laminaire au Tardiglaciaire: Critéres de diagnose et quelques réflexions. In B. Valentin, P.
Bodu, & M. Christensen (Eds.), L’Europe centrale et septentrionale au Tardiglaciaire (pp. 73-86). MPIF.

Pérez Ripoll, M. (1988). Estudio de la secuencia de desgaste de los molares de la Capra Pyrenaica de yacimientos prehistéricos. Archivo de
Prehistoria Levantina, 17, 83-127.

Pérez Ripoll, M. (1992). Marcas de carniceria, fracturas intencionadas y mordeduras de carnivoros en huesos prehistdricos del Mediterrdneo
espafiol. Instituto de Cultura Juan Gil-Albert.

Pérez Ripoll, M. (1993). Las marcas tafonémicas en huesos de lagomorfo. In M. P. Fumanal & J. Bernabeu (Eds.), Estudios sobre
Cuaternario. Medlios sedimentarios, cambios ambientales, hdbitat humano (pp. 227-231). Universitat de Valéncia.

Pérez Ripoll, M. (2004). La consommation humaine des lapins pendant le Paléolithique dans la regién de Valencia (Espagne) et I'étude
des niveaux gravétiens de la Cova de les Cendres. In . P. Brugal & ). Desse (Eds.), Petits animaux et sociétés humaines. Du complément
alimentaire aux resources utilitaires. XXIV rencontres internationales d’archéologie et d’histoire d’Antibes (pp. 191-206). Editions APDCA.

Pérez Ripoll, M. (2005). Caracterizacién de las fracturas antrépicas y sus tipologias en huesos de conejo procedentes de los niveles
gravetienses de la Cova de les Cendres (Alicante). Munibe (Homenaje a Altuna), 57, 239-254.

Real, C. (2020). Rabbit: More than the Magdalenian main dish in the Iberian Mediterranean region. New data from Cova de les Cendres
(Alicante, Spain). Journal of Archaeological Science: Reports, 32, 102388. doi: 10.1016/j.jasrep.2020.102388.

Real, C., Morales, J. V., Sanchis, A., Pérez, L., Pérez Ripoll, M., & Villaverde, V. (2022). Archaeozoological studies: New database and method
based on alphanumeric codes. Archeofauna 31, 133-141.

Real, C., Sanchis, A., Morales, J. V., Bel, M. A., Eixea, A., Zilhao, J. & Villaverde, V. (2019). Estudio de la fauna del nivel IV del Abrigo de la
Quebrada y su aportacién al conocimiento de la economia y el comportamiento humano en el Paleolitico medio de la vertiente
Mediterranea Ibérica. Spal, 28(2), 17-49. doi: 10.12795/spal.2019.i28.13.

Reimer, P. J., Austin, W. E. N., Bard, E., Bayliss, A., Blackwell, P. G., Bronk Ramsey, C., ... Talamo, S. (2020). The IntCal20 Northern
Hemisphere Radiocarbon Age Calibration Curve (0-55 cal kBP). Radiocarbon, 62(4), 725-757. doi: 10.1017/RDC.2020.41.

Rivera, D., & Obon, C. (1991). La guia de Incafo de las plantas dtiles y venenosas de la Peninsula Ibérica y Baleares (excluidas medicinales).
Incafo.

Roman, D., Bolufer, J., Domingo, L, Real, C., Sanchis, A., & Carrién-Marco, Y. (2021). Assessing site potential, sequence and looting damage
of the Palaeolithic deposits at La Cova del Moro (El Poble Nou de Benitatxell, Alicante, Spain). Pyrenae, 52(1), 57-83.

Roman, D., & Villaverde, V. (2006). Las puntas de la Gravette y las microgravettes de los yacimientos gravetienses del Pais Valenciano:
Caracterizacion morfolégica y tipométrica y andlisis de sus fracturas. Zona Arqueoldgica, 7, 440-451.

Rosado-Méndez, N. Y., Lloveras, L., Daura, J., Nadal, J., & Sanz, M. (2015). Predator agents and leporid accumulations: The case of
Terrasses de la Riera dels Canyars (Gava, Barcelona, Spain). Journal of Archaeological Method and Theory, 22, 980-1005. doi: 10.1007/
510816-014-9214-y.

Rosado-Méndez, N., Lloveras, L. L., & Nadal, J. (2016). Towards the characterization of different butchery activities on leporid carcasses
through experimental studies. In L. Lloveras, C. Rissech, J. Nadal, & J. M. Fullola (Eds.), What bones tell us/El que ens expliquen els ossos
(pp. 121-134). Monografies del SERP, Universitat de Barcelona.

Rosado-Méndez, N., Lloveras, L., Garcia-Argielles, P., & Nadal, J. (2018). The role of small prey in hunter-gatherer subsistence strategies
from the Late Pleistocene-Early Holocene transition site in NE Iberia: The leporid accumulation from the Epipalaeolithic level of
Balma del Gai site. Archaeological and Anthropological Sciences, 11, 2507-2525. doi: 10.1007/512520-018-0695-6.

Rufa, A., Blasco, R., Rosell, J., & Vaquero, M. (2018). What is going on at the Moli del salt site? A zooarchaeological approach to the last
hunter gatherers from South Catalonia. Historical Biology, 30(6), 786-806. doi: 10.1080/08912963.2017.1315685.

Rufi, I, Lloveras, L., Soler, J., & Soler, N. (2019). Subsistence strategies of Gravettian hunter-gatherers in the northeast of the Iberian
Peninsula: The case of level E of Arbreda Cave (Seriny). Archaeological and Anthropological Science, 11, 6663-6688. doi: 10.1007/
$12520-019-00933-1.

Rufi, I, Lloveras, L., Soler, J., & Soler, N. (2021). Subsistence practices in western Mediterranean Europe during the Final Gravettian.
Zooarchaeological and taphonomic analysis of faunal remains from level D of Arbreda Cave (Serinya, NE Iberian Peninsula). fournal
of Quaternary Science, 36(3), 467-487. doi: 10.1002/jqs.3294.

Sabato, D., & Pefia-Chocarro, L. (2021). Maris Nostri novus atlas: Seeds and fruits from the Mediterranean Basin. Doce Calles.

Sala, N., Algaba, M., Arsuaga, J. L., Aranburu, A., & Pantoja, A. (2012). A taphonomic study of the Buiho and Zarzamora caves. Hyenas and
humans in the Iberian plateau (Segovia, Spain) during the Late Pleistocene. journal of Taphonomy, 10(3-4), 477-497.

Salmerén Juan, J., Lomba Maurandi, J., & Cano Gomariz, M. (1998). El arte rupestre Paleolitico de Cieza. Primeros hallazgos en la Region
de Murcia. Resultados de la I Campafia de Prospecciones “Losares-Almadenes 93.” Memorias de Arqueologia, 13, 94-111.

Salmerén Juan, J., Lomba Maurandi, J., Cano Gomariz, M. (1997). Avance al estudio del arte rupestre paleolitico en Murcia: Las cuevas de
Jorge, Las Cabras y El Arco (Cieza, Murcia). In 23 Congreso Nacional de Arqueologia (pp. 201-216). Elche.


https://doi.org/10.1006/jasc.1998.0299
https://doi.org/10.1016/j.jasrep.2020.102388
https://doi.org/10.12795/spal.2019.i28.13
https://doi.org/10.1017/RDC.2020.41
https://doi.org/10.1007/s10816-014-9214-y
https://doi.org/10.1007/s10816-014-9214-y
https://doi.org/10.1007/s12520-018-0695-6
https://doi.org/10.1080/08912963.2017.1315685
https://doi.org/10.1007/s12520-019-00933-1
https://doi.org/10.1007/s12520-019-00933-1
https://doi.org/10.1002/jqs.3294

DE GRUYTER The Early Upper Palaeolithic in Cueva del Arco =— 37

Sanchis, A. (2012). Los lagomorfos del Paleolitico medio en la vertiente mediterrdnea ibérica. Humanos y otros predadores como agentes de
aporte y alteracion de los restos dseos en yacimientos arqueoldgicos. Trabajos varios, 115. Museu de Prehistoria de Valéncia, Diputacié
de Valencia.

Sanchis, A., Morales, J. V., & Pérez Ripoll, M. (2011). Creacién de un referente experimental para el estudio de las alteraciones causadas
por dientes humanos sobre huesos de conejo. In A. Morgado, J. Baena, & D. Garcia (Eds.), Actas del Segundo Congreso Internacional
de Arqueologia experimental, Ronda, Mdlaga. Noviembre 2008 (pp. 343-349). Universidad de Granada.

Sanchis, A., Real, C., & Villaverde, V. (2023). To catch a goat: Explotacién de la cabra montés en el Pleistoceno superior (MIS 3) de la Cova
de les Malladetes (Barx, Valencia). Archeofauna, 32(1), 9-25. doi: 10.15366/archaeofauna2023.32.1.001.

Sanchis, A, Real, C., Pérez Ripoll, M., & Villaverde, V. (2016). El conejo en la subsistencia humana del Paleolitico superior inicial en la zona
central del Mediterraneo Ibérico. In L. Lloveras, C. Rissech, J. Nadal & J. M. Fullola, (Eds.), What bones tell us/El que ens expliquen els
0ss0s (pp. 145-156). Monografies del SERP, Universitat de Barcelona.

Schweingruber, F. H. (1990). Anatomie europaischer Holzer. HAUPT. Bern und Stuttgart.

Serrano, E., Géllego, L., & Pérez, J. M. (2004). Ossification of the Appendicular Skeleton in the Spanish Ibex Capra pyrenaica Schinz, 1838
(Artiodactyla: Bovidae), with Regard to Determination of Age. Anatomia, Histologia, Embryologia, 33(1), 33-37. doi: 10.1111/}.1439-
0264.2004.00506.x.

Shipman, P., & Rose, J. (1983). Early hominid hunting, butchering, and carcassprocessing behaviors: Approaches to the fossil record.
Journal of Anthropology and Archaeology, 2, 57-98. doi: 10.1016/0278-4165(83)90008-9.

Silver, L. A. (1963). The ageing of domestic animals. In D. Brothwell & E. Higgs (Eds.), Science in Archaeology, a comprehensive survey of
progress and research (pp. 250-268). Thames and Hudson.

Sonneville-Bordes, D., & Perrot, J. (1954). Lexique typologique du Paléolithique supérieur outillage lithique I, grattoirs, II, outils
solutréens. Bulletin de la Société Préhistorique Frangaise, 51(7-8), 327-335.

Sonneville-Bordes, D., & Perrot, J. (1955). Lexique typologique du Paléolithique supérieur outillage lithique III, outils composites-percoirs.
Bulletin de la Société Préhistorique Frangaise, 52(1-2), 76-80.

Sonneville-Bordes, D., & Perrot, J. (1956). Lexique typologique du Paléolithique supérieur outillage lithique IV, burins. Bulletin de la Société
Préhistorique Frangaise, 53(7-8), 408-413.

Soriano, S. (1998). Les microgravettes du Périgordien de Rabier & Lanquais (Dordogne). Analyse technologique fonctionnelle. Gallia
Préhistoire, 40, 75-94. doi: 10.3406/galip.1998.2158.

Soulier, M. C., & Costamagno, S. (2017). Let the cutmarks speak! Experimental butchery to reconstruct carcass processing. fournal of
Archaeological Science: Reports, 11, 782-802. doi: 10.1016/j.jasrep.2016.12.033.

Stiner, M. C., Kuhn, S. L., Weiner, S., & Bar-Yosef, 0. (1995). Differential burning, recrystallization, and fragmentation of archaeological
bone. Journal of Archaeological Science, 22, 223-237. doi: 10.1006/jasc.1995.0024.

Théry-Parisot, 1., Brugal, J. P., Costamagno, S., & Guilbert, R. (2004). Conséquences taphonomiques de Putilisation des ossements comme
combustible. Approche expérimentale. Les Nouvelles de I’Archéologie, 95, 19-22.

Tixier, J., Inizan, M. L., & Roche, H. (1980). Préhistoire de la pierre taillée. terminologie et technologie. Cercle de recherches et d'études
préhistoriques.

Tomek, T., & Bochenski, Z. M. (2000). The comparative osteology of European corvids (Aves: Corvidae) with a key to the identification of their
skeletal elements. Polska Akademia Nauk.

Tomek, T., & Bochenski, Z. M. (2009). A key for the identification of domestic bird bones in Europe: Galliformes and Columbiformes. Polish
Academy of Sciences.

Torroba Balmori, P., Zaldivar Garcia, P., & Hernandez Lazaro, A. (2013). Guia de identificacion. Semillas de frutos carnosos del norte ibérico.
Ediciones Universidad de Valladolid.

Utrilla, P., & Domingo, R. (2001). Excavaciones en el Arenal de Fonseca (Landrufian, Teruel). Salduie, 2, 337-354.

Vernet, J. L., Bazile, E., & Evin, J. (1979). Coordination des analyses anthracologiques et des datations absolues sur charbons de bois.
Bulletin de la Société préhistorique frangaise, 76(3), 76-79.

Vettese, D., Blasco, B., Caceres, 1., Gaudzinski Windheuser, G., Moncel, M. H., Thun Hohenstein, U., & Daujeard, C. (2020). Towards an
understanding of hominin marrow extraction strategies: A proposal for a percussion mark terminology. Archaeological and
Anthropological Sciences 12, 48. doi: 10.1007/512520-019-00972-8.

Vidal Matutano, P. (2016). Alrededor del fuego: Paisaje, clima y gestion de los recursos lefiosos en grupos cazadores-recolectores durante el
Paleolitico medio (Alicante, Espafia). (PhD thesis). Universitat de Valéncia.

Villa, P., & Mahieu, E. (1991). Breakage patterns of human long bones. Journal of Human Evolution, 21(1), 27-48. doi: 10.1016/0047-2484(91)
90034-S.

Villaverde, V., & Roman, D. (2004). Avance al estudio de los niveles gravetienses de la Cova de les Cendres. Resultados de la excavacion
del sondeo (cuadros A/B/C-17) y su valoracién en el contexto del Gravetiense mediterraneo ibérico. Archivo de Prehistoria Levantina,
25, 19-59.

Villaverde, V., & Roman, D. (2013). El Gravetiense de la vertiente mediterrdnea ibérica: Estado de la cuestién y perspectivas. In C. de las
Heras, J. A. Lasheras, A. Arrizabalaga, & M. de la Rasilla (Eds.), Pensando el Gravetiense: Nuevos datos para la regién cantdbrica en su
contexto peninsular y pirenaico (pp. 34-54). Monografias del Museo Nacional y Centro de Investigacién de Altamira 23.

Villaverde, V., Real, C., Roman, D., Albert, R. M., Badal, E., Bel, M. A., Bergada, M. M., Oliveira, P. de, Eixea, A., Esteban, 1., Martinez-
Alfaro, A, Martinez-Varea, C. M., & Pérez-Ripoll, M. (2019). The early Upper Palaeolithic of Cova de les Cendres (Alicante, Spain).
Quaternary International, 515, 92-124. doi: 10.1016/j.quaint.2017.11.051.


https://doi.org/10.15366/archaeofauna2023.32.1.001
https://doi.org/10.1111/j.1439-0264.2004.00506.x
https://doi.org/10.1111/j.1439-0264.2004.00506.x
https://doi.org/10.1016/0278-4165(83)90008-9
https://doi.org/10.3406/galip.1998.2158
https://doi.org/10.1016/j.jasrep.2016.12.033
https://doi.org/10.1006/jasc.1995.0024
https://doi.org/10.1007/s12520-019-00972-8
https://doi.org/10.1016/0047-2484(91)90034-S
https://doi.org/10.1016/0047-2484(91)90034-S
https://doi.org/10.1016/j.quaint.2017.11.051

38 —— Didac Roman et al. DE GRUYTER

Villaverde, V., Sanchis, A., Badal, E., Bel, M. A, Bergada, M. M., Eixea, A., Guillem, P. M., Martinez-Alfaro, A., Martinez-Valle, R., Martinez-
Varea, C. M., Real, C., Steier, P., & Wild, E. M. (2021). Cova de les Malladetes (Valencia, Spain): New Insights About the Early Upper
Palaeolithic in the Mediterranean Basin of the Iberian Peninsula. fournal of Paleolithic Archaeology, 4, 5. doi: 10.1007/541982-021-
00081-w.

Ward, S., Gale, R., & Carruthers, W. (2012). Late Pleistocene vegetation reconstruction at Gorham’s Cave. In R. N. E. Barton, C. B. Stringer,
& C. Finlayson (Eds.), Neanderthals in Context: A report of the 1995-1998 excavations at Gorham’s and Vanguard Caves, Gibraltar. Oxford:
Oxford University School of Archaeology (pp. 89-101). Institute of Archaeology, University of Oxford.

Yravedra, J. (2006). Tafonomia Aplicada a Zooarqueologia. UNED.

Zilhdo, . (2000). The Ebro frontier: A model for the late extinction of Iberian Neanderthals. In C. Stringer, R. N. E. Barton, & C. Finlayson
(Eds.), Neanderthals on the Edge: 150th Anniversary Conference of the Forbes’ Quarry Discovery, Gibraltar) (pp. 111-121). Oxbow Books.

Zilhdo, J. (2006). Chronostratigraphy of the Middle-to-Upper Paleolithic transition in the Iberian Peninsula. Pyrenae, 37(1), 7-84. https://
raco.cat/index.php/Pyrenae/article/view/145166.

Zilhdo, J., & Pettitt, P. (2006). On the new dates for Gorham’s Cave and the late survival of Iberian Neanderthals. Before Farming,
2006(3), 1-9.

Zilhdo, J., Agelucci, D., Badal Garcia, E., Lucena, A., Martin-Lerma, L., Villaverde Bonilla, V., & Zapata Crespo, J. (2010). Dos abrigos del
paleolitico superior en Rambla Perea (Mula, Murcia). En X. Mangado (Coord.), Paleolitico Superior peninsular. Novedades del siglo XXI
(pp. 137-148). Universidad de Barcelona.

Zilhdo, J., Ajas, A., Badal, E., Burow, C., Kehl, M., Ldpez-Séez, J. A., Pimenta, C., Preece, R. C., Sanchis, A., Sanz, M., Weniger, J. C., White, D.,
Wood, R., Angelucci, D. E., Villaverde, V., & Zapata, J. (2016). Cueva Antén: A multi-proxy MIS 3 to MIS 5a paleoenvironmental record
for SE Iberia. Quaternary Science Reviews, 146, 251-273. doi: 10.1016/j.quascirev.2016.05.038.

Zilhdo, J., Anesin, D., Aubry, T., Badal, E., Cabanes, D., Kehl, M., Klasen, N., Lucena, A., Martin-Lerma, L., Martinez, S., Matias, H., Susini, D.,
Steier, P., Wild, E. M., Angelucci, D. E., Villaverde Bonilla, V. & Zapata, J. (2017). Precise dating of the Middle-to-Upper Paleolithic
transition in Murcia (Spain) supports late Neandertal persistence in Iberia. Heliyon, 3(11), 1-51. doi: 10.1016/j.heliyon.2017.e00435.

Zilhdo, J., Angelucci, D. E., Igreja, M. A, Arnold, L. J., Badal, E., Callapez, P., Cardoso, J. L., D’Errico, F., Daura, J., Demuro, M., Deschamps, M.,
Dupont, C., Gabriel, S., Hoffmann, D. L., Legoinha, P., Matias, H., Soares, A. M. M., Nabais, M., Portela, P., Queffelec, A., Rodrigues, F.,
& Souto, P. (2020). Last Interglacial Iberian Neandertals as fisher-hunter-gatherers. Science, 367(6485). doi: 10.1126/science.aaz7943.


https://doi.org/10.1007/s41982-021-00081-w
https://doi.org/10.1007/s41982-021-00081-w
https://raco.cat/index.php/Pyrenae/article/view/145166
https://raco.cat/index.php/Pyrenae/article/view/145166
https://doi.org/10.1016/j.quascirev.2016.05.038
https://doi.org/10.1016/j.heliyon.2017.e00435
https://doi.org/10.1126/science.aaz7943

	1 Introduction
	2 The Excavation
	3 Methodology
	3.1 Mammal Remains
	3.2 Avifaunal Remains
	3.3 Plant Remains
	3.4 Stone Tools

	4 Stratigraphy
	5 Radiocarbon Dates
	5.1 Sample Selection for Radiocarbon Dating
	5.2 Results

	6 Lithic Industry
	6.1 Technology
	6.2 Stone Tool Typology
	6.3 Use-wear Analysis

	7 Fauna
	7.1 Macrofauna
	7.1.1 Taxonomic and Anatomical Composition
	7.1.2 Taphonomic Analysis

	7.2 Avifauna
	7.3 Micromammals

	8 Spatial Distribution
	9 Palaeoecological Data
	9.1 Charcoal Analysis
	9.2 Carpological Analysis
	9.3 Palynologycal Analysis of Five Coprolites

	10 The Early Upper Palaeolithic at Cueva del Arco in the Iberian Mediterranean Context
	11 Conclusions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


