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Abstract

There is a significant number of funerary contexts for the Early Neolithic in the Iberian Penin-
sula, and the body of information is much larger for the Late Neolithic. In contrast, the
archaeological information available for the period in between (ca. 4800-4400/4200 cal BC)
is scarce. This period, generally called Middle Neolithic, is the least well-known of the penin-
sular Neolithic sequence, and at present there is no specific synthesis on this topic at the
peninsular scale. In 2017, an exceptional funerary context was discovered at Dehesilla
Cave (Sierra de Cadiz, Southern Iberian Peninsula), providing radiocarbon dates which
place it at the beginning of this little-known Middle Neolithic period, specifically between ca.
4800-4550 cal BC. Locus 2 is a deposition constituted by two adult human skulls and the
skeleton of a very young sheep/goat, associated with stone structures and a hearth, and a
number of pots, stone and bone tools and charred plant remains. The objectives of this
paper are, firstly, to present the new archaeological context documented at Dehesilla Cave,
supported by a wide range of data provided by interdisciplinary methods. The dataset is
diverse in nature: stratigraphic, osteological, isotopic, zoological, artifactual, botanical and
radiocarbon results are presented together. Secondly, to place this finding within the general
context of the contemporaneous sites known in the Iberian Peninsula through a systematic
review of the available evidence. This enables not only the formulation of explanations of
the singular new context, but also to infer the possible ritual funerary behaviours and prac-
tices in the 5™ millennium cal BC in the Iberian Peninsula.
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1. Introduction and objectives

Neolithic funerary practices in the Iberian Peninsula are relatively well known. In the current
century, this field has been the object of several regional analyses at different scales [e.g. 1-9],
and some supra-regional syntheses [10, 11]. However, the present state of knowledge is
unevenly distributed between the different archaeological periods that make up the general
framework of the Neolithic.

Currently, there is a large number of sites attributed to the Early Neolithic [12], conventionally
dated in the Iberian Peninsula between ca. 5600-4800 cal BC. At the least, 30 sites display some
kind of funerary contexts. The funerary evidence known at present for this period is most abun-
dantly from cave sites. Disarticulated or isolated human bones are often found with other artifac-
tual and faunal remains, probably partly due to postdepositional processes. Inhumations are
generally individual, although several burials may coexist in the same rooms or common areas of
the cavities. There are some cases of secondary burials and rare multiple burials. At the same time,
burials are documented at open-air sites, where they tend to belong to individual and very rarely
multiple inhumations deposited in pits within settlement contexts. Generally, the bodies are placed
in a flexed position, lying on the side, with variable assemblages of grave goods, essentially combi-
nations of pottery, stone tools, bone and/or shell elements, and frequently faunal remains [11].

The body of information available for the funerary practices of the Late Neolithic is much
larger. However, the chronological definition of this period in calendar years is more complex,
due to the greater degree of regional variation displayed by the archaeological record. In some
areas, the onset of the Late Neolithic is attributed to the end of the 5™ millenium cal BC, but
only becomes generalised throughout the Iberian Peninsula during the course of the 4™ mil-
lennium cal BC. During this period, burials inside caves are still documented, although funer-
ary practices mostly take place in the open, in graves for individual or multiple burials within
settlement areas or, more commonly, in areas designated as burial grounds. The types of
funerary structures are diverse. There are several documented open-air necropoli (inhuma-
tions in graves), and artificial caves used as burial chambers. The monumental nature of some
of the earth and stone burial structures is a distinguishing trait of the Late Neolithic, and the
emergence of megalithism is generally linked to this period [11, 13, but see 14, 15].

In contrast, the available archaeological information, especially funerary data, is notably
scarcer for the time-span between these two periods. The lower threshold is problematic, this
period may be placed approximately between 4800-4400/4200 cal BC. The scarcity and great
diversity of the archaeological record at this time has generated a great deal of controversy in
the artifactual characterisation, the typological synthesis, and the periodisation of the central
part of the 5™ millennium cal BC [see for example, 16]. Undoubtedly, this period, generally
called Middle Neolithic, is the least well-known of the Neolithic sequence of the Iberian Penin-
sula, especially with regards to the funerary record that occupies us here, and there is presently
no specific synthesis on this subject at the peninsular scale.

In 2017, during the archaeological excavations at Dehesilla Cave (Sierra de Cadiz), a deposi-
tional context was discovered, providing radiocarbon dates placing it at the beginning of the
little-known Middle Neolithic period, specifically between ca. 4800-4550 cal BC. The find is
an exceptional ritual funerary deposition (Locus 2) constituted by two adult human skulls and
the skeleton of a very young sheep/goat, associated with a stone structure and a hearth, and a
number of pots, stone and bone tools and charred plant remains. The finding takes on particu-
lar importance, not only because of its singular characteristics but also, considering the back-
ground briefly presented above, because it offers a unique opportunity to advance our
knowledge about the funerary and ritual practices of the populations of the elusive central
span of the 5" millennium cal BC in the Iberian Peninsula.
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The main objectives of this paper are therefore, firstly, to present the new depositional con-
text documented at Dehesilla Cave, supported by a wide range of empirical data obtained by
interdisciplinary methods; and secondly, to place this find within the general context of the
body of contemporaneous funerary data known at present in the Iberian Peninsula. This task
implies a comparative approach, which enables not only the formulation of a likely interpreta-
tion of the new context presented here but also the systematic review of the current evidence
available in the Iberian Peninsula. The specific and comparative information will therefore
allow us to highlight the singular characteristics of the Locus 2 deposition, and to shed new
light on the ritual funerary behaviours in practice during the Middle Neolithic throughout the
Iberian Peninsula.

2. Data and methods

The data presented in this paper are provided by the recent excavations carried out within the
framework of the project “Dehesilla Cave: archaeological and environmental studies for the
knowledge of the Prehistoric human occupation of the Sierra de Cadiz”, directed by one of the
authors (DGR) (Fig 1). This project conducted a first excavation season in 2016 that led to the
identification of several Medieval occupation phases outside the mouth of the cave [17, 18],
and a complete Neolithic sequence in the room of the cave nearest the entrance [19] in which
previous excavations had been carried out in the 1970s and 80s [20]. The unpublished data
presented here come specifically from the second excavation season, in 2017, and from the
excavation area identified as C006 located in Room 4, one of the inner-most spaces of Dehe-
silla Cave.

The data are diverse in nature: stratigraphic, osteological, isotopic, zoological, artifactual,
botanical (seeds, fruits and wood) and radiocarbon results are presented here together. The
work presented in this article does not raise any ethical issues. Although all of the scientific
fields that support these results are merged successfully in archaeology, each one has specific
techniques of data collection and processing.

The location of trench C006 in the southern part of Room 4 (Fig 2) coincides with an area
in which the surface flowrock was broken and absent (Unit 0). The irregular shape of the
trench corresponds exactly with the limit of the flowrock. The excavated area is approximately
5 m? with a maximum length of 5 m running parallel to the West wall of the cave and a width
of approximately 1 m. Careful excavation confirmed that only the upper layers immediately
beneath the surface level were affected by contemporary human and animal activities. Because
the stratigraphy of caves usually become a palimpsest subjected to taphonomic processes [22],
the excavation proceeded with great care with particular attention to the definition of the con-
tacts between the stratigraphic units [23] and using total stations and laptops with the EDM
Mobile software [24] to record topographically every archaeological element. The information
was logged in a database easily exportable to storage and data management software, and
adapted for the creation of spatial graphic outputs. Both the vertical stratigraphy and the
microcontextual relationships of the elements associated with the deposition under study were
clearly identified and documented and all of the archaeological materials and samples were
duly recorded in their corresponding excavation units. From each and all of the Stratigraphic
Units, 20% of the sediment was processed by flotation, and the rest was screened manually (2.5
mm size), with the exception of the samples set aside for specific analyses.

Regarding the human osteological analysis, sex determination based only on the skulls was
fraught by the absence of the mandibles. The method applied in first instance was based on the
visual assessment of cranial morphological traits [25-28], morphometric variables [29, 30],
and the discriminant functions [31] based on an American sample from the Terry Collection.
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Fig 1. Location of Dehesilla Cave (Theme map bases: [21]).
https://doi.org/10.1371/journal.pone.0236961.9001
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Fig 2. a) Location of Trench C006 on the three-dimensional plan of the cave; and b) Panoramic view from the Centre
to the South of Room 4.

https://doi.org/10.1371/journal.pone.0236961.g002
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A probabilistic approach, developed by David Navega and based on the European population
of the Howells’ Craniometric Dataset (n = 317, 153 females and 164 males, estimated sex), was
also used. Two types of analysis were conducted using a random forest classification algorithm.
Age at death was estimated through the assessment of cranial suture closure and dental wear,
following several standard methods [32-36].

Strontium isotope analysis was carried out on both skulls. The basis of the technique is that
the strontium isotope ratio of ®Sr/*Sr varies geographically with geology and that strontium
moves into the chemistry of living being from rocks and sediment through the food chain [37-
39]. Human tooth enamel is the choice material for analysis [38, 40-43] and the method pro-
vides a robust means for examining human mobility in the past. An essential question con-
cerns the local strontium isotope signal for the area in which a burial is found, since levels of
strontium isotopes in human tissue may vary from the geological background for a number of
reasons [44-46]. It is therefore necessary to measure the bioavailable levels of 87Gr/%6r, i.e.
those actually available in the food chain, in order to ascertain local strontium isotope ratios.
The local bioavailable isotopic signal of the place of burial was determined here from archaeo-
logical fauna provided from the cave. In particular, several samples of terrestrial snails (Otala
lactea) from the same archaeological context Locus 2 and from area C004 were used, as well as
another sample (Oryctolagus cuniculus) from the archaeological area C005 (located to a few
meters from of Locus 2). A broader dataset of comparative baseline values is also provided by
previous work in the region.

The quantification methods applied in the archaeozoological analysis considered the deter-
mination of the number of identified specimens (NISP), weight (g) and the minimum number
of individuals (MNI). The anatomical identifications (in the case of vertebrate species) and
species determination of the osteological and dental elements has followed the specialised ref-
erence literature [47-49] and the bone and shell reference collections of the Instituto Andaluz
del Patrimonio Histdrico and Estacion Bioldgica de Dofana.

The main aims of the pottery analysis, in line with the well-developed framework of archae-
ological ceramic analyses [50-54], were the assessment and reconstruction of the likely nature
of the depositional and taphonomic processes leading to the creation of the assemblage under
study, and the typological (formal and decorative) characterisation of the ceramic materials
with regards to the fundamental questions of chronological and cultural attribution of the rit-
ual funerary context under study. The quantification of the number of pottery fragments and
the individual measurement of their size and weight enabled to fix a series of reference values
for the fragmentation of each unit and/or spatial subdivision. Different methods for basic pot-
tery quantification are discussed extensively in the above mentioned sources, and have indeed
been an area of foremost interest and debate over many decades [e.g. 55]. After initial descrip-
tive statistics, size was finally retained as the most appropriate proxy variable for the state of
fragmentation of the assemblage under study. An exercise in refitting was carried out in addi-
tion, with the specific purpose of identifying sherds belonging to the same pots, with or with-
out a direct physical refit. Both approaches clearly highlighted the sharp contrast between the
predominant state of fragmentation and vessel representation (mostly single sherds) and that
of the scarce yet very significant cases of pots represented by a larger number of fragments and
proportion of the vessel.

The stone tools were quantified and analysed in two main groups: knapped and polished
stone. The study of the knapped materials followed works on analytical typology for retouch
and extraction techniques [56, 57], completing the definition of particular technical attributes
[58], as well as the metric description [59]. The knapped material was grouped at the first level
as Retouched and Unretouched. The first group includes tools, and retouched blades and
flakes; the second group comprises unretouched blades, flakes, atypical fragments, cores, core
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remains and debitage products, and chunks. Backing, patina and macroscopic use wear was
determined by the observation of the edges with a 20x magnifying glass. The typo-technologi-
cal analysis followed the main syntheses and terminological/lexical proposals for the western
[60, 61], southern [62] and eastern [63, 64] regions of the Iberian Peninsula, whilst carrying
out the appropriate adaptations to the characteristics of the Dehesilla Cave assemblage.

Traceological analysis was carried out through the combined use of a Leica MZ16A binocu-
lar microscope with a range between 10x and 90x and an Olympus BH2 metalographic micro-
scope with a range between 50x and 400x, coupled with a Canon 450D digital camera. Image
software (Helicon Focus v. 4.62) was used to obtain completely focused images.

Seeds and fruits were recovered by flotation. Large representative sediment samples were
set aside during the excavation process of each stratigraphic unit, specifically one fifth of the
total volume of each unit. All of the samples were processed in a flotation machine with a 1
mm mesh collector for the denser materials inside and a 0.25 mm mesh on the overflow for
the lighter materials. After flotation both fractions were dried and transferred to the labora-
tory, where they were processed manually under a 10-15x magnifying glass. The identification
of seeds and fruits was carried out in the laboratory of the Institute of History of the CSIC in
Madrid, supported by a reference collection and the specialised literature. The denomination
of wild taxa followed Castroviejo [65] and that of cultivates followed the binomial classification
[66]. Two complementary quantification criteria were used: the ubiquity of each of the taxa
and the number of remains.

All anthracological remains larger than 2 mm were considered for analysis. Carbonisation
preserves the cellular structure of wood which, observed under the microscope, enables the
taxonomic identification of the charred remains [e.g. 67, 68]. This task was performed under a
Leica DP2500 incident light microscope. The taxonomic identifications were established
through comparison with Schweingruber’s tree anatomy atlas [69] and the reference collection
of charcoal at the ICArEHB at the Universidade do Algarve.

After presenting all of the data obtained from the depositional context under study
(Results), the Discussion offers an overview of the contemporaneous funerary contexts in the
Iberian Peninsula dated within the 4800-4550 cal BC date bracket. A comparative analysis is
carried out between the different known cases with emphasis on a range of parameters (type of
burial, type of structure, burial area and associated structures, placement, orientation, patholo-
gies and grave goods). This enables us not only to contextualise and interpret the new data but
also to explore and infer the patterns and traits documented in the ritual funerary practices of
this period in the Iberian Peninsula.

3. Results
3.1. Archaeological context

Trench C006 has enabled the reconstruction of the stratigraphy of Room 4, the inner-most
and furthest from the present day mouth of the cave, thus providing a relatively representative
image of this area of the cavity. The 2017 excavation documented a complete stratigraphic
sequence and enabled a number of observations regarding the characteristics and use of this
chamber.

The sequence includes several thick levels, which appear to correspond to geological events
in which rocks, sediments and water may have been carried down from the adjacent Room 2
or possibly through the roof of the cave by means of cracks and chimneys. These levels display
a descending south to north slope, from the mouth to the interior of the cave, and form a
wedge-shaped accumulation in the southern half of the chamber. The anthropic sequence
includes a number of levels, defined on the basis of their stratigraphic characteristics and
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archaeological materials, belonging to different Neolithic periods (Fig 3). The lower levels date
to the Early Neolithic. Of these, the upper level (Unit 8) displays a notable south to north
descending slope, and is constituted in great part by medium to large sized limestone blocks,
some up to 70 cm. The formation of this level appears to be due to collapse and torrential
events.

The upper contact of Unit 8 is the ground level on which the depositional event analysed in
this paper took place, dated at some time between ca. 4800-4550 cal BC and with a material
assemblage consistent with the Middle Neolithic (see below). The Units and Structures of
interest here are Locus 2, the dividing Wall, Platform/Structure 1 and Hearth 7/9 (Figs 4 and
5). Locus 2 is the fundamental element of the funerary context (and this name is therefore
extended to the association of elements forming the deposition). Locus 2 is constituted by two
human skulls, without the mandibles, and the main part of a very young sheep/goat, the
remains of which were relatively well articulated. The area also yielded a notable pottery and
stone tool assemblage. The two skulls were found approximately 20 cm apart, at a very similar
level, in a clayey sediment with a medium to low compaction. The closest to the western wall
of the cave was partially covered by a limestone block approximately 35 cm in length. The
sheep/goat offering was placed by the second cranium. These three elements, carefully placed
amongst medium sized limestone blocks, belong to a single depositional event, associated no
doubt with the other structures documented in the same area.

To the south of Locus 2 an alignment of large stones in an E-W direction was documented,
forming a right angle with the western wall of the room. Spatially, these stones create a dividing
wall (Wall) between the deposition and two other structures. The first is Platform/Structure 1.
To the southwest of the wall, in the central area of the excavated area, where the cave wall forms
a kind of natural niche, there is a stone structure, a platform of sorts created by the juxtaposition
of stones placed at a very similar level (Platform/Structure 1). The shape of the structure is
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approximately rectangular, with a maximum length (E-W) of 1,30 m and width (N-S) of 1 m.
The outline of the structure, abutted to the West into the wall of the cave, is clearly defined to
the North and South but not so clearly to the East. At the northwestern corner, by the cave wall,
there was an upright stone placed vertically and outstanding above the other stones of the struc-
ture, with a flat face with geological (natural) crossed lines facing the platform.

The second structure to the south of the dividing wall is the Hearth 7/9, constituted by
Units 7 and 9. The former is a layer of ash, forming a circular area, approximately 0,40 m N-S
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Wall

Fig 5. View of the archaeological structures of Locus 2 from the North.

https://doi.org/10.1371/journal.pone.0236961.9005

and 0,6 m E-W. Its formation must have been relatively rapid. The ash is not compacted
(loose), its composition is homogeneous, its colour is beige and its texture is fine. Underneath
the ash, Unit 9 is a layer of burnt soil and charcoal. It is dark in colour and granular in texture.
It contains a high proportion of charred organic remains. The overlayer of ash spreads slightly
beyond the underlying burnt layer towards the South. To the North the hearth is delimited by
the above-mentioned dividing wall.

These structures, documented in close proximity to one another in the northern half of
trench C006, constitute the spatial elements of a depositional context in relation to a funerary
practice of ritual nature, with no indication of continued customary usage of this room of the
cave.

3.2. The human remains

The human remains of Locus 2 comprise two crania (skulls without mandibles), identified as
Cranium 1 (find number C006-118) and Cranium 2 (find number C006-124), a single tooth (a
right permanent mandibular canine) and a thumb distal phalanx.

The first cranium to be identified (Cranium 1) was found partially under a large white rock,
approximately 10 cm from the wall of the cave (Fig 6). It was lying on its right side facing
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Fig 6. In situ image of Cranium 1 (top) and Cranium 2 (bottom).

https://doi.org/10.1371/journal.pone.0236961.g006

North. The left parietal bone collapsed through the sagittal and lambdoid sutures. The anterior
and lateral region of this bone was absent, damaged post-mortem. The frontal bone and other
bones of the face also gave in through the coronal suture, probably due to the pressure of the
stone above. The face was lying partly over another rock. While removing the sediment in
order to uncover the cranium and to look for possible anatomical connections that did not
exist, a second cranium was identified approximately 20 cm to the East of Cranium 1, also
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Fig 7. Laboratory image of the skulls (1: front; 2: back).
https://doi.org/10.1371/journal.pone.0236961.9007

surrounded by rocks. This cranjum (Cranium 2) was complete and was lying on its right side,
facing West in the direction of the first skull.

Sex determination of these two individuals is very problematic (Fig 7). The absence of the
pelvic bone, the most reliable indicator for sex determination, and the lack of reference data
for the sexual dimorphism of the population to which they belonged, associated with the
absence of typically female or male cranial traits prevents a definitive diagnosis.
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As several authors have pointed out [25,70-72] sexual dimorphism varies between popula-
tions, and it is impossible to establish definite morphological and metric boundaries between
males and females [25]. Following the methods based on the visual assessment of morphologi-
cal cranial traits [25, 26, 28], Cranium 1 may have belonged to a female individual and Cra-
nium 2 to a male. However, the form of the supraorbital margin of both crania, according to
Graw et al. [27], suggests two males, although the use of a single trait is not reliable, as
highlighted by Bruzek and Murail [71].

Metric analyses are also problematic since they are even more population-sensitive than the
morphological traits described above, and it is generally accepted that metric standards should
not be used in populations other than the ones of which they were developed [25]. Aware of
this problem, sex assessment through morphometric traits was nonetheless considered as an
alternative method. Attending to the mastoid length [29] both crania classify as males, with
28.33 mm for Cranium 1 and 28.76 mm for Cranium 2. Based on the foramen magnum [30],
Cranium 1 is classified as female, while Cranium 2 may be classified as male, based on the
maximum length and circumference, or as female based on the maximum width and circum-
ference. To avoid the use of a single trait, the discriminant functions [31] were applied and,
interestingly, the results coincide with those of the morphological analysis, classifying Cranium
1 as female and Cranium 2 as male. In addition, a probabilistic approach based on the Euro-
pean populations of the Howells’ Craniometric Dataset was also applied. Two types of analysis
were conducted based on a Random Forest classification algorithm as the underlying sex esti-
mation model: 1) Using the raw craniometric variables, focusing on cranial size; 2) Computing
new variables through the scaling of the craniometric variables by the geometric mean of the
measurements available for each individual. The sex estimation model was built on the scaled
craniometric measurements and the geometric mean of the raw measurements. This proce-
dure provided an approximate representation of the cranial form, including parameters of
both size and shape. As a result, Cranium 1 offers a probability of 0.65 of being female, attend-
ing to size only, and a probability of 0.74 of being female when size and shape are taken into
account. Cranium 2 has a probability of 0.520 of being male considering size only. The proba-
bility of being male increases to 0.742 when size and shape are put together, suggesting a male
individual with a small cranium. These probabilities offer no definite solution, but they are in
line with the results obtained from the morphological analysis. However, sex diagnosis should
only be considered reliable in cases of a probability higher than 0.95 [71].

Considering the results, Cranium 1 probably belonged to a female individual and Cranium
2 to a male. This suggestion should however be considered as preliminary, until there may be a
larger available sample that may allow a better understanding of the sexual dimorphism of the
population to which these two individuals belonged or until genetic analysis may be
performed.

Age at death was estimated through the assessment of cranial suture closure and dental
wear. The obliteration of the spheno-occipital synchondrosis confirms the presence of two
adults. Cranium 1 presented all sutures opened, which in accordance to Meindl and Lovejoy’s
method [35] indicates a young to middle-aged individual, with an age at death between 18 and
45. Following Masset [36], the interval obtained is slightly wider, between 24 and 55 years of
age. As this cranium does not preserve the molar teeth, the only method that could be applied
based on dental attrition was that proposed by Lovejoy [34] which points to an individual aged
between 24 and 35. Cranium 2 belonged to an older individual. Based on the obliteration of
the lateral-anterior sutures [35] the age at death of this individual was between 24 and 49, or
between 24 and 60 based on the vault sutures. Masset’s method [36] provides an age interval
between 41 and 70. The assessment of dental wear, in this case, suggests lower age ranges: 30-
40 [32], 25-35 [33] and 35-40 [34].
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Neither cranial suture closure nor dental wear are considered the best methods to estimate
age at death, even though dental wear is accepted as a more reliable method. Based on the
above, and considering all of the age ranges obtained, age at death may be suggested for Cra-
nium 1 between 24 and 40 years, and for Cranium 2 between 30 and 50.

The most striking pathological evidence was observed on Cranium 1: a depression on the
left side of the frontal bone at about 30 mm of bregma and near the coronal suture, with clear
signs of osseous healing, with bone remodeling (Fig 8). The depression is oval in shape with a
maximum anteroposterior diameter of about 56 mm and a mediolateral diameter of 35 mm.
From the outer to the inner part of the lesion, on the medial margin, a flattened and smooth
area about 5 mm in width is observed which extends along a line on the anterior and lateral
margins, followed by a pronounced, more inclined smooth area of about 5 mm width on the
medial side that loses its definition on the anterior side, becoming more irregular but of greater
width (12 mm), while on the lateral side there is a decrease of its slope, keeping the width
observed on the medial side. The more depressed area is about 19 x 12 mm. There are no signs
of bone reaction in the inner table, just a slight depression that apparently corresponds to the
medial external margin of the lesion.

Blunt trauma was initially considered as the cause, however the absence of radiating frac-
ture lines and the observation on the contours of the lesion of three distinct areas of smoothing
may be indicative of an incomplete trepanation by scraping. This cranium also presents two
cut marks on the occipital region, with a length of about 18 mm, with its anterior extremity at
a distance of approximately 55 mm from the lambda and 52 mm from the asterion.

Both crania present signs of non-active porotic hyperostosis, a physiological stress indica-
tor, more evident on Cranium 2 on the frontal, parietal and occipital bones. On Cranium 1,
these lesions are more intense on the anterior region of the parietals. Regarding its etiology,
while some authors [73-75] consider iron deficiency anaemia as the most probable cause, oth-
ers [76, 77] point to haemolytic and megaloblastic anaemias. Cranium 1 also displays three
button osteomas, an asymptomatic benign and slow-growing osteogenic tumour [78] on the
right parietal bone. One, with mediolateral and anteroposterior diameters of 9 and 5 mm,
respectively, located at 24 mm from the coronal suture; another in a more posterior and lateral
position about 10 mm from the first, round in shape with a 5 mm diameter, and the last one
on the parietal posterior region, at about 23 mm from the sagittal suture and 21 mm from the
lambdoid suture, with approximately 8 mm in mediolateral diameter and 7 mm in anteropos-
terior diameter.

3.3. Isotope analysis. Strontium isotope values have previously been measured in a num-
ber of samples from Andalusia, including both human and faunal remains. A map of the loca-
tion of the samples and their average *Sr/**Sr values provides some indication of the regional
variations (Fig 9) in accord with the three main geological units of Southern Iberia: the Iberian
Massif, the southern Baetic Cordillera and the Guadalquivir Basin. Floral and faunal samples
are distinguished from human enamel samples, which are not considered as reliable baseline
values due to possible residential mobility.

A histogram of all 43 values for bioavailable plant and animal remains is presented in Fig
10. The range of values extends from a minimum 0.7067 to a maximum 0.7147. The mean of
this distribution is 0.7095 + 0.0014. Thus, the bioavailable values for much of Andalusia fall
between 0.7081-0.7109, with some higher values recorded locally.

The geology of the immediate area around Dehesilla Cave is complex, composed of both
ancient and more recent geological deposits. The cave itself formed in Jurassic limestone and
dolomite. Around the entrance to the cave there are deposits of Keuper marls, but the larger
area around the site is dominated by Cretaceous limestones and derivative sands and clays.
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Fig 8. Lesion and cut marks on Cranium 1.

https:/doi.org/10.1371/journal.pone.0236961.g008
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Fig 9. Map of Western Andalusia with the location of strontium isotope reference samples. Black dots are human
remains; red dots are plants and animals (Theme map bases: [21]).

https://doi.org/10.1371/journal.pone.0236961.9009

According to estimates based on ¥Sr/**Sr in ancient sea water, the baseline values for these
geological formations should be in the order of 0.7070-0.7080 [79].
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Fig 10. Histogram of strontium isotope ratios from plant and animal remains from Andalusia.

https://doi.org/10.1371/journal.pone.0236961.9010
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Table 1. Results of Sr isotope analysis.

Lab Code Dehesilla ID Context Species Sample 78r/*°Sr
F10290 DH17-22 C006-Locus 2 Homo Skull 1 -PM1 Right 0.708371
F10291 DH17-23 C006-Locus 2 Homo Skull 2 -PM2 Right 0.708509
10295 DH17-29 C006-Locus 2 Otala lactea Terrestrial snails 0.708304
F10292 DH17-26 C004-Unit 9 Otala lactea Terrestrial snails 0.708298
F10293 DH17-27 C004-Unit 14 Otala lactea Terrestrial snails 0.708264
F10294 DH17-28 C005-Unit 3 Oryctolagus cuniculus Tibia 0.708431

https://doi.org/10.1371/journal.pone.0236961.t001

Bioavailable strontium isotope ratios were measured directly on faunal remains recovered
from the archaeological deposits of the cave. Four samples of rabbit bone and terrestrial snail
shell (the latter from Locus 2 itself) were analysed in order to provide a precise local baseline.
These values are shown in Table 1 and Fig 11 and cluster tightly between 0.7083 and 0.7085.

The values obtained from the Locus 2 human samples are indicated on the same plot. The
range of values exhibited by the samples from the two skulls, between 0.7083 and 0.7086, is
very narrow, coinciding neatly with the baseline values provided by the faunal remains from
the site. The range of values from the human and faunal samples is also a good match to the
expected strontium ratios of the limestone landscape of the broader area of the sedimentary
and Neogene Basins. These observations make it very likely that the human individuals
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0.7080

Human
Fauna

Oryctolagus

cuniculus

Otala lactea I
@ 9 35 9 5 35
(&) (@) 9] @) 9] &
(@) (@) (@)
sl -l —

Fig 11. Bar chart of fauna and human values from Dehesilla Cave.

https://doi.org/10.1371/journal.pone.0236961.g011

PLOS ONE | https://doi.org/10.1371/journal.pone.023696 1

August 13, 2020

17/46


https://doi.org/10.1371/journal.pone.0236961.g011
https://doi.org/10.1371/journal.pone.0236961.t001
https://doi.org/10.1371/journal.pone.0236961

PLOS ONE Locus 2 at Dehesilla Cave and Middle Neolithic ritual funerary practices

represented by the remains were local to southwestern Andalusia, and quite probably to the
site itself or immediate surrounding area.

3.4. Grave goods

3.4.1. Animals. A relatively large animal bone assemblage was recovered from Locus 2
(Table 2), as well as the remains of naturally ocurring microvertebrates and moluscs. The ani-
mal remains have been taxonomically determined as belonging to Cervus elaphus, Sus sp., Ovis
aries/Capra sp., Oryctolagus cuniculus, Otala lactea, Unionidae, as well as indeterminate remains
of fish and shell, a turtle and other vertebrate and invertebrate species. This assemblage displays
a fragmentation similar to that of the other stratigraphic levels in C006, in such as way that
these remains may not be presumed to have been deliberately included in the depositional
event. The presence of two freshwater molusc shells (Margaritifera auricularia) and a perforated
marine molusc shell (Acanthocardia aculeata) upon Structure 1 are noteworthy exceptions, as is
a bone tool (find number C006-120) placed between the two skulls. This well-worked spatula
with notable abrasion marks from use was created on a deer metatarsal (Fig 12).

To the east of the skulls (Fig 13, find number C006-109) the remains of an infantile sheep/
goat individual were found, which must have been sacrificed and deposited complete or near
complete, as indicated by the elements in anatomical connection and order. No cut marks,
tooth marks or thermoalterations were identified (Fig 14). Interestingly, not all of the skeletal
elements were recovered. Specifically, the anterior right and posterior left extremities and the
skull were absent (Table 3). The absence of six cervical vertebrae, seven thoracic vertebrae and
the sacrum are also noteworthy.

The taxonomic identification of the skeleton is complex. The presence of both Ovis aries
and Capra hircus is known in contemporaneous and earlier levels, and therefore the sacrificed
animal could belong to either of these two species or to Capra pyrenaica. The state of the fusion
of the thoracic and lumbar vertebrae may indicate an age at death of less than ten days, follow-
ing the parameters set out in a study of the Aragonese sheep breed [82]. According to this
author, the arch of the thoracic vertebrae fuses before birth and the arch of the lumbar verte-
brae within 10 days after birth.

Table 2. Number of Identified Specimens (NISP) and Minimal Number of Individuals (MNI). The Ovis aries/Capra sp. Line includes the remains of the infantile
sheep/goat found in Locus 2. There is no secure anatomical characteristic to distinguish bones from Ovis aries and Capra sp. The Class II mammals are those with a body
mass between 18 and 200 kg [80, 81] according to the decay processes of mammals in Mediterranean ecosystems.

Taxa Locus 2 Structure 1 Unit 7 Unit 9
Ovis aries /Capra sp. NISP 49 1
MNI 2 1
Cervus elaphus NISP 1 1 1
MNI 1 1 1
Sus sp. NISP 3 1
MNI 1 1
Oryctolagus cuniculus NISP 8 9 1
MNI 2 2 1
Freshwater turtle NISP 4
MNI 1
Fish NISP 1
MNI 1
Class II mammals NISP 5 11
Indeterminate NISP 30 46 1
TOTAL NISP 100 1 70 1

https://doi.org/10.1371/journal.pone.0236961.t002
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Fig 12. Bone spatula made from a deer metatarsal, with extensive use wear.

https:/doi.org/10.1371/journal.pone.0236961.9012

The age estimate of the animal may be of interest in relation to the approximate time of
year at which the ritual deposition took place, although naturally this is subject to the uncer-
tainties regarding the possible changes in the reproductive cycles of these species over time. At
present, wild Caprinae usually have spring-time lambing seasons, when pastures are most
abundant [83]: Capra pyrenaica (May-June), Capra aegagrus (April-May) and Ovis gmelini
(May). In contrast, many present-day Iberian domestic sheep and goat breeds can give birth at
any time of the year [84-86]. Artificial selection and productive interests have led to a near-
continuous ovarian cycle [87] which, in some close modern breeds, for instance the Churra
Lebrijana sheep, enables deliveries throughout the year. In other breeds the reproductive cycle
has been intensified to reach more than one annual birth, or in others, for instance the Canar-
ian sheep, births are concentrated before Christmas in order to suit consumer demand. How-
ever, in sheep breeds such as the Chamarita, in extensive exploitation systems, births are
concentrated between May and June; in the Castellana breed between February and March; in
the Charmoise breed, 75% of births occur between March and April; and in the Alcalarrefia
breed they are concentrated between February and March [84]. With the modern management
of goat herds, it is also possible to reproduce these animals throughout the year, although for
some the highest frequencies of births are concentrated in particular seasons [86]. For
instance, for the Payoya goat, an autochthonous Andalusian breed from the same area as the
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Fig 14. Laboratory image of the young sheep/goat skeleton.

https://doi.org/10.1371/journal.pone.0236961.9g014
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Table 3. Anatomical remains of the Ovis/Capra skeleton found in Locus 2.

Bones Left Right
Cervical vertebra 1

Dorsal vertebrae

Lumbar vertebrae 7

Ribs 7 6
Rib fragments

Sternum 3

Scapula
Humerus
Radius
Ulna

Metacarpus

[EIVE U U U U

Pelvis
Femur
Patella
Tibia

[UVE U U

Metatarsus

Phalanx I

Phalanx II 4

Phalanx ITT 1

TOTAL 47

https://doi.org/10.1371/journal.pone.0236961.t003

archaeological site, 85% of births are concentrated between August and November and
between December and February, for the Blanca Serrana Andaluza breed between March and
April or for the Negra Serrana in Spring or Autumn [85]. If we assume that the Neolithic
domestic sheep and goat had reproductive cycles marked by the environment of the region,
the animal could have been sacrificed and offered ritually coinciding perhaps with the begin-
ning of Spring. This seems to be the case for other Iberian Neolithic archaeological sites [88],
although this particular point must remain open, since greater knowledge is needed on the
human selective pressures on Iberian Neolithic herds.

3.4.2. Pottery. The pottery assemblage is fairly large, especially in the immediate environ-
ment of the skulls (Locus 2) and the hearth (Units 7 and 9). However, an important issue con-
cerns the inclusion of pottery vessels in the deposition, and their use in specific activities.
Answering this question requires a detailed analysis of the general patterns of fragmentation
and representation in the depositional units of interest here (Table 4). Based on the quantita-
tive evidence, two processes of entry into the archaeological record can be proposed for the
pottery record. Indeed, most of the assemblage displays a very high fragmentation, and a very
low representation, that is, most pottery records correspond to single fragments from different
vessels. In Unit 7, impressed, incised and engraved decorative techniques coexist without any
clear pattern. It should be noted that these pottery fragments are not usually burned or altered

Table 4. Summary of the pottery assemblage fragmentation patterns (individual fragment size range and aver-
age). Excluding the partially reconstructed vessels (see Table 5).

Unit Ne of fragments Size Range Size Average
UE7 76 1,5-8 cm 3,6 cm
UE9 8 2-8,5cm 4,3 cm
UE 8 Locus 2 171 1-8 cm 3,5cm

https://doi.org/10.1371/journal.pone.0236961.t1004
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Table 5. Fragmentation and representation of the intentionally deposited pots.

Pottery Record Id. Ne of fragments Maximum preserved vertical measurement Total Weight
Hearth Unit 7 -Id. 14 10 9.5 cm* 202 g
Locus 2 -1d. 19 8 13 cm 165g
Locus 2 -1d. 63 5 10 cm 194 g
Locus 2 -1d. 70 2 19.5cm* 408 g

* Complete vessel height.

https://doi.org/10.1371/journal.pone.0236961.t005

by fire. Meanwhile, in Locus 2 there is a greater frequency of engraved decoration. The relative
importance (frequency) of engraved pottery in the units conforming the ritual deposition
must be noted, as well as the coexistence of two well-known products for the site, impressed
and incised pottery, with different technological and stylistic characteristics. In any case, it
seems that a large part of the fragmentary pottery assemblage may not be directly associated
with the ritual funerary event.

In contrast, there is a smaller set of fragments belonging to four separate vessels, for which
a relatively larger proportion is preserved, and that appear to have been deliberately deposited
at the time of the ritual (Table 5). First of all, there is a group of 10 fragments linked to Unit 7,
the upper layer of the hearth, with physical connections between all the fragments (Fig 15, Id.
14). The conjoining fragments enable the reconstruction of approximately one-third of a
closed, fine-walled bowl with a high quality surface treatment and unique decoration within
the Dehesilla pottery repertoire known to date. Specifically, it is decorated with an engraved
and staged schematic motif. It has 11 or 12 radial lines arranged from the base, with a possible
progressive evolution of the initial design. At least one of the radial lines structures a series of
semi-circular shapes, smaller in the upper area (below the rim edge) and larger in the central
area of the bowl, filled with horizontal or oblique parallel lines (Fig 16). The physical relation-
ship of all the recovered fragments with no "orphan’ sherds suggests breakage with little subse-
quent dispersal of the fragments.

Secondly, there is a set of 8 fragments found in Locus 2 that were directly associated with
the sheep/goat described above, and belong to part of a large bowl with a burnished inner sur-
face (Fig 15, Id. 19). It preserves a maximum reconstructed vertical measurement of 13 cm.
The preserved portion of the bowl displays a schematic engraved decoration: a band of repeti-
tive semi-circular shapes under the rim upon a horizontal line from which vertical areas alter-
nating smooth spaces and spaces formed by several vertical bands (up to 6 observed in the
preserved fragments) filled with parallel horizontal lines are delimited. In contrast, the vertical
fill of the semi-circles appears to be deliberately criss-crossed, drawn towards the rim. In two
conjoining fragments the outer line of the vertical band is highlighted by small excised trian-
gles. The vessel shows an interesting possible firing effect, with a blackish edge to contrast with
a light brown body. Many of the conjoining fragments were found in proximity to each other
and to the infantile animal skeleton (Fig 13, Id. 19 and 109, respectively). Therefore, a direct
relationship can be inferred between the deposition of this vessel and that of the possible sacri-
ficial sheep/goat.

Thirdly, a set of 5 fragments has also been documented in Locus 2, 4 of them rim sherds,
representing over 35% of the circumference of the mouth, but with a maximum preserved ver-
tical measurement of only 10 cm, equivalent to the rim and neck of an apparently undecorated
pot (Fig 15, Id. 63). Three other fragmentary and amorphous sherds share very similar physical
characteristics, but lack a physical connection. They appear all to belong to a plain, truncated
inverted cone necked vessel, with even compact walls (6 mm) and very smooth burnished
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L2-19

Fig 15. Pottery vessel offerings or burial goods from Locus 2.
https://doi.org/10.1371/journal.pone.0236961.9g015
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Fig 16. Schematic ideal reconstruction of the decoration of vessel 7-14.

https://doi.org/10.1371/journal.pone.0236961.9016

Table 6. Lithic assemblage.

Units Total
7 3 Knapped 33.3%
Polished 66.7%
9 1 Knapped 100%
Locus 2 24 Knapped 50%
Polished 50%
Structure 1 3 Polished 100%

https://doi.org/10.1371/journal.pone.0236961.t006

surfaces. Some of the fragments are also partially coloured in black, probably altered by fire.
Fig 13 shows the position of the fragments in the immediate vicinity of the male skull (Cra-
nium 2).

Finally, two fragments of the rim and body and base of a single container were documented
in Locus 2 and were associated with the dividing wall between the skulls and the hearth (Fig 15,
Id. 70). This pot is bucket-shaped, with subvertical walls, a flat base, and no decoration. It is
tentatively included in the group of outstanding pottery vessels because of the size of the frag-
ments, which is much larger than the average for these units, and the preservation of the near-
complete section.

3.4.3. Stone tools. A total of 31 stone tools have been documented (Table 6 and Fig 17),
with an overall proportion of 45.16% of knapped lithic industry and 54.83% of polished stone.
The former includes both the lithic products and the elements associated with their produc-
tion, cores (14.29%) and reduction products (platform preparation and debitage, 7.14% each).

Typology Ne Retouched tool % Use-wear %
____________ Blde o 100% | L 0 | - 0 -
Flake 0 0 0
Quern 50% 1 - - 2 100%
: 1
____________ Blade -0 1 100% 1 100%
Flake © 100% 1
____________ Blade o 4L7% |54 333% 2 16.66%
oo Hlake G 333% | 4 L
e Core 16.7% ... 2 | L
Debitage 8.3% 1 0
Hand grinder 16.66% 2 - - 9 75%

2
_______________________________________________________ 1. - - 1 33.3%
N Quern 333% .. 1
Unworked stone 33.3% 1
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The polished stone industry is made up of non-siliceous stone elements that have been used as
tools for human activities and which are found in different degrees of processing.

With regard to the knapped lithic group, the lamellar forms stand out (42.86%) compared
to flakes (28.57%) and other types -cores and debitage. The predominant flint is greyish
(78.57%), followed by beige (14.29%), with only one case of brown flint. As for the heels, only
21.43% have preserved their entire proximal area, with three types of heels (smooth, dihedral

and acute dihedral) with one case of each.
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28.57% of the knapped lithic material has been retouched -all of them are lamellar forms-,
with the predominance of simple marginal (33.3%) and abrupt deep modes in the same pro-
portion, followed by one case of simple deep retouch and another of marginal plane. Direct
orientation stands out with 66.67% of the cases. The predominant situation is bilateral, while
continuous and denticulated delineations are also present. Among the cores, there is an equal
representation of amorphous and carenoid cores. There are elements with tertiary extraction,
as well as signs of thermal treatment.

The polished stone elements (Fig 17) include grinding tools (4 querns and 3 hand grinders),
2 polishing stones, 2 haematite nodules with abrasion traces, 2 elements of indeterminate func-
tion and the possible porous limestone stele of the stone platform. With regards to the raw
materials, ophite, quartzite, sandstone and haematite are identified. Evidence of heating and
polishing are found here in equal proportion (11.76%), only coinciding in one of the hand
grinders. At the same time, there are traces of pigment on two of the querns, a hand grinder,
and one of the polishing stones, representing 17.64% of the total. The grinding elements have
flat, concave or convex surfaces, as well as traces of pitting from percussion. The polishing
stone and the hand grinder with ochre remains were found precisely between the male skull
and the sheep/goat remains.

A traceological analysis was carried out on a sample of 8 lithic elements, selected on the
basis of visually identified use-wear and morphological characteristics in accord with poten-
tially viable usage. It was possible to verify that 5 were used, 2 had no traces of use and 1 pro-
vided no criteria to determine whether it was used or not. In relation to the typology of the 5
used elements, 4 correspond to blades, 3 of which display retouch, and one is an unretouched
flake. A diversity of uses and a maximum reuse of the functional capacities of these elements
can be observed. This is illustrated by a distal fragment of a blade retouched on both edges.
The left edge was used for scraping dry skin and the right edge for scraping dry skin and/or
non-woody plants (Fig 18, L2-2). A proximal fragment of an unretouched blade (Fig 17, L2-4)
was used to cut dry skin with one edge, and another half-distal fragment of blade retouched on
both edges (Fig 17, L2-1), spatially associated with the sheep/goat, was used to scrape wood
with one edge and wood or bone with the other. The fourth of the used blades is retouched on
both edges, one of which was used to scrape a indeterminate semi-hard material (Fig 17, L2-5).
Finally, a fractured flake (Fig 18, L2-6) shows use-wear linked to the scraping of a mineral
material. The stone tools associated with this deposition may have been used to process dry
skin, wood, mineral and perhaps bone.

3.4.4. Plants. Seeds and wood preserved by charring have been recovered from the flota-
tion of the sediments of these stratigraphic units. All of the identified seeds are cereal caryopsis,
documented in the Locus 2 units and in the upper layer (Unit 7) of the hearth (Table 7). Here,
2 caryopsides of Triticum sp. and 4 indeterminate cereal fragments have been recovered. A
slightly larger quantity appears in proximity to the skulls, including 1 caryopsis of naked wheat
(Triticum aestivum/durum), 3 of Triticum sp. and 15 indeterminate cereal fragments.

Given this small volume, it cannot be guaranteed that these remains formed part of the
deliberate deposition of offerings. However, all of the taxonomically determined remains
belong to wheat, among which only the presence of naked varieties has been confirmed. These
data are consistent with the carpological record documented in contemporaneous levels docu-
mented in the sequence of another trench (named C003) located nearer to the entrance of the
cave [89].

Remains of charred wood have been documented mainly in the hearth made up of Units 7
and 9, and only occasionally in Locus 2. Those of the hearth can be assumed i# situ, in a context
where these plant resources were deliberately used and burnt (Fig 19, Table 8). A wide range of
plant species, both tree and shrub, is documented. The remains of Olea europaea are
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Fig 18. Examples of lithic elements with use wear evidence documented by traceological analysis: L2-2) distal fragment of a flint blade with retouch on
both edges and evidence of dry skin scraping on the left edge; L2-6) flint flake probably used to scrape a mineral material.

https://doi.org/10.1371/journal.pone.0236961.g018

Table 7. List of documented seeds.

Archaeological area C006

Units 7 Locus 2
Sample volume (L) 9 10
CULTIVATED PLANTS

Triticum aestivum/durum 1

Triticum sp. 3

Triticum frag.

Cereal frag. 4 15
WILD SPECIES
Indet. 1 2
Total remains 1 4
No. of taxa 2
Densityx 10 L 1,1 4,0

https://doi.org/10.1371/journal.pone.0236961.t007
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Fig 19. Histogram of the anthracological remains associated with hearth 7/9 of Locus 2.

https://doi.org/10.1371/journal.pone.0236961.9g019

predominant, followed by the indeterminate remains of Angiosperm, and occasionally Pinus
pinea/pinaster, Quercus ilex/coccifera, Ericaceae and Pistacia. The predominance of the first
two is corroborated by the results of the anthracological analysis carried out for the trench
mentioned above located near the cave entrance (C003), in all the Neolithic levels containing
charcoal remains. However, it is interesting to note that the pollen analysis carried out for the
C003 trench showed significantly lower proportions of pollen from Olea europaea than from
Quercus ilex, a taxon which is predominant in other contemporaneous levels [89].

This contrast between pollen and anthracological data may indicate a cultural pattern based
on the differential use of Olea europaea with respect to other plant resources in this specific
deposit. The concurrence of Olea europaea, Quercus ilex/Q. coccifera (oak) and Pinus pinea/
pinaster (pine) is demonstrated in other Holocene sites studied in the northern regions of the
Mediterranean basin [90]. However, Olea europaea remains the most used taxon at Dehesilla
Cave, an observation that is consistent with the known exploitation of this wood as fuel [90].

Table 8. Charcoal remains from hearth 7/9.

Unit 7 Unit 9 Total
Olea europaea 13 4 17
cf. Olea 2 2
Pinus pinea/pinaster 1 1 2
Quercus ilex/Q. coccifera 1 1
Ericaceae 1 1
cf. Pistacia 1 1
Angiosperm indet. 8 3 11
Indeterminate 2 1 3
TOTAL 28 10 38

https://doi.org/10.1371/journal.pone.0236961.t008
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Table 9. Radiocarbon dates. Calibration with Calib 7.0 [91].

Lab Code ID Unit
CNA4494 DH17-22 Locus 2
CNA4900 DH17-2 Locus 2
CNA4485 DH17-3B 9

https://doi.org/10.1371/journal.pone.0236961.t009

Sample %C %N C:N BP Date CalBC—2 ¢
Homo-Skull 1 Right PM1 37.8 14.6 3 5900+30 4840-4713
Ovis aries/Capra sp.—Femur 40.5 14.6 3.2 5870+30 4804-4683
Charcoal-Olea europaea — — — 5790+30 4713-4551

3.5. Radiocarbon dates

From an initial series of 5, there are 3 successful C14 analyses: one from the sample from the
right premolar 1 of Cranium 1 (the sample from Cranium 2 did not provide a date), another
from the articulated sheep/goat skeleton and the last one from a fragment of Olea europaea
charcoal from the hearth (a bone sample from this Unit did not provide a date either)
(Table 9). These are AMS dates from analyses performed at the Centro Nacional de Acelera-
dores, University of Seville. The two former samples used Collagen extraction and Purifica-
tion-Ultrafiltration method, while the latter used Acid-Base-Acid Cleaning method.

All three provide dates in the first half of the 5™ millennium cal BC, with some differences:
4840-4713 cal BC for the female skull, 4804-4683 for the sheep/goat and 4713-4551 for the
hearth. The first two are very similar in date, thus it seems very likely that the death (and depo-
sition) of the female individual-and possibly the deposition of the male individual (Cranium
2), given the stratigraphic association between the two- were contemporaneous to the death or
sacrifice of the young sheep/goat. However, the date from Unit 9 of the hearth is slightly later.
In order to explore the overall consistency of radiocarbon determinations, we carried out a
chi-square statistic test [92] using the R_Combine parameter in Oxcal 4.3. The slightly later date
provided by the hearth (5790+30) is the only one not supported statistically to 5%, df = 2,

T =7.164 (>5.991), but would be positive in goodness of fit for 0.975/a = 0.025 (<7.378). This
implies several possible interpretative scenarios. We cannot rule out the possibility that either of
the skulls came from a previous primary burial, specially Cranium 2, since it has no radiocarbon
date that guarantees that it is contemporary to the young sheep or goat, as is the case for Cra-
nium 1. In any case, it seems plausible and parsimonious that the set of elements was deposited
at the same time. If so, the radiocarbon difference may be due to the different material natures
of the samples themselves -two on bone and another on charcoal-, which have also undergone
different chemical procedures, and the results may be due to a methodological bias. Another
option would be that there may have been a time sequence in the formation of this group of
deposits. If so, the skulls and the sheep/goat may have been deposited first, and the hearth cre-
ated and used at a later date. In any case, on the basis of the detailed spatial stratigraphy, the
hearth was produced at a time when the dividing wall between the hearth and Locus 2 already
existed, since the remains of the hearth are abutted onto (and do not exceed) the wall. The
sequence would therefore have had to be the deposition of the skulls/sheep/goat/wall construc-
tion, followed by the the hearth, involving a series of related ritual events over a period of time.

4. Discussion
4.1. Middle Neolithic society and funerary evidence at Dehesilla Cave

Radiocarbon dates and material culture, especially pottery, converge to indicate that the
archaeological record of the context analysed in this paper is consistent with that of the period
traditionally known as Middle Neolithic. The previous 2016 excavation season at Dehesilla
Cave had already documented a Neolithic sequence in Trench C003 with a thick level, the
materials and dates of which are similar to those presented here [19]. This layer, Unit 14,
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yielded a radiocarbon date around 4728-4549 cal BC from a sheep/goat molar, most probably
an Ovis aries. This unit displayed a large assemblage of engraved pottery [19], which also char-
acterises the context now treated. This decorative group is present in the most complete vessels
described above, both in the context containing the skulls (Locus 2), as well as in the associated
hearth (UE 7). This indicates not only a strong relationship (chronological, cultural and/or
ethnic) between the possible sequence of events in the context now provided by C006, but also
between this context and the population responsible for the material record found during 2016
in C003. This material record is attributed to the Middle Neolithic A in the proposed periodi-
sation [19], while the Middle Neolithic B (spanning the second half of 5" millennium BC)
does not display this type of pottery. This defining pottery style, however, is only known in the
south of the Iberian Peninsula, and with decorative compositions similar to those of Dehesilla
Cave appears to be restricted to the caves of El Parralejo (San José del Valle) [93-95], Anfora
(Ardales) [96], Gato (Benaojan) [97] and the open air site of Esperilla (Espera) [98]. The initial
multidisciplinary analyses on the Middle Neolithic A record of Trench C003 indicated popula-
tions with a strong agricultural component, centred fundamentally in the cultivation of naked
wheat during the second quarter of the 5" millennium cal BC [cf. 89].

Several elements appear to indicate the local character of the buried individuals. The culti-
vation of cereals requires sedentary or scarcely mobile populations throughout relatively
reduced environments, since the developmental cycle of the crops takes place over a large part
of the calendar year. The strontium isotope analyses that we have carried out for residential
mobility are consistent with the local base-line. The limited distribution of the engraved pot-
tery can also be considered. The maximum distance between the sites where this decorative
style is currently documented is approximately 85 km. The isotopic values obtained for the
two individuals sampled are consistent with the expected strontium sources for the limestone
landscape of the outer Baetic mountain range, where the caves are located, as well as for the
Neogene Basin where the open-air site is located. These individuals therefore probably
belonged to rural populations with a sedentary behaviour and a relatively small range of mobil-
ity. It is impossible to establish whether they may have been direct descendants of other popu-
lations previously present in southern Iberia or not. Indeed, at Dehesilla Cave there is evidence
that the populations corresponding to the Early Neolithic occupied this site during at least the
second half of the 6 millennium BC [19].

The excavations carried out at Dehesilla Cave during 1977 and 1981 documented a series of
burials, although these mainly belong to the Early Neolithic (~8). Among these, there was an
almost complete skeleton, belonging to a female individual based on the typically female traits
of the pelvic bone and the gracile traits of the skull. Our two crania are dated in the Middle
Neolithic, thus a direct comparison cannot be drawn. Also, from the morphological point a
view, the two mesocephalic crania of Locus 2 are quite different from the dolichocephalic skull
recovered in 1981. The only burial that was initially thought to belong to the Middle Neolithic
[20] may, judging by the radiocarbon date obtained from an associated charcoal, be a Late
Bronze Age/Early Iron Age burial [99]. Unit 14 in Trench C003 of the 2016 excavations, from
the same period as the deposition analysed here, did not provide any funerary data, only two
small indeterminate fragments from isolated adult human bones lacking any diagnostic traits.

The contrast in funerary use between the Early and Middle Neolithic periods of Dehesilla
Cave is noteworthy, with around ten cases from the former period and, at present, only the
new find presented in this paper from the latter. Moreover, this is not a common burial, such
as a grave, but a complex depositional context located in the most inaccessible room of the
cave and formed by two skulls without their jaws, surrounded by unusual stone structures and
a hearth, and accompanied by animal offerings, artifacts and possible plant remains. This find
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Table 10. Available radiocarbon dates from archaeological sites with funerary evidence between 4800-4550 cal BC.

Site Context Sample BP Date CAL BC (2 sigma) Lab Code References
Cerro Virtud Phase II Homo 6030 + 55 5200-4780 OxA-6714 [100]
Phase II Charcoal 5920 + 70 4990-4610 Beta-90885 [100]
Phase II Charcoal 5895 + 55 4910-4610 OxA-6715 [100]
Phase II Charcoal 5860 + 70 4910-4540 Beta-101425 [100]
Phase II Homo 5840 + 80 4900-4490 OxA-6580 [100]
Phase II Sediment 5830 + 90 4910-4460 Beta-118938 [100]
Phase II Homo 5765 + 55 4730-4460 OxA-6713 [100]
Phase II Charcoal 5660 + 80 4690-4350 Beta-90884 [100]
Cueva del Toro Phase IV Charcoal 6030 + 70 5210-4720 GrN-15444 [101]
Phase IV Homo 5980 + 40 4988-4772 Beta-365292 [102]
Phase IV Charcoal 5820 + 90 4900-4460 GrN-15440 [101]
Salemas Homo 6020 + 120 5230-4670 Icen-351 [103]
Paternanbidea Burial 2 Homo 5960 + 40 4942-4728 GrA-13675 [104]
Los Cascajos Structure 196 Homo 5945 + 95 5191-4555 Ua-24423 [104]
Structure 265 Ovis capra 5640 + 75 4660-4300 Ua-16025 [105]
Cova de I’Avellaner Cav. Sepul. 3a Homo 5830 + 100 4935-4460 UBAR-109 [106]
AV-COI-X 25 Homo 5941 + 34 4930-4725 CNA3304 [107]
Cueva de los Murciélagos, Albufiol Esparto 5900 + 38 4850-4680 CSIC-1134 [108]
Esparto 5861 + 48 4850-4590 CSIC-1132 [108]
Tossal de les Basses Stone floor; UE34 Seed 5880 + 50 4850-4600 Beta-232484 [109]
Drainage ditch(4121) fill (149) Seed 4720-4520 Beta-232483 [110]
Burial 2-1819 Homo 4590-4450 Beta-225216 [110]
Burial 9-11471 Homo 4590-4450 Beta-225223 [110]
Castelo Belinho Structure 3 Venerrupis 5880 + 55 4904-4598 Sac-2030 [111,112]
Structure 4 Homo 5720 + 40 4685-4462 Beta-199913 [111,112]
Structure 53 Homo 5662 + 32 4582-4374 Wk-28000 [111,112]
Barranc d’ en Fabra Post hole Charcoal 5880 + 110 5040-4510 BETA-61490 [113]
Cueva de Nerja Vestibulo. NE (1NE) Nerja-1-1829. Homo 5875 + 80 4940-4540 Ua-12467 [114-116]
Torca. South Sect. NT 11e Charcoal 5789 + 40 4730-4530 Beta-168972 [116,117]
Torca. South Sect. NT-11c¢ Charcoal 5760 + 40 4710-4500 Beta-195999 [116,117]
Sala del Cataclismo Charcoal 5770+40 4717-4526 Beta-270018 [118]
Charcoal 5760 + 40 4710-4505 Beta-195998 [116]
Charcoal 5740 + 40 4696-4491 Beta-270037 [119]
El Padré 11 Charcoal 5870 + 100 4984-4499 UBAR-115 [120]
Charcoal 5770 + 80 4822-4451 UBAR-114 [120]
Charcoal 5600 + 130 4768-4076 UBAR-113 [120]
Charcoal 5580 = 130 4719-4070 UBAR-116 [120]
Cueva de la Carigiiela CIV 5, Level I-5 5690 + 30 4610-4450 Pta-9162 [121]

https://doi.org/10.1371/journal.pone.0236961.t010

is of great relevance, therefore, not only because of the scarce knowledge of the funerary prac-
tices of this period, but also because of its own singular characteristics.

4.2. The funerary record dated between 4800-4550 cal BC in the Iberian
Peninsula

Table 10 contains only the known funerary sites with radiocarbon dates between 4800-4550 cal
BC. The majority of burial evidence for this period in the Iberian Peninsula comes from primary
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Fig 20. Location of the archaeological sites with funerary evidence for this period throughout the Iberian Peninsula: 1) Cueva de la Dehesilla; 2) Cueva de
Nerja; 3) Cueva de los Murciélagos de Albuiiol; 4) Cueva de la Carigiiela; 5) Cueva del Agua; 6) Cueva de El Toro; 7) Cerro Virtud; 8) Cova d I’Avellaner; 9) El
Padrd; 10) Los Cascajos; 11) Paternanbidea; 12) Barranc d’en Fabra; 13) Tossal Basses; 14) Castelho Belinho; and 15) Salemas. (Theme map base: [122]. These
sites are described in the same order in Table 11).

https://doi.org/10.1371/journal.pone.0236961.9020

burials, with only a few disarticulated or isolated remains documented (Fig 20 and Table 11). Sec-
ondary burials are rare, and the exclusive deposition of skulls is extraordinary. Only Cueva del
Toro can be added to the case of Dehesilla Cave, although the former may belong to an earlier
chronological phase corresponding to the traditional Andalusian Early Neolithic [109], that is to a
period during which this type of deposition appears to have been more common. In the sample
available and analysed here, with the exception of the frequent isolated remains and the secondary
burials at Cueva de los Murciélagos and Cerro Virtud, the funerary spaces generally include sev-
eral burials, in variable numbers, leading to their interpretation in some cases as collective burial
areas, or even as true necropolis (Paternanbidea and Castelo Belinho).
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Table 11. Ritual features of funerary sites throughout the Iberian Peninsula.

Site Site Type Human bones | Burial Associated Position Orientation | Pathology Offerings / material | References
J— structures structures culture
difficulty
Cueva Cave Crania without | Area Hearth and 1: Skullto S | Incomplete Young sheep/goat, 4 | [21]
Dehesilla mandibles delimited by | stone facing E; trepanation; cut | pots, lithics, Triticum,
Difficult stone blocks | platform 2:Skullto N | mark on the Olea europea, Pinus
and wall facing W occipital bone | pinea/pinaster,
Quercus ilex/coccifera,
Ericaceae and Pistacia
Cueva Nerja | Cave Individual burial | Simple pit None Dorsal NW-SE Dental wear Iberus alonensis, [114, 115]
Easy and relocated decubitus? limestone object
remains
Cueva Cave Primary and Communal | — — — — Basketry, Papaver [108, 123]
Murciélagos | __ secondary room somniferum
burials
Cueva Cave Individual — Hearths — — Evidence of Schist, limestone and | [7, 123—
Carigiiela Intermediate burials and (habitat?) flesh removal? | marble bracelets, 125]
relocated beads?
remains
Cueva Agua Cave Individual Pits marked | Hearth (both) | Lateral — — Undecorated bowl [126,127]
o burials by stone decubitus Flint blades, fossil
blocks (both) corral, limestone
bracelet?
Cueva Toro Cave Skull and other | None — — — Incisions (flesh | Ochre [101, 128,
Difficult parts (secondary removal) Two undecorated 129]
burial?) bowls and the base of
a third
Cerro Virtud | Open air Primary and Collective pit | Hearth, Left lateral | W; E; N or — Undecorated pots and | [100, 130]
secondary delimitation | decubitus S? bowls, flint lithics,
burials and stones (wall) beads (stone and
isolated remains shell), perforated
Columbella rustica
Cova Shelter Disarticulated None Separation — — Caries, Montbolo style [3,107]
Avellaner remains walls periodontitis pottery, lithics,
and arthritis spatulas and other
bone tools, bracelets,
beads, perforated wild
boar tusks, Cardium
edule shells and faunal
remains
El Padré6 Open air Individual burial | Grave — Flexed — — Motbolo style [3, 15, 131]
(lateral geometric pottery,
decubitus?) arrowheads
Los Cascajos | Open air Individual burial | Pit Habitat Flexed — — Bowl and other [104, 105,
structures (lateral impressed and 132]
and hearths | decubitus?) sgraffito pottery, bone
tools and horn awls,
hand grinders
Paternanbidea | Open air Individual Pit Habitat — NE-SW, — Impressed bowl, [104, 133]
burials structures heads to the geometric microliths,
E-NE beads and bracelet
Barranc Fabra | Open air Powdered Vertical Habitat — — — Pottery bottle, lithics, | [3, 113,
remains stone slab structures bracelets and shell 134]
structures (Pecten, Cardium)
and limestone beads
(Continued)
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Table 11. (Continued)

Site Site Type

Access

difficulty

Tossal Basses | Open air

Castelo Open air
Belinho
Salemas Open air

https://doi.org/10.1371/journal.pone.0236961.t011

Human bones

Individual
burials

Individual
burials

Individual
burials

Burial Associated Position Orientation | Pathology Offerings / material | References

structures structures culture

Pits Habitat Lateral N-S; Head to | — Tomb 14: three [110,135]
structures decubitus the W; NW complete pots,

characteristic of the
postcardial or comb
decorated horizon

Pits Habitat Lateral — Caries Bowls and globular [112]
structures decubitus pots, Glycymeris
bimaculata bracelets,
flint flakes and blade,

hammers and querns,
ochre and fauna

Karst Habitat — — — Boquique style [136]
depressions structures impressed pottery

The type of funerary structure characteristic of the known burials is usually the individual
grave, in some cases delimited by stone blocks, although there are examples where the burials
were placed directly on the ground. In caves, the information available on the spatial location
of burials is sparse. At least at Dehesilla Cave and perhaps Cueva de la Carigiiela, areas of diffi-
cult access appear to have been preferred, as they are the furthest away from the entrance to
the cave and/or because they constitute geomorphologically inaccessible spaces. However, an
opposite example is provided by the location of burials at Cueva de Nerja.

In a large part of the comparative sites, the burial contexts usually display combustion struc-
tures or hearths. There are hardly any known cases of other associated structures in caves.
Dehesilla Cave has a delimitation or boundary wall between the deposition of the skulls and
the rest of the associated structures: the aforementioned hearth and a stone platform. Cova de
I'Avellaner also has walls creating the spatial differentiation between the three cavities of the
shelter. And at Cueva del Agua, one of the burial pits displayed a stone paving, cover and
perimeter ring. In the case of funerary contexts located in the open, there is a delimiting wall
between a hearth and the deposition of the bodies in the collective grave of Cerro Virtud. At
open-air sites that also display habitat contexts, there are not only hearths, but also numerous
types of pits and negative features, as well as huts of different shapes.

With the exception of Nerja, the bodies are usually placed in a lateral, more or less flexed
position. The orientation of the burials is extremely varied, and does not appear to show signif-
icant differential patterns. Paleopathological analyses are scarce and probably unequal in dif-
ferent osteological assemblages. In relation to the skulls from Dehesilla Cave (one showing
possible trepanation and cut mark), the possible evidence of defleshing from Cueva de la Cari-
giiela is worthy of special mention.

A similar observation applies to the availability of information regarding funerary offerings.
The reliability of data regarding burial goods is even more uneven between sites, especially
since some of it comes from relatively old excavations. However, several aspects can be noted.
Animal offerings are not common. Apart from Dehesilla Cave, only a very few cases are
known: Cova de I’Avellaner with sheep/goat and deer remains, and Castelo Belinho, as well as
the indeterminate remains of ritual pit n° 256 at Los Cascajos -without human remains but
perhaps associated with other burial pits. Shells (malacofauna) are more common, having
been documented at Cueva de Nerja, Cerro Virtud, Cova de I’Avellaner, Barranc d’en Fabra
and Castelo Belinho. Most of the analysed deposits contain pottery. In many of them, they are
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entirely or essentially plain pots -for instance at Cueva del Agua, Cueva del Toro, Cerro Virtud,
Cova de I’Avellaner, El Padrd, Los Cascajos and Tossal Basses. Two of the four vessels directly
associated with the deposit at Dehesilla Cave are undecorated. There is evidence of knapped
lithic industry in one third of the funerary contexts analysed, and regarding polished stone
industry the fragments of grinding stones and the possible use of ochre at Castelo de Belinho
provide similar evidence to that documented at Dehesilla Cave. In Locus 2, the entire bone tool
repertoire is limited to one spatula made from a deer metatarsus. At the rest of the comparative
sites, bone industry is minority, if not altogether absent, with the exceptions of Los Cascajos
and the extraordinary case of Cova de I’Avellaner, with a numerous and diverse bone assem-
blage. The results of possible carpological and anthracological analyses in the contexts analysed
here have not generally been made known, thus no comparisons can be made.

4.3. Interpretative possibilities of the Locus 2 deposition

The Locus 2 depositional context at Dehesilla Cave displays several characteristics that are dif-
ferent from those of the rest of the known funerary contexts of the 4800-4550 cal BC period in
the Iberian Peninsula. The exclusive selection and (re)burial of the skulls is contrary to its
interpretation as a primary burial. It is the only case dated with certainty to the Middle Neo-
lithic that indicates a selective treatment and burial of human skulls (without the mandible). It
also provides a novel archaeological context with several structures as peculiar as the stone
platform described above (Structure 1).

These exceptional characteristics may correspond to the hypothesis of a deposit (and activi-
ties) with a strong ritual component, beyond that which is usually shown by the archaeological
record related to the common (or normative) burials of these populations. The very location of
the deposition in one of the areas furthest from the cave entrance, in a sort of hidden and
secluded chamber, is suggestive in this sense.

Deciphering these possible ritual activities is clearly no simple task, but at least the possible
lines of interpretation of this record can be tentatively pointed out. The possibility of being a
deposit of isolated individuals, as a kind of funerary ostracism, does not seem to be in line with
the investment in the creation of the documented stone structures. The ex novo purpose-spe-
cific construction of these structures is also not usual in normal Neolithic secondary burials.
Based on the durable elements of the archaeological record, the practices involved in second-
ary burials are usually limited to the selection of all or only part of the remains to be moved
between locations, but without the association of structures such as those documented in this
case and without additional rituals such as the sacrifice and in situ deposit of the infantile
sheep/goat. Although the possibility that either of the skulls (or at least Cranium 2) could have
come from a primary burial prior to deposition cannot be completely ruled out, it must be
emphasised that, among the funerary contexts dated in the same chronological period
throughout the Iberian Peninsula, the practice of primary burial is predominant, and second-
ary burial is only rarely documented (if at all at the Cueva de los Murciélagos and Cerro Vir-
tud). In any case, the characteristics of this deposit indicate some type of singular and
intentional social treatment by the community through the enactment of a special deposition
with a strong ritual component. Along these lines, the deposit may indicate some type of hon-
orary recognition, related to social leaders, perhaps great figures or religious guides.

The presence of the cut mark on the occipital of Cranium 1 was performed post-mortem,
but before the loss of muscle tissue, and therefore hypothetically as a means of separation of
the skull or decapitation of the individual. Although it cannot be stated categorically, it is quite
possible that death was chronologically close to the time of deposition of the skull (if not at the
time of death itself, before complete tissue decomposition). This same (female) individual had
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also previously suffered a probable incomplete trepanation, during life, since the bone regener-
ation observed indicates that this happened years before her death. This previous event may
therefore have no direct relation to the events and ritual now examined. On the male skull
(Cranium 2) no cut marks or evidence of this kind has been observed. However, the strati-
graphic information guarantees the contemporaneous deposition of both skulls and several
other elements of the context. Although the simultaneous natural death of both individuals (or
the above mentioned secondary burial of one of them) cannot be ruled out, the natural death
one and the ritual sacrifice of the other, or the sacrifice of both, may be equally likely.

The empirical data thus opens up new anthropological scenarios, perhaps sacrifices
(human and animal) related to propitiatory activities, divine prayers and/or commemorative
festivities (cosmogonic, seasonal rites. . .). In this sense, it is necessary to recall the possible sea-
sonal character of the deposition in Spring (based on the plausible sacrifice of the young
sheep/goat) and, indeed, to highlight the stone platform, located within a natural niche in the
cave wall, which may have functioned as a kind of altar, and also the decorative features of the
two engraved pottery vessels, one of them physically associated to the body of the young
sheep/goat and the other found in the hearth. The latter, in fact, displays a unique composition,
a possible dynamic schematic scenary formed by a series of vertical branching motifs that
occupy almost the entire height of the vessel. The repetitive motif appears sometimes in other
Neolithic pottery cases [137-139] but also recalls certain vegetal motifs of Iberian rock art
(named ‘ramiform’ or branch-shaped [140]), and indeed is common in caves and shelters
throughout the region [see for example 141-144]. Therefore, the relationship previously sug-
gested by other authors between Neolithic pottery decoration and schematic cave art [108,
145] is certainly a line to follow up in future. Some of the possibilities mentioned above, espe-
cially those that indicate the possibility of a temporal sequence in the completion of the deposi-
tional context, would imply a succession of ritual events in accordance with one or several of
these interpretative scenarios, in which some kind of ancestral cult could also be present.

5. Conclusions

Given the relatively diverse panorama, it is worth asking if there was in fact a cultural homoge-
neity behind the peninsular funerary record between 4800-4550 cal BC. It is interesting that
Andalusian funerary evidence for this period comes from caves, with the exception of the
anomalous case of Cerro Virtud. Meanwhile, in the rest of the Iberian Peninsula where funer-
ary evidence from this chronological period exists -that is, fundamentally in the eastern half of
the peninsula, and the occasional case in South and Central Portugal- it comes instead from
open-air sites (with the exception of the Cova de I’Avellaner shelter). It is unlikely that this
dichotomy could be due solely to methodological biases in the surveying and search for prehis-
toric sites in the different regions. Moreover, most of these regions also have shelters and
caves, so the differential availability of suitable sites cannot be the only explanatory factor
either. It is therefore possible to think of a cultural mosaic in the funerary traditions of the Ibe-
rian Peninsula during these centuries of the first half of the 5™ millennium cal BC, leading to
the observed dichotomy between the Andalusian region and, particularly, the eastern half of
the peninsula. In the former, similarly to the southern regions of Portugal, open-air burials
only appeared towards the end of the 5% and especially during the 4™ millennium cal BC,
many of them associated with the emergence of ditched enclosures and megalithic
monuments.

Despite this possible caveat regarding the heterogeneity of the funerary rites of this chrono-
logical interval in the Iberian Peninsula, taken as a whole it is possible that there may be a
greater similarity between the practices of the early Middle Neolithic and the funerary customs
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of the previous Early Neolithic than between the former and those of the period after the mid-
5™ millennium cal BC. This point of discussion requires a systematic comparative approach to
the overall body of Neolithic funerary evidence, which greatly exceeds the scope of the present
work. However, the basis of the hypothesis may be disclosed as the observation that the bulk of
the funerary evidence is found within habitat areas, either in caves or outdoors. Only in the
cases of Paternanbidea and Castelo Belinho the burials form a more or less specific funerary
area, a kind of necropolis. These, however, already display some of the characteristic features
of later sites, some of them with numerous excavated features, small circular pits and large
enclosures, and/or megalithic constructions. Close to Dehesilla Cave, for example, representa-
tive sites of the funerary rites of the end of the 5™ and 4™ millennia cal BC are the settlements
of Campo de Hockey [146] and the megalithic necropolis of Cafiada Real and El Palomar, at
Los Molares [147], or the megalithic necropolis of Alberite [148]. More or less contemporane-
ous is the well-known horizon of the pit fields of the northeast of the peninsula.

This possible greater cultural distance between the records of the two periods may be at
least partially due to the alleged population decline during the traditional Middle Neolithic
period, although this general demographic dynamic surely had great differences and regional
rhythms throughout the Iberian Peninsula. This panorama can be generally extrapolated to
the best-part of the Iberian Peninsula. The number of radiocarbon dates available for the two
central quarters of the 5™ millennium cal BC is notably lower than for the previous and subse-
quent periods (Early and Late Neolithic, respectively) [cf. 149]. In the south of the Iberian Pen-
insula, the site of Los Castillejos, in Las Pefias de los Gitanos (Montefrio, Granada), is of
particular relevance in this regard, due to the intense program of archaeological activities car-
ried out, and where a period of abandonment of the site has been documented between ca.
4800-4400/4200 cal BC [150]. In fact, this specific period has very few chronological parallels
in Andalusian sites that are well dated from domestic and/or short-lived elements, although
there are some scarce dates that cover the second and third quarters of the 5™ millennium BC
from a scatter of cave and open-air sites in the Mediterranean coastal regions and southeast
Andalusia. If there were a similar hiatus at Dehesilla Cave, however, it may only have been a
little later, from the middle of the 5™ millennium cal BC, in the period known as Middle Neo-
lithic B, where it is noted, for example, that the volume of archaeological material remains
decrease sharply with respect to the previous period analysed in this work [19].

If this hypothesis were true, the lower number and density of populations during this period
might have caused a greater isolation of the groups from one another, and therefore led to a
lower rate of interaction and horizontal transmission than those of the Early Neolithic and, of
course, of the Late Neolithic, when numerous new features are differentially replicated and
transmitted rapidly between populations, such as the emergence of pit enclosures and the con-
solidation of necropoli, as well as megalithism from the beginning of the 4™ millennium cal
BC.

At any rate, Locus 2 of Dehesilla Cave constitutes an extraordinary find and an important
contribution to the current funerary evidence available in the Iberian Peninsula for the 5 mil-
lennium BC. It has provided a great wealth of data that converges towards the ritual nature of
this deposition. Moreover, its discovery opens up new possibilities for understanding the sym-
bolic and the ritual social behaviours of the Neolithic agricultural populations of the western
regions of the Mediterranean.

Acknowledgments

A number of important people and entities have collaborated with logistic support and diverse
resources for the tasks developed by the Dehesilla Project during the 2017 season: Algar Local

PLOS ONE | https://doi.org/10.1371/journal.pone.0236961  August 13, 2020 38/46


https://doi.org/10.1371/journal.pone.0236961

PLOS ONE

Locus 2 at Dehesilla Cave and Middle Neolithic ritual funerary practices

Council, Jerez de la Frontera Archaeological Museum, EvoCultura-Association for the study
of human behaviour and cultural diversity, as well as the Diaz Romero family. Drs Jodo Cascal-
heira and Célia Gongalves from ICArEHB, Universidade do Algarve, have helped with the
fine-tuning of the georreferencing system implemented in the field. David Navega, Universi-
dade de Coimbra, has provided support in the sexual determination of the two skulls presented
in this paper. Daniel Garcia Rivero personally thanks his team of collaborators for their help in
both the archaeological excavations and the processing and documentation of the finds during
2017: David Lopez Carmona, Patricia Virino Gabella, Araceli Barrera Cruz, Pablo Gutiérrez
Franco, Jerico Mancera Jiménez and Elena Trujillo Godoy. Finally, we would like to thank the
interest of the Editors of PLoS ONE and the helpful comments by Joan Bernabeu and two
other anonymous reviewers.

Additional information regarding specimens: No permits were required for the described
study, which complied with all relevant regulations.

Author Contributions
Conceptualization: Daniel Garcia-Rivero.

Funding acquisition: Daniel Garcia-Rivero, Claudia Umbelino, Eloisa Bernaldez-Sanchez,
Leonor Pefia-Chocarro, Juan F. Gibaja-Bao.

Investigation: Daniel Garcia-Rivero, Ruth Taylor, Claudia Umbelino, T. Douglas Price, Este-
ban Garcia- Vifas, Eloisa Bernaldez-Sanchez, Guillem Pérez-Jorda, Leonor Pefia-Chocarro,
Maria Barrera-Cruz, Juan F. Gibaja-Bao, Manuel J. Diaz-Rodriguez, Patricia Monteiro,
Juan C. Vera-Rodriguez, Javier Pérez-Gonzalez.

Project administration: Daniel Garcia-Rivero.

Resources: Daniel Garcia-Rivero, Ruth Taylor, Claudia Umbelino, T. Douglas Price, Esteban
Garcia- Vinas, Eloisa Bernaldez-Sanchez, Guillem Pérez-Jorda, Leonor Pefia-Chocarro,
Maria Barrera-Cruz, Juan F. Gibaja-Bao, Manuel J. Diaz-Rodriguez, Patricia Monteiro,
Juan C. Vera-Rodriguez, Javier Pérez-Gonzélez.

Supervision: Daniel Garcia-Rivero, Ruth Taylor, Claudia Umbelino, T. Douglas Price, Eloisa
Bernaldez-Sanchez, Leonor Pefia-Chocarro, Juan F. Gibaja-Bao, Juan C. Vera-Rodriguez.

Visualization: Daniel Garcia-Rivero, Ruth Taylor, T. Douglas Price, Esteban Garcia- Vifias,
Guillem Pérez-Jorda, Maria Barrera-Cruz, Juan F. Gibaja-Bao, Manuel J. Diaz-Rodriguez,
Patricia Monteiro, Javier Pérez-Gonzalez.

Writing - original draft: Daniel Garcia-Rivero, Ruth Taylor, Claudia Umbelino, T. Douglas
Price, Esteban Garcia- Viiias, Guillem Pérez-Jorda, Maria Barrera-Cruz, Juan F. Gibaja-
Bao, Patricia Monteiro.

Writing - review & editing: Daniel Garcia-Rivero, Ruth Taylor, Claudia Umbelino, T. Doug-
las Price, Esteban Garcia- Vifas, Eloisa Bernaldez-Sanchez, Guillem Pérez-Jorda, Leonor
Pena-Chocarro, Maria Barrera-Cruz, Manuel J. Diaz-Rodriguez.

References

1. Bernabeu J, Molina L, Garcia Puchol O. El mundo funerario en el horizonte Cardial valenciano: Un
registro oculto. Sagvntvn. 2001; 33: 27-36.

2. Pascual JL. Incineracion y cremacion parcial en contextos funerarios neoliticos y calcoliticos del este
peninsular al sur del Xuquer. In: Kunst M, Rojo MA, coords. Sobre el significado del fuego en los
rituales funerarios del Neolitico. Valladollid: Secretariado de Publicaciones e Intercambio Editorial;
2002. pp. 155-190.

PLOS ONE | https://doi.org/10.1371/journal.pone.0236961  August 13, 2020 39/46


https://doi.org/10.1371/journal.pone.0236961

PLOS ONE

Locus 2 at Dehesilla Cave and Middle Neolithic ritual funerary practices

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.
24.

Gibaja JF. Practicas funerarias durante el Neolitico en Catalufia. Mainake. 2004; 26: 9-27.

Chambon P. Alguns trets de les practiques funeraries del Neolitic postcardial. Quarhis. 2008; 4: 70—
75.

Jiménez-Brobeil SA, Du Souich PH, Al Oumaoui I. Possible relationship of cranial traumatic injuries
with violence in the south-east Iberian Peninsula from the Neolithic to the Bronze Age. Am J Phys
Anthropol. 2009; 140(3): 465—-475. https://doi.org/10.1002/ajpa.21089 PMID: 19425096

Bernabeu J. EI mundo funerario entre el VI y el Il milenio AC. In: Pérez Fernandez A, Soler Mayor B,
coords. Restos de vida, restos de muerte. Valencia: Diputacion de Valencia; 2010. pp. 45-54.

Carrasco JL, Pachén JA, Martinez-Sevilla F. Las necrdpolis neoliticas en Sierra Harana y sus estriba-
ciones (Granada): nuevos modelos interpretativos. Antiquitas. 2010; 22: 21-34.

Alonso Fernandez C, Jiménez Echevarria J. Contribucion al estudio del poblamiento, modos de vida'y
ritual funerario del neolitico antiguo: el asentamiento al aire libre de El Prado (Pancorbo, Burgos).
Zephyrus. 2014; 74: 41-64.

Rojo M, Garcia Martinez |, Garrido R, Tejedor C, Subira M, Garcia-Gazdlaz J, et al. Enterramientos
del Neolitico antiguo en el interior peninsular: nuevos datos para una actualizacién de la evidencia
empirica. In: Del neolitic a 'edat del bronze en el Mediterrani occidental. Estudis en homenatge a Ber-
nat Marti Oliver, STV 119, Valéncia: Servicio de Investigacién Prehistérica del Museo de Valencia;
2016. pp. 181-210.

Rubio I. El mundo funerario neolitico peninsular: algunas reflexiones sobre su trasfondo social. Anales
de Prehistoria y Arqueologia. 2001; 17: 53-66.

Garrido R, Rojo MA, Tejedor C, Garcia-Martinez |. Las mascaras de la muerte: ritos funerarios en el
Neolitico de la Peninsula Ibérica. In: Rojo MA, Garrido R, Garcia-Martinez I, coords. El Neolitico en la
Peninsula Ibérica y su contexto europeo. Madrid: Catedra; 2012. pp. 143—-174.

Garcia Puchol O, Diez Castillo A, Pardo Gordo S. New insights into the neolithisation process in south-
west Europe according to spatial density analysis from calibrated radiocarbon dates. Archaeol Anthro-
pol Sci. 2018; 10: 1807—-1820.

Gibaja JF, Subira M, Terradas X, Fernandez-Dominguez E, Ruiz Ventura J. Funerary practices during
the Early-Middle Neolithic in north-east Iberia. In: Gibaja JF, Carvalho AF, Chambon P, editors. Funer-
ary Practices in the Iberian Peninsula from the Mesolithic to the Chalcolithic. Oxford: Archaeopress;
2012. pp. 21-40.

Soares J, Tavares C. Protomegalitismo no Sul de Portugal: inauguragao das paisagens megaliticas.
In: Gongalves VS, editor. Muitas antas, pouca gente? Lisboa: Instituto Portugués de Arqueologia;
2000. pp. 117-134.

Molist M, Clop X. Los origenes del megalitismo en Catalufia en el marco de las practicas funerarias
del Neolitico. In: Fernandez Eraso J, Mujika JA, coords. Actas del Congreso Internacional sobre
Megalitismo y otras manifestaciones funerarias contemporaneas en su contexto social, econémico y
cultural. San Sebastian: Sociedad de Ciencias Aranzadi; 2010. pp. 212—224.

Gavilan B, Vera JC. El Neolitico en la Alta Andalucia: cuestiones sobre la caracterizacion de sus
fases. Spal. 2001; 10: 177-183.

Taylor R, Pérez-Aguilar L, Garcia-Rivero D. La secuencia arqueoldgica de época islamica en la
Cueva de La Dehesilla (Jerez de la Frontera, Sierra de Cadiz). Arqueologia y Territorio Medieval.
2018; 25: 107-143.

Garcia-Rivero D, Taylor R, Pérez-Aguilar LG, Pérez-Jorda G, Garcia-Vifias E, Lopez-Saez JA, et al.
Andalusi populations at La Dehesilla Cave (Sierra de Cadiz, Southern Iberia): and interdisciplinary
approach to their rural economic systems. J Islam Archaeol. 2018; 5(2): 119-151.

Garcia-Rivero D, Vera JC, Diaz-Rodriguez MJ, Barrera M, Taylor R, Pérez-Aguilar LG, et al. La
Cueva de la Dehesilla (Sierra de Cadiz): vuelta a un sitio clave para el neolitico del sur de la peninsula
ibérica. Munibe. 2018; 69: 123—-144.

Acosta P, Pellicer M. La Cueva de la Dehesilla (Jerez de la Frontera). Las primeras civilizaciones pro-
ductoras en Andalucia occidental. Jerez de la Frontera: CSIC; 1990.

Instituto de Estadistica y Cartografia. Consejeria de Economia, Conocimiento, Empresas y Universi-
dad. Junta de Andalucia. [last access: 22 March 2020]. Available from: http://www.juntadeandalucia.
es/institutodeestadisticaycartografia

Pardo-Gordé S, Garcia-Puchol O, Diez-Castillo AA, McClure SB, Juan-Cabanilles J, Pérez-Ripoll M,
et al. Taphonomic processes inconsistent with indigenous Mesolithic acculturation during the transition
to the Neolithic in the Western Mediterranean. Quat Internat. 2018; 483: 136—147.

Harris EC. Principios de estratigrafia arqueoldgica. Barcelona: Critica; 1991.

Dibble H, McPherron S. Old Stone Age (last access: 22 March 2020). Available from: http://www.
oldstoneage.com/software/edm-mobile.shtml

PLOS ONE | https://doi.org/10.1371/journal.pone.0236961  August 13, 2020 40/ 46


https://doi.org/10.1002/ajpa.21089
http://www.ncbi.nlm.nih.gov/pubmed/19425096
http://www.juntadeandalucia.es/institutodeestadisticaycartografia
http://www.juntadeandalucia.es/institutodeestadisticaycartografia
http://www.oldstoneage.com/software/edm-mobile.shtml
http://www.oldstoneage.com/software/edm-mobile.shtml
https://doi.org/10.1371/journal.pone.0236961

PLOS ONE

Locus 2 at Dehesilla Cave and Middle Neolithic ritual funerary practices

25.

26.

27.

28.

29.

30.

31.

32.
33.
34.

35.

36.

37.
38.

39.

40.

M.

42,

43.

44.

45.

46.

47.

48.

Ferembach D, Schwidetzky I, Stloukal M. Recommendations for an age and sex diagnoses of skele-
ton. J Hum Evol. 1980; 9: 517-549.

Buikstra JE, Ubelaker DH, editors. Standards for Data Collection from Human Skeletal Remains: Pro-
ceedings of a Seminar at the Field Museum of Natural History. Fayetteville: Arkansas Archeological
Survey Research Series 44; 1994.

Graw M, Czarnetzki A, Haffner HT. The form of the supraorbital margin as a criterion in identification of
sex from the skull: investigations based on modern human skulls. Am J Phys Anthropol. 1999; 108(1):
91-96. https://doi.org/10.1002/(SICI)1096-8644(199901)108:1<91::AID-AJPA5>3.0.CO;2-X PMID:
9915303

Walrath DE, Turner P, Bruzek J. Reliability test of the visual assessment of cranial traits for sex deter-
mination. Am J Phys Anthropol. 2004; 125(2): 132—137. https://doi.org/10.1002/ajpa.10373 PMID:
15365979

Sumati K, Patnaik VVG, Phatak A. Determination of sex from mastoid process by discriminant function
analysis. J Anat Soc Indica. 2010; 59(2): 222—-228.

Gapert R, Black S, Last J. Sex determination from the foramen magnum: discriminant function analy-
sis in an eighteenth and nineteenth century British sample. Int J Legal Med. 2009; 123(1): 25-33.
https://doi.org/10.1007/s00414-008-0256-0 PMID: 18553095

Giles E, Elliot O. Sex determination by discriminant analysis of crania. Am J Phys Anthropol. 1963;
21:53-68. https://doi.org/10.1002/ajpa.1330210108 PMID: 13947858

Miles A. Dentition in the estimation of age. J Dent Res. 1963; 42(1): 255-263.
Brothwell DR. Digging Up Bones. 3" ed. Ithaca: Cornell University Press; 1981.

Lovejoy CO. Dental wear in the Libben population: its functional pattern and role in the determination
of adult skeletal age at death. Am J Phys Anthropol. 1985; 68(1): 47-56. https://doi.org/10.1002/ajpa.
1330680105 PMID: 4061601

Meindl RS, Lovejoy CO. Ectocranial suture closure: a revised method for the determination of skeletal
age at death based on the lateral-anterior sutures. Am J Phys Anthropol. 1985; 68(1): 57—66. https://
doi.org/10.1002/ajpa.1330680106 PMID: 4061602

Masset C. Age estimation on the basis of cranial sutures. In: Iscan MY, editor. Age Markers in the
Human Skeleton. Springfield, IL: CC Thomas; 1989. pp. 71—-103.

Price TD. The chemistry of Prehistoric bone. Cambridge: Cambridge Unversity Press; 1989.

Price TD, Manzanilla L, Middleton WD. Immigration and the ancient city of Teotihuacan in Mexico: a
study using strontium isotope ratios in human bone and teeth. J Archaeol Sci. 2000; 27: 903-913.

Sillen A, Kavanagh M. Strontium and paleodietary research: a review. Yearb Phys Anthropol. 1982;
25: 67-90.

Bentley RA. Strontium isotopes from the Earth to the archaeological skeleton: a review. J Archaeol
Method Theory. 2006; 13: 135-187.

Montgomery J. Passports from the past: investigating human dispersals using strontium isotope analy-
sis of tooth enamel. Ann Hum Biol. 2010; 37: 325-346. https://doi.org/10.3109/03014461003649297
PMID: 20367186

Sjogren KG, Price TD, Ahlstréom T. Megaliths and mobility in south-western Sweden. Investigating
relations between a local society and its neighbours using strontium isotopes. J Anthropol Archaeol.
2009; 28:85-101.

Slovak NM, Paytan A. Applications of Sr isotopes in Archaeology. Advances in Isotope Geochemistry.
2011; 5:743-768.

Maurer AF, Galer SJG, Knipper C, Beierlein L, Nunn EV, Peters D, et al. Bioavailable 87Sr/86Sr in dif-
ferent environmental samples—Effects of anthropogenic contamination and implications for isoscapes
in past migration studies. Sci Total Environ. 2012; 433: 216-229. https://doi.org/10.1016/j.scitotenv.
2012.06.046 PMID: 22796412

Price TD, Burton JH, Bentley RA. The characterization of biologically available strontium isotope ratios
for the study of Prehistoric migration. Archaeometry. 2002; 50: 117-135.

Sillen A, Hall G, Richardson S, Armstrong R. 87Sr/86Sr ratios in modern and fossil food-webs of the
Sterkfontein valley: implications for early hominid habitat preference. Geochm Cosmochim Acta.
1998; 62: 2463-2478.

Boessneck J. Diferencias osteoldgicas entre la oveja (Ovis aries linné) y la cabra (Capra hircus linné).
In: Brothwell D, Higgs E, editors. Ciencia en Arqueologia. Madrid: Fondo de Cultura Econdmica;
1980. pp. 338-366.

Zeder MA, Lapham HA. Assessing the reliability of criteria used to identify postcranial bones in sheep,
Ovis, and goats, Capra. J Archaeol Sci. 2010; 37: 2887-2905.

PLOS ONE | https://doi.org/10.1371/journal.pone.0236961  August 13, 2020 41/46


https://doi.org/10.1002/%28SICI%291096-8644%28199901%29108%3A1%26lt%3B91%3A%3AAID-AJPA5%26gt%3B3.0.CO%3B2-X
http://www.ncbi.nlm.nih.gov/pubmed/9915303
https://doi.org/10.1002/ajpa.10373
http://www.ncbi.nlm.nih.gov/pubmed/15365979
https://doi.org/10.1007/s00414-008-0256-0
http://www.ncbi.nlm.nih.gov/pubmed/18553095
https://doi.org/10.1002/ajpa.1330210108
http://www.ncbi.nlm.nih.gov/pubmed/13947858
https://doi.org/10.1002/ajpa.1330680105
https://doi.org/10.1002/ajpa.1330680105
http://www.ncbi.nlm.nih.gov/pubmed/4061601
https://doi.org/10.1002/ajpa.1330680106
https://doi.org/10.1002/ajpa.1330680106
http://www.ncbi.nlm.nih.gov/pubmed/4061602
https://doi.org/10.3109/03014461003649297
http://www.ncbi.nlm.nih.gov/pubmed/20367186
https://doi.org/10.1016/j.scitotenv.2012.06.046
https://doi.org/10.1016/j.scitotenv.2012.06.046
http://www.ncbi.nlm.nih.gov/pubmed/22796412
https://doi.org/10.1371/journal.pone.0236961

PLOS ONE

Locus 2 at Dehesilla Cave and Middle Neolithic ritual funerary practices

49.

50.
51.
52.
53.
54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.
70.

71.

72.

73.

74.

75.

Zeder MA, Pilaar SE. Assessing the reliability of criteria used to identify mandibles and mandibular
teeth in sheep, Ovis, and goats, Capra. J Archaeol Sci. 2010; 37: 225-242.

Shepard AO. Ceramics for the archaeologist. Washington: Carnegie Institution of Washington; 1956.
Sinopoli CM. Approaches to archaeological ceramics. Boston: Springer; 1991.

Orton C, Hughes M. Pottery in Archaeology. 2nd ed. Cambridge: Cambridge University Press; 2014.
Rice P. Pottery analysis: a sourcebook. 2nd ed. Chicago: The University of Chicago Press; 2015.

Hunt AMW, eds. The Oxford handbook of archaeological ceramic analysis. Oxford: Oxford University
Press; 2016.

Solheim WG. The use of sherd weights and counts in the handling of archaeological data. Curr Anthro-
pol. 1960; 1(4): 325-329.

Laplace G. Recherches sur I'origine et 'évolution des complexes leptolithiques. Mélanges d’Archeolo-
gie et d’Histoire 4. Paris: Ecole Francaise de Rome; 1966.

Merino JM. Tipologia litica. 3™ ed. Munibe Suplemento 9. San Sebastian: Sociedad de Ciencas Ara-
nzadi; 1994.

Bernaldo-Quir6s F, Cabrera V, Cacho C, Vega LG. Proyecto de andlisis técnico para las industrias liti-
cas. Trabajos de Prehistoria. 1981; 38: 9-37.

Bagolini B. Ricerche sulle dimensioni dei manufatti litici prehistorici non ritoccati. Annali dell’Universita
di Ferrara. 1968; 15, 1(10): 195-219.

Carvalho AF. Talhe da pedra no Neolitico antigo do Macico Calcério das Serras d’Aire e Candeeiros
(Estremadura Portuguesa). Um primeiro modelo tecnoldgico e tipoldgico. Lisboa: Colibri; 1998.

Carvalho AF, Gibaja JF. Talhe da pedra no Neolitico antigo do Macigo Calcario Estremenho (Portu-
gal): matérias-primas, tecnologia e analise funcional. In: Arias P, Ontafién R, Garcia-Moncé C, edi-
tors. Il Congreso del Neolitico en la Peninsula Ibérica. Santander: Universidad de Cantabria;
2005. pp. 373-382.

Martinez-Fernandez G, Afonso JA. L’evolution des ensembles d’artefacts en pierre taillé pendant la
Préhistoire récente au Sud-est de la Péninsule ibérique, In: Dias-Meirinho MH, Léa V, Gernigon K,
Fouéré P, Briois F, Bailly M, editors. Les industries lithiques taillées des IVe et llle millénaires en
Europe Occidentale. Oxford: Hadrianbooks; 2008. pp. 291-308.

Juan-Cabanilles J. El utillaje de piedra tallada en la Prehistoria reciente valenciana. Aspectos tipoldgi-
cos, estilisticos y evolutivos. Valencia: Diputacién de Valencia; 2008.

Garcia-Puchol O. El proceso de neolitizacion en la fachada mediterranea de la peninsula Ibérica. Tec-
nologia y tipologia de la piedra tallada. British Archaeol Reports 1430. Oxford: Archaeopress; 2005.

Castroviejo S, coord. Flora iberica 1-8, 10-15, 17-18, 21. Madrid: Real Jardin Botanico, CSIC;
1986-2012.

Zohary D, Hopf M, Weiss E. Domestication of plants in the Old World: The origin and spread of domes-
ticated plants in Southwest Asia, Europe, and the Mediterranean Basin. Oxford: Oxford University
Press; 2012.

Vernet JL. Etude sur 'histoire de la vegetation de Sud-Est de la France au Quaternaire, d’apres les
charbons de bois principalement. Montpellier: Université des Sciences et Techniques; 1973.

Chabal L. La représentativité paléo-écologique des charbons de bois archéologiques issus du bois de
feu. Bull Soc Bot Fr Actual Bot. 1992; 139(2/3/4): 213-236.

Schweingruber FH. Anatomy of European woods. Bern, Sttutgart: Haupt; 1990.

Bruzek J. A method for visual determination of sex, using the human hip bone. Am J Phys Anthropol.
2002; 117: 157—-168. https://doi.org/10.1002/ajpa.10012 PMID: 11815949

Bruzek J, Murail P. Methodology and reliability of sex determination from the skeleton. /n: Schmitt A,
Cunha E, Pinheiro J, editors. Forensic Anthropology and Medicine: complementary sciences from
recovery to cause of death. Totowa, NJ: Humana Press Inc; 2006. pp. 225-242.

Rosing FW, Graw M, Marré B, Ritz-Timme S, Rothschild MA, Rotzscher K, et al. Recommendations
for the forensic diagnosis of sex and age from skeletons. Homo. 2007; 58(1): 75-89. https://doi.org/
10.1016/j.jchb.2005.07.002 PMID: 17306261

Grauer AL. Patterns of anemia and infection from Medieval York, England. Am J Phys Anthropol.
1993; 91(2): 203-213. https://doi.org/10.1002/ajpa.1330910206 PMID: 8317561

Palkovich AM. Endemic disease patterns in paleopathology: porotic hyperostosis. Am J Phys Anthro-
pol. 1987; 74(4): 527-537. https://doi.org/10.1002/ajpa. 1330740411 PMID: 3126663

Stuart-Macadam P. Palaeopathology does have relevance to contemporary issues. In: Pérez-Pérez
A, editor. Notes on populational significance of paleopathological conditions: health, illness and death
in the past. Barcelona: Romargraf; 1996. pp. 123-135.

PLOS ONE | https://doi.org/10.1371/journal.pone.0236961  August 13, 2020 42/ 46


https://doi.org/10.1002/ajpa.10012
http://www.ncbi.nlm.nih.gov/pubmed/11815949
https://doi.org/10.1016/j.jchb.2005.07.002
https://doi.org/10.1016/j.jchb.2005.07.002
http://www.ncbi.nlm.nih.gov/pubmed/17306261
https://doi.org/10.1002/ajpa.1330910206
http://www.ncbi.nlm.nih.gov/pubmed/8317561
https://doi.org/10.1002/ajpa.1330740411
http://www.ncbi.nlm.nih.gov/pubmed/3126663
https://doi.org/10.1371/journal.pone.0236961

PLOS ONE

Locus 2 at Dehesilla Cave and Middle Neolithic ritual funerary practices

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92,

93.

94,

95.

96.

97.
98.

99.

Ortner DJ. Identification of pathological conditions in human skeletal remains. San Diego: Academic
Press; 2003.

Walker PL, Bathurst RR, Richman R, Gjerdrum T, Andrushko VA. The causes of porotic hyperostosis
and cribra orbitalia: a reappraisal of the iron-deficiency-anemia hypothesis. Am J Phys Anthropol.
2009; 139(2): 109—-125. hitps://doi.org/10.1002/ajpa.21031 PMID: 19280675

Chae SY, Sim HB, Kim MJ, Jang YH, Lee SJ, Kim DW, et al. Button osteoma: a review of ten cases.
Ann Dermatol. 2015; 27(4): 394—-397. https://doi.org/10.5021/ad.2015.27.4.394 PMID: 26273154

Veizer J. Strontium isotopes in seawater through time. Annual Review of Earth and Planetary Science.
1989; 1: 141-167.

Bernaldez-Sanchez E. Biostratinomy applied to the interpretation of scavenger activity in paleoecosys-
tems. Quat. Int. 2011; 243: 161-170.

Bernaldez-Sanchez E, Garcia-Vifas E, Sdnchez-Donoso |, Leonard JA. Bone Loss from carcasses in
Mediterranean ecosystems. Palaios. 2017; 32: 1-7.

Garcia-Gonzalez R. Estudio de la osificacion postnatal en ovinos de la raza rasa aragonesa. Munibe.
1981; 3—4: 259-279.

Groves CP, Leslie DM. Family Bovidae (Hollow-Horned Rumiants. In Wilson DE, Mittermeier RA, edi-
tors. Handbook of the Mammals of the World, vol. 2. Hoofed Mammals. Barcelona: Lynx Editions;
2011. pp. 444-779.

Esteban C. Razas ganaderas espafiolas ovinas. Madrid: Ministerio de Agricultura, Pescay Alimenta-
cion; 2003.
Herrera M, Luque M. Las razas caprinas andaluzas de proteccién especial Blanca Serrana Andaluza,

Negra Serrana o Castiza y Payoya. In Rodero A, Rodero E, editors. Patrimonio ganadero andaluz:
Las razas ganaderas de Andalucia. Sevilla: Junta de Andalucia; 2007. pp. 195-256.

Sanchez M. Las razas caprinas andaluzas de fomento: Malaguefia, Murciano-Granadina y Florida. In
Rodero A, Rodero E, editors. Patrimonio ganadero andaluz: Las razas ganaderas de Andalucia.
Sevilla: Junta de Andalucia; 2007. pp. 169—194.

Zeder M. Domestication and early agriculture in the Mediterranean Basin: Origins, diffusion, and
impact. Proc Natl Acad Sci USA. 2008; 105(33): 11597—-11604. https://doi.org/10.1073/pnas.
0801317105 PMID: 18697943

Rojo MA, Arcusa H, Pefa L, Royo JI, Tejedor C, Garcia Martinez I. et al. Los primeros pastores tra-
shumantes de la Alta Ribagorza. In Clemente |, Gassiot E, Rey J, editors. Sobrarbe antes de
Sobrarbe. Pinceladas de historia de los Pirineos. Huesca: Centro de Estudios; 2014. pp. 127—151.

Garcia-Rivero D, Pérez-Jorda G, Garcia-Vifas E, Lopez-Saez JA, Taylor R, Pefia-Chocarro L, et al.
Ecological patterns and use of natural resources during the Neolithic of the South of the Iberian Penin-
sula: an update from the 6" to 4™ millennia cal BC sequence of Dehesilla Cave. Quat Sci Rev. 2019;
219:218-235.

Carrién Y, Ntinou M, Badal E. Olea europaea L. in the North Mediterranean Basin during the Plenigla-
cial and the Early-Middle Holocene. Quat Sci Rev. 2010; 29: 952-968.

Reimer PJ, Bard E, Bayliss A, Beck JW, Blackwell PG, Bronk-Ramsey C, et al. IntCal13 and Marine13
radiocarbon age calibration curves 0-50,000 years cal BP. Radiocarbon. 2013; 55(4): 1869—-1887.

Ward GK, Wilson SR. Procedures for comparing and combining radiocarbon age determinations: a cri-
tique. Archaeometry. 1978; 20(1): 19-31.

Pellicer M, Acosta P. El Neolitico antiguo en Andalucia occidental. In: Le Néolithique Ancien Méditer-
ranéen. Archéologia en Languedoc 7. Lattes: Fédération Archéologique de I'Hérault; 1982. pp. 49—
60.

Acosta P. Las culturas del neolitico y calcolitico en Andalucia Occidental. Espacio, Tiempo y Forma.
1995; 8: 33-80.

Amores F. Recuerdos del gabinete de dibujo de Pilar Acosta. In: Cruz-Aufion R, Ferrer E, editors.
Estudios de Prehistoria y Arqueologia en Homenaje a Pilar Acosta Martinez. Sevilla: Universidad de
Sevilla; 2009. pp. 19-36.

Ramos J, Espejo MM, Cantalejo P. Cueva de Ardales: su recuperacion y estudio. Ardales: Ayunta-
miento de Ardales; 1992.

Cabrero R. La Cueva del Gato. Malaga: Confederacion Espafiola de Cajas de Ahorro; 1976.

Gutiérrez-Lopez JM, Prieto MC, Ruiz JA. Yacimientos neoliticos al aire libre con cardiales el asenta-
miento de Esperilla (Espera, Cadiz). Propuesta de otro modelo de neolitizacion para Andalucia occi-
dental. In: Actes | Congrés del Neolitic a la Peninsula Ibérica. Rubricatum. 1996; 2: 627-638.

Zilhdo J. The spread of agro-pastoral economies across Mediterranean Europe: a view from the Far
West. Journal of Mediterranean Archaeology. 1993; 6(1): 5-63.

PLOS ONE | https://doi.org/10.1371/journal.pone.0236961  August 13, 2020 43/ 46


https://doi.org/10.1002/ajpa.21031
http://www.ncbi.nlm.nih.gov/pubmed/19280675
https://doi.org/10.5021/ad.2015.27.4.394
http://www.ncbi.nlm.nih.gov/pubmed/26273154
https://doi.org/10.1073/pnas.0801317105
https://doi.org/10.1073/pnas.0801317105
http://www.ncbi.nlm.nih.gov/pubmed/18697943
https://doi.org/10.1371/journal.pone.0236961

PLOS ONE

Locus 2 at Dehesilla Cave and Middle Neolithic ritual funerary practices

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Montero |, Rihuete C, Ruiz-Taboada A. Precisiones sobre el enterramiento colectivo neolitico de
Cerro Virtud (Cuevas de Almanzora, Almeria). Trabajos de Prehistoria. 1999; 56(1): 119—130.

Martin-Socas D, Camalich MD, Gonzalez-Quintero P. La cueva de El Toro (Sierra de El Torcal-Ante-
quera-Malaga). Un modelo de ocupacion ganadera en el territorio andaluz entre el VI'y Il milenios
ANE. Sevilla: Consejeria de Cultura de la Junta de Andalucia; 2004.

Martin-Socas D, Camalich MD, Caro JL, Rodriguez-Santos FJ. The beginning of the Neolithic in Anda-
lusia. Quat In. 2018; 470: 451-471.

Cardoso JL, Carreira JR, Veiga Ferreira O. Novos elementos para o estudo do Neolitico antigo da
regido de Lisboa. Estudos Arqueoldgicos de Oeiras. 1996; 6: 9-26.

Garcia-Gazoélaz J, Garcia-Sesma J, Rojo MA, Alday A, Garrido R, Garcia-Martinez |. Los Cascajos
(Los Arcos, Navarra). Sagvntvm. 2011; 12: 135-140.

Garcia-Gazdlaz J, Garcia-Sesma J. Enterramientos en el poblado neolitico de Los Cascajos (Los
Arcos, Navarra). In: Hurtado MA, editor. La tierra te sea leve. Arqueologia de la muerte en Navarra.
Pamplona: Gobierno de Navarra; 2007. pp. 52-58.

Bosch A, Tarrus J. La cova sepulcral del Neolitic antic de I'Avellaner. Les Planes d’Hostoles: Cogolls;
1990.

Gibaja JF, Morell B, Lé6pez-Onaindia D, Zemour A, Bosch A, Tarruds J, et al. Nuevos datos cronolégi-
cos sobre la cueva sepulcral neolitica de 'Avellaner (Les Planes d’'Hostoles, Girona). Munibe. 2018;
69: 145-155.

Cacho C, Papi C, Sanchez-Barriga A, Alonso F. La cesteria decorada de la cueva de los Murciélagos
(Albuiiol, Granada). Complutum. 1996; 6(1): 105—122.

Soler JA, Roca C, coords. El secreto del barro: un cantaro neolitico de la cova d’en Pardo (Planes, Ali-
cante). Alicante: Museo Arqueolégico de Alicante; 2008.

Rosser P, Fuentes C. Seis mil afios de historia de Alicante: El Tossal de les Basses. Alicante: Ayun-
tamiento de Alicante; 2008.

Gomes M. Castelo Belinho (Algarve, Portugal) and the first southwest Iberian villages. In: Diniz M, edi-
tor. The Early Neolithic in the Iberian Peninsula. Regional and Transregional Components. Oxford:
British Archaeological Reports; 2008. pp. 71-78.

Gomes M. Castelo Belinho (Algarve): a ritualizacdo funeraria em meados do V milénio AC. In: Gibaja
JF, Carvalho AF, editors. Os ultimos cagadores-recolectores e as primeiras comunidades produtoras
do sul da Peninsula Ibérica e do norte de Marrocos. Faro: Universidade do Algarve; 2010. pp. 69-80.

Bosch J, Villalbi MDM, Forcadell A. El barranc d’en Fabra (Amposta, Montsia): un assentament neoli-
tic a I'aire lliure. Tribuna d’ Arqueologia. 1996: 51-62.

Fernandez Dominguez E, Cortés M, Pérez-Pérez A, Turbdn D. Primeras secuencias de DNA de
muestras prehistdricas andaluzas. In: Il y Il Simposios de Prehistoria Cueva de Nerja. Nerja: Funda-
cion Cueva de Nerja; 2004, pp. 208-215.

Simén MD, Cortés M, Fernandez E, Lozano MC, Riquelme JA, Sanchidiran JL, et al. Aportaciones al
conocimiento de la utilizacién de la Cueva de Nerja como necrépolis durante el Neolitico. In: Ontafion
R, Garcia-Moncé C, Arias P, coords. Actas del Ill Congreso del Neolitico en la Peninsula Ibérica. San-
tander: Servicio de Publicaciones; 2005. pp. 643-652.

Jorda JF, Aura JE. 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.
2008; 1:239-256.

Sanchidrian JL, Marquez AM. Primeros resultados de la secuencia crono-estratigrafica de la Sala de
la Torca de la Cueva de Nerja (Malaga, Espafia). In: Sanchidrian JL, Marquez AM, Fullola JM, editors.
La cuenca mediterranea durante el paleolitico superior: 38.000—10.000 afios. Malaga: Fundacién
Cueva de Nerja; 2005. pp. 272-283.

Aura JE, Jorda JF, Garcia Borja P, Garcia Puchol O, Badal E, Pérez Ripoll M, et al. Una perspectiva
mediterranea sobre el proceso de neolitizacion: los datos de la cueva de Nerja en el contexto de Anda-
lucia (Espafia). Menga. 2013; 4:53-78.

Aguilera M, Medina MA, Romero A. Nuevas aportaciones al Neolitico Antiguo de la Cueva de Nerja
(Méalaga, Esparia). In: Gongalves VS, Diniz M, Sousa AC, editors. Actas 5° Congresso do Neolitico
Peninsular. Lisboa: Universidade de Lisboa; 2011. pp. 273-279.

Cruells W, Castells J, Molist M. Una necrdpolis de “cambres amb timul complex” del IV millenni a la
Catalunya interior. In: Estat de la investigacié sobre el neolitic a Catalunya. IX Colloqui Internacional
d’Arqueologia de Puigcerda . Andorrala Vella: Institut d’Estudis Ceretans; 1992. pp. 244—248.

Fernandez S, Fuentes N, Carrién JS, Gonzalez-Sampériz P, Montoya E, Gil G, et al. The Holocene
and upper Pleistocene pollen sequence of Carihuela Cave, southern Spain. Geobios. 2007; 40(1):
75-90.

PLOS ONE | https://doi.org/10.1371/journal.pone.0236961  August 13, 2020 44/ 46


https://doi.org/10.1371/journal.pone.0236961

PLOS ONE

Locus 2 at Dehesilla Cave and Middle Neolithic ritual funerary practices

122,
123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142,

143.

144.

145.

Natural Earth. [last access: 22 March 2020]. Available from: https://www.naturalearthdata.com/

Molina F, Camara JA, Lopez Saez JA. Andalucia, In: Rojo MA, Garrido R, Garcia-Martinez I, coords.
El Neolitico en la Peninsula Ibérica y su contexto europeo. Madrid: Catedra; 2012. pp. 405-462.

Botella MC, Jiménez SA, Aleman |, Du Souich P, Garcia C. Evidencias de canibalismo en el Neolitico
espafiol. In: Caro L, Rodriguez H, Sanchez E, Lépez B, Blanco MJ, editors. Tendencias actuales de
investigacion en la antropologia fisica espafiola. Universidad de Ledn: Secretariado de Publicaciones
y Medios Audiovisuales; 2000. pp. 43-56.

Medved I. Continuity vs. Discontinuity. Epipaleolithic and Early Neolithic in the Mediterranean South-
east of the Iberian Peninsula. Doctoral Thesis, Universitat zu Kéln. 2013 Available from: http://kups.
ub.uni-koeln.de/5217/

Garcia-Sanchez M, Jiménez-Brobeil SA. Restos humanos neoliticos de Alhama de Granada. Cuader-
nos de Prehistoria y Arqueologia de la Universidad de Granada. 1985; 10: 67—101.

Arenas RMG. Craneos prehistdricos con evidencias de trepanacion en Andalucia. Revista Atlantica-
Mediterranea de Prehistoria y Arqueologia Social. 2015; 17: 105-112.

Guijo JM. Paleoantropologia. In: D Martin-Socas, Camalich MD, Gonzalez Quintero P, coords. La
cueva de El Toro (Sierra de El Torcal-Antequera-Malaga). Un modelo de ocupacion ganadera en el
territorio andaluz entre el VI y Il milenios ANE. Sevilla: Consejeria de Cultura de la Junta de Andalu-
cia; 2004. pp. 287-290.

Santana J, Rodriguez-Santos FJ, Camalich-Massieu MD, Martin-Socas D, Fregel R. Aggressive or
funerary cannibalism? Skull-cup and human bone manipulation in Cueva de El Toro (Early Neolithic,
southern Iberia). Am J Phys Anthropol. 2019; 169(1): 31-54. https://doi.org/10.1002/ajpa.23805
PMID: 30802307

Montero |, Ruiz-Taboada A. Enterramiento colectivo y metalurgia en el yacimiento neolitico de Cerro
Virtud (Cuevas de Almanzora, Almeria). Trabajos de Prehistoria. 1996; 53(2): 55-75.

Molist M, Clop X. La investigacion sobre el megalitismo en el noreste de la Peninsula Ibérica: nove-
dades y perspectivas. In: Gongalves VS, editor. Lisboa: Instituto Portugués de Arqueologia;
2000. pp. 253-266.

Garcia-Gazolaz J, Garcia-Sesma J. Los Cascajos (Los Arcos, Navarra): intervenciones 1996—1999.
Trabajos de Arqueologia de Navarra. 2001; 15: 299-306.

Garcia-Gazolaz J. Paternanbidea (Ibero, Navarra): Un yacimiento al aire libre de la Prehistoria
Reciente De Navarra. Cuadernos de Arqueologia de la Universidad de Navarra. 1998; 6: 33—48.

Baldellou V. La necropolis prehistorica del "Barranc d’en Fabra" (Amposta). Butlleti Arqueologic. Reial
Societat Arqueologica Tarraconense. 1971; 113-120: 41-50.

Rosser P. Enterramientos neoliticos y creencias en el Tossal de les Basses: primeros datos. In: In:
Pérez Fernandez A, Soler Mayor B, coords. Restos de vida, restos de muerte. Valencia: Diputacion
de Valencia; 2010. pp. 183—190.

Cardoso JL. Pré-histdria de Portugal. Lisboa: Universidade Aberta; 2007.

Navarrete MS, Capel J. La cueva del Agua de Prado Negro (Iznalloz, Granada). Cuadernos de Prehis-
toria y Arqueologia de la Universidad de Granada. 1977; 2: 19-62.

Gavilan B, Escacena JL. Acerca del primer Neolitico de Andalucia occidental. Los tramos medio y
bajo de la cuenca del Guadalquivir. Mainake. 2009; 31: 311-351.

Carrasco J, Pachon JA. Las cerdmicas neoliticas peinadas y pintadas andaluzas y su relacién con los
soportes muebles organicos de la "Cueva de los Murciélagos" de Albufiol (Granada). Archivo de Pre-
historia Levantina. 2010; 28: 107-137.

Bécares J. Hacia nuevas técnicas de trabajo en el estudio de la pintura rupestre esquematica. Zephy-
rus. 1983; 36: 137-148.

Sanchidrian JL, Mufioz VE. Cuestiones sobre las manifestaciones parietales post-paleoliticas en la
cueva de La Pileta (Benaojan, Malaga). Zephyrus. 1990; 43: 151-163.

Mas M. Las manifestaciones rupestres prehistéricas de la zona gaditana. Proyecto de investigacion
arqueologica. Sevilla: Junta de Andalucia; 2000.

Mas M. La cueva del Tajo de las Figuras. Madrid: Universidad Nacional de Educacion a Distancia;
2005.

Maura R. Pefias de Cabrera. Conjunto rupestre y enclave arqueoldgico. In: Martinez V, Lépez E, Fer-
nandez A, coords. Casabermeja, un lugar en la Historia. Malaga: Diputacion de Malaga; 2015. pp.
194-236.

Gavilan B. Paralelismo entre la decoracion ceramica y el arte esquematico parietal: vasija de la Cueva
de la Murcielaguina (Priego de Cérdoba), In: XIX Congreso Nacional de Arqueologia, vol. 2. Zara-
goza: Universidad de Zaragoza; 1989. pp. 229-236.

PLOS ONE | https://doi.org/10.1371/journal.pone.0236961  August 13, 2020 45/ 46


https://www.naturalearthdata.com/
http://kups.ub.uni-koeln.de/5217/
http://kups.ub.uni-koeln.de/5217/
https://doi.org/10.1002/ajpa.23805
http://www.ncbi.nlm.nih.gov/pubmed/30802307
https://doi.org/10.1371/journal.pone.0236961

PLOS ONE

Locus 2 at Dehesilla Cave and Middle Neolithic ritual funerary practices

146.

147.

148.

149.

150.

Vijande E. El poblado de Campo de Hockey (San Fernando, Cadiz): resultados preliminares y lineas
de investigacion futuras para el conocimiento de las formaciones sociales tribales en la Bahia de
Cadiz (transito V-1V milenios ane). Revista Atlantica-Mediterranea de Prehistoria y Arqueologia
Social. 2009; 11: 265-284.

Cabrero R, Valverde M, Pascual E, Oliva D, Gdmez-Murga E. La necrépolis megalitica de Los
Molares: estudio litico preliminar de la industria tallada y pulimentada de Cafiada Real y El Palomar:
analisis de caracterizacion de la materia prima, morfoldgico, técnico y tipométrico. Spal. 2003; 12:
97-124.

Ramos J, Giles F. El dolmen de Alberite (Villamartin). Aportaciones a las formas econémicas y
sociales de las comunidades neoliticas en el noroeste de Cadiz. Cadiz: Universidad de Cadiz; 1996.

Rojo MA, Garrido R, Garcia-Martinez I. El Neolitico en la Peninsula Ibérica y su contexto europeo.
Madrid: Céatedra; 2012.

Molina F, Camara JA, Alfonso JA, Gamiz J, Capel J, Martinez G. Hiatus in an archaeological multilevel
site: Los Castillejos in Las Pefas de los Gitanos (Montefrio, Granada), In: Cupitd M, Vidale M, Angelini
A, editors. Beyong limits. Studi in onore di Giovanni Leonardi. Padova: Universita degli Studi di
Padova; 2017. pp. 91-100.

PLOS ONE | https://doi.org/10.1371/journal.pone.0236961  August 13, 2020 46/46


https://doi.org/10.1371/journal.pone.0236961

