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ABSTRACT

Objective

We analyse the processing sequence involved in the manufacture of a skull-cup and the manipulation
of human bones from the Early Neolithic of Cueva de El Toro (Malaga, Spain).

Material and methods

The Early Neolithic material studied includes human remains found in two separate assemblages.
Assemblage A consists of one skull-cup, a non-manipulated adult human mandible, and four ceramic
vessels. Assemblage B contains manipulated and non-manipulated human remains that appeared
mingled with domestic waste. Using a taphonomic approach, we evaluate the skull-cup processing and
the anthropogenic alteration of human bones.

Results

The skull-cup was processed by careful paring away of skin, fragmentation of the facial skeleton and
base of the skull, and controlled percussion of the edges of the calotte to achieve a regular shape. It
was later boiled for some time in a container that caused pot polish in a specific area. The other human
bones appeared scattered throughout the living area, mixed with other remains of domestic activity.
Some of these bones show cut marks, percussion damage for marrow extraction, and tooth/chewing
marks.

Discussion

Evidence from Cueva de El Toro suggests that cannibalism was conducted in the domestic sphere,
likely following ritualised practices where the skull-cup could have played a part. Interpretation of this
evidence suggests two hypotheses: 1) aggressive cannibalism relates to extreme inter-group violence;
and 2) funerary cannibalism is a facet of multi-stage burial practices. Similar evidence has been found
in other Neolithic sites of this region and suggests that cannibalism and skull-cups were elements
widespread in these communities. These practices may be linked to significant transformations
associated with the end of the Early Neolithic in southern Iberia.
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INTRODUCTION

Post-mortem processing of the head as a skull-cup is present in Western Europe from the Badegoulian
to the Late Neolithic (Bello, Parfitt, & Stringer, 2011; Boulestin, 2012; Boulestin & Coupey, 2015;
Boulestin et al., 2009; Céaceres, Lozano, & Saladié 2007; Garcia & Carrasco, 1981; Saladié¢ &
Rodriguez-Hidalgo, 2017). Skull-cups are post-mortem processed heads that display signs of
defleshing, breakage by percussion, and careful retouching of the broken borders (Bello et al., 2011;
Boulestin, 2012). Several historical and ethnographic examples indicate that heads were made into
skull-cups or used as drinking cups and trophy heads (Bello et al., 2011; Boulestin, 2012). Despite the
name, there is no evidence that prehistoric skull-cups were intentionally modified to serve as routine
drinking vessels in prehistory. In western European prehistory, they have been considered as ritual
artefacts for use in ceremonies where cannibalism was involved (Bello et al., 2011; Bello, Saladié,
Céceres, Rodriguez-Hidalgo, & Parfitt, 2015; Boulestin, 2012; Boulestin & Coupey, 2015), and some
skull-cups have been associated with the processing and consumption of bodies without any symbolic
connotation (Botella, 1973; Céaceres et al., 2007). Unfortunately, there are few prehistoric cases where
the archaeological context is well documented (Boulestin & Coupey, 2015). This situation makes it
difficult to recognise the real meaning of such objects for the community that produced and used them
(Bello et al., 2011; Boulestin, 2012; Saladié & Rodriguez-Hidalgo, 2017).

The earliest evidence of skull-cups comes from the Badegoulian levels of Grotte du Placard (Charente,
France), where nine crania show cut marks attributable to defleshing, breakage by percussion, and
retouching of the edges, resulting in skull-cups (Henry-Gambier & Faucheux, 2012; Le Mort &
Gambier, 1991). This assemblage consists of cranial and postcranial remains of 24 individuals (adults
and children). Skull-cups and postcranial bone manipulation are also frequently found associated in
western European prehistory (Figure 1) (Boulestin, 2012). At the Magdalenian site of Gough’s Cave
(Great Britain), scholars found evidence of ritual cannibalism and skull carving to make skull-cups
directly dated at 14,700 BP (Andrews & Fernandez-Jalvo, 2003; Bello et al., 2011, 2015). The
superlative example of the association between skull cups and cannibalism is found in the Early
Neolithic Linear Pottery Culture site of Herxheim (Rhineland-Palatinate, Germany). This site contains
the remains of at least 1,000 individuals, many of whose bones were manipulated, showing cut marks,
fractures and skull cups. Boulestin and Coupey (2015) suggest that the Herxheim remains are the
result of warfare with ritualised practices in which the enemies were cannibalised, and skull-cups were
systematically manufactured from the heads. Interestingly, analysis of strontium isotopes ('Sr/Sr)
indicates that some individuals came from a remote place, also supported by foreign ceramic styles
found at the site (Boulestin & Coupey, 2015).

[Figure 1 here]

There are also Iberian examples of skull-cups from the Neolithic (Figure 1). Las Majolicas, Cariguela
and Los Marmoles are three caves located in southern lberia where skull-cups have been reported
along with cannibalism, except in Los Marmoles (Botella, Aleméan, & Jiménez-Brobeil, 2000a;
Botella, Jiménez-Brobeil, Aleméan, du Souich, & Garcia, 2000b; Botella, Aleméan, du Souich, Jiménez-
Brobeil, & Garcia, 2000b; Garcia & Carrasco, 1981; Jiménez-Brobeil, Botella & Aleman, 1996;
Solari, Botella, & Aleman, 2012). Bone modifications include cut marks, intentional breakage of long
bones, and skull-cup manufacture. These cups have been associated with the Late Neolithic although
they have not been directly dated and some of these archaeological sites preserve levels from the Early
Neolithic (Martin-Socas, Camalich, Caro, & Rodriguez-Santos et al., 2018). Evidence of cannibalism
and six skull-cups were also found at the Late Neolithic levels of EI Mirador cave (Sierra de
Atapuerca, northern Spain) (Caceres et al., 2007). In this example, the authors consider skull-cups as
the result of brain extraction for “gastronomic cannibalism” and rule out ritual practices associated



with these objects. However, this hypothesis is challenged because of similarities with other
assemblages where they have been interpreted as products of symbolic practices (Saladié &
Rodriguez-Hidalgo, 2017).

Here, we analyse the chaine opératoire involved in the manufacture of a skull-cup and the bone
manipulation of human remains from Cueva de El Toro (Méalaga, Spain). The item has been directly
dated by radiocarbon (AMS) and situated chronologically in the Early Neolithic. This item contributes
to the discussion of such objects in a well-known archaeological context, with detailed study of the
anthropological evidence. Finally, we discuss the ritual and symbolic meaning of this skull-cup and
manipulated human bones, according to our knowledge about the funerary practices of the early
farming communities of southern Iberia.

MATERIAL AND METHODS
Material

Cueva de El Toro is located in the wide karstic mountain range of Sierra de El Torcal (Mélaga, Spain).
This cave shows an internal structure configured by large blocks fallen at a time before the Neolithic
occupation. Thus, the original floor consists of two spaces of different heights: upper, Sector 1, and
lower, Sector 2 (Figure 2). During the first quarter of the 4™ millennium BCE there was a structural
change, possibly as a result of a tectonic movement or collapse of the karst system, causing a general
incline in the Karst platform of this part of Sierra de El Torcal, towards the south (Egiiez, Mallol,
Martin-Socas & Camalich, 2016; Martin-Socas, Camalich, & Gonzalez-Quintero, 2004). This blocked
the original entrance inside the cavity, configuring a new access and a 17 m deep pit to the south of
Sector 2, besides tilting its sedimentary deposit (Figure 3).

[Figure 2 here]

Five excavation campaigns have been carried out at EI Toro (1977, 1980, 1981, 1985 and 1988). In
Sector 1, a small gap was identified between the large slabs fallen during the collapse of the cave prior
to human occupation. It has a triangular shape and the entrance is on this upper platform, separated
from Sector 2. Access is difficult due to its dimensions: 0.50 m on the NS axis and 1 m on the WE
axis, reaching a depth of 1.5 m. In Sector 2, a stratigraphic sequence 2.40 m in depth was identified,
with four chrono-cultural phases. The two lower levels correspond to Neolithic occupation, Phases IV
(Early Neolithic, 6200-5980 BP, 5280-4780 cal BC 2c) and 111B (Late Neolithic, 5320-5170 BP,
4250-3950 cal BC 206) (Martin-Socas et al., 2018). Between the two phases, a sterile deposit points to
a period of abandonment of the site (Figure 3). This absence of occupation between the end of the
Early Neolithic and that during the Late Neolithic has been confirmed by the absolute dates, which
established a hiatus estimated at around 500 years.

[Figure 3 here]

The Early Neolithic (Phase V) includes archaeological evidence related to domestic activities, such as
cereal seeds and ovicaprid remains. Use-wear analyses of flint tools show a predominance of butchery
activities, along with evidence of bone, wood, leather and clay craftwork (Rodriguez-Rodriguez, 2004;
Rodriguez-Rodriguez, Martin-Socas, Camalich, & Gonzalez-Quintero, 1996; Rodriguez-Rodriguez,
Gibaja, Perales, & Clemente, 2013). Moreover, micromorphological analysis has identified ovicaprid
coprolites from undisturbed sedimentological samples, suggesting that goats or sheep were stabled
there (Eguiez et al., 2016). Therefore, human occupation has been interpreted as seasonal/periodic with
a pastoral emphasis in this phase (Camalich & Martin-Socas, 2013; EgUez et al., 2016; Martin-Socas
et al., 2004, 2018). The Early Neolithic phase also includes human remains that were found scattered
in two assemblages. Assemblage A was located in Sector 1 and consisted of one skull-cup, a non-



manipulated adult human mandible, and four ceramic vessels (Figure 4). Assemblage B contains most
of the human remains, mingled with domestic waste in Sector 2 (Egilez et al., 2016; Martin-Socas et
al., 2018).

[Figure 4 here]

Four human bone samples were directly dated by radiocarbon techniques (AMS) and calibrated using
the Oxcal 4.3 program (Bronk Ramsey, 1995, 2001), and the IntCal13 calibration curve (Reimer et al.,
2013). The radiocarbon dates of the skull-cup and mandible were 5040-4850 cal BC (6060 + 30 cal
BP, Beta-365288), and 5030-4850 cal BC 26 (6050 + 30 BP, Beta-365287), respectively. This
chronology is about the same as some two human bone specimens from Sector 2: 5080-4935 cal BC
26 (6100 £30 BP, Beta 498412), and 4980-4780 cal BC 26 (5980 + 40 BP, Beta-365292). This means
that both assemblages are likely the result of the same occupational episode in the cave.

Method

Human bone fragments were identified and recorded according to skeletal element and portion. We
quantified the “number of identified specimens” (NISP) as an observational unit (Lyman, 1994). In
addition, we calculated the “minimum number of elements” (MNE) and the “minimum number of
individuals” (MNI) according to the MNE. (Minimum Number of Expected Elements) (Lyman, 1994).
The skeletal survive rate (%survivorship) was also calculated to establish the proportion between the
elements recovered and those expected (Lyman, 1994). This percentage expresses the frequency of the
MNE observed and the number of elements expected (MNE-.) according to the minimum number of
individuals (MNI): %survivorship= MNE/(MNE: x MN1)x100. Age-of-death was estimated according
to standard procedures (Buikstra & Ubelaker, 1994; Scheuer & Black, 2000). Molecular sex
identification was carried out using sex-specific DNA markers in some isolated specimens (Fregel et
al., 2018). We did not observe skeletal features to identify sex in this assemblage.

We analysed cut marks (slicing and chopping), scraping marks, percussion damage (pits, striations,
notches, and adhering flakes), breakage patterns, thermo-alteration, tooth marks and chewing
(Boulestin, 1999; Dominguez-Rodrigo, de Juana, Galan, & Rodriguez, 2009; Fernandez-Jalvo &
Andrews, 2011; Lyman, 1994; Pickering & Egeland, 2006; Saladié et al., 2013; White, 1992). Each
bone was systematically examined by two experienced observers (JS and FJR) at least twice, using a
Nikon SMZ 1000 binocular microscope with an 8% to 80x magnification range. Human-induced
changes were examined under higher magnification using a binocular microscope (Nikon Labophot 2
and Nikon MA100) with a 50% to 100x magnification range and photographed with a Nikon SD-Fil
camera. Images were treated with Helicon Focus v. 4.62 software. In addition, we evaluated bones
with traces of indirect heat exposure at low temperature according to macroscopic (Botella et al.,
2000a; Pijoan, 1997) and microscopic criteria (Bosch, Aleman, Moreno-Castilla, & Botella, 2011;
Solari et al., 2015; Trujillo-Mederos, Alemén, Botella, & Bosch, 2012). Surface morphology was
studied at the micrometric level using a Scanning Electron Microscopy (SEM) model JEOL JSM-
7600F coupled to an EDX Oxford INCAX-Act.

Additionally, we used available ancient DNA data from El Toro site (Fregel et al., 2018) to perform
kinship analyses. Concretely, we used mtDNA and Y -chromosome lineages comparison to identify
direct maternal and paternal relationships, respectively. We also applied the READ software (Monroy
Kuhn, Jakobsson, & Gunther, 2018) to genome-wide data from Fregel et al. (2018) to infer up to
second-degree relationships, including nephew/niece-uncle/aunt, grandparent-grandchild or half-
siblings. The main limitation for kinship inference using READ is that very low-coverage samples
(less than 0.1 X) are prone to producing false negatives. To avoid problems related to low coverage,



we used SNP capture data for the MEGA array from Fregel et al. (2018), with samples coverage being
higher than 0.1 X in all cases (0.15X - 0.67X).

RESULTS

The human assemblage from Cueva de EI Toro comprised 101 identified specimens: 48 cranial (15
from crania, 12 from mandibles, and 21 teeth), and 53 postcranial human bone fragments (Table 1).
We established a minimum number of 57 elements (9 cranial and 48 postcranial). They are well
preserved with occasional traces of weathering (Behrensmeyer, 1978), infrequent trampling marks and
dry breakage. We did not observe evidence of trauma on bones. Remains belonged to seven
individuals as MNI (four adults and three subadults), based on the representation of mandible remains:
one young adult, two female adults (molecular sex based on teeth samples), one undetermined adult,
one infant aged 6 + 2 years, one young adolescent aged 12 + 2.5 years, and one adolescent aged 15 + 3
years. The skeletal survival rate (%survivorship) indicates an infra-representation of limb bones,
pelvis, and thorax (Table 1). In this assemblage, there was no differential effect from natural
taphonomic factors because the more fragile bones were found well-preserved. For instance, most
bones present were those from the hands and feet, indicating that the absence of long bones was not
due to any natural taphonomic effect (Bello & Andrews, 2006; Galloway, Willey, & Snyder, 1997
Waldron, 1987).

[Table 1 here]
Human bone manipulation

The bones displayed human modifications, suggesting that corpses were processed soon after death.
There was a proportion of 13.2% manipulated bones, defined mostly by cut marks and percussion
damage. Cranial specimens showed modifications on 9 of 27 pieces (33.3%; MNE=4), while 5 of 53
postcranial specimens were manipulated (9.4%; MNE=4), excluding tooth marks and fire alterations.

Cut marks were detected in 11 of 101 specimens (10.9%; MNE=5) excluding teeth. They display
slicing cut marks (NISP=6; MNE=4), chop marks (NISP=3; MNE=3) and scraping marks (NISP=2;
MNE=1). These marks showed microscopic features indicative of cutting with stone tools such as
parallel micro-striations, shoulder effect and hertzian cones (Dominguez-Rodrigo et al., 2009). Slicing
cut marks were more frequent on cranial bones relating to skinning, and they appear isolated and in
parallel or sub-parallel groups. We also found scraping marks on skull fragments. These marks
showed features common on fresh bones soon after death (Andrews & Cook, 1985; Behrensmeyer,
Gordon, & Yanagi, 1986; Bello & Soligo, 2008; Bello et al., 2011; Boulestin, 1999; Greenfield, 1999;
Morales Pérez et al., 2017). Percussion damage was present in 14 of 101 specimens (13.8%; MNE=7),
including human-induced fractures on fresh bone, percussion pits, lunate scars, adhering flakes and
anvil striations on cranial and postcranial bones. Bone manipulation comprised skull-cup manufacture,
marrow extraction from long bones and disarticulation. We also noticed a polished surface on the
skull-cup.

Seven postcranial specimens display evidence compatible with tooth marks and chewing (13.2% of
specimens; MNE=7). These marks include tooth pits, furrowing, crushing, saw-toothed edges, and
peeling. They are located on one subadult sternal segment, and three adult ribs, two phalanges, one
first metatarsal, and one metacarpal. It must be pointed out that tooth-mark identification is
challenging, and much more so the species that made them, so we cannot make absolutely sure
(Boulestin & Coupey, 2015; Saladié & Rodriguez-Hidalgo, 2017). These remains appear in a context
of consumption and later intermixture with other waste such as faunal remains.



Fire altered the bones after soft tissue decay (NISP=35; 34.6% of specimens; Table 1). Burnt bones
show variability in colour, comprising brown-grey (NISP=7), dark-black (NISP=10), and chalky-white
(NISP=2). Dark-black predominance suggests that most of the burnt remains were submitted to low
intensity temperatures (200°C to 550°C) for some time (Buikstra & Swegle, 1989; Gongalves, Cunha,
& Thompson, 2015; Walker, Miller, & Richman, 2008; Whyte, 2001). No evidence of warping or
cracking was detected on dark-black bones, whereas this is common when bones are burnt fresh
(Buikstra & Swegle, 1989; Depierre, 2014; Gongalves et al., 2015; Guillon, 1987; Herrmann &
Bennett, 1999; Spennemann & Colley, 1989; Symes, Smith, & Berryman, 1996; Walker et al., 2008;
Whyte, 2001). Chalky-white burnt bones, displaying longitudinal cracks on the surface, often indicate
high temperatures (>600°/800°C) maintained for some time. These features may point to combustion
of fresh corpses or bones surrounded by muscle, and fatty marrow (Bontrager & Nawrocki, 2008;
Buikstra & Swegle, 1989; Symes et al., 1996). Some heterogeneous combustion damage could also be
due to burning fresh corpses, such as cranial fragment TCT85-46757. However, these fire alterations
could also derive from various episodes of burning documented in Sector 2 (Egiiez et al., 2016). In
cannibalism, meat is usually processed after defleshing, which implies that the bones are not
necessarily affected by fire (Saladié & Rodriguez-Hidalgo, 2017).

Other types of thermoalteration were also noted on the skull-cup and other bones: a mandible, a hand
phalanx, and two foot phalanges (NISP=6; MNE=5; 5.9% of specimens). They look smooth, vitreous,
more yellowish, and better preserved. These traits may indicate that some bones were boiled, because
similar macroscopic features have been observed in experimental and archaeological cases, including
Neolithic assemblages in Iberia (Botella et al., 2000a; Céceres et al., 2007; Saladié & Rodriguez-
Hidalgo, 2017; Solari et al., 2012; White, 1992). In the following all the bones with human-induced
alterations are described:

1. Assemblage A. Sector 1.
Skull-cup

This is a human calvaria represented by the frontal and both parietal bones (Figure 5). It shows
anthropogenic modification with evidence of cut marks, percussion damage, polish and boiling. The
frontal bone is the most modified, since only the posterior area is preserved. The left parietal bone is
largely conserved in the region over the superior temporal line, while the right portion is preserved
above both inferior temporal lines, one cm under the stephanion, all the anterior area and the whole
coronal suture. The occipital bone is absent due to dislocation.

[Figure 5 here]

Cut marks were present only on the ectocranial surface. We counted 74 slicing cuts ranging between
8.36 and 42.97 mm in length. They ran both parallel and perpendicular to the sagittal line, divisible
into ten groups: three on the frontal bone (Figure 6b), four on the right parietal bone (Figure 6a) and
three on the left parietal bone. There were cut marks in areas far from muscle attachments, on the
squama of the frontal and on the parietals on both sides of the sagittal suture. These marks point to
careful removal of soft tissues covering the calvaria. None of the incisions overlaps on the edges of the
cracks or fractures, and when they are in close proximity, they are separated by percussion damage.
This evidence suggests that the skull was first skinned and then carved.

[Figure 6 here]

The next stage involved controlled percussion resulting in an irregular fracture edge, with semi-
circular or trapezoidal notches that have reflected and stepped endings produced by the carving
(Figure 7). The points of impact are better defined on the external face than the internal, where there



was deeper nick-scarring, besides diffuse irregular fractures. This indicates that percussion was
conducted from the outside towards the inside of the calvaria.

[Figure 7 here]

In areas where the force applied was insufficient to fracture the bone, partial collapse and micro-pits
were generated on the external face (Figure 8). These impacts also produced two large cracks, one
almost on the midline of the frontal bone (Figure 8a) and one on the third posterior part of the left
parietal bone. In both cases, the maximum width of the crack is located on the outer perimeter,
suggesting this is the origin of an impacted fracture from where fissures subsequent irradiated,
coinciding with the location of the respective apices. In the frontal area behind the crack the edges
overlap. This requires plasticity, which is characteristic of fresh bone. The distribution of impact
damage and flaking is indicative of meticulous controlled shaping of the broken edges to obtain the
desired shape.

[Figure 8 here]

The skull-cup surface appears smooth and slightly vitreous when exposed to direct light. These
macroscopic features have been observed when bones are boiled (Solari et al., 2015; Trujillo-Mederos,
Bosch, Pijoan, & Mansilla, 2016). Micrographs obtained by scanning electron microscopy (SEM)
showed a microscopic morphology constituted by ordered fibrils, with a smooth dense surface where
the pore openings are obstructed, indicating diffusion and degradation of collagen fibrils (Figure 9).
Macroscopic and microscopic features suggest that the artefact was subjected to low-temperatures and
exposure to boiling water for some time (Bosch et al., 2011; Solari et al., 2015; Trujillo-Mederos et
al., 2012). These anthropogenic manipulations have also been described in various cannibalism
assemblages in Iberia, such as Malalmuerzo and EI Mirador (Botella el al., 2000a,b; 2003: Caceres et
al., 2007; Saladié & Rodriguez-Hidalgo, 2017; Solari et al., 2012).

[Figure 9 here]

Additionally, there is a well-defined area in the frontal zone where use-wear is superimposed on
technical traces. It describes a segment of approximately two centimetres along the edge on the outer
side. This edge is rounded, in contrast to the other fractured areas (Figure 10). The surface shows a
micro-topography, slightly convex and smooth, with higher reflectivity. There are long, thin striations
in the polished area, oriented perpendicular and/or slightly oblique to the edge. They are not abundant,
but they indicate a complex motion perpendicular to the contact area. The combination of these use-
wear features suggests that a circumscribed segment was in contact with a soft, lightly abrasive
material (Evora, 2015; Sidéra & Legrand, 2006).

[Figure 10 here]
2. Assemblage B. Sector 2.
Cranial bone fragments

A cranial fragment was found in Sector 2 that refits the skull-cup (TCT81-40858-2), including its
modifications during processing (Figure 11). There are also two other cranial fragments (Figure 12)
displaying cut marks and percussion damage consistent with skull-cup shaping, but they do not refit
(TCT88-1540-4 and TCT81-40858-1). Another parietal fragment (TCT85-46757), carrying a portion
of the parietal-occipital suture, shows parallel cut marks and low-intensity fire damage (Figure 13a).
Moreover, the fragment TCT81-41038-1 shows cut marks on the ectocranial surface (Figure 13b)
aimed at removing the scalp from the cranium (Botella et al., 2000b; Saladié et al., 2015; White,
1992). These fragments do not display boiling damage.



[Figure 11 here]
[Figure 12 here]
[Figure 13 here]

A left mandibular ramus (TCT88-1405-1) displays cut marks, effects of boiling, and crushing damage
on the condyle, consistent with percussion or chewing (Figure 14a) (Saladié et al., 2013; White, 1992).
This set of manipulations could derive from cutting the masseter muscle, further suggesting separation
of the mandible from the cranium (Bello et al., 2011; Le Mort & Gambier 1991; Santana et al., 2012;
White, 1992). Additionally, a right mandibular ramus (TCT85-46642-2) shows transversal breakage
with two notches and an adhering flake, although cut marks were not observed on this bone (Figure
14Db). Percussion damage observed on mandibular rami suggest they were intentionally fractured to
extract marrow (Bello et al., 2011; 2015; Boulestin & Coupey, 2015; Fernandez-Jalvo & Andrews,
2011).

[Figure 14 here]
Postcranial bone fragments

We found a left unfused proximal diaphysis of a subadult femur (TCT80-10705) that displays a
chopping mark on the femoral neck (Figure 15). This mark suggests detachment of the femur from the
ossa coxae and cutting of the ilio-femoral ligament (Bello et al., 2015; Mariotti et al., 2009; Villa,
1992). The femur also shows longitudinal and curved breakage, along with adhering flakes. This
pattern suggests that this bone was intentionally manipulated, and is consistent with cracking for
marrow extraction (Bello et al., 2015; Boulestin, 1999; Villa & Mahieu, 1991; Villa, Courtin, &
Helmer, 1988; Villa et al., 1986; White 1992). The outer surface shows exfoliation, which could be
heat induced (White, 1992).

[Figure 15 here]

A shaft fragment of tibia (TCT88-1540-3) shows percussion damage, including longitudinal and
oblique fractures, notches and percussion pits. These features can be interpreted as a manipulation for
marrow extraction (Boulestin, 1999; Bello et al. 2015; Villa & Mahieu, 1991; Villa et al., 1986, 1988;
White, 1992).

Slicing cut marks are in two groups on a right talus neck (TCT81-41038-2), near the tibiotalar joint,
showing a perpendicular orientation to the long axis of the bone (Figure 16). They are likely
associated with cutting both talonavicular and anterior talofibular ligaments, during tibiotarsal
disarticulation of the foot from leg (Bello et al., 2015). Such cut marks are observed in cannibalism
assemblages (Boulestin & Coupey, 2015).

[Figure 16 here]

We observed one tooth pit (6.8 x 5.6 mm) and tooth marks on the distal epiphysis of a first metatarsal
(TCT85-46039-2), which also showed an oblique fracture on the shaft (Figure 17a). This bone
displays fire damage with black and brown hues. A third metacarpal (TCT85-46285-2) also shows two
tooth pits, one on the proximal epiphysis and other on the distal epiphysis, showing associated
fractures at the distal epiphysis (Figure 17b). Proximal (TCT85-46007-1) and intermediate (TCT85-
46642-1) hand phalanges show crenulated edges at their proximal epiphyses (Figure 17c). There is a
rib with shallow scores on the internal surface and two pits at the proximal end (Figure 17d), and
another fragment with notches and splintering (Figure 17e). Moreover, we noticed shallow peeling on
a rib which was fractured when fresh (Figure 17f). Lastly, a subadult sternal segment (TCT80-19967)



showed various tooth marks as double arch punctures in crenulated edges, notches, and two isolated
pits (Figure 18).

[Figure 17 here]
[Figure 18 here]
Kinship analysis

MtDNA haplogroups for the skull-cup sample (TOR.5) and the mandible (TOR.11) from Assemblage
A were J2bla and K1a2a, respectively (Fregel et al., 2018), rejecting a direct maternal relationship.
One sample from Assemblage B (TOR.12) belongs to the same haplogroup as the skull cup, although
the haplotype motif is different, and the possibility of a direct maternal link is unlikely (Supplementary
Figure 1). However, two samples from Assemblage B share the same mtDNA lineage (TOR.6 and
TOR.7), indicating a possible maternal relationship. Unfortunately, only the skull cup had enough Y-
chromosome coverage to perform a reliable classification into haplogroups, and direct paternal
relationships could not be tested. Finally, after kinship analysis using READ software, we determined
that the skull-cup did not have any familial relationship (up to the second degree) with either the
mandible in Assemblage A or any of the samples from Assemblage B. READ analysis results suggest
that samples TOR.6 and TOR.7 had a first degree relationship (PO = 0.144 + 0.002) (Supplementary
Figure 2). This result, coupled with mtDNA and molecular sex analyses (Fregel et al., 2018), indicates
that they could have had either a mother-daughter or sister relationship.

DISCUSSION

Archaeological evidence suggests that EI Toro cave was occupied by a small human group during the
Early Neolithic (5280-4780 Cal BC 2c). During this period, a skull cup was made and the remains of
at least seven individuals were processed shortly after their death, including features compatible with
cannibalism (see below for discussions on what type). These manipulated bones mixed with domestic
residues, as well as remnants from carving the skull, suggest that this manipulation occurred in the
domestic area. Kinship analyses of the human remains did not show any relationship between the skull
cup and the other individuals, at least up to the second degree. However, two samples from
Assemblage B show a first degree relationship suggesting that these practices involved various
members of the same family.

El Toro skull-cup

Anthropogenic post-mortem processing of one head was conducted to obtain a specific shape by
controlled percussion and careful removal of soft tissue. There are no evisceration cut marks on the
inner surface of the calotte. We did not find the cranial bones that had been removed, such as facial,
temporal, sphenoid and zygomatic bones. Consequently, we cannot describe the entire processing of
the head to transform it into a skull-cup, but we can see the result, which is enough to establish the
main chaine opératoire.

Parallel, oblique and perpendicular sagittal cut marks on the frontal and parietal bones away from
muscle attachments indicate scalp removal. This process must have taken place before decay of soft
tissue, which is compatible with removal shortly after death (Bello et al., 2011; Boulestin & Coupey,
2015; Haglund, 1991). The distribution of cut marks indicates scrupulous cleaning of the skull. Then
the calotte was subjected to careful systematic breakage by percussion to remove facial, temporal,
sphenoid and zygomatic bones, and fine retouching of the broken edges to make them more regular,
leaving the controlled damage visible. We have also documented one fragment in Sector 2 that refits
with the occipital-parietal edge of the skull-cup. This evidence suggests that the skull-cup was
processed in Sector 2, where domestic activities took place, along with other body manipulations.



Moreover, the missing pieces suggest that the first stage of the cup-making process was performed
elsewhere.

The skull-cup also displays some macroscopic and microscopic indicators of boiling. Boiled skull-
cups have also been reported in El Mirador and Carigliela assemblages (Caceres et al., 2007; Solari et
al., 2015). We also observed wear owing to contact at the shaped edge of the skull-cup with a material
that was soft, lightly abrasive and humid. The delineation of wear, its size and position conform a
pattern that can be interpreted as “pot polish”. It occurs when bones are boiled in pottery vessels
whose inner surface is abrasive, leading to polished facets (White, 1992:122). Pot polish has also been
reproduced in experimental analyses using ceramic vessels (Dixon et al., 2010; Kopp & Graham,
2011; White, 1992:121-122). It has been reported in several cannibalism assemblages such as in the
Late Neolithic site at EI Mirador (Céceres et al., 2007), in American Southwest sites (Hurlburt, 2000;
Turner & Turner, 1995, 1999; White, 1992), and in survival cannibalism from the 19" century (Dixon
et al., 2010; Mays & Beattie, 2016). This feature has also been considered as an effective means of
recognizing boiling and cannibalism in archaeological material (Hurlbut, 2000; White, 1992). As seen
in the El Toro skull-cup, entire bone surfaces are not pot-polished because it depends upon their shape
and how long they circulate in the cooking vessel, the rate of movement and the roughness of the
vessel’s inner surface (Dixon et al., 2010; Kopp & Graham, 2011; White, 1992:124). Furthermore,
pot-polish faceting was located at the retouched edges of the skull-cup, indicating that boiling was
conducted after attaining the final shape. This process would probably have been aimed at cleaning the
bone and finishing skull-cup processing.

The skull-cup appeared next to a mandible from another contemporary deceased individual without
evidence of anthropic manipulation. The absence of manipulation marks on the mandible suggests it
was not processed shortly after death, in contrast to the skull. Ancient DNA analysis demonstrates that
the skull and the mandible do not belong to the same individual and that they are not related, at least
up to the second degree. This set of evidence was located in a separate cache from the habitat area,
indicating a special treatment differentiated from the other human bones, and raises the possibility of a
ritualised context, perhaps linked to handling practices accorded to certain human bones.

Other examples of skull-cups in southern Iberia suggest that this practice may have been widespread
among the first farming communities. Two skull-cups have been documented (one had been boiled) at
Carigliela cave (Botella et al., 2000b,2003; Garcia & Carrasco, 1981), one at Las Majolicas (Boulestin,
2012), and other at Cueva de Los Méarmoles (Jiménez-Brobeil et al., 1996), also showing evidence of
cicatrised trauma on frontal and left parietal bones. The processing sequence for these skull-cups is
similar to the EI Toro skull-cup, with skinning and shaping by later percussion. At Carigiela and Las
Majdlicas, there are also signs of bone manipulation linked to cannibalism, including skinning marks
on the skulls, disarticulation traces on the limb bones, defleshing, boiling and breakage (Botella, 1973;
Botella et al., 2000b, 2003; Garcia & Carrasco, 1981). These skull-cups have been allocated to the end
of the Neolithic, although there are no direct radiocarbon dates or rigorous stratigraphic contexts
associated with these remains. This hinders establishing a clear chronological relationship with the
Cueva de EI Toro specimen. Nevertheless, these caves were occupied during the Early Neolithic and
there are some available radiocarbon dates from this period (Carrasco & Martinez-Sevilla, 2014).
Furthermore, there were no skull-cups found in Malalmuerzo cave, but anthropogenic manipulation
linked to cannibalism has also been documented there as attested by cut marks, boiling, and breakage
of human bones (Botella et al., 2000b). The human bone assemblage of Malalmuerzo provides one
radiocarbon date from the Early Neolithic (5373-5079 cal BC, 6295+45 BP; Carrasco & Martinez-
Sevilla, 2014). It means that we should not rule out that these skull-cups and cannibalism examples
belong to the Early Neolithic. Moreover, there are other manipulated skulls in the Neolithic of
southern Iberia that were not processed as skull-cups. These examples also come from Cariguela, Las



Majolicas and Malalmuerzo, where along with the manipulated postcranial remains, there are also
skulls that were skinned and deliberately broken. These remains suggest that not all skulls were
selected to be transformed into skull-cups.

[Figure 19 here]

Cannibalism at Cueva de El Toro

If bone manipulation evidence from Cueva de El Toro is considered the result of cannibalism, the
main challenge is to provide an explanation of why cannibalism occurred at Cueva del Toro. The
available osteological record allows a range of hypotheses based on ethnographical and archaeological
evidence. According to anthropological data, cannibalism can be classified into three categories:
survival, aggressive and funerary (Boulestin & Coupey, 2015; Fausto, 2007; Kantner, 1999; Saladié &
Rodriguez-Hidalgo, 2017; Sanday, 1986). We should also consider that the two individuals from
Assemblage B show a first degree relationship. It means that cannibalism was carried out in a family
context where the bodies of relatives were eaten as result of multi-stage funerals, or El Toro
inhabitants ate members of the same family from another group, indicating acts of extreme violence
against enemies. In both cases, it could be a ritualised cannibalism with ceremonies where the skull-
cup might have played a role.

Considering the first hypothesis, survival cannibalism has not been proposed so far in the Neolithic of
southern Iberia, and there is no evidence of starvation in the archaeological or osteological record.
Nevertheless, farming populations could have been sensitive to environmental variation and crop
failure during the implantation of the Neolithic, and plague pandemics affected Neolithic populations
in Europe (Rascovan et al., 2018). The archaeological record indicates a scarcity of human occupation
from the end of the Early Neolithic to the beginning of the Late Neolithic (ca. 4500-4200 BC, Martin-
Socas et al., 2018). It represents a decline in both the density of archaeological sites and the number of
radiocarbon dates, as well as the abandonment at sites with stratigraphic sequences, as at El Toro, Los
Murciélagos at Zuheros and Los Castillejos (Camalich & Martin-Socas, 2013; Camara, Afonso, &
Molina, 2016; Martin-Socas et al., 2018). This change has been interpreted as a consequence of a new
territorial organisation model where hunter-gatherers and farmers shared open-air settlements (Martin-
Socas et al., 2018). So far, no evidence suggests that cannibalism was due to a starvation crisis, but the
decline in occupation density at that time could also be considered as an indicator of a population
collapse and the emergence of social tension.

The second hypothesis, aggressive cannibalism, has previously been considered (Jiménez-Brobeil et
al., 2009). It is based on the lack of careful treatment of the cannibalised remains such as at Carigiiela
and Malalmuerzo (mixed with domestic waste as in El Toro), and a high frequency of cranial injuries
are indicators of inter-personal violence (Jiménez-Brobeil et al., 2009). Cranial remains from this
period display a high frequency of traumatic injuries (11.5%), which is also higher than in the Copper
Age (4.7%), and similar to the Bronze Age (12.3%) (Jiménez-Brobeil et al., 2009), when warrior elites
emerged (Aranda, Monton, & Jiménez-Brobeil, 2009). The injuries of Neolithic males show a higher
frequency than female individuals, and injuries are predominantly located at the frontal and left side of
the crania. This evidence points to significant social tension and hostility in the Early Neolithic of
southern Iberia (Jiménez-Brobeil et al., 2009).

This hypothesis nevertheless reveals some problems. Scattered human bones do not necessarily
indicate a lack of reverential attitudes toward the dead, since unburied remains are frequently found
dispersed after secondary burial practices (Hutchinson & Aragon, 2002; Weiss-Krejci, 2013).
Furthermore, these cranial remains display non-fatal traumatic injuries since individuals survived the
violent conflict, and not all can be definitely attributed to intentional violence (Jiménez-Brobeil et al.,
2009). This injury pattern has been considered the result of face-to-face confrontations and suggests
that open inter-group fighting or warfare were not common practices (Delgado, Alberto, & Velasco,



2018; Milner, 1999; Smith, 2003; Steadman, 2008). As a result, it could be related to non-lethal
violence for resolving conflicts, without intending to kill the enemy (Paine, Mancinelli, Ruggieri, &
Coppa, 2007; Scott & Buckley, 2014; Walker, 1997). Although it is clear that violence played a role in
the Neolithic populations, it does not necessarily indicate warfare and subsequent aggressive
cannibalism. Moreover, no cannibalised remains from southern Iberia display clear evidence of
violence that may associate these remains with enemies (Botella et al., 2000b; Jiménez-Brobeil et al.,
2009). Neither mass graves nor simultaneous burials have so far been documented that could be
related to massacres or warfare such as in Herxheim (Boulestin & Coupey, 2015) or Schéneck-
Kilianstadten (Meyer, Lohr, Gronenborn, & Alt, 2015) from the Linearbandkeramik Culture (LBK) in
Central Europe.

Funerary cannibalism (in terms of endocannibalism) has been suggested for the cannibalised remains
of Malalmuerzo, Majolicas and Cariglela caves (Botella et al., 2000b; Solari et al., 2012). This
hypothesis has not been fully developed since there is no explication of the reasons behind this
behaviour, and its relationship with other burial practices. Botella et al. (2000b; 2003) and Solari et al.
(2012) have allocated these remains to the last phase of the Neolithic (which is called “advance” and
situated in the IV millennium BC by them), but no direct radiocarbon dates and detailed contextual
evidence have been given to support this chronological assignment. As already mentioned, we should
consider the fact there is archaeological evidence allocated to the Early Neolithic in these caves,
including directly dated human remains in Malalmuerzo, indicating that an older chronological
allocation could be more likely. Jiménez-Brobeil (1990) indicates that primary burials were located in
this cave, although there is no direct dating or stratigraphic relationship of this evidence with the area
where the cannibalised remains appeared. It precludes considering if there was any relationship
between cannibalised bones and primary deposits in Malamuerzo.

Marks from marrow extraction, cutting and probably tooth marks identified on bones from EIl Toro
indicate that cannibalism occurred there during its Early Neolithic occupation period. However,
several bones, such as ribs, phalanges and vertebrae, showed no evidence of human-induced
modifications. The cut marks rate was 10.9% of specimens (18.7 on cranial and 3.77% on postcranial
specimens), which was lower than in other cannibalism assemblages from Prehistory (Saladié &
Rodriguez Hidalgo, 2017). Hand and foot bones show tooth/chewing marks as in cannibalism
assemblages such as Gough’s Cave (Bello et al., 2015), Malalmuerzo (Solari et al., 2012), Herxheim
(Boulestin & Coupey, 2015) and Mancos (White, 1992). If we consider that tooth marks and chewing
at El Toro were caused by humans (6.9% of specimens), the proportion affected is lower compared
with some assemblages such as EI Mirador (48.1%) (Caceres et al., 2007) and Gough’s Cave (53%)
(Bello et al., 2015; 2016), but higher than others such as Les Perrats (1.08%) (Boulestin, 1999),
Malalmuerzo (3.9%) (Solari et al., 2012), and Herxheim (0.89%) (Boulestin & Coupey, 2015). Also,
when carnivorous animals consume corpses the extremities of the limbs are little affected, except in
unusually intensive scavenging (Haglund, 1991). Thus, we cannot rule out that some tooth marks
found on human bones were the result of medium-sized or small carnivores. For instance, tooth and
chewing marks on the subadult sternal segment can be interpreted as carnivore rather than human
action. Carnivorous animals usually consume corpses in a centrifugal pattern and the sternum area is
frequently affected in gaining access to the internal organs (Haglund, 1991).

On comparing the skeletal survival rate (%survivorship) from El Toro with other skeletal assemblages
showing evidence of anthropogenic manipulation, including cannibalism and secondary burials, El
Mirador presented the most similar values (Figure 19). It is obvious the representation difference
between the cranial and postcranial skeleton in El Toro and EIl Mirador. The %survivorship also shows
differences from secondary funerary assemblages with deliberate manipulation of the corpses.
Vertebrae, and hand and foot bones are also commonly underrepresented in cannibalism contexts



(Bello et al., 2015; Boulestin et al., 2009; Boulestin & Coupey, 2015; Saladié & Rodriguez-Hidalgo,
2017), while at EI Toro hands and feet were well-represented. Furthermore, percussion damage for
marrow extraction does not explain the low representation of limb bones in this cave, because they are
also well represented in cannibalism assemblages where this action was frequent, usually fractured for
marrow extraction.

The presence of manipulated human bones in Sector 2 suggests that the corpses were handled in the
habitat area. It means that body parts could have been consumed at the cave. However, the infra-
representation of limb bones and other skeletal regions suggests that some body parts were collected
and transferred from Sector 2 to a new so far unknown location. This set of evidence only describes
part of the treatment that was given to the bodies, since the final destination of most of the bones
remains to be discovered. Similar behaviour in the Neolithic site of Fontbrégoua (France) has been
described, recently dated at 5450-4800 cal BC 2c (Le Bras-Goude, Binder, Zemour, & Richards,
2010). There, archaeologists reported different treatments in the deposition of human bones, along
with cannibalism and ritual treatment of the skulls (Villa, 1992; Villa et al., 1986). This evidence has
also been interpreted as war cannibalism between different groups, these remains likely being war
trophies (Courtin, 2000). Near Fontbrégoua, the Early Neolithic sequence of the Grotte de I’ Adaouste
contains remains of five individuals displaying bone manipulation such as cut marks and intentional
fractures (Mafart, Baroni, & Onoratini, 2004). In this case, bone manipulation is considered a
consequence of burial practices rather than cannibalism, since human remains were not treated the
same as faunal remains. Furthermore, Mafart et al. (2004) suggest that Grotte de I’ Adaouste and
Fontbrégoua assemblages display the same regional funeral ritual, part of the same cultural identity.

In southern Iberia, Early Neolithic funerary deposits include primary burials such as at Cueva de los
Murciélagos (Valdiosera et al., 2018), Cueva de la Mujer (Garcia-Sanchez & Jiménez-Brobeil, 1985),
Cerro Virtud (Montero, Rihuete, & Ruiz et al., 1999), and Sima de La Maquila (Mengibar, Mufioz, &
Gonzélez, 1981), along with secondary deposits found at different caves (Botella et al., 2000b, 2003;
Carrasco et al., 2014; Diaz-Zorita, Costa, & Garcia-Sanjuan, 2012; Martin-Socas et al., 2018). These
records point to a wide variability of archaeological contexts where human remains played a role, and
where primary and secondary depositions are documented along with cannibalism. This evidence also
highlights the significant relationship between caves and burial practices, including specific
paraphernalia and material culture associated with funerary rituals (Carrasco Rus et al., 2014; Martin-
Socas et al., 2018). Some scholars have argued that caves were used exclusively as funeral spaces with
a clear ritual and worship function during this time (Carrasco & Martinez-Sevilla, 2014; Carrasco,
Morgado, & Martinez-Sevilla, 2016). Nevertheless, several archaeological examples provide clues to a
more complex and diverse management of cave-use as polyfunctional spaces, as in El Toro, including
simultaneous habitat, stock-pen, craftwork and human bone manipulation (Martin-Socas et al., 2018).
This means that distinguishing between funerary and aggressive cannibalism remains a challenge,
given the extremely complex nature of some caves used in the Early Neolithic. Unfortunately, we have
no precise evidence about the archaeological contexts where cannibalism appears in southern Iberia to
establish comparisons with El Toro beyond taphonomic aspects of the osteological record. More
research must be done to understand the archaeological contexts where these bones were found, as far
as possible, and reinforce the radiocarbon series of the osteological collections from these sites
according to the minimum number of individuals.

It is premature to offer a comprehensive explanation for the evidence of cannibalism in the Early
Neolithic of southern Iberia. Evidence from EI Toro suggests that cannibalism was conducted in the
domestic area, likely following ritualised practices where skull-cups may have played a part. The
composition of the deposit where the skull-cup was found suggests that this was a special feature with
a significant meaning for the inhabitants of Cueva de El Toro. This skull-cup was made soon after the



individual’s death, which could be linked to the cannibalistic practices detected in the domestic area.
The reasons for cannibalism at EI Toro remain unresolved but two main hypotheses seem to be the
most convincing: 1) Aggressive cannibalism relates to the emergence of social tension and inter-group
violence; and 2) Funerary cannibalism is a facet of multi-stage funerary practices in caves. These
hypotheses also affect the explanation of the relationship between the skull-cup and the inhabitants of
Cueva de EIl Toro: it may be a trophy-head that belonged to an enemy, from the same or another
group, or otherwise a relic of a preeminent member of this group. Ethnohistoric and ethnographic
records highlight that most skull-cups are linked with aggressive cannibalism against enemies, and
only a few examples with funerary practices (Boulestin, 2012). Even then, we should not rule out
other kinds of behaviour in Prehistory, when funerary practices were highly diverse and complex.

ACKNOWLEDGEMENTS

We thank Amelia Rodriguez-Rodriguez for her help in the analysis and interpretation of this material.
The research was supported by the Spanish Ministerio de Economia y Competitividad (grant
HAR2016-78197-P), and the Maria Rosa Alonso Research Assistance Programme (Cabildo de
Tenerife, Spain). Research by JS was supported by the Marie Sktodowska-Curie Actions (European
Commission, n°® GA 750460; H2020-MSCA-IF-2016). We also thank two anonymous reviewers for
their valuable comments on an earlier version of this article.

REFERENCES

Andrews, P., & Cook, J. (1985). Natural modifications to bones in a temperature setting. Man, 20,
675-691.

Andrews, P., & Fernandez-Jalvo, Y. (2003). Cannibalism in Britain: Taphonomy of the Creswellian
(Pleistocene) faunal and human remains from Gough's Cave (Somerset, England). Bulletin of The
Natural History Museum Geology Series, 58(1), 59-81.

Aranda-Jiménez, G., Montén-Subias, S., & Jiménez-Brobeil, S. (2009). Conflicting evidence?
Weapons and skeletons in the Bronze Age of south-east Iberia. Antiquity, 83(322), 1038-1051.

Behrensmeyer, A.K. (1978). Taphonomic and ecologic information from bone weathering.
Paleobiology, 4(2), 150-162.

Behrensmeyer, A.K., Gordon, K., & Yanagi, G. (1986). Trampling as a cause of bone surface damage
and pseudo-cutmarks. Nature, 319, 768-771.

Bello, S.M., & Andrews, P. (2006). The intrinsic pattern of preservation of human skeletons and its
influence on the interpretation of funerary behaviours. In R. Gowland, & C. Knusel (Eds.), Social
archaeology of funerary remains, (pp. 1-13). Oxford: Owbox.

Bello, S.M., & Soligo, C. (2008). A new method for the quantitative analysis of cutmark
micromorphology. Journal of Archaeological Science, 35, 1542-1552

Bello, S.M., Parfitt, S.A., & Stringer, C.B. (2011). Earliest directly-dated human skull-cups. PLoS
One, 6(2), e17026.

Bello, S.M., Saladié, P., Caceres, I., Rodriguez-Hidalgo, A., & Parfitt, S.A. (2015). Upper Palaeolithic
ritualistic cannibalism at Gough's Cave (Somerset, UK): The human remains from head to toe. Journal
of Human Evolution, 82(0), 170-189.

Bello, S.M., Wallduck, R., Dimitrijevi¢, V., Zivaljevic’, I., & Stringer, C.B. (2016). Cannibalism
versus funerary defleshing and disarticulation after a period of decay: comparisons of bone



modifications from four prehistoric sites. American Journal of Physical Anthropology, 161(4), 722—
743.

Bontrager, A., & Nawrocki, S.P. (2008). A Taphonomic Analysis of Human Cremains from the Fox
Hollow Farm Serial Homicide Site. In W. Schmidt, & S.A. Symes (Eds.), The Analysis of Burned
Human Remains (pp. 211-226). Cambridge (Massachusetts): Academic Press (Elsevier).

Bosch, P., Aleman, I., Moreno-Castilla, C., & Botella, M. (2011). Boiled versus un-boiled, a study on
neolithic and contemporary human bones. Journal of Archaeological Science, 38, 2561-2570.

Botella, M. (1973). Restos humanos eneoliticos con incisiones de la provincia de Granada. Anales del
desarrollo, 17(41-42), 401-423.

Botella, M., Alemén, 1., & Jiménez, S. (2000a). Los huesos humanos: manipulacion y alteraciones.
Barcelona: Bellaterra.

Botella, M., Jiménez, S., Aleman, I., du Souich, P., & Garcia, C. (2000b). Evidencias de canibalismo
en el Neolitico espafiol. In L. Caro, H. Rodriguez, & E. Sanchez (Eds.), Tendencias actuales de la
Antropologia Fisica Espafiola (pp. 43-56). Ledn: Universidad de Leon.

Botella, M., Aleman, 1., Jiménez, S., du Souich, P., & Garcia, C.J. (2003). Canibalismo en dos lugares
neoliticos espafioles. Estudio comparativo. In M.P., Aluja, A., Malgosa, & R.M Nogués (Eds.),
Antropologia y Biodiversidad, Volumen | (pp. 65-77). Barcelona: Bellaterra.

Boulestin, B. (1999). Approche taphonomique des restes humains. Le Cas des Mésolithiques de la
Grotte des Perrats et le Probléme du Cannibalisme en Préhistoire Récente Européenne. British
Archaeological Reports (BAR), International Series 776. Oxford: Archaeopress.

Boulestin, B. (2012). Quelques réflexions a propos des coupes craniennes préhistoriques. In B.
Boulestin, & D. Henry-Gambier (Eds.), Crdnes trophées, crdnes d’ancétres et autres pratiques autour
de la téte : problémes d’interprétation en archéologie (pp. 35-45). British Archaeological Reports
(BAR), International Series 2415, Oxford: Archaeopress.

Boulestin, B., & Coupey, A.S. (2015). Cannibalism in the Linear Pottery Culture: The human remains
from Herxheim. Oxford: Archaeopress Publishing Limited.

Boulestin, B., Zeeb-Lanz, A., Jeunesse, C., Haack, F., Arbogast, R-M., & Denaire, A. (2009). Mass
cannibalism in the Linear Pottery Culture at Herxheim (Palatinate, Germany). Antiquity, 83(322), 968—
982.

Bronk Ramsey, C. (1995). Radiocarbon calibration and analysis of stratigraphy: the OxCal program.
Radiocarbon, 37 (2): 425-430.

Bronk Ramsey, C. (2001). Development of the radiocarbon calibration program. Radiocarbon, 43(2):
355-363.

Buikstra, J.E., & Swegle, M. (1989). Bone Modification Due to Burning: Experimental Evidence. In
R. Bonnichsen, & M.H. Sorg (Eds.), Bone Modification (pp. 247-258). Orono: Center for the Study of
the First Americans.

Buikstra, J.E., & Ubelaker, D.H. (1994). Standards for Data Collection from Human Skeletal Remains
Arkansas: Archaeological Survey Research Series.

Caceres, I, Lozano, M., & Saladié, P. (2007). Evidence for bronze age cannibalism in EI Mirador
Cave (Sierra de Atapuerca, Burgos, Spain). American Journal of Physical Anthropology, 133(3), 899—
917.



Camalich Massieu, M.D., & Martin-Socas, D. (2013). Los inicios de Neolitico en Andalucia. Entre la
tradicion y la innovacion. Menga, 04, 103-129.

Cémara Serrano, J.A., Afonso Marrero, J.A., Molina Gonzélez, F. (2016). La ocupacion de las Penas
de los Gitanos (Montefrio, Granada) desde el Neolitico al mundo romano. Asentamiento y ritual
funerario. In R.J. Pedregosa Megias (Ed.), Arqueologia e Historia de un paisaje singular. La Pena de
los Gitanos, Montefrio (Granada) (pp. 17-121), Montefrio: Ayuntamiento de Montefrio, Ministerio de
Cultura.

Carrasco Rus, J., & Martinez-Sevilla, F. (2014). Las cronologias absolutas del Neolitico Antiguo en el
sur de la peninsula ibérica. Nuevas dataciones. Archivo de Prehistoria Levantina, XXX, 57-80.

Carrasco Rus, J., Martinez-Sevilla, F., Gdmiz Jiménez, M., Pachén Romero, J.G., Gamiz Caro, J., &
Jiménez Brobeil, S. (2014). Los registros funerarios neoliticos de laSima" LJ11"(Loja, Granada).
Nuevos datos y cronologias. Antigvitas 26, 5-41.

Carrasco Rus, J., Morgado, A., & Martinez-Sevilla, A. (2016). Implantacion y desarrollo de los grupos
neoliticos del sur de la peninsula ibérica. Reflexiones sobre algunos modelos interpretativos desde los
inicios del siglo XXI. In H. Bonet Rosado (Ed.), Del neolitic a l’edat del bronze en el Mediterrani
occidental. Estudis en homenatge a Bernat Marti Oliver (pp. 159-180). Valencia: TV SIP 119.

Carvalho, A. F., Pefia, L. & Gibaja, J. F. (2010). Datacion directa de cebada (Hordeum vulgare L.) de
la Cueva de los Marmoles (Cérdoba, Espafia). In J. F. Gibaja & A. F. Carvalho (Eds.), Os ultimos
cacadores-recolectores e as primeiras comunidades produtoras do sul da Peninsula Ibérica e do
Norte de Marrocos (pp. 247-249). Promontoria Monografica, 15. Faro: Universidade do Algarve.

Courtin, J. (2000). Les premiers paysans du Midi. Paris: La Maison des Roches éditeur.

Delgado-Darias, T., Alberto-Barroso, V., & Velasco-Vazquez, J. (2018). Violence in paradise: Cranial
trauma in the prehispanic population of Gran Canaria (Canary Islands). American journal of physical
anthropology, 166(1), 70-83.

Depierre, G. (2014). Crémation et archéologie : Nouvelles alternatives méthodologiques en ostéologie
humaine. Dijon: Universitaires de Dijon (Art, archéologie & patrimoine).

Diaz-Zorita, M., Costa, M.E., & Garcia Sanjuan, L. (2012). Funerary practices and demography from
the Mesolithic to the Copper Age in southern Spain. In J.F. Gibaja, A.F. Carvalho, & P. Chambon
(Eds.), Funerary Practices in the Iberian Peninsula from the Mesolithic to the Chalcolithic. British
Archaeological Reports (BAR) International Series 2417 (pp. 51-65). Oxford: Archaeopress.

Dixon, K.J., Novak, S.A., Robbins, G., Schablitsky, J.M., Scott, G.R., & Tasa, G.L. (2010). Men,
women, and children starving: archaeology of the donner family camp. American Antiquity, 75(3),
627-656.

Dominguez-Rodrigo, M., de Juana, S., Galan, A.B., & Rodriguez, M. (2009). A new protocol to
differentiate trampling marks from butchery cut marks. Journal of Archaeological Science, 36(12),
2643-2654.

Eg[]ez, N., Mallol, C., Martin-Socas, D., & Camalich, M.D. (2016). Radiometric dates and
micromorphological evidence for synchronous domestic activity and sheep penning in a Neolithic
cave: cueva de El Toro (Mélaga, Antequera, Spain). Archaeological and Anthropological Science,
8(1), 107-123.

Evora, M. (2015). Use-wear methodology on the analysis of osseous industries. In J.M. Marreiros, N.
Bicho, & J.F. Gibaja Bao (Ed.), Use-Wear and Residue Analysis in Archaeology (pp. 159-170).



Manuals in archaeological Method, Theory and Technique. Springer International Publishing
Switzerland.

Fausto, C. (2007). Feasting on People: Eating Animals and Humans in Amazonia. Current
Anthropology, 48(4), 497-530.

Fernandez-Jalvo, Y., & Andrews, P. (2011). When humans chew bones. Journal of Human Evolution,
60(1), 117-123.

Fregel, R., Méndez, F.L., Bokbot, Y., Martin-Socas, D., Camalich-Massieu, M.D., Santana, J.,
Morales, J., Avila-Arcos, M.C., Underhill, P.A., Shapiro, B., Wojcik, G., Rasmussen, M., Soares,
A.E.R., Kapp, J., Sockell, A., Rodriguez-Santos, F.J., Mikdad, A., Trujillo-Mederos, A., &
Bustamante, C.D. (2018). Ancient genomes from North Africa evidence prehistoric migrations to the
Maghreb from both the Levant and Europe. Proceedings of the National Academy of Sciences, 115(26)
6774-6779.

Galloway, A., Willey, P., & Snyder, L. (1997). Human bone mineral densities and survival of bone
elements: a contemporary example. In W. D. Haglund & M. H. Sorg (Eds) Forensic Taphonomy. The
Postmortem Fate of Human Remains (295-317). Boca Raton: CRC Press.

Garcia Sanchez, M., & Carrasco Rus, J. (1981). «Craneo-copa» eneolitico de la cueva de la Carigiiela
de Pinar (Granada). Zephyrvs, XXXII-XXXIII, 121-131.

Garcia Sanchez, M., & Jiménez Brobeil, S.A. (1985). Restos humanos neoliticos de Alhama de
Granada. Cuadernos de Prehistoria de la Universidad de Granada, 10, 67—-101.

Greenfield, H.J. (1999). The Origins of Metallurgy: Distinguishing Stone from Metal Cut-marks on
Bones from Archaeological Sites. Journal of Archaeological Science, 26(7), 797-808.

Gongalves, D., Cunha, E., & Thompson, T.J.U. (2015). Estimation of the pre-burning condition of
human remains in forensic contexts. International Journal of Legal Medicine, 129 (5), 1137-1143.

Guillon, F. (1987). Brdlés frais ou brilés secs? In H. Duday & C. Masset (Eds.), Anthropologie
physique et archéologie: méthodes d’étude des sépultures (pp. 191-194) Paris: Editions CNRS

Haglund, W.D. (1991). Applications of Taphonomic Models to Forensic Investigations. PhD
dissertation. Washington University of Washington, Seattle.

Henry-Gambier, D., & Faucheux, A. (2012). Les pratiques autour de la téte en europe au paléolithique
supérieur. In B. Boulestin & D. Henry-Gambier (Eds.) Cranes trophées, crdnes d’ancétres et autres
pratiques autour de la téte : problemes d’interprétation en archéologie (pp. 53-68). Archaeological
Reports (BAR), International Series 2415, Oxford: Archaeopress.

Herrmann, N.P., & Bennett, J.L. (1999). The differentiation of traumatic and heat-related fractures in
burned bone. Journal of Forensic Science, 44(3), 461-469.

Hurlbut, S.A. (2000). The taphonomy of cannibalism: a review of anthropogenic bone modification in
the American Southwest. International Journal of Osteoarchaeology, 10(1), 4-26.

Hutchinson, D.L., & Aragon, L.V. (2002). Collective Burials and Community Memories: Interpreting
the Placement of the Dead in the Southeastern and Mid-Atlantic United States with Reference to
Ethnographic Cases from Indonesia. In: H. Silverman, & D. B. Small (Eds.), The Space and Place of
Death (pp. 27-54). Arlington: American Anthropological Association.

Jiménez-Brobeil, S.A., Botella Lopez, M.C., & Aleman, I. (1996). Craneos trepanados neoliticos de
Andalucia Oriental. In A., Pérez-Pérez, A. (Ed.), Salud, enfermedad y muerte en el pasado, Actas del
I11 Congreso Nacional de Paleopatologia (pp. 271-276). Barcelona: Fundacion Uriach.



Jiménez-Brobeil, S. A., Du Souich, P. H., & Al Oumaoui, 1. (2009). Possible relationship of cranial
traumatic injuries with violence in the south-east Iberian Peninsula from the Neolithic to the Bronze
Age. American Journal of Physical Anthropology, 140(3), 465-475.

Kantner, J. (1999). Survival cannibalism or sociopolitical intimidation? Human Nature, 10(1), 1-50.

Kendell, A., & Willey P. (2014) Crow Creek Bone Bed Commingling: relationship between bone
mineral density and minimum number of individuals and its effect on paleodemographic analyses. In
A., Osterholtz, K., Baustian, D., Martin (Eds.), Commingled and Disarticulated Human Remains (pp.
85-104). New York: Springer.

Kopp, D, & Graham, D. (2011). Into the fire: examining the manifestation of pot polish. American
Journal of Physical Anthropology 52, 190-191.

Le Bras-Goude, G., Binder, D., Zemour, & Richards, M.P. (2010). New radiocarbon dates and isotope
analysis of Neolithic human and animal bone from the Fontbrégoua Cave (Salernes, Var, France).
Anthropological Science, 88, 167-178.

Le Mort, F., & Gambier, D. (1991). Cutmarks and breakage on the human bones from le Placard
(France). An example of special mortuary practice during the Upper Palaeolithic. Anthropologie,
29(3), 189-194.

Lyman, R.L. (1994). Vertebrate Taphonomy. Cambridge: Cambrige University Press.

Mariotti, V., Bonfiglioli, B., Facchini, F., Condemi, S., & Belcastro, M.G. (2009). Funerary practices
of the Iberomaurusian population of Taforalt (Tafoughalt; Morocco, 11-12,000 BP): new hypotheses
based on a grave by grave skeletal inventory and evidence of deliberate human modification of the
remains. Journal of Human Evolution, 56, 340-354.

Mafart, B., Baroni, I., & Onoratini, G. (2004). Les restes humains de la grotte de 1’ Adaouste du
Néolithique ancien final (Bouches-du-Rhéne, France): cannibalisme ou rituel funéraire ? In I, Jadin &
A. Hauzer (Eds.), Le Néolithique au Proche Orient et en Europe. British Archaeological Report
(BAR) International Series, 1303. (pp. 289-294). Oxford: Archaeopress.

Martin-Socas, D., Camalich Massieu, M.D., & Gonzéalez Quintero, P. (Eds.) (2004). La Cueva de El
Toro (Sierra de El Torcal-Antequera-Malaga). Un modelo de Ocupacién Ganadera en el Territorio
Andaluz entre el VI y Il Milenios A.N.E. Sevilla: Arqueologia Monografias 21, Junta de Andalucia.

Martin-Socas, D., Camalich Massieu, M.D., Caro Herrero, J.L., & Rodriguez-Santos, F.J. (2018). The
beginning of the Neolithic in Andalusia. Quaternary International, 470, 451-471.

Mays, S., & Beattie, O. (2016). Evidence for End-stage Cannibalism on Sir John Franklin's Last
Expedition to the Arctic, 1845. International Journal of Osteoarchaeology, 26(5), 778-786.

Mengibar, J.L., Mufioz, M.J., & Gonzélez, M.J. (1981). Nuevos habitats neoliticos en el sector 2
oriental de Sierra Gorda (Granada). Antropologia y Paleoecologia Humana, 2, 55-78.

Meyer, C., Lohr, C., Gronenborn, D., & Alt, K.W. (2015). The massacre mass grave of Schoneck-
Kilianstadten reveals new insights into collective violence in Early Neolithic Central Europe.
Proceedings of the National Academy of Sciences, 112(36), 11217-11222.

Milner, G.R. (1999). Warfare in prehistoric and early historic Eastern North America. Journal of
Archaeological Research, 7, 105-151.

Monroy Kuhn, J.M., Jakobsson, M., & Gilinther, T. (2018). Estimating genetic kin relationships in
prehistoric populations. PLoS ONE 13(4): e0195491.



Morales Pérez, J.V., Salazar-Garcia, D.C., de Miguel Ibafiez, M.P., Miret, C., Jorda Pardo, J.F.,
Verdasco Cebrian, C., Pérez Ripoll, M., & Aura Tortosa, J.E. (2017). Funerary practices or food
delicatessen? Human remains with anthropic marks from the Western Mediterranean Mesolithic.
Journal of Anthropological Archaeology, 45, 115-130.

Paine, R. R., Mancinelli, D., Ruggieri, M., & Coppa, A. (2007). Cranial trauma in Iron Age Samnite
agriculturists, Alfedena, Italy: Implications for biocultural and economic stress. American Journal of
Physical Anthropology, 132, 48-58.

Pickering, T.R., & Egeland, C.P. (2006). Experimental patterns of hammerstone percussion damage on
bones and zooarchaeological inferences of carcass processing intensity by humans. Journal of
Archaeological Science, 33, 459-469.

Pijoan, C.M. (1997). Evidencias de sacrificio humano y canibalismo en restos ¢seos. El caso del
entierro nimero 14 de Tlatelolco D.F. PhD Disertation. Mexico City: Universidad Nacional
Auténoma de México.

Rascovan, N., Sjogren, K., Kristiansen, K., Nielsen, R., Willerslev, E., Desnues, C., & Rasmussen, S.
(2018). Emergence and Spread of Basal Lineages of Yersinia pestis during the Neolithic Decline,
Cell, in press. https://doi.org/10.1016/j.cell.2018.11.005.

Reimer, P.J., Bard, E., Bayliss, A., Beck, J.W., Blackwell, P.G., Bronk Ramsey, C., Buck, C.E.,
Edwards, R.L., Friedrich, M., Grootes, P.M., Guilderson, T.P., Haflidason, H., Hajdas, I., Hatté, C.,
Heaton, T.J., Hoffman, D.L., Hogg, A.G., Hughen, K.A., Kaiser, K.F., Kromer, B., Manning, S.W.,
Niu, M., Reimer, R.W., Richards, D.A., Scott, M., Southon, J.R., Staff, R.A., Turney, C.S.M., & van
der Plicht, J. (2013). IntCal13 and Marinel3 radiocarbon age calibration curves 0—50,000 years cal
BP. Radiocarbon, 55(4), 1869-1887.

Rodriguez-Rodriguez, A.C. (2004). Analisis funcional de los instrumentos liticos tallados. In D Martin
Socas, M.D. Camalich Massieu, & P. Gonzalez Quintero (Eds.), La cueva de El Toro (Sierra de El
Torcal-Antequera-Malaga). Un modelo de Ocupacion Ganadera en el Territorio Andaluz entre el VI'y
I Milenios A.N.E. (pp. 135-160). Sevilla: Monografias de Arqueologia, Junta de Andalucia.

Rodriguez-Rodriguez, A.C., Martin -Socas, D., Camalich Massieu, M.D., & Gonzélez Quintero, P.
(1996). Las actividades tecnoeconémicas en Cueva del Toro (Antequera, Malaga) a través del analisis
funcional. Rubricatum, 1(1), 161-167.

Rodriguez-Rodriguez, A.C., Gibaja Bao, J.F., Perales Barron, U., & Clemente Conte, I. (2013).
Comunidades campesinas, pastoras y artesanas. Traceologia de los procesos de trabajo durante el
Neolitico andaluz, Menga, 4, 35-50.

Robb J., Elster E.S., Isetti E., Knisel C.J., Tafuri M.A., & Traverso A. (2015). Cleaning the dead:
Neolithic ritual processing of human bone at Scaloria Cave, Italy. Antiquity, 89(343), 39-54.

Montero Ruiz, I., Rihuete Herrada, C., Ruiz Taboada, A. (1999). Precisiones sobre el enterramiento
colectivo neolitico de Cerro Virtud (Cuevas del Almanzora, Almeria). Trabajos de Prehistoria, 56,
119-130.

Saladié, P., Rodriguez-Hidalgo, A., Diez, C., Martin-Rodriguez, P., & Carbonell, E. (2013). Range of
bone modifications by human chewing. Journal of Archaeological Science, 40(1), 380-397.

Saladié, P., Céceres, I., Huguet, R., Rodriguez-Hidalgo, A., Santander, B., OlI¢, A., Gabucio, M.J.,
Martin, P., & Marin, J. (2015). Experimental Butchering of a Chimpanzee Carcass for Archaeological
Purposes. PLoS One 10(3), e0121208.


https://doi.org/10.1016/j.cell.2018.11.005

Saladié, P., & Rodriguez-Hidalgo, A. (2017). Archaeological Evidence for Cannibalism in Prehistoric
Western Europe: from Homo antecessor to the Bronze Age. Journal of Archaeological Method and
Theory, 24(4), 1034-1071.

Sanday, P.R. (1986). Divine Hunger: Cannibalism as a Cultural System. Cambridge: Cambridge
University Press.

Santana J., Velasco J., Ibafez J.J., & Braemer F. (2012). Crania with mutilated facial skeletons: A new
ritual treatment in an early Pre-Pottery Neolithic B cranial cache at Tell Qarassa North (South Syria).
American Journal of Physical Anthropology, 149(2), 205-216.

Santana, J., Velasco, J., Balbo, A, Iriarte, E., Zapata, L., Teira, L., Nicolle, C.; Braemer, F., & Ibafiez,
J. J. (2015). Interpreting a ritual funerary area at the Early Neolithic site of Tell Qarassa North (South
Syria, late 9th millennium BC). Journal of Anthropological Archaeology, 37, 112-127.

Scheuer, L., & Black, S. (2000). Developmental juvenile osteology. New York: Elsevier Academic
Press.

Scott, R. M., & Buckley, H. R. (2010). Biocultural interpretations of trauma in two prehistoric pacific
island populations from Papua New Guinea and the Solomon Islands. American Journal of Physical
Anthropology, 142, 509-518.

Sidéra, I., & Legrand, A. (2006). Tracéologie fonctionnelle des matiéres osseuses: une méthode.
Bulletin de la Société préhistorique francaise, 103(2), 291-304.

Smith, M. O. (2003). Beyond palisades: The nature and frequency of late prehistoric deliberate trauma
in the Chickamauga Reservoir of east Tennessee. American Journal of Physical Anthropology, 121,
303-318.

Solari, A.S., Olivera, D., Gordillo, 1., Bosch, P., Fetter, G., Lara, V.H., & Novelo, O. (2015). Cooked
Bones? Method and Practice for Identifying Bones Treated at Low Temperature. International Journal
of Osteoarchaeology, 25(4), 426-440.

Solari, A.S., Botella Lopez, M., & Aleman Aguilera, 1. (2012). Canibalismo en la Cueva de
Malamuerzo: identificacién de huellas de manipulacion intencional en restos 6seos humanos de
origen arqueoldgico (Granada, Espafia). British Archaeological Reports (BAR) International Series
2418, Oxford: Archaeopress.

Spennemann, D.H.R., & Colley, S.M. (1989). Fire in a pit: the effects of burning of faunal remains.
Archaeozoologia, 3, 51-64.

Steadman, D. W. (2008). Warfare related trauma at Orendorf, a Middle Mississipian site in West-
Central Illinois. American Journal of Physical Anthropology, 136, 51-64.

Symes, S.A., Smith, O.C., & Berryman, H. (1996). Bones: bullets, burns, bludgeons, blunders, and
why (Workshop). Proceedings - American Academy of Forensic Sciences, 2, 10-11

Trujillo-Mederos, A., Bosch, P., Pijoan, C., & Mansilla, J. (2016). Savoury Recipes and the Colour of
the Tlatelcomila Human Bones. Archaeometry, 58(4), 688—704.

Trujillo-Mederos, A., Alemén, 1., Botella, M., & Bosch P. (2012). Changes in human boiled in
seawater. Journal of Archaeological Science, 39(4), 1072-1079.

Turner, C.G. I, & Turner, J. (1995). Cannibalism in the Prehistoric American Southwest: Occurrence,
Taphonomy, Explanation, and Suggestions for Standardized World Definition. Anthropological
Science, 103(1), 1-22.



Turner, C.G. I, & Turner, J. (1999). Man Corn: Cannibalism and Violence in the American Southwest
and Mexico. Salt Lake City: University of Utah Press.

Valdiosera, C., Gunther, T., Vera-Rodriguez, J. C., Urefia, I., Iriarte, E., Rodriguez-Varela, R., L
Simdes, L., Martinez-Sanchez, R., Svensson, E., Malmstrom, H., Rodriguez, L., Bermidez de Castro,
J.M., Carbonell, E., Alday, A., Hernandez Vera, J.A., Gotherstrém, A., Carretero, J.M., Arsuaga, J.L.,
Smith, C.1I., & Jakobsson, M. (2018). Four millennia of Iberian biomolecular prehistory illustrate the
impact of prehistoric migrations at the far end of Eurasia. Proceedings of the National Academy of
Sciences, 115(13), 3428-3433.

Villa, P. (1992). Cannibalism in Prehistoric Europe. Evolutionary Anthropology, 1, 93-104

Villa, P., & Mahieu, E. (1991). Breakage patterns of human long bones. Journal of Human Evolution,
21(1), 27-48.

Villa, P., Courtin, J., & Helmer, D. (1988). Cannibalism in old world prehistory. Rivista di
Antropologia, LXVI, 47-64.

Villa, P., Bouville, C., Courtin, J., Helmer, D., Mahieu, E., Shipman, P., Belluomini, G., & Branca, M.
(1986). Cannibalism in the Neolithic. Science, 233, 431-437.

Waldron T. (1987). The relative survival of the human skeleton: implications for palaesopathology. In
A. Boddington, A. Garland & R. Janaway (Eds.), Death, decay and reconstruction: approaches to
archaeology and forensic science (pp.149-62). Manchester: Manchester University Press.

Walker, P. L. (1997). Wife beating, boxing, and broken noses: Skeletal evidence for the cultural
patterning of violence. In D.W. Frayer, & D. L. Martin, (Ed.), Troubled times:Violence and warfare in
the past. Vol. 3, p. 145-179. Amsterdam: Gordon and Breach Publishers.

Walker, P.L., Miller, KW.P., & Richman, R. (2008). Time, Temperature, and Oxygen Availability:
An Experimental Study of the Effects of Environmental Conditions on the Color and Organic Content
of Cremated Bone. In W. Schmidt, & S.A. Symes (Eds.), The Analysis of Burned Human Remains
(pp.129-135). Cambridge (Massachusetts): Academic Press (Elsevier).

Weiss-Krejci, E. (2013). The unburied dead. In S. Tarlow, & L. Nilsson Stutz (Eds.), The Oxford
Handbook of the Archaeology of Death and Burial (pp. 281-301). Oxford: Oxford University Press.

White, T.D. (1992). Prehistoric cannibalism at Mancos 5SMTUMR-2346. New Jersey: Princeton
University Press.

Whyte, T.R. (2001). Distinguishing Remains of Human Cremations from Burned Animal Bones.
Journal of Field Archaeology, 28(3-4), 437-448.

FIGURE LEGENDS
Figure 1. Location map of the sites with skull-cups in Western European prehistory.

Figure 2. Map of Cueva de El Toro and excavation area, indicating both sectors and the Sector 1
entrance.

Figure 3. Stratigraphic sequence of Cueva de El Toro.
Figure 4. Skull-cup, the non-manipulated mandible and the four ceramic vessels found at Sector 1.

Figure 5. Skull-cup from Cueva de EIl Toro; (a) anterior view; (b) right lateral view (c) left lateral
view; (d) posterior lateral left view.



Figure 6. Image and drawing to show the location of cut marks. (A) Cut marks recorded on left
parietal bone (x8) and detail (x30). The image shows a portion of one of the cut marks, displaying
some micro-striations (white arrows) at the base and a V-shaped section with a shoulder effect (black
arrows). (B) Detail of another cut mark (x60): the lower edge is regular, while the upper shows flaking
due to retouching with another stone tool.

Figure 7. (a) Zones of the skull-cup: (1) external view (2) internal view; Zone 1: single parietal
foramen; Zone 2: cut marks; Zone 3: percussion line. Zone 4: (A) polish (B) percussion pit. (b) Views
of the modified edges of the skull-cup in Zone 3; (c) Exocranial and (d) Endocranial views showing
the modified edges. The arrows indicate percussion impact.

Figure 8. (a) Detail of Zone 4 B: conchoidal impact fracture (x10); (b) Cut marks made previous to
shaping (18x); (c) Cut marks and micro-pits in the external table (25x).

Figure 9. SEM images obtained at a magnification of X500 (a) and x 2,500 (b). Morphology
constituted by ordered fibrils, with a smooth dense surface owing to indirect heat treatment (boiling).

Figure 10. Location of the worn section and use-wear features: rounded edge; a wavy, almost bright
surface; scarce perpendicular and oblique striations.

Figure 11. Posterior view of the skull-cup. The left parietal fragment with a section of lambdoid suture
that refitted with the skull-cup. (A) cut marks; (B) percussion damage.

Figure 12. (a) TCT88-1540-4 and (b) TCT40858-1. Both specimens show cut marks (black arrows),
and percussion damage (white arrows).

Figure 13. (a) TCT85-46757. Cut marks on the bone. Fire-damage shows colour changes such as a
brown colouring on most of the surface and black hues on some edges of the fragment. Fat wrapping
or cracking was not observed. (b) TCT81-41038-1. Parietal fragment shows intensive crossed thin and
overlapping scraping marks on the ectocranial surface, including several groups of parallel and sub-
parallel incisions in varying directions.

Figure 14. (a) TCT88-1405-1. Cut marks are located on the mandibular ramus, displaying chopping
and slicing cut marks (A and B) from the posterior to lingual surface. There is also crushing damage
on the condyle. (b) TCT85-46642-2. There are small notches and (A) an adhering flake.

Figure 15. The chopping mark is located on the medial surface of the femoral neck (black arrow). It
shows a perpendicular orientation to the long axis of the diaphysis. It has a smooth wall, marking an
angle of 45° and a VV-shaped kerf. There are several conchoidal scars on the diaphysis and epiphysis
(white arrows), and two adhering flakes on the epiphysis (white circle).

Figure 16. Pronounced cut marks showing overlapping incisions in both groups.
Figure 17. Tooth and chewing marks.
Figure 18. Tooth and chewing marks on the sternum.

Figure 19. Skeletal survival rate (%osurvivorship) in assemblages with human-induced manipulation
including cannibalism and secondary burial practices (Boulestin & Coupey, 2015; Bello et al., 2015;
Robb et al., 2015; Santana et al., 2015).

Supplementary Figure 1. Phylogenetic tree of complete mtDNA sequences from El Toro. Number
along links refers to nucleotide changes, whereas “@” and parenthesis indicates back mutations and
recurrent mutations within lineages, respectively. Recurrent mutations as 309iC, 315iC and 16519
have not been taken into account.



Supplementary Figure 2. READ kinship estimates for EI Toro individuals. (A) Sorted non-normalised
average PO values for all pairwise comparisons between El Toro samples. The solid horizontal line
indicates the median value used for normalisation and dashed lines show the cutoffs used to classify
the related individuals. The grey areas around dashed lines indicate 95% confidence intervals for the
cutoffs. (B) A histogram of the non-normalised average PO values. Vertical dashed and solid lines are
the same as in Figure S2A.



