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This work examines the possible behaviour of Neanderthal groups at

the Cueva Des-Cubierta (central Spain) via the analysis of the latter’s
archaeological assemblage. Alongside evidence of Mousterian lithic
industry, Level 3 of the cave infill was found to contain an assemblage of
mammalian bone remains dominated by the crania of large ungulates, some
associated with small hearths. The scarcity of post-cranial elements, teeth,
mandibles and maxillae, along with evidence of anthropogenic modification
of the crania (cut and percussion marks), indicates that the carcasses of

the corresponding animals were initially processed outside the cave, and
the craniawere later broughtinside. A second round of processing then
took place, possibly related to the removal of the brain. The continued
presence of crania throughout Level 3 indicates that this behaviour was
recurrent during this level’s formation. This behaviour seems to have no
subsistence-related purpose but to be more symbolicinitsintent.

Evidence of the past presence of Neanderthals at archaeological sites
is usually associated with subsistence activities, such as hunting, the
processing and consumption of animal resources, the preparation
of tools or the use of fire' . Less frequently, however, their presence
can be associated with other functions, such as extractive activities
(for example, flint quarrying’) and activities related to their symbolic
world (for example, burials® " and the use of structures constructed
for possible ceremonial use'?). The present work examines an unusual
archaeological assemblage, an accumulation of crania belonging to
large mammals, apparently processed by Neanderthals, in Level 3 of
the Cueva Des-Cubierta (in central Spain). Taxonomic and anatomical
analyses of this assemblage, along with the taphonomic modifications

to which its components were subjected, indicate that its origin lies
in something other than practices associated with mere subsistence.
Rather, itis probably associated with Neanderthal symbolism.

Results

Archaeological context

The CuevaDes-Cubierta (coordinates, 40°5523”N 3°48729”W, WGS84
datum;altitude, 1,112 m) forms part of a multi-level karstic system con-
sisting of subhorizontal conduits in outcrops of Cretaceous marine
carbonaterunningalongtherightbank of the upper River Lozoya Valley,
inthe north of the Madrid Region (Spain). It was discoveredin2009 dur-
ing survey work performed within the framework of the archaeological
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activity undertaken in the area since 2002”7, The cave, which runs
zigzag for some 80 m and is 2-4 m wide, has lost its ceiling due to the
erosive dismantling of its dolomite (Supplementary Results, ‘The site’).

Inthe maingallery, animmature human mandible and six decidu-
ous teeth have been recovered from Level 2 (ref. ') (see also Supple-
mentary Results, ‘Humanremains’). The developmental stage of these
teeth and the developing permanent tooth germ withinthe body of the
mandible suggest (by modern standards) that these items belonged
to a single individual who died at the age of 3-5 years" (see also Sup-
plementary Results, ‘Human remains’). The lack of a bony chin, the
degree of shovelling and the crown outline of the molars are typically
Neanderthal'®" (see also Supplementary Results, ‘Human remains’). In
addition, thelithicindustryrepresentedin Level 2 (n = 734 elements),
made mainly of quartz, is clearly Mousterian. Despite the peculiarities
of quartzknapping, the use of discoid knapping for flake extraction, the
presence of denticulates and notches among the retouched elements,
and the absence of any large cutting tools or laminar elements confirm
the Mousterian character of these elements (Extended Data Fig.1and
Supplementary Results, ‘Lithics’).

Theunderlying Level 3 contains an accumulation of clast-supported
subangular dolomite blocks and carbonate boulders in a sand-clay
matrix. Covering some 27 m? and reaching 2 min depth, it houses the
archaeological remains discussed in this work. Its biochronological
contextand available dating evidence place this level within MIS4 or the
first half of MIS3 (Supplementary Results, ‘Faunal remains’, ‘Radiocar-
bondating’and ‘U/Thdatings’). The pollenrecord suggests the climate
tohavebeendrier and colder thanat present (Supplementary Results,
‘Palynology’). Plant diversity was limited, woodland development was
patchy, andjuniperus and other steppe plants were in expansion at this
time. These environmental conditions agree with those suggested by a
study of the level’s association of micromammals, which is dominated
by different species of vole (Microtus arvalis, M. gr. agrestis and M.
gr. lusitanicus-duodecimcostatus) plus some remains of Ochotona cf.
pusilla, all indicators of an open landscape with little forest (Supple-
mentary Results, ‘Faunal remains’). The presence of type T-55 and 7A
spores, which are associated with fire, agrees with the recognition of
combustion areasin Level 3 (Supplementary Results, ‘Palynology’).

Level 3 also contains ample evidence of lithic industry. In total,
1,421 anvils, hammerstones, cores, flakes and shaped tools have been
recovered, all belonging to the Neanderthal Mousterian technocom-
plex (Extended Data Figs.1and 2 and Supplementary Results, ‘Lithics’).
The most common raw materials are those available locally. Quartz
stands out for its abundance, and gneiss for the size of the pieces made
fromit, particularly hammerstones and anvils. Broken hammerstones
were frequently reused as cores. The most used knapping methods
were expeditive, followed by centripetal and orthogonal methods
used in both bifacial and unifacial manners. Among the shaped tools
present, denticulates and notches are the most common, followed by
sidescrapers and retouched flakes. The presence of debris and refit-
tings confirm that some lithic tools were configured inside the cave
during the formation of Level 3.

Signs of thermoalteration were noted on elements of lithic indus-
try (1.1% of the lithic remains recovered), on dolomite clasts (13.0%
of all such clasts documented) and occasionally on the remains of
micromammals (Supplementary Results, ‘Evidences of fire’). Char-
coals (n=338) were also present in the assemblage. Overall, 34.0% of
the archaeological record of Level 3 was affected by fire. Although it
was hard to find conserved combustion-associated structures in the
sedimentary matrix*°, the documentation and spatial analysis of the
thermoaltered remains allowed the identification of concentrations of
fire-affected materials and specific points of combustion, including an
areain the cave that conserved a directly burned speleothemic floor
(the top of speleothem S1in contact with Level 3) (Extended Data Fig.
3 and Supplementary Figs. 31-39). This shows that fires were made
inside the cave.

The large mammal assemblage

Atotal of 2,265 faunal remains over 2 cmin length have been recovered
from Level 3, of which 1,616 have been identified taxonomically (Sup-
plementary Results, ‘Faunal remains’). Ungulate remains dominate
over those of carnivores (the carnivore-to-ungulate number of iden-
tified specimens (NISP) ratio is 1.6%”). The best represented of these
ungulates are bovines (Bison priscus and Bos primigenius), followed at
some distance by cervids (Cervus elaphus and Capreolus capreolus),
stepperhinoceroses (Stephanorhinus hemitoechus) and horses (Equus
ferus) (Table 1). Analysis of the bone modification surfaces revealed
these remains to show very few signs of predator activity (0.2% show
furrowing); those that were detected were always found on post-cranial
elements of the skeleton. The scarcity and poor definition of these
modifications made it impossible to identify the predator involved
(Supplementary Results, “‘Taphonomy’).

Some of the bone remains showed signs of thermoalteration
(30.5%). Bones measuring 2-5 cm were the most affected, and car-
bonization was the most documented type of impact. Cranial and
post-cranial remains were affected to much the same extent (around
20%) (Supplementary Results, ‘Evidences of fire’).

Overall, anthropic modification of the faunal remains was scarce
(1.6%) and concentrated on post-cranial elements, especially the bones
ofthe appendicular area (Supplementary Results, ‘Taphonomy’). The
most common modification was fracturing (1.4%) by direct percus-
sion to extract the bone marrow. Cut marks were found on just 0.3%
of the studied bones. Four remains showed both types of modifica-
tion. However, two crania, one belonging to S. hemitoechus and one to
B.priscus,showed clearanthropiccut marks (Extended DataFigs.4and5).
Although post-depositional fragmentation made it difficult to study
the evidence of anthropic fracturing, the former cranium showed signs
ofthisaswell asthe noted cut marks. Indeed, some crania were spatially
associated with anvils and hammers (Figs.1and 2).

The most notable feature of this large mammal association,
however, is its anatomical composition (Extended Data Fig. 6 and
Supplementary Fig.15), whichis clearly dominated by cranial remains,
mostly crania with missing maxillae. Teeth are very scarce. All these
crania belong to species with some form of appendage (bony horn
cores, antlers or keratinous horns). Equus ferus, the only species
withno cranial appendage belonging to the assemblage, is currently
represented by only a tooth fragment and a metapodial. In total,
the remains of 35 crania have been recovered, of which 28 belong
to bovines (B. priscus, 14; B. primigenius, 3; Bos/Bison, 11), 5 to cer-
vids (C. elaphus, 5; all males bearing their unshed antlers) and 2 to
rhinoceroses (S. hemitoechus) (Extended Data Figs. 7 and 8). Many
have suffered intense post-depositional fragmentation caused by
the sediment that surrounded them. However, detailed analysis of
the recovered fragments indicates that many of the crania (39.3%)
initially conserved the frontal region, including any horn cores or
antlers, as well as the occipital and nasal areas, but not the maxillae,
the bony palate or the zygomatic bones (Figs. 3 and 4). Some crania
were found lying over clusters of thermoaltered materials, including
burned cranial fragments.

Experimental butchering

The identification of anthropic marks on the crania and the
under-representation of zygomatic bones, maxillae, mandibles and
teeth suggest that the heads of these animals were first processed
outside the cave. The scarcity of these elements has beeninterpreted
in light of the results obtained in the experimental butchering of cow
heads. Three cow heads were butchered, each by an experienced
butcher, to identify which bones needed to be discarded or broken
to extract the meat, brain and marrow of the heads (Supplementary
Results, ‘Taphonomy’). When these cranial parts were removed through
direct percussion, it was easy to extract the eyes (which are nutritive),
but if these bones were not broken, the removal of these organs was
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Table 1| Quantification of the abundance of large mammal species in Level 3

LEVEL 3 NISP %NISP MNE %MNE MNI %MNI
Felis silvestris 4 0.25 3 2 1 2.33
Panthera spelaea 8 0.50 8 5.33 2 4.65
Crocuta crocuta 1 0.06 1 0.67 1 2.33
Cuon alpinus 3 019 2 1.33 1 2.33
Ursus cf. arctos 3 019 3 2 1 2.33
Mustela sp. 1 0.06 1 0.67 1 2.33
Carnivora indet. 6 0.37 1 0.67 1 2.33
Equus ferus 2 0.12 2 1.33 1 2.33
Stephanorhinus hemitoechus 59 3.66 8 5.33 2 4.65
Capreolus capreolus 6 0.37 5 3.33 2 2.33
Cervus elaphus 49 3.04 10 5.33 5 6.98
Bos/Bison 147 91.20 108 72 28 65.12
Total 1,613 100 150 100 43 100
Big mammals 431

Medium-sized mammals 213

Small mammals b

Indeterminable 1,314

%NISP, relative frequency of the NISP; MNE, minimum number of elements; %MNE, relative frequency of the MNE; MNI, minimum number of individuals; %MNI, relative number of the MNI.

Fig.1|Gneiss anvil under an aurochs cranium. Detail of the excavation
of Level 3in square H’44, in which an aurochs (Bos primigenius) cranium
(18/29/CDC/H’44/101/272) was identified. The black arrow points north.
Under the cranium (above the scale bar), a tabular gneiss boulder was found.
Thisisanallochthonous element for Level 3, which is composed of angular
to subangular cobbles and boulders of limestone and dolostone, and a
scanty carbonatic, silty matrix. It must have been broughtinto the cave

by Neanderthals. Its poor preservation (its surface is altered, causing the
disaggregation and loss of its mineral grains) allows no evidence of its use
to be gleaned (see Supplementary Fig. 24 for a diagram highlighting the
important elementsin the picture).

extremely difficult. In addition, during the breakage of the maxillae,
some upper teeth were accidentally extracted. If the first round of the
butchering process had been performedinside the cave, fragments of
mandibles, maxillae, zygomatic bones and/or upper and lower teeth
would have been found. However, as indicated above, these elements
arevery scarcein Level 3. Thus, theinitial butchering must have taken
place outside the cave and was probably related to the consumption
of the meat on the head, the tongue and eyes.

Asecond round of processing took place within the cave, perhaps
related to accessing the brain and/or working the crania into the con-
figurationinwhichthey were foundin Level 3. Althoughitis difficult to
speak of a clear configuration for these crania, it is evident that afinal
round of their modification occurredinthe cave. Thisis supported by
the large number of percussion-associated tools present (-14% of all
thelithic tools), by the percussion marks associated with the removal
of the maxillae and the extraction of the brain (at least in the case of
arhinoceros cranium) (Extended Data Fig. 5), and by the presence of
some isolated cranial fragments.

During the experimental butchering (Supplementary Results,
‘Taphonomy’), different options for accessing the brain were tested.
The easiest method was to break the occipital bones. At the site, these
bones are generally not complete and are sometimes isolated, sug-
gesting that the Neanderthal occupants probably worked on the crania
inside the cave to extract the brain.

Discussion

The anatomical, taxonomic and taphonomic features of this association
do not match what would be expected for a water- or gravity-driven
accumulation???, a natural trap* or a carnivore den” . Nor are they
consistent with those resulting from the practice of subsistence activi-
ties by Neanderthals, such as hunting or the processing and consump-
tion of their prey>****?, Although the high relative frequency of minimal
animal units (%MAU) of crania might suggest the existence of a carni-
vore den, the anatomical and taxonomical features of the bone assem-
blage are not similar to those produced by carnivores, and certainly not
by hyaenas® 7. Given the number of crania, another interpretation of
the site might be that Level 3 was akill-site. However, this can be ruled
outgiven the absence of low-nutritional elements typically found at kill/
butcheringsites, such as flatbones®* 2, Neither are there any parallels
with the contextsinterpreted for other, nearby sitesin Pinilladel Valle.
Certainly, for Level F of the Navalmaillo Rock-shelter, where a Nean-
derthal hunting camp has been detected’, the skeletal profile matches
thoseidentified for other anthropogenic faunal accumulations of the
Middle Palaeolithic. Other sites at Pinilla del Valle have been identified
ashyaenadens (forexample, at the Camino cave and Buena Pinta cave),
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Fig.2|Stepperhino cranium associated with ahammerstone. Detail of
the process of excavation of Level 3in square)’40, where a Stephanorhinus
hemitoechus cranium (16/12/CDC/)’40/101.2/691) was found (face down). The
photographed surface is approximately horizontal. The black arrow points
north. The cranium lacks maxillae. Just above the cranium, there is arounded
granite boulder (16/12/CDC/)’40/101.2/600) with a battered area, indicating its
use as ahammerstone. Note the bison horn core just above the rhino cranium and
the remains of alarge bovid cranium to the right (see Supplementary Fig. 25 for a
diagram highlighting the important elements in the picture).

forwhich the skeletal profiles are typical®***. The faunal assemblage of
the Cueva Des-Cubierta, however, is quite different and is not found
elsewhere in the local archaeological record.

Studies involving modern hunter-gatherer groups have shown
that the heads of large animals are usually discarded and not taken
back to camp, since they are heavy and of lower use as food**°. The
introduction of the crania, and not of other parts of the carcasses of
greater nutritional interest, into the Cueva Des-Cubierta thus seems
tohavebeendeliberate and notrelated to subsistence. Rather, it seems
morerelated to their symbolic use.

To date, no site exclusively related to symbolic activity has been
identified in the Neanderthal archaeological record. This is a limita-
tionwhen trying tointerpret the type of activity that the Neanderthals
involved might have undertaken there: there is simply nocomparative
framework to help inthis regard. Parallels with ethnographic examples
might be useful in addressing this question.

Today, theaccumulation and display of large mammal skullsin the
form of hunting trophies is linked to sport hunting. Similar practices
for varying purposes have, however, also been documented for the
most recent hunter-gatherer societies”. Indeed, cultures worldwide
have invested animal skulls with a strong symbolic content and have
protected or displayed them with due attention*. The skulls of hunted
animals were stored as souvenirs or hunting trophies among the Achuar
people of South America* and the Wola of New Guinea**. In other
cultures, skulls (or other bones with symbolic meaning) were grouped
together to form caches associated with hunting rituals. Different
authors have understood these caches to be hunting shrines*+**¢, The
display or accumulation of trophy skulls has also been linked to the
construction of masculine identity (for example, among New Guinea
lowland groups*) or the performance of specific ceremonies (for
example, in the Ainu culture of northernJapan*®). Other skull accumula-
tions have beenrelated to burial rituals (for example, among the Uilta
people of Shakalin Island*).

In the present case, the fact that the crania all belong to species
with cranial appendages (unshed antlers in the case of the deer) sug-
geststhat they may represent trophies. Their concentrationinasmall
spacealso suggests that the accumulation might be considered a hunt-
ing shrine. However, other interpretations cannot be ruled out, such

asalinkwith ritual and fire (given the proximity of the evidence of the
latter’s use), some expression of the symbolic relationship between
Neanderthals and the natural world, or some kind of initiatory rite or
propitiatory magic.

The characteristics of the Cueva Des-Cubierta archaeologi-
cal assemblage remain the same over the -2 m thickness of Level 3
(Extended DataFig. 9). The finding of crania, thermoaltered materials
and lithic elements throughout, along with the continued presence
ofthetools necessary for that exploitation over the entirety of Level 3
(sometimes superimposed but separated from one another by pack-
ages of sediment), indicates that the site’s Neanderthal occupants
repeated the same type of behaviour over along period (years, decades,
centuries or even millennia). The intentional deposition of large mam-
mal craniaover the time that Level 3 formed suggests the transmission
of this behaviour between generations, which would be consistent with
itsinterpretation as a cultural phenomenon.

Very few other accumulations of craniain Mousterian contexts are
known. De Villeneuve™ described aNeanderthal accumulation of crania
belonging to Capra ibex, Bos primigenius and Cervus elaphus in Level
Foyer B of the Grotte du Prince (France), which was interpreted as a
collection of hunting trophies. However, the absence of modern tapho-
nomicstudies on this assemblage requires that caution be used before
this interpretation is fully accepted. Neanderthal burial sites have
alsobeen associated with deposits of large animal crania. Bonifay and
Vandermeersch® refer toa cranium and other bones of acave bearin Le
Regourdou Cave (France) as possibly reflecting aNeanderthal funerary
offering, although this has been questioned by some authors** >, Other
possible offerings of crania at Neanderthal burial sites have also been
reported (for example, in Teshik-Tash in Uzbekistan®®). Itis not until the
arrival of anatomically modern humans, however, that the probable
use of crania in ritual or symbolic contexts becomes more evident.
For example, modern humans have been associated with the steppe
bison cranium (interpreted as a possible hunting trophy with symbolic
meaning”) found at the Régismont-le-Haut (France) site, with the cave
bear cranium placed on a rock in the Grotte de Chauvet (France)>**
and with the ochred steppe bison crania and jaws found at Anesovka
11°°. Large mammal crania have also appeared associated with modern
human graves and have been interpreted as offerings—for example,
therhinoceros craniumat Brno 2 (Czech Republic)® or the mammoth
cranium associated with the ‘Red Lady’ grave in Paviland (Wales)®*
(bothina Gravettian context). Theaccumulation of craniain the Cueva
Des-Cubiertareported here provides further evidence of Neanderthal
symbolism associated with the animals these humans hunted.

Methods
Permission to conduct the excavations was granted by the Direccién
General de Patrimonio Cultural of the Comunidad de Madrid.

Field methods

When the excavation of the site beganin 2009, agrid of 1 m*squares was
established. Each square was identified by a letter and a number. The
letters grow towards the east, and the numbers grow towards the north.

The excavations were concentrated in the sector of the cave called
LaMonumental. Thefilling of the cave is wellmarked in terms of width
by the walls of the cave. Given the need to know the cave’s complete
stratigraphy, atrench with an approximate east-west direction began
tobeexcavatedinthissectorin2015. Thistrench occupiesline42inthe
plan of the site (Extended Data Fig. 7). Excavations are still underway;
the base of the fill has not yet been reached.

Excavationwas carried out by archaeological level and, within each
level, by artificial intervals (10 cmthick). The locations of the archaeo-
logical and palaeontological material and blocks of extracted rock were
recorded withrespect to an absolute coordinate system (datum ED50)
using amotorized Leica total station (model TCRP1205R400). All data
were exported to Excel17.0 and then to aFileMaker Pro 7.0v3 database.
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Stratigraphic levels were described, measured, logged using
scaled drawings and photographed. Level limits were measured and
recorded using a total station. Representative samples of each level
from freshly scraped exposures were collected for granulometric
analysis. Sieves (-1to 4 ¢) were used for measuring grain size distribu-
tion; sediment types were classified on the basis of this distribution®.

Allthelithicindustry detected was collected and drawn, regardless
of size, as well as bone fragments over 2 cm (on the longest axis). All
blocks of carbonatic rockslarger than20 cmwere also documented. All
field drawings were made atascale of 1:10 and digitized usinga Wacom
Intuos 4 professional pen tablet.

The coordinates of archaeological items were analysed spatially
using AutoCAD 2021 and QGIS v.3.22. Different plans and sections were
made from the spatial data to facilitate its visualization. These products
were used to determine whether the distribution of the archaeological
materials was homogeneous over the site’s extension or whether they
appeared concentrated in specific sectors. The transversal and longi-
tudinal sections allowed the vertical succession of the materials to be
visualized and, taking into account the dataderived from the geologi-
caland taphonomic studies, allowed temporal relationships between
them to be established. The recovered objects were represented by
their coordinates on the x, y and z axes in all plans and sections. The
outlines of the large mammal crania were drawn in these plans and
sections using information from photographs, field drawings and
the spatial data.

Each recovered element was stored separately in a sealed plastic
bag with its corresponding label containing information on the level,
sublevel, square, order of recovery in that square, type of material, z
coordinate (depth) and date. Larger fossils, also labelled, were stored in
acontainer suitable for their characteristics. Only unidentifiable bones
smaller than 2 cm from within the same square were kept togetherina
‘level bag’; their coordinates were not recorded.

Allexcavated sediment was stored inbags labelled according toits
origin (square stratigraphiclevel and depth range) for later pressurized
water washing over a set of superimposed sieves.

Human remains

Theavailable mandible andisolated deciduous teeth were pCT-scanned
to provide a virtual reconstruction of the mandible and to assess the
developmental stages of the permanent dentition inside the mandibu-
lar corpus. All scanning was performed at the maximum resolution
obtainable using a Phoenix v|tome|x s scanner (GE Measurement &
Control) at the Centro Nacional de Investigacion sobre la Evolucién
Humana (CENIEH) in Burgos, Spain. The isolated teeth were aligned
alongtheir long axis, with the crown placed upwards. Slices were then
obtainedina527 x 734 matrixin Dicom format, with anisometric voxel
size of 0.019 mm (scanner energy, 110 kV; field of view, 0.9 cm). For
the mandible, slices were obtained in a 1,880 x 1,176 matrix in Dicom
format, with an isometric voxel size of 0.025 mm (scanner energy,
110 kV; field of view, 4.6 cm).

Virtual reconstruction was performed using Mimics v.18 software
(Materialise), relying on semiautomatic segmentation to define Houns-
field values for dentine, enamel, bone and air. The virtual reconstruc-
tion of the mandible was performed taking into account the sagittal
plane (symphysis) and mirror-imaging the preserved portions.

Faunal remains
Reference collections and bibliographic sources were used for the
identification of microvertebrate remains (rodents®, lagomorphs®,
insectivores®®®, chiropterans®®”', amphibians’>”’¢ and reptiles’””°).
The systematics used in this work are those previously proposed for
rodents®*®, insectivores®, chiropterans®, lagomorphs®°, and amphib-
ians and reptiles®*®,

Atlases of animal anatomy®*° and additional comparative data
from bibliographic sources**° were used for the anatomical and

Fig.3|Steppebison cranium from Level 3. This is one of the best-preserved
Bison priscus crania from Level 3 (11/13/CDC/G’42/1/14). It shows the typical
features of the set of the bison crania recovered at this level: the absence of
zygomatic bones and maxillae, the preservation of the nasal and frontal bones,
and horn cores. The nasal bone shows cut marks (Extended Data Fig. 4). Photo
credit:Javier Trueba/MSF.

taxonomicidentification of large mammal remains. For bovine remains,
identification also involved the use of the criteria of the Natural His-
tory Museum of Rotterdam (the Netherlands) and the Department
of Geology, University of Oviedo (Spain), as well as skulls of current
Bison bonasus provided by the Palaeolithic Vivo Park (Salgiiero de
Juarros, Burgos, Spain). For the rhinoceros remains, other sources were
consulted®®”. In-house data for modern Panthera leo collections and
Panthera spelaea specimens (from the Museum of Vertebrate Zool-
ogy—UCBerkeley, the Smithsonian Institution, the British Museum, the
Sociedad Aranzadi and the Institue fiir Quartarpalaontolgie Weimar)
were used in comparative analyses.

Measurements were taken using a Mitutoyo digital caliper, record-
ing to the nearest 0.05 mm. The osteological and dental terminology
used, and the measurements made of teeth and bones, were those
previously proposed”.

The data collected for each bone remain were anatomical element,
taxon, size, position, age, portionand side”. Six measurements of abun-
dance wererecorded: the number of specimens (that s, the total num-
ber of faunal remains independent of their level of identification)'*,
the NISP, the MNE, the MAU, the standardized ¥MAU and the MNI'*1°2,

Non-identified specimens were included in three bone catego-
ries: long bones, flat bones and articular bones. Bones that showed
structural features of ribs and vertebrae were classified as indetermi-
nate flat bone/vertebra/rib. The non-identified specimens were clas-
sifiedinto three size categories depending on the modified criteria of
Rodriguez-Hidalgo'®, who in turn modified the categories proposed by
Brain'®*and Bunn'® in their studies on extant African fauna and those
of Diez Fernandez Lomana'® (Supplementary Table 5).

To express the relative abundance between carnivores and ungu-
lates (C/Uratio), the following ratio proposed by Thackeray* was used:

C/U ratio = (MNI of carnivores/MNI of ungulates) x 100

In the present work, NISP values were used instead of the MNI
values to calculate this index.

Palynology

For the extraction of pollen grains from each of the studied samples, the
sediments were chemically attacked using acids and alkalis according
tostandard protocols'”. The residue was then subjected to enrichment
by flotationinaheavy liquid of density >2. The residues were mounted
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Fig. 4 |Steppe rhinoceros cranium from Level 3. Two Stephanorhinus
hemitoechus craniawere found in Level 3, both of similar integrity. Both

lack maxillae (although the right maxilla of the cranium shown (15/13/
CDC/H’42/101/50) was found underneathit). Numerous cut marks were
identified on the zygomatic and basisphenoid bones of the pictured specimen,
aswell as evidence of anthropic fracturing (Extended Data Fig. 5). Photo credit:
Mario Torquemada/MAPCM.

onslides and examined under alight microscope. For eachslide, pollen
grains were counted along 42 rows covering the entire surface of the
slide. Some of the samples from Levels 5and 3 contained <100 grains; a
pollen presence histogram was used to represent the results. Taxa were
recorded as arboreal, shrubby and herbaceous types. The statistical
treatment of the data, as well as their graphical representation, was
undertaken using TILIA software'*%'%°,

Evidence of thermal alteration and hearths

A collection of different archaeological materials from the cave was
examined macroscopically to search their surfaces for any signs of
alteration by fire and to characterize these signs. A spatial distribution
analysis of the studied materials was then performed using AutoCAD
and QGIS software. The location and arrangement of remains affected
by fire withinthe deposit facilitate and complement the identification
of areas where combustion occurred"*™,

The dolomite clasts forming part of the sediment matrix of Levels 2
and 3 sometimes showed signs of having been affected thermally. These
wereidentified and classified as previously reported for carbonated
sedimentary rocks, taking into account changes in coloration, cracks
and alterations caused by high temperatures.

Somelithicindustry artefacts and remains showed signs of expo-
sure to heat and fire, as determined by the presence of potlidding,
cracking and flaking, loss of shininess (for quartz), colour changes,
thermal lustre, and fractures (in flint). Several studies have reported
common alterationsto different raw materials caused by fire, including
quartz'”, while others have recorded the differences between naturally
and intentionally heat-treated flint"* ¢,

Some of thebone remains also showed signs of thermal alteration.
The mainfeature of burned bonesisthe changein colour related to the
intensity of the fire and the time of exposure. The burned bones from
this assemblage were clustered into five colour groups”"®: Grade 1,
brown points dispersed across the bone surface; Grade 2, brown stains
more or less homogeneous across the bone surface; Grade 3, black

stains where the bone was charred; Grade 4, grey and white stains,
although occasionally with bluish veins; and Grade 5, calcined and
completely white.

Charcoal fragments were identified taking into account the spe-
cialized literature on their recognition via the internal structure of the
fragments and the taphonomic processes undergone™*'*°,

Taphonomy

Thesurfaces of all remains recovered were examined macroscopically
and microscopically using an Olympus SZ1144 TR (x15-x40) binocular
microscope and a DigiMicro 2.0 Scale (x20-x200).

Cut marks were identified on the basis of previously proposed
criteria”®?*, The distribution, incidence and morphology of cut marks
allows for the identification of different butchering activities'”. Percus-
sion pits, conchoidal scars, flakes and peeling caused by the anthropic
breakage of the bones were also sought'> 7. The presence of damage
and its location were recorded for each of the remains analysed.

Carnivore modifications (tooth marks) were sought in the form
of pits, scores and perforations'?'*, The length and the width of these
tooth marks and their location were recorded’ 2, The presence of
pitting and furrowing was also noted*"'>.

Post-depositional modifications were noted in terms of presence/
absence. Most of these modifications (black manganese oxide stains,
dissolution, rounding and polishing by water abrasion, and concre-
tions) are associated with the karstic depositional environment in
which the materials were found”* ¢,

Allfaunal remains were subjected to classic taphonomic analysis.
In addition, experimental butchering was performed to compare the
results of the breakages made with the collected morphotypes. Three
cow (Bos taurus) heads were butchered (one each by three experienced
butchers) following different strategies to extract the brain. The butch-
erstried toidentify the easiest way to extract the edible resources (eyes,
brain and meat), always from a qualitative point of view (no quantita-
tive data were collectable). In all cases, the butchers used stone tools
(simple flakes) made from the raw materials (quartz, quartzite and
porphyry) presentinthelithic record for the site. All the raw materials
were collected in the surroundings of Pinilla del Valle.

All experimental processes were undertaken at the Valle de los
Neandertales Archaeological Park enclosure under natural conditions
toreduceany possible bias produced by laboratory conditions (under
which butchering is ergonomically easier).

Thefirst stageinvolved the skinning of the heads. Most of the mus-
cles (for example, the tongue) were then removed and the mandibles
extracted (in agreement with the absence of these elementsin the site)
using gneiss, quartzand porphyry hammerstones. These raw materials
were selected for use as percussion tools since most of the hammers
found at the Pinilla del Valle sites (including the Cueva Des-Cubierta)
are made from these kinds of rock. When the crania and mandibles
were completely separated, the maxillae were removed. The zygomatic
arches were then removed using hammerstones to extract the eyes.

Finally, the brain was extracted by (1) breaking the ventral part of
the cranium, hitting it near the basilar part of the occipital bone; the
brainwas then extracted fromwithin this area; (2) hitting the squamous
part of the occipital bone (on both sides of the sagittal crest) with a
hammerstone and then extracting the brain from within this area; or
(3) hitting the frontal bone with a hammerstone and then extracting
the brain from within this area. These three options were followed to
check whether any provided an easier way to extract this organ.

Radiocarbon dating

Several samples (charcoaland charred bones) from Levels 2and 3 were
sent to the Oxford Radiocarbon Accelerator Unit for radiocarbon dat-
ing by accelerator mass spectrometry using the ultrafiltration method.
The chemical pre-treatment, target preparation and accelerator
mass spectrometry measurement were as previously described”"s,
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Only one of the samples (OxA-31346, a charcoal fragment from Level 2)
couldbe dated. Theresult was calibrated using OxCal v.4.4 software'”
and theIntCal20 calibration curve'*®. The calibrated age was expressed
inannical BP (95.4% confidence or 20). The dating results are available
inthe Supplementary Results under ‘Radiocarbon dating’.

Uranium/thorium dating
Theunderlying speleothems S1and S2 were sampled (using ahammer
and chisel) for dating by the U/Th method to provide an estimate of the
maximum age of Level 3. The S1sample was divided into two. One part
was sent tothe Uranium Series Laboratory of the CENIEH, and the other
tothe Geochronology Laboratory of the Jaume AlmeraInstitute of Earth
Sciences (CSIC).S2was dated at the CENIEH Uranium Series Laboratory.
The methodology and dating protocols used at the first of these
laboratories have been previously described''. This facility works
with small samples (around 50 mg); different subsamples taken from
across the thickness of the speleothem could therefore be dated. The
individualized datings obtained cover the interval of formation of
the speleothem. The methodology and dating protocols used at the
second laboratory are described elsewhere'*. This laboratory works
with bulk samples and therefore analysed the speleothem as awhole,
obtaining an average age for the time interval during whichit formed.

Reporting summary
Furtherinformation onresearch designisavailablein the Nature Port-
folio Reporting Summary linked to this article.

Data availability

The archaeological and palaeontological remains reported here are
deposited in the Museo Arqueoldgico y Paleontolégico de laComuni-
dad de Madrid, Alcala de Henares, Spain. The accession codes for the
large mammal crania that are the main subject of this publication can
be found in Supplementary Table 10. The data supporting the find-
ings of this study can be found in the accompanying Supplementary
Information.
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Extended Data Fig. 1| Mousterian lithic industry from Levels 2and 3,

Cueva Des-Cubierta. a) Quartz denticulate (10/19/CDC/H’49/2/125) (Level

3); b) Convergent denticulate in rhyolite (19/34/CDC/K'39/101/18) (Level 3); c)
Denticulate pointin quartz (15/13/CDC/I'40/101/12) (Level 3); d) Quartz scraper
(15/13/CDC/1'42/101/131) (Level 3); e) Quartz denticulate (10/19/CDC/1'41/1/3)

Nature Human Behaviour

https://doi.org/10.1038/s41562-022-01503-7

(Level 3); f) Quartz denticulate (19/34/CDC/G'46/5/36) (Level 2); g) Quartz
bifacial coreinamid state of exploitation (19/34/CDC/G'47/5/70) (Level 2); h)
Quartz trifacial core (18/29/CDC/K’38/101.2/193) (Level 3). Photo credit: Mario
Torquemada/MAPCM (a, ¢, d, and e) and Alfonso Davila (b, f, g and h).
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Extended Data Fig. 2| Cores, hammerstones and anvils. Levels 2 and 3, Cueva
Des-Cubierta. Black arrows on each tool point to battering marks. a) Quartz
hammerstone re-used as a core (17/26/CDC/101/K'37/29) (Level 3); b) Detail of
battering on the back of a bifacial core of orthogonal bipolar direction (16/12/
CDC/E'48/Brecha5/32) (Level 2); c) Granitichammerstone with different battered
surfaces, associated with a cranium (18/29/CDC/H'44/101/68) (Level 3); d)

e-mail: enrique.baquedano@madrid.org

Quartz hammerstone re-used as a unifacial core (19/34/L'39/100/98) (Level 3);
e) Hammerstone fragment (18/29/CDC/K’38/101/2). Battering marks (Level 3);
f) Broken quartzhammerstone (18/29/CDC/H44/101.2/121) (Level 3); g) Tabular
quartz anvil (17/26/CDC/101/1'43/40) (Level 3). Photo credit: Alfonso Davila (c, e
and f) and Mario Torquemada/MAPCM (a, d).
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Extended DataFig. 3 | Top of the S1speleothem with evidence of thermal the photograph) rested directly on S1. The thermal alteration of the top of
alteration. The photograph shows square J'36 of the Cueva Des-Cubierta after speleothem Slis therefore evidence of the existence of hearths inside the cavity
having been excavated up to the top of speleothem S1. The dark spot indicates during the deposition of Level 3 (The Supplementary Figs. 31to 39 include more
the thermal alteration experienced by the upper part of this speleothem. At information about the heat-altered elements in spatial association with this

this location, the base of Level 3 (completely excavated at the time of taking speleothem dark spot). Photo credit: Alfonso Davila.
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Extended Data Fig. 4 | Cranium of Bison priscus (11/13/CDC/G’42/1/14) with cut marks on its nasal bone. a) General view of the cranium. The white rectangle
indicates the areashown in Extended Data Fig. 4b. b) Detail of the left nasal bone. The white rectangle indicates the area shown in Extended Data Fig. 4c. c) Detail
ofthe cut marks. Photo credit: Alfonso Davila (b and c), Javier Trueba/MSF (a).
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Extended Data Fig. 5| Cranium of Stephanorhinus hemitoechus (15/13/ broken parietal bone. b2) Detail of the broken zygomatic bone. c) Anthropic
CDC/H’42/101/50) with anthropogenic modifications. a) Ventral view of modifications on the right side of the cranium. c1) Detail of a fractured maxilla.
the cranium showing anthropic modifications. al) Detail of a percussion mark c2) Cut marks on the zygomatic bone. Photo credit: Mario Torquemada/MAPCM
onthe temporal bone. a2) Cut marks on the basisphenoid bone. b) Evidence (a, b, cand c2), Alfonso Davila (al, bland b2).

of anthropic bone breakage on the left side of the cranium. b1) Detail of a
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C

Extended DataFig. 6 | Skeletal representations of MAU for the main taxa of 5%; white 0%. The data from which these graphs were constructed can be found in
Level 3. a) Large bovines (Bison and Bos); b) Red deer (Cervus elaphus); c) Steppe Supplementary Tables 7, 8 and 9. Images adapted from ArcheoZoo.org. Creator
rhinoceroses (Stephanorhinus hemitoechus). Black indicates 100%; light grey < credits: a, c: Michel Coutureau; b, Cédric Beauval and Michel Coutureau.
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Unexcavated stratigraphic control

Extended Data Fig. 7 | Plan of the “La Monumental” sector of the Cueva Des-
Cubierta, showing the positions of the craniarecoveredin Level 3. Row 40 is
highlighted with arectangle since a cross-section is provided in Extended Data
Fig. 9. The remains of 35 large mammals’ crania have been recovered from Level 3.

The initials of the main fragments of each cranium are detailed in Supplementary
Table10. The circled numbers indicate the order of the crania in this table. This
image, and Extended Data Fig. 9, compile the digitized field drawings for every
square. The plan was generated with Autodesk AutoCAD 2021.
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Extended Data Fig. 8 | Some of the best preserved craniafrom the Cueva Des- partial cranium of Bos primigenius (33) with horn cores; h) a partial cranium of
CubiertaLevel 3. a) A partial cranium of Bison priscus (6) with horn cores (plus Stephanorhinus hemitoechus (27); i) a partial cranium of S. hemitoechus (22);
anasal bone);b) a partial cranium of B. priscus with horn cores (8); ¢) a partial j) anantlered frontlet of C. elaphus (21); k) an antlered frontlet of C. elaphus
cranium of B. priscus (25) with horn cores; d) a partial cranium of B. priscus (20) (32). The numbers in parentheses indicate the order number of the craniain
with horn cores; e) a partial cranium of B. priscus (7) with horn cores (including Supplementary Table 10. Photo credit: Javier Trueba/MSF.

nasal bones); f) a partial cranium of B. priscus (24) withahorn core (24); g) a
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{H'40 40 J'40 K'40 L'40
1110.25 masl
1110.00 @
°
1109.75 @
1109.50
°
1109.25
°
1109.00
1108.75
1108.50
1108.25
1108.00 masl
CROSS-SECTIONAL PROFILE H'40-L'40
Archaeological remains: Taxon: Geoarchaeostratigraphic elements:
Burnt faunal remains Bos primigenius Level 3. Base 0 0,5 m

® Charcoal Bison priscus Level 3. Clast supported gravel [ 1 |

® Rubefacted dolomite clasts Bos/bison Other levels

@ Crania Cervus elaphus Cave wall

Stephanorhinus hemitoechus

Extended Data Fig. 9 | Cross-sectional profile H'40-L'40. The rectangle on
thessite planin Extended Data Fig. 7 shows the location of the cross-sectional
profile. Burnt faunal remains (orange squares), rubefacted dolomite clasts (red
dots), charcoal (grey dots), and the recovered crania, can be seen throughout
the depth of Level 3 (shown in meters above sea level). The presence of crania
and concentrations of thermoaltered elements at different depths within Level

3reflect atemporal order of events; the crania located at greater depths were
introduced into the cave before those located at shallower depths, and the
deeper clusters of thermoaltered elements are prior to shallower clusters. This
isinterpreted as evidence of the recurrent use of the cave by Neanderthals. The
circled numbersindicate the order of the craniain the Supplementary Table 10.
The profile was generated with QGIS 3.2 software.
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For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed

X| The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

0 XX X X[

o0 o X oo o

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.
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For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  The commercial software packages Excel 2013 and FileMaker Pro 7 were used to create the database with the items recovered from the site.

Data analysis The spatial analysis was carried out using AutoCad 2013 and QGIS v. 3.14 software. The virtual reconstruction of the human remains was
carried out using Mimics v. 18 software. The calculation of the abundance indices of the zooarchaeological collections was done using the
Excel 2013 software. The statistical processing and graphical representation of the palynological data were carried out with the help of the
Tilia v. 2.6.1 software. Calibration of the radiocarbon dates was performed using OxCal v. 4.4 software.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The artefacts reported here are curated at the Museo Arqueoldgico y Paleontoldgico de la Comunidad de Madrid, Alcald de Henares, Spain. The data that support
the findings of this study are available from the corresponding author upon reasonable request.
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Reporting on sex and gender N/A

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Ecological, evolutionary & environmental sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description In this study, the faunal association of Level 3 of Cueva Des-Cubierta is analysed from a zooarchaeological and taphonomic point of
view to infer the behaviour of the Neanderthals who occupied this cave during the formation of this level. Other complementary
aspects are also analysed, such as the site's stratigraphy, its dating, pollen associations, the lithic industry, and the evidence of fire
and human fossils.

Research sample The research sample includes the entire set of faunal remains recovered from Level 3 of Cueva Des-Cubierta and, particularly, the
cranial remains of large herbivores in this assemblage. For comparative purposes, the faunal association of Level 2 (overlying) has
also been analysed to make the peculiar anatomical representation of level 3 more evident. Complementarily, other records from the
site have been analysed, such as the lithic industry assemblages from Levels 2 and 3, the evidence of thermal alteration from Level 3,
the pollen associations from Levels 5, 3 and 2, and the human remains from Level 2.

Sampling strategy Archaeological records were recovered as the excavation of Cueva Des-Cubierta progressed (from top to bottom).
Data collection All records from the excavation campaigns carried out between 2009 and 2018 were analysed as they were retrieved and
incorporated into databases that have served as the basis for subsequent analyses. Some records from more recent campaigns have

also been included in the study because of their particular interest.

Timing and spatial scale  Excavations at Cueva Des-Cubierta began in 2009, and have continued until the present day with an annual campaign lasting
approximately one month. The levels analysed (2 and 3) are chronologically located between 40-80 ka ago.

Data exclusions No data were excluded from the analyses.

Reproducibility All relevant data used were fully documented and described in the supplementary material. To ensure the reproducibility of the
experimental butchering of the cow heads, all the process has been described in detail.

Randomization Randomisation was not relevant for this study because the entire sample of zooarchaeological remains from Level 3 was analysed.




Blinding During the experimental butchering of the cow heads, the different butchers were isolated from each other in order to avoid the
influence of one on the work of the others.

Did the study involve field work? Yes |:| No

Field work, collection and transport

Field conditions The excavation of Cueva Des-Cubierta took place during the summers of 2009 to 2022. During the excavation campaigns, the site was
covered with a shade canopy to prevent sunlight from falling on the archaeological artefacts and to make the outdoor work more
bearable in this region's high temperatures typical at this time of year.

Location The Cueva Des-Cubierta cave is located 70 km north of the city of Madrid in central Spain (40255'23"N 3248'29"W, WGS84 datum;
altitude 1112 m).

Access & import/export | The excavated sites are legally protected. For their excavation and sampling, the necessary permits were always obtained from the
competent authorities. No import/export actions were needed for this study.

Disturbance Landscape disturbance caused by site excavation has been minimised wherever possible, e.g. by avoiding the accumulation of spoil in
the vicinity of the sites by removing it in containers, and by using natural materials (wood, stone) wherever possible in the
construction of enclosures. Visual impact has also been limited by the use of canopies in colours similar to those of the surrounding
rocks. Special care has been taken to avoid any damage to protected animal or plant species living around the sites, always following
the advice of the nature rangers in charge of their conservation.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods

n/a | Involved in the study n/a | Involved in the study
Antibodies |:| ChlIP-seq
Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern
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Palaeontology and Archaeology

Specimen provenance The archaeological and palaeontological materials studied in this work come from the excavation campaigns carried out at the Pinilla
del Valle sites (Community of Madrid, Spain) from 2009 to 2022. These excavations have been authorised annually by the Direccion
General de Patrimonio de la Comunidad de Madrid.

Specimen deposition The materials studied are deposited in the Museo Arqueoldgico y Paleontolégico de la Comunidad de Madrid (Alcala de Henares,
Madrid, Spain).

Dating methods This work includes previously unpublished dating. The dated samples come from the Cueva Des-Cubierta (Pinilla del Valle, Madrid,
Spain). They have been obtained directly from the site (speleothems) or selected from the excavation materials (charcoal and bones).
The speleothem samples have been analysed at the Uranium Series Laboratory of CENIEH (Burgos, Spain) and also at the
Geochronology Laboratory of the Instituto de Ciencias de la Tierra Jaume Almera (CSIC) (Barcelona, Spain), being processed by the
respective technicians of each laboratory and following their protocols and quality controls. The radiocarbon samples have been
analysed by the Oxford Radiocarbon Accelerator Unit (ORAU) (United Kingdom) and processed by the laboratory technicians
following their protocols and quality controls. The dates have been calibrated using the IntCal20 calibration curve with the OxCal
v.4.4 software.

|Z| Tick this box to confirm that the raw and calibrated dates are available in the paper or in Supplementary Information.

Ethics oversight No ethical aproval or guidance was required

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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