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INTRODUCTION

ABSTRACT

In recent decades, research on the subsistence strategies of Neanderthal groups in the Spanish Canta-
brian region has advanced our knowledge of the ways in which these hunter-gatherer groups organised
subsistence-related tasks during MIS 3. This paper offers new insights on this issue through El Cierro
cave (Asturias), a site with one of the most complete archacological sequences in Cantabrian Spain,
with chronologies ranging from the late Pleistocene to the early Holocene. Here we present the results
of the archaeozoological and taphonomic analysis of the Mousterian level (Cierro N), whose faunal
remains come from the archaeological campaigns carried out in the cave in 2016. In this research
we present a new radiocarbon dating for Cierro N, which places the archaeological deposit between
¢. 57 and 45 ky cal BP. The results obtained from the archaeozoological study indicate the presence
of macromammals and birds at Cierro N, the first being the most abundant. Taphonomic analysis
has revealed the anthropic manipulation of the remains of red deer, Iberian ibex and large bovids by
Neanderthal groups. Carnivores are present at the site and have generated modifications on some
elements of the archaeozoological record. In addition, a series of natural taphonomic alterations has
been documented, which have allowed us to determine the processes of transformation of the strati-
graphic level. These aspects have allowed us to compare the subsistence patterns of the Mousterian
groups from El Cierro with other sites of similar chronology in Cantabrian Spain.

RESUME

Nouvelles données sur les stratégies de subsistance des Néandertaliens dans la grotte d’El Cierro (Ribadesella,
Asturies) pendant le MIS 3.

Au cours des derniéres décennies, les recherches sur les stratégies de subsistance des groupes Néan-
dertaliens dans la région cantabrique ont fait progresser nos connaissances sur la fagon dont ces
groupes de chasseurs-cueilleurs organisaient les tAches liées a la subsistance au cours du MIS 3. Cet
article offre de nouvelles perspectives sur cette question grice a la grotte d’El Cierro (Asturies), un
site avec 'une des séquences archéologiques les plus completes de 'Espagne cantabrique, avec des
chronologies allant de la fin du Pléistocéne au début de 'Holoceéne. Nous présentons ici les résultats
de 'analyse archéozoologique et taphonomique du niveau moustérien (Cierro N), dont les restes
fauniques proviennent de la campagne archéologique menée dans la grotte en 2016. Dans cette
recherche, nous présentons une nouvelle datation radiocarbone pour Cierro N, qui situe le dépot
archéologique entre environ 57 et 45 ky cal BP. Les résultats de Iétude archéozoologique indiquent
la présence de macromammiferes et d’oiseaux & Cierro N, les premiers étant les plus abondants.
Lanalyse taphonomique a révélé la manipulation anthropique des restes de cerfs, de bouquetins
ibériques et de grands bovidés par des groupes néandertaliens. Les carnivores sont présents sur le site
et ont provoqué des modifications sur certains éléments de I'enregistrement archéozoologique. En
outre, une série d’altérations taphonomiques naturelles a été documentée, ce qui nous a permis de
déterminer les processus de transformation du niveau stratigraphique. Ces aspects nous ont permis
de comparer les modes de subsistance des groupes moustériens d’El Cierro avec d’autres sites de
chronologie similaire en région cantabrique.

Hardy 2022), experimental studies (e.g. Yravedra ez al. 2005;
Yravedra & Uzquiano 2013; Nabais ez a/. 2024), environment

The analysis of the subsistence strategies of the Neander-
thals that inhabited the Iberian Peninsula has been a topic
that has aroused great interest in the scientific community,
giving rise to a large number of studies that address the
socio-economic behaviour of these hominins from, among
other topics and methods, archacozoology and taphonomy
(e.g. Hockett & Haws 2009; Cortés-Sdnchez ez al. 2011;
Yravedra 2013; Nabais 2018; Blasco ez 2/ 2022), human-
carnivore interaction (e.g. Camarés er al. 2016; Luret ez al.
2020; Linares-Matds & Yravedra 2024), lithic and bone
industry (e.g. Thiébaut er al. 2012; Cuartero ez al. 2015;
Alonso-Garcia ez al. 2020; Romero ez al. 2023), plant con-
sumption (e.g. Hardy ez a/l. 2001; Salazar-Garcia ez al. 2013;

364

(Fernandez-Garcia et al. 2023; Pederzani et al. 2023; Vidal-
Cordasco ez al. 2023), and isotopic analysis (e.g. Jones ez al.
2018; Ferndndez-Garcia et al. 2022; Jaouen et al. 2022); as
well as some synthesis (Yravedra ez a/. 2016; Marin-Arroyo
& Sanz-Royo 2022; Romagnoli e al. 2022).

In the Spanish Cantabrian region, studies on the subsistence
of Neanderthal populations have been approached mainly
from a comparative perspective with the early Anatomically
Modern Humans (AMH) (see, for example, Yravedra 2000,
2013; Yravedra et al. 2016; Marin-Arroyo et al. 2018, 2020;
Marin-Arroyo & Sanz-Royo 2022; Linares-Matds & Yrave-
dra 2024). This is due to the fact that in recent decades
archaeological excavations have multiplied at sites with levels

COMPTES RENDUS PALEVOL e 2025 24 (19)



New data about Neanderthal subsistence strategies in El Cierro cave 4

T e

e
.

0 200 1200 m
| E— N E—

200 km

Fic. 1. — Map showing the location of the El Cierro Cave and other Mousterian sites in Cantabrian Spain mentioned in the text: 1, La Vifia; 2, El Sidrén; 3, El Cierro;
4, La Guegla; 5, Sopefia; 6, Llonin; 7, El Esquilleu; 8, Covalejos; 9, El Ruso; 10, Hornos de la Pefia; 11, Morin; 12, El Mirén; 13, El Cuco; 14, Arlanpe; 15, Axlor;
16, Lezetxiki; 17, Labeko koba; 18, Ekain; 19, Amalda. Credits: map by L.C. Teira.

ascribed to transitional periods between Middle and Upper
Palacolithic, such as Covalejos (Montes Barquin & Sanguino
2021), El Esquilleu (Baena & Carrién 2014), El Mirén
(Straus & Gonzdlez Morales 2012), El Sidrén (de la Rasilla
et al. 2020), Hornos de la Pefia (Sanz-Royo ez al. 2023),
El Cuco (Mufioz ez al. 2007) or Axlor (Gonzilez-Urquijo
et al. 2014). This quantitative increase of the archaeological
record has generated an important scientific production,
constituting one of the richest regional records of palaco-
ecological and palacoeconomic behaviours during Marine
Isotopic Stadial3 (c. 57-30 ky cal. BP).

In general, all these works have shown that the groups from
the end of the Mousterian period (between ¢. 57 and 45 ky
cal BP) in the north of the Iberian Peninsula exploited mainly
red deer, especially in those places where the environment was
favourable for their captures, such as at El Ruso (Yravedra
et al. 2010) or Covalejos (Castafios 2021). Iberian ibex and
chamois were the taxa most consumed in sites located in
mountainous areas with strong slopes, such as El Esquilleu
(Yravedra & Gémez Castanedo 2014), Arlanpe (Arceredillo-
Alonso et al. 2013) or Axlor (Castafios 2005); whereas in
sites located in open areas and close to different ecological
niches, hunting patterns were more diversified (Yravedra &
Cobo-Sdnchez 2015; Yravedra et al. 2016), as is the case of
El Mirén (Marin-Arroyo ez al. 2020), Sopefa (Yravedra ez 4.
2023), Cueva Morin (Yravedra & Gémez-Castanedo 2011)
or Lezetxiki (Villaluenga ez al. 2012).

The characterisation of Mousterian human occupations
and their interaction with carnivores at different sites has
also been a recurrent topic of study (Altuna 1989; Castanos
2005; Yravedra 2010a; Sanz-Royo ez al. 2023; Linares-Matds
& Yravedra 2024). Thus, some sites are presented as places of
prolonged occupation by Neanderthal groups, as Covalejos
(Castafios 2021), Esquilleu (Yravedra 2006b) or La Giielga
(Rojo 2020), while other sites alternate human and carnivore
occupations in relatively short periods of time, as Amalda

COMPTES RENDUS PALEVOL e 2025 24 (19)

(Yravedra 2010a; Sanchez-Romero ez 2/. 2020), El Ruso
(Yravedra er al. 2010), La Vifa (de la Rasilla ez 2/ 2020),
Hornos de la Pefa (Yravedra 2010b) or El Llonin (Sanchis
et al. 2019). Interpreting this type of relationship between
hominids and carnivores involves several problems, such as
the fact that some faunal data come from early excavations,
that some levels present stratigraphic ascription problems and
that there is a great imbalance in the volume of faunal remains
between different sites, making comparisons difficult (Yravedra
eral. 2016, 2023; Marin-Arroyo & Sanz-Royo 2022).

All these aspects highlight the need, on the one hand, to
address the regional contexts of areas that have been little stud-
ied through significant bone samples and, on the other hand,
to review the archacological contexts of the period in order to
clarify the interactions between hominids and carnivores, as
well as the ways in which Neanderthal groups exploited the
territory (Marin-Arroyo & Sanz-Royo 2022; Yravedra ez 4.
2023; Linares-Matds & Yravedra 2024).

In this paper we analyse the faunal remains from the
Mousterian level (Cierro N) of El Cierro cave (Ribadesella,
Asturias) from an archaeozoological and taphonomic per-
spective. The main objective of this research is to determine
who were the agents responsible for the accumulation of
the faunal remains in the cave. In case it was the Neander-
thals, to characterise the type of exploitation carried out on
these resources and to analyse their diachronic evolution
throughout El Cierro sequence, providing new data on
the subsistence strategies of the Neanderthal groups that
inhabited the Sella valley during MIS 3.

The results obtained at Cierro N are compared with the
information available in other Mousterian contexts from
the Spanish Cantabrian region dated between the beginning
of MIS 3 (¢. 57 ky cal BP) and the end of the Mousterian
(c. 45 ky cal BP) (Marin-Arroyo e al. 2018, 2020), offering
an updated view on the subsistence strategies of these groups
in their regional context. To make these comparisons more
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TaBLE 1. — Radiocarbon dating of Cierro N with indication of material, specie, laboratory code, radiocarbon date in BP, calibrated date (20 at 95.4%) with IntCal20

curve (Reimer et al. 2020) with Oxcal v.4.4.2 and 13C parameters.

Level Material Species

Ref. lab.

Dates BP Cal. BP 20 13C

Cierro N Tooth Bos/Bison sp. (without cutmarks)

OxA-X-2620-13

49000 + 3800 >50000-46963 -19.6

accurate, we have selected only those sites with radiocarbon-
dated levels, containing faunal remains studied by archaco-
zoologist and data from excavations carried out with modern
recovery techniques.

EL CIERRO CAVE

El Cierro is a karstic cave located at the eastern end of the
Asturian Massif in the Cantabrian Mountains (Fig. 1). The
cave opens at 83 m above sea level in a pre-coastal depres-
sion 3.1 km from the mouth of the River Sella and 2.1 km
from the current coastline (Alvarez-Fernéndez et al. 2016,
2022; Jordd Pardo et al. 2018a, b).

The faunal remains analysed in this paper come from the
main room of the site, specifically from an old core from the
excavations carried out by E Jordd Cerdd in the 1950s. It
was excavated for the first time between 1977 and 1979 by
E Jordd Cerdd and A. Gémez-Fuentes who, after cleaning it,
carried out an excavation below the shell midden levels that
were cemented at the top of the sequence. The objective was
to characterise the archaeological sequence of the cavity; how-
ever, the excavation was interrupted before reaching the base,
after the excavation of the Magdalenian levels (Cierro G1).
Work was restarted in 2016 by E. Alvarez-Fernandez, who
excavated the lower levels (Cierro H1 to N), with the Mous-
terian level (Cierro N) resting on the bedrock. In Cierro N,
the excavated area was 100 x 60 x 50 cm and the extracted
sediments were sieved with meshes of 8 to 0.5 mm light
(Alvarez-Ferndndez ez al. 2014, 2018).

These campaigns revealed a broad stratigraphic sequence
for the site, composed of 14 levels (Cierro N to Cierro A),
with occupations ascribed to the Mousterian, Aurignacian,
Gravettian, upper Solutrean, lower Magdalenian, Azilian
and Mesolithic (Fig. 2).

Level Cierro N is 20 cm thick and is lithostratigraphically
composed of clayey sands and yellowish-greyish silts. Very
altered limestone pebbles are documented here, which are laid
out flat. The sands are quartz, angular and rounded, with sizes
varying from medium to fine. The origin of the sedimentary
deposit has a tabular geometry with a horizontal arrangement
whose formation is due to a dense mudflow type current (Jordd
Pardo et al. 2018a). The archaeological materials documented
in this stratum date it to the end of the Middle Palacolithic
(Alvarez-Fernandez et al. 2018; 2022).

For this level we have a radiocarbon dating by AMS car-
ried out at the Oxford Radiocarbon Accelerator Unit. This
dating was done on a tooth of Bos/Bison sp. and gave a date
of 49000 + 3800 BP (Table 1). In its calibration this date
exceeds the lower radiocarbon limit of 50000 cal BP and
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would range up to 46 963 cal BP. Therefore, we can date the
deposit between the beginning of MIS 3 (c. 57 ky cal BP) and
the disappearance of the Mousterian in the northern Iberian
Peninsula (c. 45 ky cal BP).

METHODOLOGY

All the faunal remains recovered at Cierro N were analysed
from an archacozoological and taphonomic point of view. The
sediment from the level was sieved with fine meshes, which
allowed us to recover and analyse bone fragments >0.5 mm
(Alvarez-Ferndndez et al. 2018). Faunal remains from both
excavation and sieving have been accounted for in this work.

The faunal remains were identified anatomically and taxo-
nomically using the reference collections of the Zooarchaeol-
ogy Laboratory at the University of Salamanca, the Aranzadi
Science Society and the International Institute of Prehistoric
Research of Cantabria. In addition, various animal anatomy
atlases were used for the different mammal species (Barone 1966;
Schmid 1972; Pales & Garcia 1981a, b; Varela & Rodriguez
2004; Hillson 2005) and birds (Kraft 1972).

To evaluate the skeletal profiles, each anatomical element
was classified by anatomical region, differentiating between
cranial (antler, skull, maxilla and mandible), axial (vertebra,
rib, sternum, scapula, pelvis, sacrum and flat bone), forelimb
(humerus, radius, ulna, carpal, metacarpus) and hindlimb
(femur, patella, tibia, fibula, tarsal and metatarsal) elements.
Those that could not be classified in an appendicular region were
included in the category limb (metapodial, phalanx, sesamoid
and diaphysis and epiphysis of long bone) (Yravedra 2006a;
Portero et al. 2024a). Mammals that could not be identified
at the taxonomic level were classified into three size categories;
large (>300 kg), medium (between 100-300 kg) and small
(5-100 kg), according to the criteria of thickness and robust-
ness of the cortical bone (Bunn & Kroll 1986; Portero 2022).

The number of remains (NR), the number of identified
specimens (NISP), the minimum number of elements (MNE)
and the minimum number of individuals (MNI) have been
calculated for the quantification of the archacofaunal record
(Bunn 1983; Marean & Spencer 1991; Lyman 1994; Reitz
& Wing 2003). Age of death has been calculated through the
state of fusion of epiphyses and patterns of dental eruption
and wear for different mammalian species (Grigson 1982;
Mariezkurrena 1983; Mariezkurrena & Altuna 1983; Wegrzyn
& Serwatka 1984; Pérez Ripoll 1988; Brown & Chapman
1991; Azorit et al. 2002; 2003). Based on the estimated age,
we have classified the individuals according to three age cat-
egories, considering the biological cycles of the current species
(Portero et al. 2024a).

COMPTES RENDUS PALEVOL e 2025 24 (19)
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FiG. 2. — Stratigraphic sequence of the main room of El Cierro Cave (Alvarez-Fernandez et al. 2016).
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To evaluate the degree of fragmentation of the faunal
remains, the fragmentation rate was calculated as the ratio
between the NISP and the MNE (Marshall & Pilgram 1991;
Lyman 1994). This rate gives a figure 21 and the further the
value is from unity, the more fragmented the assemblage is.

Taphonomic analysis was carried out by observing bone
surfaces through different hand magnifiers (5x, 10x, and
15x), combined with a Leica EZ4 HD (6.5-32x) and Teslong
MS100 (10-200x) microscopes. We have taken into account
the damage generated by natural and biological agents on
the bone surfaces. This damage can lead to the destruction
of the cortical surfaces of the bones, conditioning the inter-
pretations of the agents causing the bone accumulations at
the site. For this reason, in the first place we have considered
the alterations related to the formation of the archaeologi-
cal deposit and post-depositional processes (Behrensmeyer
1978; Behrensmeyer ez al. 1986; Marin-Arroyo ez al. 2008;
Ferndndez-Jalvo & Andrews 2016).

The cutmarks were analysed in order to determine their function
within the meat processing chain (Binford 1981). To this end,
we have considered the morphology, location and orientation of
the cutmarks on each bone, counting each of them individually
(Bunn & Kroll 1986; Costamagno ez al. 2019). Anthropogenic
breakage of the bone with the aim of extracting the marrow
has been analysed through angles, line, morphology, and type
of fracture (Villa & Mahieu 1991; Pickering & Egeland 2006;
Vettese ez al. 2020). The percentage of preservation of the cir-
cumference of the diaphysis of the long bones was also taken
into account, classifying them into four categories according to
the preserved part (<25 % of the preserved diaphysis, between
25-50 %, between 50-75 %, and between 75-100 %). Similarly,
the percentage of preserved length of the diaphysis has been
counted in four categories (<25 % of the total length; between
25-50 %; between 50-75 %, and between 75-100 %) (Bunn
1983; Villa & Mahieu 1991; Villa ez al. 2004). The degree
of thermoalteration has been calculated from the colour of
the bone surfaces (Stiner ef /. 1995), which has allowed us
to approximate the temperature to which they were exposed
(Nicholson 1993). To determine the function of cremation for
the roasting of meat or for the use of bone as fuel, differential
burning processes were recorded by counting bone surfaces
with double and triple colouration, as well as their location in
the bone (Nicholson 1993; Cdceres ¢t al. 2002; Costamagno
etal. 2005; Yravedra et al. 2005; Yravedra & Uzquiano 2013).
Moreover, carnivore marks have been classified according to
their morphology (Haynes 1980; Selvaggio 1994).

Palacoeconomic analysis has been carried out considering
the nutritional contribution and the economic profitability
of the prey hunted by the Mousterian groups of El Cierro.
For this purpose, we have applied the following procedure
(Portero et al. 2019, 2024b):

— establishing the mean weight of each taxon from the
proportion of males and females of each species, based on
current animal populations (Clutton-Brock & Iason 1986).
For Cierro N, we used the mean weights for males and females
of red deer (Carranza 2017), Iberian ibex (Alados & Escés
2017) and Bison (Krasiriska & Krasinski 1995, 2002);
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— calculation of the weight of meat plus fat for each ani-
mal, based on the observations of L.W. Binford (1978) for
caribou and sheep, applicable in the Cantabrian region to
cervids and small bovines. In addition, as the contribution
of mammals’ meat and fat varies significantly depending on
the age of the individual, we have established a reduction
in the weight of the adult animal of 33 % for juveniles and
66 % for immature individuals, broadly coinciding with the
weights established in their life cycles (Portero er al. 2022,
2024b). In this way, we have obtained the weight of the
exploitable part of each of the animals;

— we estimated the calories per kilo of meat and fat for
each of these animals, based on the data provided by the food
tables of the US Department of Agriculture (USDA 2020).
These figures have allowed us to document the total energy
provided by each specimen when multiplied by the weight
contributed by its meat and fat. To ensure that the contri-
bution of the mammals documented in these sites is due to
human activity, we only use those species that show signs of
anthropic manipulation indicating that they were contributed
to and consumed by human groups.

From this estimate, we have established which were the
prey that contributed the greatest energy intake to the diet
of the Mousterian groups of El Cierro. These data serve as an
estimate of the economic profitability of these species, since
they do not consider search time, handling time and return
rates, which affect the costs of obtaining prey (MacArthur
& Pianka 1966; Simms 1987; Marin-Arroyo 2010; Portero
et al. 2019, 2024b).

RESULTS

Cierro N has 1399 faunal remains, of which 99 have been
determined. Only 23 have been taxonomically classified.
From the NISP, red deer is the most abundant species with
11 remains, followed by hyena with four and large bovid
with two. The other specimens are represented with a single
element, among them horse, Iberian ibex, and cave bear. In
addition, we recovered an ivory fragment belonging to a tusk
of Elephas sp., a proximal fragment of humerus of Alectoris/
Perdix sp., a fragment of lumbar vertebra from a small inde-
terminate carnivore and the diaphysis of a tibiotarsus from
an indeterminate bird. In the size categories, medium-size
mammals are the most abundant (NR = 52) followed by the
small (NR = 22) and large (NR = 2) (Table 2).

As for the MNE, its distribution is similar to the NISP,
with the red deer having the greatest number of elements,
followed by the hyena (MNE = 3), the large bovid (MNE = 2)
and the rest of the taxa, documented with a single element.
Red deer is represented by seven elements: a tibia, an ulna,
a fragment of antler, and four teeth. All the elements of
hyena, cave bear and Elephas sp. correspond to teeth. There
is a metapodial fragment for large bovid, a third phalanx
for Iberian ibex, and a first phalanx for horse. In the size
categories, the medium mammal is the one with the greatest
number of elements (MNE = 11), with all regions of the
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TaBLE 2. — Number of remains (NR), number of identified specimens (NISP), minimum number of elements (MNE) and minimum number of individuals (MNI) by
age categories of animal remains documented in Cierro N. Abbreviations: AD, adult; IMM, immature; JU, juvenile.

NR NISP MNE MNI IMM JU AD
Cervus elaphus (Linnaeus, 1758) 11 11 7 2 1 - 1
Bos/Bison sp. 2 2 2 1 - - 1
Capra pyrenaica (Schinz, 1838) 1 1 1 1 - - 1
Equus ferus (Boddaert, 1785) 1 1 1 1 - - 1
Ursus spelaeus (Rosenmuller, 1794) 1 1 1 1 - 1 -
Crocuta crocuta (Erxleben, 1777) 4 4 3 1 - - 1
Elephas sp. (Linnaeus, 1758) 1 1 1 - - — —
Carnivora 1 9 1 - _ _ _
Large size mammal 2 - 1 - - - _
Medium size mammal 52 - 11 - - - —
Small size mammal 21 - 9 - - - —
Subtotal large mammals 97 22 38 7 - - -
Alectoris/Perdix sp. 1 1 1 1 - - 1
Indeterminable bird 1 - 1 - - - -
Subtotal birds 2 1 2 1 - - —
Indeterminable 1300 - - - — _ _
Total 1399 23 40 8 1 1 6

TaBLE 3. — Skeletal remains in Cierro N. Abbreviations: L.M., large-size mammal; M.M., medium-size mammal; S.M., small-size mammal.

Cervus
Elephas sp. elaphus

Bos/ Capra
Bison sp. pyrenaica

Equus
ferus

Alectoris/
Perdix sp. L.M. M. M. S.M.

Ursus Crocuta
spelaeus crocuta Carnivora

Antler - 2 - - -

Skull - -
Tooth 1 4
Mandible - -
Hyoid -
Lumbar v. -

Vertebrae ind. - - - - —
Rib - - - — -

Flat bone -
Humerus -
Radius -
Ulnae -
Femur -
Tibiae -
Metapodial -

Long bone - - - - -

Phalanx 1 -

Phalanx 3 - - - 1 -

|

| -
| |

| |

I NN
|
|
|

|

|

|
-
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| |
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skeleton represented. In the small mammal we do not have
forelimbs, while the cranial elements are the most abundant,
and in the case of the large mammal we only have a rib and
a diaphysis of a long bone (Tables 2; 3).

Regarding the MNI, red deer is the only taxa with two
individuals represented: an immature under four months,
and an adult, whose age we have not been able to determine.
There is one young adult hyena, given the lack of dental wear
in the documented specimens. There is also one adult in the
case of horse, Iberian ibex, large bovid, and Alectoris/ Perdix sp.
The cave bear is represented by a juvenile individual, given
the scarce wear on the teeth.

The faunal assemblage from Cierro N is highly fragmented.
We have only been able to identify 6.94 % of the remains and
only four dental pieces are complete. In the case of determi-
nable remains, 78.4 % are <3 cm, with the range between
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2 and 3 cm being the best represented (49.5 %). The frag-
mentation rate (NISP/MNE) for the determinable remains
shows a value of 1.61; therefore, there is a high degree of
fragmentation in the archaeozoological sample. This is one
of the factors that prevents us from having a greater number
of identifiable remains in the Mousterian level of El Cierro.

Despite the high fragmentation of the bone record, the
preservation state of the fossil remains is generally good, with
72 % of the surface’s observable. Although 79 % of the faunal
remains have been affected by natural agents, most of them
have not caused alterations in the visualisation of the cortical
surfaces. The concretions have made it impossible to see the
surfaces properly, affecting 5.11 % of the remains, although
only half of them have completely covered the surface of
the bone. Water action has generated corrosion on 6.12 %
of the NR, generating degradation of the bone surfaces.
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Fic. 3. — Taphonomic alterations of the faunal remains from Cierro N: A, rolled and manganese-coated medium-size mammal long bone; B, diaphysis of medium-
size mammal long bone partially stained with manganese; C, D, cutmarks on diaphysis of long bones of medium-size mammal; E, impact notches in a medium-size
mammal femur diaphysis; F, flakes; G, burnt bones with different tones of colour; H, fragment of medium-size mammal flat bone with pits; I, digested indeter-
minable bone. Scale bar: A, B1, C1, D1, E-H1, 11,2 cm; B2, 1.2 x 1.8 cm; C2, D2, 1 x 0.8 cm; H2,0.8 x 1.7 cm; 12, 1.2 x 1.2 cm
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TaBLE 4. — Anthropogenic alterations documented in Cierro N by taxa and size categories.

Taxa Cutmarks

Percussion marks Thermoalterations

Cervus elaphus Linnaeus, 1758 2
Bos/Bison sp.

Capra pyrenaica Schinz, 1838
Large-size mammal
Medium-size mammal
Small-size mammal
Indeterminable

1 o1 1 1

1

ANV =2

1
1
6
1

Manganese oxides have covered the surfaces of 66.3 % of the
bones. Most of them have a shiny black colour, and in most
cases, they are evenly distributed. Regarding the intensity of
the shades, 50.75 % of the affected bones show a black shade,
40.30 % dark-brown and 8.95 % show light-brown shades.
Regarding the area affected by the manganese oxides, most of
them (53.73 %) have affected less than a quarter of the bone,
25.37 % have stained around 50 % of the bones, 14.93 %
three quarters of the remains and 5.97 % have completely
covered the bone (Fig. 3A, B). Weathering affected 20.41 %
of the remains, generating small cracking in most of them,
but no signs of deep degradation of the cortical surfaces,
so their exposure to atmospheric conditions was not very
prolonged. The rolling of bones due to water activity has also
been documented in Cierro N, having affected 11.22 % of
NR. In some cases, this rolling has been of great intensity,
completely polishing the edges of the bone and affecting
the visualisation of the cortices. One aspect to point out
is that all of them were stained by manganese oxides (see
Fig. 3A). The roots of the plants have generated vermicula-
tions in 10.20 % of NR. Roots generally appear in isolation
and in no case have they occupied more than a quarter part
of the bone surfaces. The imprints generated by the roots
present the same colour as the surface of the bones, which
indicates that they were generated in the moments prior to
the burial of the bones (Ferndndez-Jalvo & Andrews 2016).
Additionally, we have documented another series of altera-
tions that have affected <8 % of NR, including trampling,
flattening, and microorganisms.

Taphonomic analysis of the faunal remains indicates the
presence of anthropogenic manipulation. Evidence of this
activity can be seen from cutmarks, bone breakage and ther-
moalteration processes (Table 4). Regarding the first, we have
documented the processing of the bone carcasses of red deer
and medium-size mammals. In the case of red deer, we have
two tibiae with oblique and longitudinal incisions in the dia-
physis, which would be related to the tasks of defleshing the
animal. For the medium-size mammals, we have 10 remains
with cutmarks consisting of incisions, scrapes and sawing
marks located mainly on the diaphysis of long bones, also
present on a femur and a metapodial (Fig. 3C, D). These
marks are mainly related to the defleshing processes of these
animals, but we have also documented traces related to the
disarticulation of the appendicular skeleton on a metapodial,
and the scraping of the periosteum on a femoral diaphysis
and a long bone fragment.
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We have found some evidence of intentional fracturing of
green bones in the 34.09 % of NR. In the case of the medul-
lary bones, the fracture occurs in 70.47 % of remains in order
to gain access to the medullary fat. 14.77 % of NR had both
green and dry fractures, combining acute and obtuse angles
with right angles and mixed delineations. A large percentage
of NR (51.14 %) had dry fractures, with straight angles and
perpendicular and longitudinal delineations. Regarding the
percentage of preservation of the circumference and length of
the diaphysis, we observed that most of the remains present
<25 % of the circumference and <25 % of the length of the
shaft. Only 3 elements present 100 % of the circumference
of the diaphysis (Fig. 4).

All the impact notches and counterblows documented to
extract the marrow contents have been made on the diaphy-
sis of the long bones (Fig. 3E). In the case of red deer, the
impacts are on the lateral side of a tibia. In large bovids, they
are located in the lateral side of a metapodial, where a point
of impact s located together with a counterblow. In medium-
size mammals, the impacts are located on the lateral faces of
the femurs and the diaphysis of long bones, and evidence
of counterblows and adhering flakes has been documented.
The only percussion mark documented in small mammals is
a diaphysis of a long bone with an impact point. In addition
to these fracture marks, we have recovered 18 flakes from the
fracturing process of the bones (Fig. 3F).

Thermoalteration has been the anthropic evidence that
has affected the greatest number of remains (7 = 554),
affecting Iberian ibex, small and medium-size mammals
and indeterminable remains. Although we have all the burnt
colourations in the faunal record from Cierro N, most of the
remains have grey and white tones, with black colourations
also being abundant (Fig. 3G). Based on the classification of
M. C. Stiner ez al. (1995), 40.7 % of the cremated remains
would correspond to grade 6. This suggests that they were
exposed to temperatures above 800°C (Nicholson 1993),
although these shades may also be due to prolonged exposure
of the remains to low temperatures (Gallo ez 2/ 2023). In
addition, many of these remains show evidence of reduction
in size and cracking of the surface of the bones, which could
indicate that they did not contain meat when exposed to
fire. This large number of bones exposed with these coloura-
tions could be related to their use as fuel by human groups,
or to cleaning tasks. On the other hand, we have a smaller
number of remains exposed to low temperatures (<400°C)
that show brown and brown-black shades of their surfaces.
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FiG. 4. — Three-dimensional bar diagrams showing the frequencies of shaft length categories (Lg <25%; Lg 25-50%; Lg 50-75%; Lg 75-100%) by shaft circum-

ference (Sh <25%; Sh 25-50%; Sh 50-75%; Sh 75-100%) of long bones.

TaBLE 5. — Caloric energy provided by taxon and age category of the macromammal species documented in Cierro N, based on the average weight of both sexes
and the proportion of meat and fat provided by each individual per age category. Abbreviation: AD, adult; IMM, immature; MNI, minimum number of individuals.

Middle weight (Kg) Meat + fat (Kg) Energy (Kcal/Kg) MNI

Total meat + fat (Kg) Total energy (Kcal)

Taxon Age cat.

Cervus elaphus AD 93.5 36.7
Linnaeus, 1758 IMM 31.1 12.2

Capra pyrenaica AD 51.2 19.4
Schinz, 1838

Bos Linnaeus, AD 600 300
1758/Bison
Smith, 1827

1110 1 36.7 40737
1110 1 12.2 13542
1140 1 19.4 22116
1220 1 300 366000

In these cases, they show a tonality compatible with the
exposure of bones with soft tissue to heat sources for a
relatively short period of time, which could be indicative of
meat roasting by Neanderthal groups at El Cierro. Although
remains with this type of double shades are scarce and most
of them are documented in indeterminable remains, the
location in a third phalanx of Capra pyrenaica (see Fig. 3G),
in the metaphysis of a long bone of a small-size mammal
and the proximal diaphysis of a medium-size mammal
could be reflecting this practice.

Carnivores have partially modified the faunal record, gener-
ating pits, grooves, and digestion traces in three medium-size
mammal remains and an undeterminable one (Fig. 3H, I). Two
of the determinable remains affected by carnivores correspond
to flat bones of the axial skeleton and one to the diaphysis
of a metapodial. The poor preservation of their surfaces has
not allowed us to measure the depressions to determine the
carnivore responsible for the modifications.
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Regarding the energy contribution of the faunal remains
to the diet of the Neanderthal groups of El Cierro, we have
calculated the amount of meat and fat that animals with
some type of anthropogenic alteration at the level would have
provided (Table 5). Although there are very few individuals
with anthropogenic alterations, the full exploitation of hunted
prey could have provided c. 368.3 kg of meat and fat with
around 442,395 kcal.

DISCUSSION

The faunal remains studied at the Mousterian level, although
scarce, provide an approach to the subsistence strategies of
the Neanderthal groups of El Cierro.

Red deer is the best represented ungulate at the level with
50 % of the NISD, followed by the bovid with two remains,
while the rest of them are represented by a single element.
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Fic. 5. — Percentage of NISP of red deer in the different periods of El Cierro sequence.

This predominance of red deer is something observed
throughout the entire sequence of El Cierro (Alvarez-
Fernandez et al. 2018, 2022; Portero et al. 2019, 2024a),
although in this case, the representation percentages are
lower than at other Upper Pleistocene periods in the
sequence, especially in comparison with the lower Mag-
dalenian levels (Fig. 5). Something similar happens at
other levels of Asturian sites such as Vina XIII and XIV
(de la Rasilla ez /. 2020) and Giielga 4 (zone D Exterior)
(Rojo 2020), and from Cantabrian and Basque Country
sites, as Hornos de la Pefia 13 and 14 (Sanz-Royo ez al.
2023), Amalda VII (Yravedra 2010a) and Lezetxiki IV
(Villaluenga ez al. 2012), where red deer is the predominant
taxon, but shares importance in subsistence strategies with
other mammals such as chamois or horse. In contrast, we
have a series of sites in which there is specialized hunt-
ing of this ungulate, such as Covalejos I (Yravedra ez al.
2016), Ruso V (Yravedra et al. 2010) and Cuco VII to
XIV (Rasines del Rio et al. 2020), where this taxon exceeds
60 % representativeness. In sites close to mountain areas,
where rock animals are very abundant, we observe that
the trend is towards specialized hunting for Iberian ibex
and chamois, as in Mirén 130 (Marin-Arroyo ez al. 2020),
Arlanpe D (Arceredillo-Alonso er al. 2013), Esquilleu 3
to 6 (Yravedra & Gémez Castanedo 2014) or Axlor 3 to
8 (Castanos 2005). This tendency to specialize in a taxon
that we find in many sites in Cantabrian Spain contrasts
with the sequences of those sites that clearly present a
diversification in their subsistence strategy, such as Llonin
VIII (Sanchis ez al. 2019) and Sopena XV (Yravedra ez al.
2023). Studies for the last Neanderthal groups in the north
of the Iberian Peninsula seem to indicate that when the
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hunting strategy was directed at a specific type of prey,
they did so in a quite specialized way, focusing on a narrow
range of other species (Linares-Matds & Yravedra 2024).

The presence in Cierro N of a tusk fragment of Elephas sp.
indicates the existence of large herbivores at this time in
the Sella valley. However, their presence does not imply the
consumption of these animals, since they could have selected
the use of ivory for the manufacture of bone industry. The
presence of these proboscideans in Neanderthal sites in
Cantabrian Spain is attested in sites such as Mirén 130
(Marin-Arroyo et al. 2020), Giielga 4 (Zona D exterior)
(Rojo 2020), Cuco XII (Rasines del Rio er al. 2020) and
Ruso V (Yravedra et al. 2010).

Carnivores are present in Cierro N, represented by the
hyena and the cave bear. Their presence is greater than in the
rest of the levels of the sequence and these large carnivores
have only been documented in Aurignacian levels. These
large carnivores are very common in Mousterian sites in
the Cantabrian Spain, such as in La Vifia XII (de la Rasilla
et al. 2020), Llonin VIII (Sanchfs ez 2. 2019) or Amalda VII
(Yravedra 2010a). In the case of El Cierro, its presence could
indicate the use of the cave by these animals when it was not
occupied by human groups. This is supported by evidence
of carnivore marks on some remains and by the limited
anthropic activity detected at the Mousterian level, which
would indicate a short occupation of the cave by Neanderthal
groups in El Cierro. This type of sporadic occupation and
human-carnivore interactions are common in Mousterian
sites in northern Spain. In particular, the caves would have
been ideal places for bears to hibernate, as the remains doc-
umented in Lezetxiki 6, Arlanpe D, Amalda VII and Llonin
VIII seem to indicate (Linares-Matds & Yravedra 2024).
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On the other hand, the presence of hyenas in cavities is often
associated with the use of these spaces as dens; however,
in the case of Cierro N, the absence of deciduous teeth,
the scarcity of digestion traces and the lack of coprolites of
these animals would indicate that the cave was not used as
a hyena den, something that also occurs, for example, in
Covalejos (Yravedra ez al. 2016).

Birds are very scarce in Cierro N, represented only by a
remain of Alectoris/ Perdix sp. and another of an undetermined
bird. We do not know if the presence of a patridge in the site
is due to anthropic action since it does not show signs of meat
processing. In the other levels of El Cierro something similar
occurs, birds are present in all periods, mainly corvids and
passerines, but there are no traces of anthropic processing.
The exploitation of birds in the Mousterian period of the
Cantabrian Spain is attested in Axlor cave, where cutmarks
are documented on remains of corvids and golden eagles,
determining the use of these resources for food purposes by
Neanderthal groups (Gémez-Olivencia ez al. 2018). Although
data on bird consumption are scarce in the north of Spain, the
case of Axlor adds to other evidence in the Iberian Peninsula
that allows us to determine the use of birds for consumption
by Neanderthals, as evidenced, for example, in the caves of
Bolomor (Blasco & Ferndndez Peris 2012), La Abreda (Lloveras
et al. 2018), Cova Negra (Martinez Valle ez al. 2016), Gruta
da Oliveira (Nabais er /. 2023) or Figueira Brava (Mourer-
Chauviré & Antunes 2000).

Regarding anthropogenic activity, the presence of cut-
marks, fracture pacterns and thermoalterations documented in
Cierro N indicate that the origin of the faunal accumulations
is due to human action. Although cutmarks and percussion
marks have been scarce, the high rate of fragmentation of
the remains, the absence of cylinders and the few traces of
carnivores would exclude a cumulative pattern on the part of
these predators. The meat and marrow processing of faunal
remains is documented in red deer, Iberian ibex and large
bovid, as well as in all size categories. The anthropic alteration
that has left the greatest evidence is thermoalteration. Most of
the burned remains correspond to high degrees of cremation
and exposure temperatures above 800°C (Nicholson 1993;
Stiner ez al. 1995), almost entirely affecting remains included
in the categories of indeterminable size and bones. This large
number of bones exposed to high temperature could be related
to their use as fuel (Théry-Parisot 2001; Costamagno et al.
2005, 2009; Yravedra et al. 2005). The great fragmentation
of the bones burned at high temperature and the presence of
axial elements and fragments of burnt epiphysis could indicate
this use by the Mousterian groups of El Cierro. This type of
practices seems to have also been documented in other Mous-
terian sites in the Cantabrian Spain such as El Esquilleu and
Labeko Koba (Yravedra ez al. 2005; Yravedra & Uzquiano
2013). However, a small percentage of the burned remains
have brown and black tones, as well as double and triple
colouring on the same surfaces of the remains, which could
indicate meat roasting tasks by the Neanderthal groups of
El Cierro (Buikstra & Swegle 1989; Stiner ez al. 1995; Blasco
et al. 2013; Goizane Alonso et al. 2024).
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The scarce MNI and the potential calories provided by
the hunted taxa seems to indicate a short occupation for the
Mousterian of El Cierro. This contrasts with the occupation
of the cave during the Lower Magdalenian, which, given
the large volume of documented remains, could have been
occupied throughout the year (Portero e al. 2024a). This
phenomenon of short-intensity occupations in Mousterian
sites is well attested in the north of the Iberian Peninsula,
such as Vina XIV, Llonin VIII or Esquilleu 3 (Yravedra
2013; Yravedra & Gémez Castanedo 2014; Sanchis ez al.
2019; de la Rasilla ez al. 2020), especially considering the
dynamics of interaction between humans and carnivores in
these sites (Linares-Matds & Yravedra 2024). On the other
hand, it must be taken into account that the excavated
volume of Cierro N is ¢. of 1 m3, so we must be cautious
regarding the duration of the occupations, since we only
have a small part of the faunal record to understand the
intensity of the inhabitation.

Finally, the natural agents that have affected the faunal
remains of Cierro N indicate the presence of humidity dur-
ing the formation process of the level, as we have been able
to attest from the large number of bones stained with man-
ganese oxides, the rolling of bones due to low-intensity water
drag, and corrosion caused by water and plant roots on bone
surfaces. Additionally, weathering has damaged bone surfaces
causing cracking. These factors have influenced the conser-
vation of the remains, making it difficult in some cases to
identify anthropogenic processes.

CONCLUSION

The faunal sample analysed in this article has offered us an
approach to the subsistence strategies of the Neanderthal
groups that inhabited the El Cierro cave during MIS 3 in
its regional context.

The archaeological analysis has revealed that red deer is the
main prey hunted, a phenomenon that is highly consistent
with what has been documented throughout the stratigraphic
sequence of El Cierro during the Upper Pleistocene and early
Holocene. Other ungulates consumed (Iberian ibex and large
bovid) are scarcely represented, but they formed part of the
diet of the Neanderthals in the cave, as we have been able
to demonstrate from the anthropic evidence documented.
Other herbivores, such as horse or proboscidean, are pre-
sent in Cierro N, but we have not been able to determine
their anthropic contribution. Within the traces of anthropic
manipulation, thermoalterations have been very abundant
and have allowed us to determine tasks related to the roasting
of meat but, above all, the use of bone as fuel.

Birds are scarcely represented at Cierro N, with only one
patridge, which shows no evidence of anthropic manipula-
tion, nor traces of consumption by carnivores. The presence
of hyena and cave bear, together with some marks produced
by carnivores on the faunal remains, has allowed us to docu-
ment the activity predators. Although the tooth marks have
not enabled us to determine the carnivore that produced
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them, the low volume of bones with anthropic alterations
seems to indicate a short occupation of the cave by human
groups, and cave bears and hyenas may have taken advantage
of this circumstance to use the cave when it was not occupied
by people. However, the low activity of carnivores, together
with the scarcity of cylinders and evidence of coprolites, would
rule out the use of the cave as a den.

The studied faunal assemblage has also allowed us to assess
the processes of formation and transformation of the archaeo-
zoological record of Cierro N due to natural agents. These
phenomena have allowed us to conclude that the time of
formation of the stratum, the humidity and the phenomena
of rolling had a great impact on the archaeological material,
having documented many remains with manganese staining
and abrasions on the surfaces of the bones due to water activity.

The results provided in this study are inserted within the
subsistence dynamics of the Neanderthal groups of the Sella
valley and the Spanish Cantabrian region, contributing
with a case study to the complex panorama that develops
during MIS 3.
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