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Abstract

The Gruta da Aroeira (Torres Novas, Portugal), with evidence of human occupancy dating back ~400,000 years, is one
of very few Middle Pleistocene cave sites to provide a fossil hominin cranium in association with Acheulean bifaces and
the by-products of fire usage. Zooarchaeological, taphonomic and tooth-wear analyses suggest that the accumulation of
the faunal remains and their modification are anthropogenic. Large game constituted the basis of subsistence, with equids
and cervids being preferentially targeted. Woodland and open landscapes formed the ecosystems supporting the popula-
tions of the mammals that were preyed upon by the inhabitants of the site. Most of the animal carcasses were carried to,
and fully butchered at the site, which was used as a residential base camp. The features of the Aroeira faunal assemblage
foreshadow the subsistence strategies developed by the hunter-gatherers of the Middle and the Upper Palaeolithic and
testify to their very ancient roots.
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Introduction

The Middle Pleistocene of Europe was a critical period in
the evolution of modern humans, marked by the develop-
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ment and diffusion between 500 and 600 thousand years
ago (ka) of two major innovations: namely, Acheulean
technology and the controlled use of fire. The index fos-
sil of the former is the biface or handaxe (Gowlett 1988),
employed, among other tasks, for woodworking (Domin-
guez-Rodrigo et al. 2001; Solodenko et al. 2015) and
butchery (Solodenko et al. 2015). The period’s human
fossils are indicative of populations that presented signifi-
cant morphological diversity and reveal the emergence of
the diagnostic features of the Neanderthals (Manzi et al.
2011; Arsuaga et al. 2014; de Lumley 2015). European
sites containing Acheulean lithics and evidence of the use
of fire in association with well-dated human fossils are,
however, scarce; but the Middle Pleistocene site of Gruta
da Aroeira (Almonda karst system, Torres Novas, Portu-
gal) provides fresh insights. To date, this cave context and
its fossil human cranium (Aroeira-3), dated to ~400 ka,
are the earliest evidence of the anthropogenic use of fire

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12520-024-02026-0&domain=pdf&date_stamp=2024-7-25

139 Page 2 of 18

Archaeological and Anthropological Sciences (2024) 16:139

in association with Acheulean bifaces in western Europe
(Daura et al. 2017, 2018; Sanz et al. 2018, 2020).

Several sites indicate that hunting was the major meat-
procurement strategy used by humans at this time. Ani-
mal species — primarily equids, bovids and cervids — were
preferentially targeted from different biotopes, and selec-
tive prey choice by age and sex is evident (Rabinovich et
al. 2008; Stiner et al. 2011). In western Europe, the sub-
sistence strategies of human groups around MIS 12-11
remain largely elusive (Villa and Lenoir 2009); yet, the
faunal remains from a few sites allow subsistence strat-
egies to be reconstructed and aspects of the residents’
social behaviour to be inferred. For example, in the bone
bed layer of the TD10.2 sub-unit at Gran Dolina (Atapu-
erca), large quantities of bison remains are indicative of
~400 ka-old seasonal, communal events of mass hunting
in which the cave served as a kill-butchering site (Rodri-
guez-Hidalgo et al. 2015, 2017). In open-air sites, the
production of bone tools and the exploitation of carcasses
to obtain marrow have been documented, for example, at
Schoningen 13 1I-4 (MIS 9) (Germany), in association
with butchered bovids (aurochs and bison) (Stahlschmidt
et al. 2015; van Kolfschoten et al. 2018), and at Boxgrove
(United Kingdom), in association with the butchery of a
large female horse (Roberts and Parfitt 1999; Smith 2013;
Pope et al. 2020). Similarly, cut marks and the anthro-
pogenic bone breakage of megafaunal remains — includ-
ing rhinoceros at Caune de I’Arago (Chen and Moigne
2018) and elephant at Aridos 2 (Yravedra et al. 2010) and
Ambrona (Villa et al. 2005) — have also been documented.
However, it remains unclear whether this evidence is
indicative of hunting or of the exploitation of the natu-
ral deaths of large animals. Evidence of small game pro-
curement is rare but some — for example, the removal of
meat from beaver remains observed at Caune de 1’ Arago
(France) (Lebreton et al. 2017) — indicates that large
mammals were not the sole meat resource.

When used as residential sites, Palaeolithic rock shel-
ters and caves constituted the final destination for provi-
sions and, as such, their archaeofaunal records furnish
evidence for understanding carcass processing stages,
consumption patterns, subsistence strategies and social
behaviour. Here, in seeking to shed further light on the
palaeoecology and adaptations of Middle Pleistocene
humans, we present the faunal assemblage from layer X
of Gruta da Aroeira. We undertake zooarchaeological,
taphonomic and dental wear analyses of the large mam-
mals from this stratigraphic unit in order to character-
ize the hunting and subsistence behaviour of the site’s
occupants.
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Background

Gruta da Aroeira (henceforth, Aroeira) is a cave located in
the Central Limestone Massif of Estremadura, in the west of
the Iberian Peninsula (Fig. 1(1-2)). The site is a fossil outlet
of the Almonda river (a tributary of the Tagus) (Fig. 1(4))
and lies~ 144 m above modern sea level. The cave forms
part of the Almonda karst system, a labyrinthine network of
passages featuring a number of former entrances with Pleis-
tocene sedimentary infillings sealed by roof collapse, such
as Gruta da Oliveira (Zilhao et al. 2021; Zilhao 2024).

The site was discovered in 1991 by the Sociedade Tor-
rejana de Espeleologia e Arqueologia (STEA) (Zilhdo et
al. 1993) and was first excavated between 1997 and 2002,
revealing a rich lithic assemblage of Acheulean bifaces
together with faunal remains (Marks et al. 2002a, b) and two
human teeth (Aroeira 1 and 2) (Trinkaus et al. 2003). Note
that these early publications designated the site as “Gale-
ria Pesada” (Marks et al. 2002b); however, this nomencla-
ture corresponds to the interior conduits of the karst system
while the name Gruta da Aroeira corresponds more properly
to the cave entrance and the archaeological site (Hoffmann
et al. 2013).

Archaeological excavations resumed in 2013 in a 6 m?
area at the back of the cave, with the aim of reaching bedrock
and investigating the chronological range of the archaeo-
logical deposit, for which the speleothem samples collected
and dated between 2006 and 2011 had provided a minimum
age of ~400 ka (Hoffmann et al. 2013). In this area of the
site, the stratigraphic sequence spans a thickness of 4 m
and comprises three major stratigraphic units. Uppermost
Unit 1 is a brecciated infilling capped by flowstone dated to
44.8+2.0 ka (20). Unit 2 is a 2.2 m-thick, mud-supported
breccia, rich in angular and sub-rounded clasts, correspond-
ing to Acheulean levels X and Xb/c (which are the upper
and lower parts of a single unit, excavated 1997-2002 and
2013-2017, respectively) and capped by a second flowstone
dated to 418 + 37/ — 27 ka (20) (Fig. 1(3)). Basal Unit 3
is an endokarst fluvial deposit comprising two layers: layer
Xl is a 0.4 m-thick silty sand with scattered gravel and fau-
nal remains but no artefacts, and layer XII is a 0.5 m-thick,
archaeologically sterile, slightly gravelly sand. The external
layer of a stalagmite column buried by the subsequent accu-
mulation of Units 1 and 2 and which, based on available
cross-sectional views, seems to have grown from the top
of layer XII, has been dated to 406 +30 ka (20). This result
represents a maximum age for layer Xb/c, whose deposition
can therefore be constrained to the 389436 ka interval.

The lithic assemblage recovered from the latest exca-
vation includes flakes (53%), cores (12%), bifaces (4%),
debris (2%) and cobbles (25%) (Daura et al. 2018). The
technological analysis of this material revealed no Levallois
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Fig. 1 The Gruta da Aroeria

cave site. 1-2. Map showing the
location of the Gruta da Aroeira
(red star) in the Iberian Peninsula
(map extracted from OpenStreet-
Map). 3. North stratigraphic
profile of the 2013-2017 trench.
4. The Almonda escarpment; the
position of the site is indicated
(photo: Pedro Souto). 5. Pan-
oramic view of the valley located
above the escarpment
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elements and suggests that on-site knapping consisted of the
reduction of centripetal cores. The raw material provenience
study suggests that the Acheulean inhabitants of Aroeira pri-
marily frequented the lowlands surrounding the Tagus River
and its tributaries. Accordingly, the rocks used in the main
were locally available quartz and quartzite, while flint was
obtained at sources > 10 km away.

Layer Xb/c also yielded a partial human cranium
(Aroeira-3) comprising most of the right half of the cal-
varium and a fragmentary right maxilla (Daura et al. 2017).
Aroeira-3 shows no signs of human modification or any
alterations produced by carnivores, and an accident rather
than inter-personal conflict or cannibalism is the most plau-
sible explanation for a perimortem-like fracture in the pos-
terior region of the parietal bone (Fig. 2(1-2)) (Sanz et al.

2018). Additionally, the use of fire in the cave is evident
owing to the presence of the by-products of combustion,
including burnt bones (Fig. 2(3-6)), charcoal and heat-
altered cobbles and sediments, the latter allowing the identi-
fication of at least two different horizons of fire usage (Sanz
et al. 2020).

Materials and methods
Excavation methodology
The archaeofaunal remains analysed here were recovered

during fieldwork undertaken between 2013 and 2017. The
remains come from the area at the back of the cave where
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Fig.2 (1) Endocranial view of
the Aroeira-3 human cranium
indicating the perimortem frac-
ture (white box) on the posterior
region of the parietal bone. (2)
Detailed view of the cortical
delamination. 3—6. Burnt bones:
fully calcined rib (3), carbon-
ized distal condyle of a deer
metapodial (4), fully carbonized
fragmented epiphysis (5) and
carbonized tortoise bone plate (6)

the lower part of Unit 2 (layer Xb/c, henceforth, layer X)
was excavated beyond the elevation reached in 2002: grid
units H/I/J-6/7/8. In this area of the site, Unit 2 is fully
sealed by the flowstone and is, therefore, securely dated. As
the archaeological materials were encased in a hard carbon-
ate breccia formed by the precipitation of percolating water,
the excavation had to be carried out with demolition ham-
mers. We endeavoured to collect all the remains, but sieving
was not possible. Thus, a bias can be expected in terms of
the preservation of very small pieces of bone, such as cone
flakes; fragile fragments, such as avian bones; and small
taxa, such as leporids. Faunal bones were piece-plotted in
situ prior to extraction, while small fragments were bagged
by grid units of provenience. The breccia blocks extracted
from the site with the power tools were broken into small
pieces outside the cave. All faunal remains were detached
using a pneumatic microhammer and microchisel (Mod.
CTS 178) and restored using a normal air scribe (Mod. W
224). Where necessary, bones were consolidated with an
acrylic resin (Paraloid-B72) dissolved with acetone.

Zooarchaeological and taphonomic analyses

Bones were analysed following standard zooarchaeologi-
cal methods (Stiner 2005; Reitz and Wing 2008). These
included identification of the anatomical region (cranial,
axial and appendicular), the skeletal element, the portion
of the element, side, and age (foetus/neonate, infantile,
juvenile, adult or senile). Dental development and degree
of tooth wear were used as ageing criteria, with specimens
being assigned to one of five age groups: foetal/neonatal,
infantile (milk teeth in use), juvenile (deciduous dentition
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undergoing replacement), adult (permanent teeth) and senile
(advanced occlusal tooth wear). The scarce representation
of epiphyses prevented us from analysing the degree of fus-
ing as an indicator of age.

The high degree of fragmentation complicated skeletal
identification. All non-identifiable fragments were assigned
to three categories: flat, long, or spongy bones. The presence
of long bone landmarks (e.g. foramens and grooves) facili-
tated the recognition of small fragments with these unique
features (e.g., deer metapodials), but most other fragments
were less readily identifiable.

The bones were identified to genus or species level
whenever possible, while the large number of unidenti-
fied remains were assigned to body size-weight categories
following the modified criteria proposed by Bunn (1986):
small, <100 kg (roe deer and ibex); medium, 100-300 kg
(red deer); large, 300-1,000 kg (large bovids and horses);
and very large, > 1,000 kg (rhinoceros and proboscideans).
In the present study, we grouped the different species in
broad categories. For example, in line with previous stud-
ies (see, for example, Croitor et al. 2019), the three cervids
could be individually identified (as Dama, Haploidoceros
and Cervus); but, here, unless otherwise justified, we opted
to group them together as deer to facilitate interpretation.

The number of remains (NR), the number of identified
specimens (NISP), the minimum number of individuals
(MNI), the minimum number of elements (MNE) and the
skeletal survival rate (% Surv.) were calculated following
Brain (1981), Poplin (1981), and Lyman (2008). The fol-
lowing formula was used for the latter: % Surv. of element
(i) = (MNEi * 100) / (MNI * number of element(i) in the
skeleton). Bone loss from density-mediated attrition was
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evaluated using the computed tomography (CT)-derived
values of bone mineral density (BMD,) for reindeer (Rangi-
fer tarandus) and horse (Equus sp.) as a standard (Lam et al.
1999), and Spearman’s rho test. Taphonomic observations
recorded surface modifications in line with Lyman (1994),
and Fernandez-Jalvo and Andrews (2016).

To determine the effects of post-depositional and bio-
stratinomical (whether carnivore- or hominin-related)
processes, breakage type and surface modification were
examined at the macroscopic level under a binocular device
(MOTIC SFC-121 GG). Gnawing damage signals car-
nivore modification (Brain 1981; Selvaggio and Wilder
2001), while percussion and cut marks signal anthropogenic
modification, namely butchery (Shipman and Rose 1983;
Johnson 1985; Blumenschine and Selvaggio 1988). Follow-
ing Shipman and Rose (1983), cut marks are V-shaped in
cross section and may feature shoulder effects, while their
orientation, anatomical placement, and type (incisions,
sawing marks, and scrape marks) help in distinguishing
them from carnivore-inflicted damage and in assessing the
butchery function involved (disarticulation, skinning, fillet-
ing, viscera removal or defleshing, among others) (Binford
1981; Lyman 1987). Cut marks were analysed at the Cen-
tres Cientifics i Tecnologics of the Universitat de Barcelona
using a Quanta 200 scanning electron microscope (SEM).

Breakage patterns were described following the crite-
ria proposed by Villa and Mahieu (1991), namely, fracture
angle, outline, and edge. The fracture angle is that between
the fracture and the cortical surfaces: right (~90°), oblique
(obtuse or acute angles) or mixed (variable angles). The out-
line is the orientation of the fracture relative to the bone’s
long axis: transverse (perpendicular), curved (spiral or
V-shapes fracture) or intermediate (multidirectional mor-
phology). The edge criterion refers to the condition of the
edge’s surface: smooth (flat surface) or jagged (rough sur-
face). Following Bunn (1983) and Villa and Mahieu (1991),
the portion of the bone preserved was described as less than
half (of the shaft circumference or of the shaft longitude),
more than half, or complete.

Burning damage was described in a previous work, in
which the different degrees of burning are described and
discussed (Sanz et al. 2020); here, we treat burnt bones
as an undifferentiated ensemble. Bone abrasion, including
rounding or polishing, may result from biological activity
(e.g., use as tools by humans, carnivore activity), or from
transport and trampling (Lyman 1994; Fernandez-Jalvo
and Andrews 2016), and was assessed according to Beh-
rensmeyer’s stages (1978). Abrasion was also categorized
according to the degree and location of the rounding: slight
(restricted to fractures or edges and observed microscopi-
cally), moderate (restricted to some areas and observed
macroscopically) and strong (all over with possible loss

of original bone morphology), following the criteria pro-
posed by Caceres (2002) and Fernandez-Jalvo and Andrews
(2016).

Tooth microwear analysis

Tooth microwear was analysed following the protocol
established by Solounias and Semprebon (2002). Tooth
occlusal surfaces were first cleaned with acetone and then
ethanol 96% to remove consolidants and eliminate any sedi-
ment or dust. The occlusal surfaces were moulded using
high-resolution dental silicone (Heraeus Kulzer, PROVIL
novo Vinylpolysiloxane, Light C.D. 2 regular set) and casts
were created using clear epoxy resin (C.T.S. Spain, EPO
150+K151). All teeth were carefully screened under a ste-
reomicroscope to check and discard those presenting tapho-
nomic alterations (King et al. 1999; Uzunidis et al. 2021).
Casts were observed with a Zeiss Stemi 2000 C stereomi-
croscope at 35X magnification, using the refractive proper-
ties of the transparent cast to observe the microfeatures on
the enamel. To avoid inter-observer error, the analysis was
performed by a single observer (FR).

Microwear features were quantified in two areas using
an ocular reticule of 0.16 mm? on the paracone of the upper
molars and the protoconid of the lower molars. We used the
classification of features as defined by Solounias and Sem-
prebon (Solounias and Semprebon 2002; Semprebon et al.
2004), which specifically identifies pits and scratches. The
presence/absence of other features — cross scratches, hyper-
coarse scratches, gouges and large pits — was recorded qual-
itatively. In addition, scratch textures were assessed using
the scratch width score (SWS), which is obtained by giving
a score of ‘0’ to a tooth with predominantly fine scratches,
‘1’ to a tooth presenting a mixture of fine and coarse tex-
ture types, and ‘2’ to a tooth with predominantly coarse
scratches. Individual scores for a sample of teeth were then
averaged to obtain the SWS.

Results
Preservation

The taphonomic analysis of the Aroeira-3 human teeth and
cranium has been reported elsewhere (Sanz et al. 2018).
Table 1 summarizes the main alterations suffered by the
faunal assemblage. A total of 22 remains (7%) present ini-
tial stages of weathering with bone cracking, while medium
and advanced stages are totally absent, pointing to the rapid
burial of remains with a low degree of exposure. Thermal
alteration is observed on at least 44 bone remains. A brown-
ish patina — from slight to strong — is also recorded (N=158);
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Table 1 Main taphonomic alterations in layer X

Carnivore activity N %
Pits and furrowing 0

Ravaging 0

Total 0

Weathering N %
Bone cracking (1) 22 6.6
Bone flaking (2) 0

Fibrous texture (3) 0

Rough texture (4) 0

Total 22 6.6
Thermoalteration N %
Partially burned 3 0.9
Carbonized 26 7.8
Calcined 15 4.5
Total 44 13.2
Staining N %
Slight (brown) 33 9.9
Moderate (brown) 20 6.0
Strong (brown) 5 1.5
Strong (yellow) 4 1.2
Total 62 18.6
Manganese coating N %
Slight 73 21.9
Moderate 10 3.0
Strong 1 0.3
Total 84 25.2
Other geological N %
Abrasion 2 0.6
Desquamation 6 1.8
Dissolution 13 39
Sediment pressure 4 1.2
Trampling 4 1.2
Total 27 8.7
Human activity N %
Impact flake 5 1.5
Incision 33 9.9
Percussion marks 3 0.9
Scrape 8 2.4
Total 49 14.7

yet, few (N=4) present the yellowish appearance broadly
observed in the layer XI bones. Manganese coatings are
abundant (28%), but most are slight (24%). Other geologi-
cal alterations — abrasion (0.7%), desquamation (2%), dis-
solution (4.3%), sediment pressure (1.3%) and trampling
(1.3%) — are scarce. Abrasion is especially infrequent, being
responsible for the rounding of just two bones. These bones
were recovered close to a stalagmite column, suggesting
abrasion may be related to the percolation of water along the
interstitial spaces found within the sedimentary column or
between the latter and the cave walls. No post-depositional
marks attributable to rodents were found.

The impact of human activity is visible on 14.7% of the
remains. No evidence of carnivore interference (e.g., pits,
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furrowing or ravaging) was found in the bone assemblage.
No partially digested bones were identified either.

Taxonomic identification, age and body part
representation

Cervids are the most abundant category (22%NISP)
(Fig. 3(5, 8)), so, unsurprisingly, the non-identifiable bones
assigned to medium-sized animals are also the most abun-
dant (36%) (Table 2). Cervids are followed by equids
(14%NISP), including two remains of a small size taxon.
Other taxa — rhinoceros (1.5%NISP) (Fig. 3(9-10)), bovid,
macaque and suid (Fig. 3(4)) (< 1%NISP) — are less fre-
quent. Fragmentation of the remains hinders species assign-
ment; however, some palacontological features suggest
that the rhinoceros remains correspond to Stephanorhinus
etruscus.

Carnivores are scarce (2.4%NISP) (Table 2). The most
abundant is the bear, represented by six remains, among
which the palacontological features of Ursus deningeri
could be identified (Fig. 3(12)). The lynx is represented by
one dental remain. Other taxa, namely beaver and tortoise,
are also represented (0.9%NISP) (Fig. 3(1)).

The majority of the assemblage is composed of non-
identifiable bones (58%). According to body size and in
descending NR order, they can be classified as follows:
medium (36%), large (16.8%), small (4%) and very large
(0.9%). A fragment of a spinous process of a cervical ver-
tebra may belong to a proboscidean. However, it is too
fragmentary to be diagnostic. Until additional evidence is
obtained, this identification should be considered tentative
and the potential presence of the taxon at the site should be
treated with caution (See Table 2).

The age at death profile for the individuals recovered in
layer X shows a marked predominance of adults in terms of
the MNI (equids = 3, cervids=35, carnivores=1 for each
taxa), with just one juvenile (an equid). Cranial elements
constitute the most frequent skeletal part (22%) for all spe-
cies and size categories (small, medium, and large). Isolated
teeth are the most abundant (10%), followed by cervid ant-
lers (7%; one corresponding to a shed antler), maxilla (2%)
and mandible (2%) fragments and, finally, fragments of the
cranium (1%). Axial skeleton remains — ribs (4%) and ver-
tebrae (6%) — are abundant. Among the remains of the sty-
lopodium, the humerus (6%) is the most numerous, while
the femur (2%) is poorly represented. Among the remains
of the zeugopodium, the posterior extremity predominates,
with the tibia being the most frequent (6%); the anterior
extremity is represented by the radius (2%). Metapodium
(6%), acropodium (7%) and basipodium (3%) remains are
also represented. Scapular and pelvic girdle bones are scarce
(1%). Most of the bones are non-identifiable fragments
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Fig. 3 Faunal remains from
Aroeira. (1) Tortoise pygal scute
(ARO-798). (2) Horse navicu-

lar bone (ARO-304). (3) Horse
lower tooth (ARO-53). (4) Suid
canine (ARO-221). (5) Red deer
antler tine fragment (ARO-102).
(6) Horse metapodial distal
condyle (ARO-756). (7) Equid
cuboid (ARO-761). (8) Haploido-
ceros mediterraneus left maxilla
(ARO-308). (9) Rhinoceros
femur, proximal epiphysis (ARO-
854). (10) Rhinoceros, third
metatarsal (ARO-597). 11. Lynx,
upper canine (ARO-764). 12.
Bear, lower p4 (ARO-571)

assigned to the long (19%), flat (5%) and spongy (6%) bone
categories.

Survival rates were calculated for the two main body size
categories identified in layer X: that is, medium and large
ungulates. The results of a bivariate test of bone density ver-
sus survival rate are not statistically significant for either
the medium (Spearman’s »=-0.037, p=0.890) or the
large categories (Spearman’s r=—0.096, p=0.713). Thus,
the bias observed in the body part representation pattern is
unlikely to derive from differential preservation processes
and is more likely to reflect hominin agency.

Carcass butchery
The bone assemblage from layer X bears anthropogenic
modification marks caused by stone-tool cutting, break-

age, percussion and burning (Table 3). Among the ungulate
bones, incisions are seen on thirty-three, impact flakes on
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five, percussion marks on three, and scrape marks on eight.
Bones with cut marks are present throughout, the highest fre-
quency coinciding with the greater concentrations of stone
tools (two main horizons can be recognized; Fig. 4(3)).
Butchery patterns can be inferred from the abundance of
large and medium-sized ungulates. Skinning is observed on
the diaphysis of metapodials, skinning and/or disarticula-
tion of joints is observed on an equid phalanx (Fig. 5(2))
and a sesamoid, and there is other evidence of disarticula-
tion. The latter includes a cut mark on the glenoid cavity of
a deer scapula that may correspond to the disarticulation of
the humerus, while cut marks on the distal epiphysis of a
humerus, on the proximal epiphysis of a femur, and on the
tibial crest of deer tibiae would also seem to correspond to
disarticulation. Scrape marks associated with the removal of
the periosteum and meat, indicative of defleshing (filleting),
are present on limb bones and on a rib. The bulk of the inci-
sions are located on shaft portions, which is also indicative
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Table 3 Anatomical location and number of cut marks per taxonomic grouping in layer X

Cervid Equid Large ungulates Medium ungulates Total N %
Incisions Femur 1 1 0.3
proximal epiphysis + shaft
Humerus 1 1 0.3
distal epiphysis + shaft
Shaft 2 3 5 1.5
Long bone 9 3 12 3.6
shaft
Mandible 1 1 2 0.6
Metatarsal 2 2 0.6
shaft
2nd phalanx 1 1 0.3
Rib 2 2 0.6
shaft
Scapula 1 1 0.3
glenoid cavity
Sesamoid 1 1 0.3
Tibia 1 1 2 0.6
shaft
tibial crest 2 2 0.6
Vertebra 1 1 0.3
Impact flake Long bone 2 2 0.6
shaft
Metatarsal 1 1 0.3
shaft
Tibia 1 1 0.3
shaft
Humerus 1 1 0.3
shaft
Percussion marks Long bone 1 1 0.3
shaft
Humerus 1 1 0.3
shaft
Antler 1 1 0.3
Scraping marks Femur 1 1 0.3
shaft
Humerus 1 1 0.3
shaft
Long bone 2 1 3 0.9
shaft
Tibia 1 1 2 0.6
shaft
Rib 1 1 0.3
shaft
Total 10 3 23 13 49 14.7

of the removal of meat. Evisceration can be inferred from
cut marks on some rib bones (Fig. 5(4)). Incisions on the
mandibles of two medium-sized ungulates (Fig. 5(5)) sug-
gest the cutting and peeling away of the cheek and tongue.
Percussion marks are also present on three of the remains;
two of them (a shed antler and a humerus shaft) could have
served as knapping tools or ‘retouchers’. These remains,
together with three bones presenting abrasion-smoothed
ends, are currently under study to determine their possible
use as tools.

Fracture morphologies — with a predominance of oblique
angles (92%), curved outlines (94%), and smooth fracture
surfaces (98%) — are consistent with the breakage of fresh
bone (Fig. 6). These breaks are likely to be anthropogenic
and made to extract marrow. No cone flakes are present;
however, this might reflect the constraints on recovery
posed by the hard breccia in which the finds were encased.
Indeed, 90% of the shafts analysed preserve less than half
their original circumference and 89% less than half their
bone length (vs. 6 and 11%, respectively, that preserve more
than half), while the number of complete sections (4%) is
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Fig.4 1. Site plan and grid of 1
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Fig.5 Anthropogenic bone
modifications. (1) Humerus shaft
showing impact notches and
filleting marks on the corti-

cal surface (ARO-274). l1a and
1b. Detailed SEM views of cut
marks. The longitudinally ori-
ented marks intersect with some
of the marks that are oblique to
the bone’s main axis. (2) Equid
phalanx showing cut marks
associated with skinning (ARO-
66), and detailed SEM view
(2a). (3) Femur with cut marks
on the shaft (ARO-853). (4) Rib
with several incisions on the
body (ARO-895). (5) Mandible
with cut marks (ARO-462) with
detailed SEM view
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Table 4 Summary of the microwear data for the layer X ungulates. N=number of specimens; M =Mean; SD =standard deviation (for N>4);
CV =coefficient of variation; NP=average number of pits; NS =average number of scratches; %LP=percentage of individuals with large pits;
%G =percentage of individuals with gouges; SWS =scratch width score; %XS =percentage of individuals with cross scratches; %HC = percent-

age of individuals with hypercoarse scratches

Species N NP NS %LP %G SWS %XS %HC

Equus sp. 9 M 13.9 22.1 44.4 0 1.66 0 55.5
SD 2.6 1.9

P, cf. savini 4 M 18.4 13.0 100 75 1.25 0 25
SD 1.1 1.1

C. elaphus 2 M 29.5 9.75 100 100 1.5 0 50

H. mediterraneus 2 M 16 14.75 100 0 1 0 0

trivial and full-length bones are totally absent. In combina-
tion with the morphology of the fractures, these attributes
are unambiguously suggestive of an anthropogenic assem-
blage cracked open and thoroughly processed for the extrac-
tion of within-bone nutrients.

Finally, as mentioned above, 13% of the bones from layer
X present signs of heating. Different degrees of combustion
are observed: partially burned (1%), carbonized (8%) and
calcined (4%) (Sanz et al. 2020).

Dental microwear analysis

The ungulate teeth display a well-preserved microwear pat-
tern: of the twenty-one teeth initially sampled, only three
had to be discarded due to taphonomic damage to the occlu-
sal surface.

The microwear pattern of the equids (Equus sp.) is char-
acterized by a large number of scratches, few pits and no
gouges; however, large pits are present on roughly half
of the specimens (Table 4). The high SWS indicates that
dental scratches are predominantly coarse; additionally,
hypercoarse scratches are observed on roughly half of the
specimens. A comparison with extant ungulates indicates
that the Aroeira equids belong to the grazer trophic phase
(Fig. 7).

The microwear pattern of the Praedama cf. savini teeth is
characterized by a small number of both pits and scratches
(Table 4); however, large pits and gouges are numerous,

coarse scratches predominate, and there are a few hyper-
coarse scratches. As such, these teeth compare well to those
of extant leaf browsers (Fig. 7); moreover, these character-
istics suggest that, as well as the leaves of trees or bushes,
Praedama cf. savini also ingested significant amounts of
twigs.

The teeth of Cervus elaphus present few scratches and a
large number of pits. Moreover, they are characterized by
numerous large pits and gouges, and by both coarse and
hypercoarse scratches. A comparison with extant ungulates
indicates that the Aroeira red deer plot among the leaf brows-
ers (Fig. 7). In common with Praedama cf. savini, they
probably fed on the twigs and leaves of trees and bushes,
but the number of pits suggests that grit and dust were also
ingested. It seems certain, therefore, that these two deer taxa
fed in different areas or off different plant parts — ones that,
in the case of the Cervus niche, contained leaves that accu-
mulated considerable amounts of grit and dust.

The dental microwear pattern of the Haploidoceros
mediterraneus, in common with that of the Praedama cf.
savini, presents few pits and scratches. However, while no
hypercoarse scratches and gouges are present, a consider-
able number of fine scratches are detected. The sample from
Aroeira plots among extant leaf browsers (Fig. 7), but unlike
the other two Aroeira cervids, Mediterranean deer seem to
have fed exclusively on the leaves of trees or bushes.

In short, the dental wear analyses carried out on four
ungulate species (cervids and equids) from layer X of
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Fig. 7 Bivariate plot of the average numbers of pits and 50
scratches presented by the ungulates in layer X (Aroeira).
Error bars correspond to the mean standard error (£ 1
SEM) for each sample. Plain ellipses correspond to the
Gaussian confidence ellipses (p=0.95) on the centroid for
the extant leaf browsers (LB) and grazers (G), based on 40
the Solounias and Semprebon (2002) reference database
L, 30
g C. elaphus
B (N=2)
o
g P. cf. savini
Z 20 (N=4) :I
H. mediterraneus
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Aroeira are indicative of different diets. The cervids (Prae-
dama cf. savini, Cervus elaphus and Haploidoceros medi-
terraneus) appear to have been browsers whereas the horse
was a grazer. Of particular relevance is the lack of overlap in
the microwear patterns of the four taxa, which is indicative
of inter-species niche partitioning, in particular as regards
the three cervids.

Discussion
Taphonomy

Although the preparation of the remains was sufficient to
guarantee the success of the zooarchaeological, taphonomic
and dental microwear analyses, the smaller, more fragile
remains are most certainly underrepresented. This, as dis-
cussed, can be attributed to the assemblage’s brecciated
matrix and the recovery techniques resorted to in having to
overcome this constraint. Any evidence of damage attribut-
able to weathering is negligible, which is indicative of mini-
mal exposure prior to burial and the protection afforded by
the cave setting and/or the rapid burial of the remains. There
is little evidence of post-depositional movement — dry frac-
tures of bones resulting from sediment pressure are present
in just 2% of the assemblage — and of trampling — present in
just 4% of the assemblage.

The karst depositional environment may also be respon-
sible for the infrequent presence of damage attributable to
abrasions (<1%), desquamations (2%), and dissolution
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(4%). Additionally, the manganese coating giving some
of the bones a distinctive black colour (25%) reflects the
nature of the burial environment. Very few bones present the
extensive, homogeneous yellow coating (1%) that is charac-
teristic of the remains from underlying layer XI and which
has been related to post-burial oxidation caused by percolat-
ing water, as observed in other karst contexts (Zunino et al.
2012). The brownish colouration of a number of remains
(17%) needs further examination, but might derive from fire
damage or other characteristics of the depositional environ-
ment (Fernandez-Jalvo and Andrews 2016; Pollock et al.
2018; Sanz et al. 2020). Several unambiguous by-products
of burning (including bone, charcoal and, possibly, cobbles)
have, however, been recorded. In short, the faunal assem-
blage from layer X of Aroeira is characterized by the scarce
representation of alterations of a biostratinomic, post-burial,
or post-depositional nature.

Evaluation of the state of preservation of the assemblage
is critical in ascertaining the stratigraphic integrity of the
artefact assemblages and, hence, in making inferences about
hominin behaviour. The taphonomy of the faunal remains
analysed here strongly supports the homogeneity of the
layer X deposit, in agreement with the geochronological
data and the results of the studies previously conducted on
the lithics and the paleoanthropological remains. Yet, owing
to certain idiosyncrasies of the lithic assemblage — namely,
the absence of cleavers and other large tools characteristic
of the Acheulean — some authors have suggested that the
handaxes recovered in layer X might be intrusive (Méndez-
Quintas et al. 2018; Santonja and Pérez-Gonzalez 2021;
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Santonja et al. 2022). Flake cleavers and bifaces are com-
monly found in fluvial terraces and at other open-air sites
where hominin activities seem to have differed from those
carried out in residential camps such as Aroeira. Thus, the
lack of cleavers in the latter’s lithic assemblage may have
a functional explanation. Whatever the case, the evidence
unambiguously rejects the hypothesis that the specific fea-
tures of the Aroeira assemblage reflect post-depositional
disturbance processes.

Biological agents

The anthropogenic marks and breakage patterns observed
on the bones recovered from layer X indicate that human
groups were the primary agent involved in the accumula-
tion and modification of the assemblage. Although two car-
nivore species (bear and lynx) are represented in the layer,
their few remains — primarily teeth — show no evidence of
modification. And while their presence might be related to
human activities, it should be noted that both species are
cave dwellers. The presence of lynx in caves and their use
of the latter as dens have been widely documented (see
Brugal et al. 2012; Rodriguez-Hidalgo et al. 2020; Gabucio
et al. 2024), while, among bears, reiterative use of caves
both for hibernation and birthing has likewise been broadly
documented in the Pleistocene record (Stiner 1998; Marks
et al. 2002a; Sanz and Daura 2018; Grandal-d’Anglade et
al. 2019). Indeed, bears have been documented at other
sites in the Almonda karst system, namely in the Middle
Palaeolithic Gruta da Oliveira, in association with hiberna-
tion deaths (Zilhdo et al. 2010). Yet, the idea that the carni-
vores recovered in layer X of Aroeira might in some way
be associated with the economic activities of Palaeolithic
hunter-gatherers cannot a priori be rejected. Indeed, while
the predation of carnivores is rarely documented in the Mid-
dle Pleistocene, there is some evidence in the archaeological
record, including at TD10.1 (Atapuerca), where a lion was
probably hunted and processed for food (Blasco et al. 2010),
and at Schoningen, where a large cat bone was employed as
a knapping tool (Van Kolfschoten et al. 2015).

Prior to human occupation, Aroeira was frequented by
carnivores as evidenced by two separate horizons: (i) basal
Unit 3 (layers XI and XII), which presents no lithics or
anthropogenic faunal remains, contains beaver bones related
to the natural death of animals whose habitat extended to
the underground stretches of the river, upstream from the
then-extant spring (Cuenca-Bescés et al. 2021); and (ii)
the boundary between layers X and XI, characterized by
an accumulation of coprolites. The evidence from layer X
allows us to rule out the possibility that carnivores had a
role in the formation of the faunal assemblage as either bone
modifiers or bone accumulators. Assessing the likelihood of

other explanations, for example, the sporadic use of the cave
by carnivores as a refuge, is difficult in the absence of direct
indicators of activity (Villa et al. 2004). It is our conjecture,
therefore, that humans inhabited the cave with little or no
overlap with carnivores, the latter’s absence probably being
a direct result of the intensity and frequency of the presence
of human groups.

Due to the limited number of remains recovered (the
result, as discussed, of the hard breccia encasing and of the
fragility of the bones), we are unable to ascertain the origin
of the Lagomorpha remains and those of other small prey,
or more specifically whether they might be associated with
the activity of the lynx. However, the microfaunal remains
from an area near the collapsed cave entrance excavated
between 1997 and 2002 implicate the golden eagle or the
Eurasian eagle-owl in the accumulation of rabbit remains
and, as such, rule out the involvement of humans or carni-
vores, including that of the lynx (Marks et al. 2002a; Pel-
letier 2018).

Subsistence strategies

Based on the anthropogenic bone modifications observed,
cervids and equids were the main prey of the Aroeira
humans. Indeed, in all likelihood, most of the non-identi-
fiable fragments assigned to the medium-sized and large
categories also belong to these taxa. At the site, the entire
carcass processing sequence — skinning, removal of the vis-
cera, disarticulation, defleshing and filleting, and, finally,
marrow extraction — can be identified. This pattern is con-
sistent with the introduction and on-site processing of com-
plete carcasses (at least, in the case of cervids) and of their
on-site consumption too. These butchery practices sought
not only the reduction of the carcasses to portable, shareable
portions, but also the exploitation of grease, bone marrow,
meat, and hides. Moreover, the anthropogenic marks and
breakage patterns indicate regular hunts, intensive exploita-
tion of carcasses, and primary access to prey. The other taxa
recovered — including suid, bovid and rhino — are scarce in
number and neither cut marks nor carnivore damage have
been identified on their bones. However, the parsimoni-
ous explanation is that they too were exploited by human
groups, as documented in other Lower Palacolithic assem-
blages (Moncel et al. 2012; Rodriguez-Hidalgo et al. 2016;
Chen and Moigne 2018). However, it is not possible to pro-
pose an origin for the macaque mandible found at the cave.
Although several European Lower Palaeolithic sites provide
evidence of the coexistence of macaques and humans (Elton
and O’Regan 2014; Konidaris et al. 2022), direct evidence
of their exploitation by humans remains elusive (but see the
reports from Cova Bolomor) (Blasco and Fernandez Peris
2012).
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The high frequency of cut marks on the bones recovered
from layer X is notable (~10%) and in close agreement
with the frequencies documented in other layers of the cave
(8-16%) (Marks et al. 2002a). Similar frequencies have
been documented at other Lower Palaeolithic sites, includ-
ing both Gran Dolina (Atapuerca) (Rodriguez-Hidalgo et al.
2015) and Qesem Cave (Stiner et al. 2009). Traditionally,
archaeofaunal interpretations emphasize the total frequen-
cies of cut-marked specimens within a given assemblage at
the expense of other qualitative variables. Yet, cut mark fre-
quencies can vary widely, due to the broad spectrum of vari-
ables determining whether bones will be modified in this
way (Lyman 1987), and as such this indicator is of uncer-
tain value. Other relevant variables impacting cut-mark
frequency include skeletal element representation, time of
day, number of butchers, biological agents involved, carcass
size, and fragmentation (Lyman 2005; Dominguez-Rodrigo
and Yravedra 2009). What is critical here is whether these
variables can be archaeologically measured and their behav-
ioural significance ascertained. Variables such as the degree
of expertise of butchers, carcass processing and site func-
tionality are difficult to control and cannot be measured from
the assemblages. In contrast, the percentage of cut-marked
long bones, the size of the prey, and the presence of tools
play a crucial function in interpreting cut-mark frequencies
(Lupo and O’Connell 2002; Egeland 2003; Dominguez-
Rodrigo and Yravedra 2009).

The number of cut marks in relation to tool type and
butchering activities has been addressed in experimental
studies. Their findings indicate that handaxes produce a
higher number of marks in disarticulation and skinning pro-
cesses, while retouched flakes are largely responsible for the
marks made when defleshing (de Juana et al. 2010; Galan
and Dominguez-Rodrigo 2013). However, a direct correla-
tion cannot be drawn between tool types and cut-mark per-
centages because of the other factors that might impact the
patterns. For example, in Qesem Cave, the presence and dis-
tinctive features of cut-marked bones apparently correlate
not to tool types, but rather to variations in the social modes
of food consumption and cooperation that occur within a co-
resident group (Stiner et al. 2009). Thus, in butchery, multi-
ple hands might be involved, including the less experienced,
as opposed to the skilled butchering efforts of a single or just
a few individuals.

In the case of Aroeira, defleshing would seem to be the
most frequent activity and this, in turn, may well be related
to the significant representation of flakes (~ 50%), including
the flakes used as blanks for tools present among the 2013—
2017 layer X lithics. Skinning is less readily identifiable, in
potential agreement with the somewhat scarce representa-
tion of bifacial tools (~5%) in these same lithics (Daura et
al. 2018). The high frequency of butchery marks indicates

@ Springer

that the cave served as a base camp and reflects the inten-
sive exploitation of the carcasses, an activity that may have
taken place in dedicated areas. However, the limited size of
the 2013-2017 trench does not allow us to assess intra-site
distribution patterns.

The presence of human remains in layer X does not seem to
be related to the subsistence practices observed at the site. As
discussed, the absence of anthropogenic marks points to either
an accidental or a natural, disease-related death event (Sanz
et al. 2018). Similarly, there is no evidence that the cranium
served a symbolic purpose or that it underwent some kind of
processing (Saladié et al. 2012).

Paleoenvironmental reconstruction

The Aroeira faunal record is indicative of open woodland and
a relatively mild, semi-humid climate. Based on the chrono-
logical constraints provided by U-Th dating, layer X can be
dated to the MIS 11 interglacial, which presented a higher
mean annual temperature (+2.7 to +0.3 °C) and a higher mean
annual precipitation (+311.7 to +74.4 mm) than today and, in
the case of Iberia, a significant expanse of woodland (Blain et
al. 2015; Lopez-Garcia et al. 2018). However, the earlier limit
of the interval indicated by U-Th dating also includes the last
twelve millennia of the MIS 12 glacial phase (i.e., 424-436 ka).
As discussed elsewhere (Zilhdo 2023), a late MIS 12 chronol-
ogy is more consistent with the clast-supported nature of the
deposit, in which the fine elements represent the infilling of
the interstitial spaces of an open-work accumulation, and with
the palacoclimatic implications of the microfaunal assemblage,
which includes the yellow-necked mouse (Apodemus flavicol-
lis), a species never recorded in Portugal and today restricted to
northern Iberia, above 41°N (Torre et al. 2009).

The most abundant prey were the cervids that fed off the
surrounding woodlands, followed in abundance by equids,
which grazed in an otherwise open landscape. Mediterranean
tortoise and other small mammals were also harvested, given
the existence of a semi-humid environment and as indicated
by the composition of the rodent assemblage (Lopez-Garcia
et al. 2018). Finally, the presence of the macaque (Alba et al.
2019) and other, less abundant taxa, including wild boar, point
to notable areas of woodland in the immediate vicinity of the
cave.

Based on dental microwear analyses, the deer of Aroeira
were essentially browsers; however, different browsing diets
can be observed within this rich cervid community. Mediter-
ranean deer (Haploidoceros mediterraneus) fed exclusively
on the leaves of trees or bushes, and present a microwear pat-
tern similar to that observed for the taxon at Cova del Rinoc-
eront, near Barcelona (Rivals et al. 2016). For the cervids as a
whole, the dental wear patterns suggest sympatry with niche
partitioning, which allowed the three taxa to browse alongside
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each other in the same woodland environments. Fallow deer
(Dama cf. vallonnetensis) are also present at Aroeira, but are
represented by just two antlers, one of these being the proxi-
mal part of a shed antler that may have been brought to the
site by humans for technological purposes. Given the evidence
from Cova del Rinoceront (Sanz et al. 2014; Rivals et al. 2016;
Croitor et al. 2020), it is likely that fallow deer would have
competed with Mediterranean deer (H. mediterraneus) for the
same food resources.

Based on the strontium isotope evidence collected from the
Middle and Upper Palaeolithic sites of the Almonda karst, the
fauna analysed (ibex, red deer, horse and rhinoceros) would
have inhabited areas within a short distance of the sites, albeit
perhaps on a seasonal basis in the case of ibex, though not in
that of cervids and equids (Linscott et al. 2023). The situation
cannot have been much different in the Lower Palaeolithic,
when deer and horses were also the primary animals targeted
by the human dwellers of the caves associated with the spring
of the Almonda river. Thus, animal procurement would, in the
main, have been limited to the local environment, i.e., the low
elevation areas at the base of the Almonda escarpment and, fur-
ther north, the higher reaches of the Serra d’Aire, and, to the
south, the plains of the Tagus basin downstream of the spring.

Conclusions

The faunal assemblage from layer X at the Gruta da Aroeira
derives primarily from anthropogenic activities conducted dur-
ing the Lower Palaeolithic. The subsistence of these human
groups was based essentially on large game, as evidenced by
the assemblage’s adult-dominated mortality profile and anthro-
pogenic modifications, which are similar to those observed at
Middle and Upper Palaeolithic sites. Indeed, the predominance
of medium-sized deer and equids suggests that the inhabitants
selected their prey and transported the carcasses whole to the
site for subsequent processing, in what was a highly standard-
ized exploitation strategy targeting the most valuable parts of
the animals. These mammal populations appear to have been
sustained by woodland and open landscape ecosystems. The
limited occurrence of large animal remains — including rhi-
noceros and, possibly, a proboscidean — indicates that only
the most nutritious parts of these heavier prey would have
been transported back to the cave. Thus, the layer X occupa-
tion may be interpreted as a residential camp in which a wide
range of activities would have been conducted; among them,
the complete butchering of ungulate carcasses. This conclusion
is supported by various lines of evidence: including, the use of
fire; the abundant, cervid- and equid-dominated animal bone
accumulation; the scarcity of the remains of carnivores; the lat-
ter’s almost total lack of involvement in the accumulation or
modification of the ungulate remains; and the high frequency

of anthropogenic modifications seen on the bones. In short,
the features of the Aroeira faunal assemblage — butchery pat-
terns, deliberate prey selection, transport decisions, mortality
profiles, predominance of large game — foreshadow the sub-
sistence strategies developed by the hunter-gatherer groups of
the Middle and the Upper Palaeolithic and bear witness to the
latter’s very ancient roots.
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