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a b s t r a c t

In contrast to the coastal areas of the Iberian Peninsula, the Upper Palaeolithic settlement of central
Iberia, dominated by the Spanish plateau, is poorly known. Traditional models assume a total or virtual
depopulation of the interior of the Iberian Peninsula during the Last Glacial. In this paper we present a
detailed investigation of human-environment interactions through the first zooarchaeological, tapho-
nomic and isotopic study of the key site of Pe~na Cap�on, a rock shelter located in the south-eastern
foothills of the Central System range that contains a multi-layered deposit dated to marine isotope
stage 2 (MIS 2). Analyses of the faunal assemblages of the Proto-Solutrean (3) and Middle Solutrean (2)
layers show that human preferentially hunted horse, deer and iberian ibex living in the vicinity of the
rock shelter. Isotope geochemistry of the animal remains of Pe~na Cap�on provides us with the first
detailed intra-tooth multi-proxy analysis for this time period in south-western Europe, providing esti-
mates of climatic conditions, seasonal flucturation of diet, as well as patterns of seasonal mobility. Our
results indicate that human presence at Pe~na Cap�on was apparently restricted to relatively warm in-
tervals around the LGM or reflects the presence of an ecological refuge, and provide us with evidence of
recurrent human presence in the Iberian interior during the Upper Paleolithic prior to the Magdalenian.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

The Iberian Peninsula, located at the southwestern edge of
Europe, is generally considered to have been a glacial refugium
during the Pleistocene. Together with the Italian and Balkan pen-
insulas, Iberia is thought to have hosted animals, plants and
humans moving from the northern latitudes during periods of peak
vedra), m.julien@soton.ac.uk
sta~no).
glaciation (Straus et al., 2000; Finlayson et al., 2006; Stewart and
Stringer, 2012). This would explain the relatively large number of
archaeological and paleontological sites throughout the Iberian
Peninsula, from the Lower Pleistocene (Carbonell et al., 2008a,
2008b; Toro et al., 2009), the Middle Pleistocene (Santonja and
Villa, 1990; Arsuaga et al., 1997; Carbonell et al., 1999; Fern�andez-
Peris, 2007) to the Late Pleistocene (Vega et al., 1999; Straus et al.,
2000). A significant number of Upper Palaeolithic sites in the Ibe-
rian Peninsula are located along the Cantabrian (Straus, 1992,
2015a; Fano, 2007; Fortea et al., 2010) and Mediterranean coast-
lines (Davidson, 1989; Cort�es-S�anchez, 1996; Bicho et al., 2007,
2010; Fullola et al., 2010; Mangado et al., 2010; Villaverde et al.,
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2010) and Atlantic regions (Bicho et al., 2007, 2010). In the interior
of Iberia, which is dominated by a large upland plateau (theMeseta)
bisected by the Central System range, Lower and Middle Palae-
olithic sites are fairly common (Santonja and P�erez-Gonz�alez,
2000e2001; Vega et al., 1999; Panera and Rubio, 2000; Yravedra
and Cobo, 2015) but the Upper Paleolithic record is poorly
documented.

The paucity of sites in the center of the Peninsula could be due to
a real absence of human occupation, to a lack of research effort
(Cacho et al., 2010; Alcaraz-Casta~no et al., 2013) or to the difficulties
of locating open-air sites (Alcaraz-Casta~no, 2015). In any case, this
paucity has been the traditional basis for proposing a total or partial
depopulation of the Spanish plateau during most of the Upper
Palaeolithic until the Tardiglacial (Breuil and Obermaier, 1913;
Sauvet and Sauvet, 1983; Davidson, 1986; Straus, 1991; Corch�on,
1997; Straus et al., 2000; Vaquero, 2006). Causes for this pur-
ported gap in the record of human occupation that have been
proposed include harsh environmental and climatic conditions of
the Iberian interior, in contrast to the coastal areas of the peninsula
(Finlayson, 2004; Schmidt et al., 2012; Bradtm€oller et al., 2012).
Although palaeoecological archives and data for MIS 2 in the Ibe-
rian interior are scarce (Ruiz-Zapata et al., 2010; Vegas et al., 2010;
Martínez-Pillado et al., 2014; Alcaraz-Casta~no et al., in press), recent
geomorphological studies of the Central System have emphasized
the harsh climatic conditions that would have prevailed during the
late Pleniglacial (Palacios et al., 2012; Carrasco et al., 2013; Pedraza
et al., 2013; Dominguez-Villar et al., 2015). Paleoclimate simula-
tions also suggest that climate variability in central Iberia was
relatively high, creating a high risk environment for human pop-
ulations during the Last Glacial Maximum (LGM) (Burke et al.,
2014).

Magdalenian occupations in the Iberian interior suggest that at
least some inner territories were occupied by humans, even during
cold and dry episodes of MIS 2, including the LGM, suggesting that
the Upper Palaeolithic settlement of interior Iberia was not limited
to the warmer phases of the Tardiglacial, as proposed by the classic
models, (Davidson, 1986; Straus, 1991; Corch�on, 1997; Straus et al.,
2000; Vaquero, 2006). However, despite recent developments, data
on the settlement of interior Iberia during MIS 2 are still scarce and
too problematic to allow us to build models of human-environment
interactions in the region. While technological and even symbolic
information have increased significantly in recent years, chrono-
metric, economic and ecological data are virtually absent from the
record (see Alcaraz-Casta~no et al., in press). This is not only because
most of the sites in areas such as the Madrid basin were excavated
in the first half of the 20th century (see Santonja et al., 2011), and
hence lack data suitable for modern paleoecological analyses, but
also because faunal remains and other biomarkers are very scarce
in their assemblages.

In a recent article studying the settlement of Central Iberia
around the LGM, Alcaraz-Casta~no (2015) highlights recent work in
this region, while pointing out the necessity of obtaining more
evidence before proposing solid interpretations of human-
environment interactions and population dynamics during the
Late Pleniglacial in inland Iberia. Alcaraz-Casta~no (2015) proposed a
number of hypothetical questions that can be addressed using
existing data, namely: 1) were the Solutrean occupations of Central
Iberia related to relatively favorable episodes within the otherwise
harsh conditions of the LGM 2) Were they favored by the existence
of ecological refugia? Or 3) do they just reflect the adaptability of
Upper Palaeolithic hunter-gatherers to harsh environments?

In this paper we discuss the above questions by means of
zooarchaeological, taphonomic and stable isotope analyses of the
faunal assemblages of the Pe~na Cap�on rock shelter (Upper Tagus
basin, Spain). Pe~na Cap�on is currently the only location in Central
Iberia which has yielded faunal remains associated to lithic prod-
ucts during several episodes of MIS 2, and therefore is of paramount
importance for studying human subsistence strategies, ecological
conditions and human-environment interactions more generally
for this period. This study represents the first exhaustive analysis of
this faunal material, and the first detailed intra-tooth multi-proxy
isotopic analysis of faunal remains for this period in southwestern
Europe.
2. Pe~na Cap�on rock shelter

Pe~na Cap�on is a northwest-oriented rock shelter located in the
northern part of the Spanish Southern Meseta. The rockshelter is
part of a limestone formation close to the southeastern foothills of
the Central System range. Situated at an altitude of 861m above sea
level, the site lies within the Upper Tagus basin (Sorbe valley,
Guadalajara province) (Fig. 1). The site was discovered and exca-
vated in 1970 by a team directed by J. Martínez Santa-Olalla, but the
results were never published. It was only in the late 19900s that the
archaeological assemblages, diaries and photos from the excavation
were gathered and analyzed in a preliminary paper on the site by
Alcolea et al. (1997a). Recently, a more detailed study of the lithic
and faunal remains, including the radiocarbon dates for several
bone samples, was conducted (Fig. 2); so far only data from the
Proto-Solutrean layer (3) have been thoroughly published (Alcaraz-
Casta~no et al., 2012a, 2013).

According to existing data, the archaeological deposit of Pe~na
Cap�on comprises, from top to bottom (Fig. 2), a surface level (1)
containing mixed Magdalenian and Upper Solutrean materials,
which includes shouldered points, a Middle Solutrean level (2)
characterised by laurel leaf points, a Proto-Solutrean level (3) with
Vale Comprido points, and a level containing non-diagnostic lithic
products producedmostly in quartz, fromwhich a date in the range
of known dates for the Gravettian (i.e. 25.4 ± 0.3 ka cal BP) was
obtained (4). Radiocarbon dates and diagnostic lithic artifacts from
each layer are shown in Fig. 2 (see also Alcolea et al., 1997a; Alcaraz-
Casta~no et al., 2013; Alcaraz-Casta~no, 2015).

The material analyzed here comes from the assemblages
collected during the 1970 excavation. This excavation was strati-
graphically controlled and thus the provenance of lithic and bone
materials is considered secure. However, work conducted in 1970
did not include geomorphological, sedimentological or palae-
oecological analyses, and hence these data are currently lacking.
Furthermore, current methods of recording and screening were not
used and it is very likely that small lithic and bone remains were
lost in the course of excavation (Alcolea et al., 1997b; Alcaraz-
Casta~no et al., 2013). The rock shelter still preserves archaeolog-
ical deposits, however it is currently under water (a reservoir was
constructed in 1982) and is only accessible in very dry years. Thus,
new archaeological excavations at the site have not been possible
until very recently.

Nevertheless, Pe~na Cap�on is relevant for both the understanding
of the human settlement of Central Iberia and the reconstruction of
ecological and climatic conditions during MIS 2.
3. Material and methods

All available faunal remains from level 2 (Middle Solutrean) and
level 3 (Proto-Solutrean) from Pe~na Cap�on have been analyzed from
a zooarchaeological and taphonomic perspective, corresponding to
N ¼ 306 and N ¼ 564 bones, respectively (Table 1). Isotopic analyses
have been conducted on a total of six ungulate dental remains from
layer 2 and 3, corresponding to three teeth in each layer.



Fig. 1. A: Geographic location of the Pe~na Cap�on rock shelter in the Iberian Peninsula. B: View of the Pe~na Cap�on rock shelter in the Sorbe River Valley prior to the construction of
the Bele~na reservoir (in 1982).
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3.1. Zooarchaeology and taphonomy

Taxonomic identification of the faunal remains is based on
reference material held at the Complutense University (Madrid,
Spain). In cases where the exact taxonomical determination was
not possible, epiphyses and shaft fragments were assigned to
approximate animal weight or size classes following Uerpmann
(1973), with ‘small group’ refers to Bunn (1982) size 1 and 2 size
class (i.e. animals <250 kg, e.g. Rupicapra or Capra); and ‘large
group’ referring to Bunn (1982) size 3e5 (i.e. animals of



Fig. 2. (A). Lithic assemblages and dating results from the Pe~na Cap�on sequence. 1: “Mediterranean-type” shouldered point. 2: Laurel leaf point. 3: “Cantabrian-type” shouldered
point. 4e6: Laurel leaf points. 7e8: Vale Comprido points. 9: Endscraper on a wide blade with inverse flat retouches. 10: Carinated bladelet core made on quartz. 11: Retouched
bladelet. 12: Notch on a hyaline quartz flake. (B). Photo from the 1970 excavation of the Pe~na Cap�on stratigraphic sequence. Archaeological levels according to the 1970 excavators
are highlighted in white, while the red line separates the disturbed layer 1 from the rest (after Alcaraz-Casta~no, 2015: Fig. 4). (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

Table 1
Taxonomical patterns of Pe~na Cap�on according to NISP.

NISP Solutrean % Proto-Solutrean %

Layer 2 3

Equus e Horse 31 10.1 18 3.2
Bos/Bison e Large Bovid 2 0.4
Cervus e Deer 17 5.6 117 20.7
Sus e Wild boar 1 0.3 0.0
Capra e Iberian ibex 23 7.5 11 2.0
Oryctolagus e Rabit 5 1.6 49 8.7
Large 64 21 126 22.4
Small 107 35.0 52 9.2
Indet 58 19.0 189 33.5
Total 306 564

Table 2
Taxonomical patterns of Pe~na Cap�on according to MNI where A: Adult, J: Juvenile; I:
infant.

Layer Solutrean Proto-Solutrean

2 3

MNI A/J/I %MNI A/J/I %MNI

Equus e Horse 1 12.5 1 6.7
Bos/Bison e Large Bovid 1 6.7
Cervus e Deer 1/0/1 25 2/1/1 26.7
Sus e Wild boar 1 12.5
Capra eIberian ibex 2/1/0 37.5 2/0/1 20
Oryctolagus e Rabit 1 12.5 3/1/2 40
Total 8 15 100
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250e1000 kg, e.g. deer, horse and auroch).
The number of identified specimens (NISP) and minimum

number of individuals (MNI) are used to quantify the faunal re-
mains and to describe taxonomic representation. NISP determina-
tion follows Lyman (1994a, b), whereas MNI is based on Brain
(1969) method which uses bone laterality and estimated age.
Element identification of shaft fragments is based on shaft thick-
ness, section shape, and medullar surface properties following
Barba and Domínguez-Rodrigo (2005). Skeletal profiles and MNI
reconstruction consider shaft thickness, section shape and
medullar surface properties (Barba and Domínguez-Rodrigo, 2005).
Bone elements are divided into four anatomical regions (Yravedra
and Domínguez-Rodrigo, 2009): cranial (i.e. horn, cranium,
mandible and teeth), axial (vertebrae, ribs, pelvis and scapula);
upper appendicular limb bones (humerus, radius, ulna, femur, pa-
tella and tibia) and lower appendicular limb bones (metapodials,
carpals, tarsals, phalanges and sesamoideal). Long limb bones were
also divided into upper (humerus and femur), intermediate (radius
and tibia), and lower (metapodials) limb bones (Domínguez-
Rodrigo, 1997).

Estimates of the minimum number of elements (MNE) present
in an assemblage differ substantially depending on whether shafts
fragments are used for element identification or not (Pickering
et al., 2003; Cleghorn and Marean, 2004). Here, we include shaft
fragments in the calculation of MNE. We employed an integrative
approach using the bone section division proposed by Patou-
Mathis (1985), Münzel (1988), and Delpech and Villa (1993), as
described in detail in Yravedra and Domínguez-Rodrigo (2009).
Shafts are divided into sectors of equal size, irrespective of areas of
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muscular insertion. These sectors (upper shaft, mid-shaft, lower
shaft) can be easily differentiated and oriented (cranial, caudal,
lateral, medial). MNE is then quantified by laying out all specimens
from the same size group and documenting overlapping samples
taking element size, side, age and bone sector into account.

Mortality patterns are established using the following age cat-
egories: young, young-adult and adult. Age is estimated using tooth
eruption and tooth wear patterns, following Guadelli (1998) for
horse, P�erez-Ripoll (1988) for Iberian ibex and Steele (2002) for red
deer.

We also employed taphonomic analyses to reconstruct site
formation processes, assess site integrity, and evaluate the contri-
butions of various biogenic agents to the faunal assemblage. This
was done at three levels. First of all, we examined fragmentation
patterns. Bone fragments were classified into three categories:
<3 cm, 3e5 cm and >5 cm. Only long bone fragments were
considered and shaft circumference was also taken into account,
since anthropogenic bone assemblages show greater fragmentation
than carnivore assemblages, which contain a larger proportion of
complete shaft circumferences (Bunn, 1982). Bunn (1982) proposes
three categories for the determination of shaft circumference: (1)
circumferences <25%; (2) between 25% and 75%; and (3) >75%.
Thirdly, only those long bone fragments displaying green breakage
were considered. This distinction is made because diagenetic (dry)
breakage is relatively common in archaeological assemblages and,
thus, the distribution of dry-bone breakage patterns may be quite
different from the patterning in the original deposited bone
accumulations.

Green bone breakage was identified using fracture planes
following Villa and Mahieu (1991) guidelines. Dry breakage planes
tend to be longitudinal or transverse to the long axis of the bone
with a nearly 90� angle between the cortical and medullar surfaces
and an uneven breakage plane surface with micro-step fractures
and a rough texture. On the other hand, green breakage planes are
characterised by smoother surfaces and are more likely to be ori-
ented obliquely to the long axis of the bone.

Additionally, a systematic examination of bone surface modifi-
cations such as cut, percussion and tooth marks was carried out
with 10X-20X hand lenses and different lighting angles
(Blumenschine, 1988, 1995) and cut, percussion and tooth marks
were recorded. The diagnostic criteria defined by Bunn (1982),
Potts and Shipman (1981) and Domínguez-Rodrigo et al. (2009)
guided our identification of cut marks, whereas tooth marks were
recorded following Blumenschine (1988, 1995). Finally, the identi-
fication of percussion marks followed Blumenschine and Selvaggio
(1988) and Blumenschine (1995). For comparative purposes, sur-
face modifications include the evaluation of epiphysis and shafts
(Blumenschine, 1988, 1995). Modifications were quantified by
element type and bone section (Domínguez-Rodrigo, 1997;
Domínguez-Rodrigo and Barba, 2005) based on NISP values
(Bunn, 1982). The presence of tooth, percussion and cut marks was
recorded for the entirety of remains, whereas estimated percent-
ages include only well-preserved bone surfaces.

3.2. Isotopic analyses

3.2.1. Principle of analysis
The carbon, oxygen and strontium isotope analyses were per-

formed on enamel apatite from teeth selected from the faunal as-
semblages from layer 2 (Middle Solutrean) and layer 3 (Proto-
Solutrean) of Pe~na Cap�on. The carbon and oxygen isotope compo-
nents of mammal bones and teeth mainly derive from animal diet
and reflect environmental conditions and animal ecology (e.g. Luz
et al., 1984; Fricke et al., 1998). Enamel is the most mineralized
osseous tissue and, except in some cases of microbially-mediated
reactions (e.g. Blake et al., 1997; L�ecuyer et al., 1999; Zazzo et al.,
2004a), generally does not undergo diagenetic changes that could
affect biogenic isotopic signals (Lee-Thorp and Sponheimer, 2003),.
Enamel, therefore, is usually favored for isotopic analysis.

Tooth enamel forms by accretion, from the crown to the cervix,
and once formed does not undergo remodelling. Sequential sam-
pling of crown enamel, thus, provides a continuous isotopic record
from the beginning of crown formation until the completion of
crown mineralization, which can cover a period of a few months to
several seasons depending on the species (e.g. Luz et al., 1984;
Fricke et al., 1998). However, enamel growth rate and maturation
length results in different degree of dampening of the original
isotopic signal between species, resulting in differences in the
amplitude of themeasured signals (Passey and Cerling, 2002; Kohn,
2004).

An intra-tooth incremental multi-isotopic analysis was the
selected sampling strategy, including oxygen, carbon and strontium
isotopic measurements, in order to obtain accurate palae-
obiological, paleoecological and paleoenvironmental data. The ox-
ygen isotope composition of the mineralized dental tissues of large
mammals is mainly controlled by the isotope composition of local
meteoritic water and records climatic changes at the seasonal scale
(e.g. Luz et al., 1984; Fricke et al., 1998). The carbon isotope
composition of osseous tissues of mammalian herbivores is largely
controlled by the type of plant consumed, and allows tracking both
environmental conditions and dietary habits of mammals (Cerling
et al., 1997; Balasse, 2002; Tütken et al., 2006). Strontium isotope
ratios (87Sr/86Sr) of mineralized dental tissues of terrestrial herbi-
vores reflect the isotopic composition of substratum minerals,
which formed the soils where the consumed plants grew. Therefore
it can be a useful tracer of animal mobility at a regional scale that
implies changes in the geology of the rocky substratum (Price et al.,
2002; Tütken et al., 2006).

3.2.2. Sampling methods and analytical techniques
The sampling strategy for the isotopic analysis was designed to

maximize the number of individuals sampled from each level. A
total of six teeth were serially sampled. Due to the small number of
teeth available from level 3, a complete row of upper molars from
one horse (Equus sp.), including M1, M2 and M3, was sampled. In
level 2, two horse maxillary teeth from two different individuals
and one Capra upper third molar were sampled (Table 3). The
crowns were mechanically cleaned to remove sediment, residual
glue, cement or altered enamel. Samples of 10e20 mg of enamel
powder were taken every 3mmalong the growth axis of the crown.

Carbon and oxygen isotope measurements of the carbonate
fraction from apatite (henceforth d18Oc and d13C) were performed
on 1e1.5 mg of untreated enamel powder following standard CO2
extraction procedures: the carbonatewas reacted at 90 �Cwith 100%
orthophosphoric acid, using aMulticarb™ preparation device online
with a dual inlet IsoPrime™mass spectrometer at GEOPTOP (UQAM,
Montr�eal). The carbonate standards used include NBS 19 (cf. Coplen,
1996) and GEOTOP in-house UQ6 carbonate standard calibrated
against the Carrara Marble standard from Cambridge (cf. Hillaire-
Marcel et al., 1994). The overall analytical uncertainty determined
from replicate measurements of UQ6, during each run, is routinely
close to 0.04‰ for both oxygen and carbon isotope measurements.
All results are reported as d-values against V-PDB (Coplen, 1996).
Oxygen measurements were converted to V-SMOW following the
formula: d18O(SMOW) ¼ [d18O(PDB) � 1.03086] þ 30.86 (Bowen,
2008).

Samples with the lowest and highest d18Oc values were chosen
for phosphate and strontium extraction, as described in Julien et al.
(2012). For strontium, additional samples were chosen between
two d18Oc choices. Treatment and analysis of the phosphates



Table 3
Carbon, oxygen and strontium isotope composition of equid and caprid tooth carbonates (c) and phosphates (p) from Pe~na Cap�on. (*) d18Oc values were converted into d18Op-
calculated values (d18Op-calc) following the combination of equations from Iacumin et al. (1996) and Bryant et al. (1996).

Layer Species Element Lab# %CO3 d13C d13Cdiet d18Oc d18Oc d18Op-calc* d18Op 87Sr/86Sr

VPDB VPDB VPDB VSMOW VSMOW VSMOW

2/solutrean Equus UP2 L PC1 N 14 14 14 14 14 14 2 2
Mean 4.8 �10.1 �24.2 �7.1 23.6 14.8 15.7 0.70932
Min 4.5 �10.6 �24.7 �8.0 22.7 13.9 15.2 0.70923
Max 5.5 �9.8 �23.9 �6.2 24.5 15.8 16.3 0.70940
Range 1.0 0.8 0.8 1.8 1.9 1.8 1.1 0.00018

2/solutrean Equus UP/M R PC2 N 18 18 18 18 18 18 2 2
Mean 4.6 �10.5 �24.6 �6.4 24.3 15.5 17.1 0.70915
Min 3.4 �11.3 �25.4 �8.1 22.6 13.9 16.6 0.70912
Max 5.4 �9.2 �23.3 �5.6 25.2 16.4 17.5 0.70918
Range 2.0 2.1 2.1 2.5 2.6 2.5 1.0 0.00007

2/solutrean Capra UM3 L PC3 N 8 8 8 8 8 8 e 1
Mean 4.4 �10.7 �24.8 �5.9 24.8 16.0 e e

Min 4.0 �11.0 �25.1 �7.1 23.5 14.8 e e

Max 4.6 �10.5 �24.6 �4.4 26.4 17.5 e 0.71003
Range 0.6 0.5 0.5 2.7 2.8 2.8 e e

3/Protosolutrean Equus UM1 L PC4A N 10 10 10 10 10 10 1 3
Mean 4.9 �10.0 �24.1 �6.4 24.3 15.5 e 0.71025
Min 4.3 �10.1 �24.2 �7.3 23.4 14.6 16.6 0.71014
Max 5.4 �9.7 �23.8 �5.6 25.1 16.3 e 0.71038
Range 1.1 0.4 0.4 1.7 1.7 1.7 e 0.00024

3/Protosolutrean Equus UM2 L PC4B N 11 11 11 11 11 11 2 2
Mean 4.8 �10.5 �24.6 �6.2 24.5 15.7 17.7 0.71021
Min 4.1 �10.8 �24.9 �7.1 23.6 14.8 16.9 0.71003
Max 5.3 �10.2 �24.3 �5.3 25.4 16.6 18.4 0.71040
Range 1.2 0.6 0.6 1.8 1.9 1.8 1.5 0.00037

3/Protosolutrean Equus UM3 L PC4C N 12 12 12 12 12 12 3 3
Mean 4.9 �10.7 �24.8 �6.2 24.5 15.7 17.0 0.71007
Min 4.5 �11.1 �25.2 �7.4 23.3 14.5 15.9 0.70993
Max 5.5 �9.9 �24.0 �5.3 25.4 16.6 17.6 0.71028
Range 1.0 1.2 1.2 2.1 2.1 2.1 1.6 0.00036
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followed the method described in L�ecuyer et al. (1993) and Fourel
et al. (2011) and were performed at the Laboratoire de G�eologie
de Lyon (UCB Lyon 1). Oxygen isotope measurements were ob-
tained with a EuroVector EA3028-HT™ system connected to an
Fig. 3. Examples of d18Oc (black dots) and d13C (white dots) intra-tooth variations of enamel
from layer 3), and examples of serially sampled tooth (left: PC4B horse UM2 from layer 3,
IsoPrime isotope ratio mass spectrometer in continuous-flow
mode. Extraction and measurement of the strontium isotope ra-
tios were performed at GEOTOP (UQAM, Montr�eal), following
current procedures (e.g. Horwitz et al., 1992). The sample aliquot
samples from Pe~na Cap�on (a and b: PC1 horse and PC3 ibex from layer 2; c: PC4B horse
right: PC3 ibex UM3 from layer 2). Scales bars ¼ 1 cm.
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used for Sr isotopes (0.1 g) was dissolved in a Teflon™ beaker using
a mixture of concentrated hydrofluoric and nitric acids. Details
about Sr chemistry protocol can be found in Maccali et al. (2013). Sr
isotope ratios were measured with a GV Sector-54™ mass spec-
trometer in dynamic collection mode. The Sr fraction was loaded
onto a single Re filament with a Ta oxide activator. Repeated
analysis of the NBS 987 Sr standard yielded a value of
87Sr/86Sr ¼ 0.710263 ± 17 (2s, n ¼ 7). Blanks for Sr were typically
<150 pg.

3.2.3. Inferring past air temperatures and vegetation consumed
Enamel d18Oc and d18Op values were used to estimate past

temperatures. d18Oc values were converted into d18Op-calculated
following the combination of equations from Iacumin et al. (1996)
and Bryant et al. (1996), which do not significantly differ from the
one determined by Zazzo et al. (2004b). d18Op-measured and
d18Op-calculated were converted into drinking water d18O values
(d18Omw) with the formulas available for caprid and equid, pro-
vided by Delguado-Huertas et al. (1995) and Rey et al. (2013) after
Bryant et al. (1994). Air temperature was then estimated using the
following equation: T (�C) ¼ 1.978(±0.008) d18Omw þ
26.414(±0.595) provided by Rey et al. (2013).
The carbon isotope fractionation between plants and herbivore
bioapatite of �14.1‰ (Cerling and Harris, 1999) was used to
calculate the d13C values of the plants consumed (d13Cdiet).

4. Results

4.1. Faunal representation, mortality patterns and
paleoenvironmental implications

The taxa identified in Pe~na Cap�on are Bos/Bison, Cervus elaphus,
Sus scrofa, Capra pyrenaica and Oryctolagus cuniculus. Taxonomic
profiles of the two levels analyzed here are as follows:

Level 3 (Proto-Solutrean) with a total of 564 remains (Table 1),
and aminimal number of individuals (MNI) of 15 (Table 2), contains
the largest faunal assemblage. In terms of MNI, with the exception
of Oryctolagus (MNI ¼ 5), red deer dominates the macrovertebrate
assemblage (with 4 individuals), followed by ibex, horse and the
large bovid (with 3, 1 and 1 individuals respectively). Red deer
remains also dominate in terms of NISP, followed by horse and ibex.
Mortality patterns indicate that adults dominate, though juvenile
red deer and ibex are well represented.

Level 2 (Middle Solutrean) is the second largest assemblagewith
a total of 306 remains (Table 1) and a MNI of 8 (Table 2). The main
taxon is the Iberian ibex, with a MNI of three individuals, followed
by red deer (with 2 individuals) and a single equid. Horse is the
most important taxon according to NISP, with 31 bone fragments
(slightly more than 10% of total NISP), suggesting that this taxon
suffered relatively higher fragmentation than other prey species.
Mortality patterns indicate an emphasis on adults, though a juve-
nile ibex and an infant deer are also present.

4.2. Isotopic data

4.2.1. Preservation of the isotopic signal
The carbonate contents of all sampled teeth were similar to the

carbonate content of modern enamel (Table 3) (Sydney-Zax et al.,
1991). The d13C values fall within the range of published values
for Pleistocene European large herbivores (e.g. Feranec et al., 2010;
Iacumin et al., 2010; Julien et al., 2012; Ecker et al., 2013; Domingo
et al., 2015). The intra-tooth d18Oc variations depict the expected
sinusoidal pattern and reflect seasonal fluctuations of d18O in
environmental surface waters (Fig. 3), although this pattern is
attenuated for one specimen (PC2). d18Oc and d18Op values globally
show the same pattern within each tooth, with d18Oc values fluc-
tuating according to d18Op. Moreover, the mean difference of 7.3‰
between d18Oc and d18Op values (min. 5.7‰, max. 9.5‰) matches
the differences reported for other mammals (Fox and Fisher, 2001).

The d18O variations of the sampled teeth recorded about 8
months of growth for the Caprid tooth and 1e1.5 years of enamel
growth for the horse teeth based on modern observations (Kohn,
2004). The ranges of d18Oc intra-tooth variations are globally
similar for the equids from level 2 and the individual horse from
level 3. Specimen PC2 has a larger range of variation of d13C and
d18Oc values that result from a single (likely anomalous) value
located at the base of the crown, which could be due to the thinness
of the enamel in this area of the crown. This means that it could
have recorded a shorter period of time resulting in a less dampened
isotopic signal. Alternatively, it could reflect diagenetic alteration.
The ibex shows a greater range of d18Oc intra-tooth variation in
comparison to the horses (Table 3, Fig. 3), which corresponds to the
differential attenuation of environmental isotopic signals between
small bovid dental enamel in comparison to horse enamel (i.e.
average damping of 10% for caprids vs 40e50% for equids e Kohn,
2004).

These results lead us to conclude that the biogeochemical sig-
nals recorded in the enamel samples from Pe~na Capon have not
been significantly altered or modified since the death of the ani-
mals and allow palaeobiological, paleoecological and paleoclimatic
reconstructions.

4.2.2. Palaeobiological and palaeoenvironmental interpretations
Intra-tooth d13C variation spans a narrow range of �11.3

to �9.2‰ (mean ¼ �10.4‰). All sampled horse teeth from Pe~na
Capon show a similar pattern of intra-tooth variation whereby d13C
values tend to be slightly higher when d18O values are high and
conversely (this tendency is less clear for Capra) (Fig. 3). With the
exception of a single specimen (PC2), which was discussed previ-
ously, all carbon isotope ratios fall within a narrow range of values
(�1‰). This could indicate limited variation in diet during the time
of crown formation or alternatively, globally similar mean isotopic
values of the different plants ingested (cf. Julien et al., 2015; Rivals
et al., 2015).

Mean d18O values of biogenic minerals (apatite carbonates) vs
those of meteoric waters (d18Omw), as well as mean d13Cdiet values
have been calculated for each cycle when at least two d18Oc peak
values were available. Mean annual d18Omwand d13Cdiet values are
similar within the same individual (e.g. PC4, a horse partial tooth-
row from layer 3), as well as between individuals of the same
layer (Fig. 4). Specimens from layer 2 and 3 also have very similar
d13C diet values (Fig. 4). This could indicate ecological stability
within and between the two layers, and/or similar diets for the
different horses.

The carbon isotopic values indicate the exclusive consumption
of C3 plants, with no intake of C4 plants, as expected for a Pleisto-
cene Eurasian context (Tieszen, 1991). The sampled herbivores
were feeding on plants from open environments, likely grassland or
steppe. However, the herbivore species we sampled might have
been feeding selectively, and one cannot exclude the possibility
that other types of vegetationwere available but were not exploited
by the specimens studied here.

Strontium isotope ratios are globally similar within the same
tooth (Table 3), which indicates that the sampled individuals were
probably not moving over a large geographical area during the
formation time of their teeth, and were primarily sedentary.
However, the strontium signatures of horses in level 2 (with rela-
tively low 87Sr/86Sr of 0.70932 ± 0.00018 and 0.70915 ± 0.00007)
are clearly distinct from that of the ibex from this level
(87Sr/86Sr ¼ 0.71003 ± 0.00007), as well as the horse in layer 3



Fig. 4. Calculated annual mean d18O meteoric water values (d18Omw), a) compared to
the d13C of the plants inferred from the animal diet (d13Cdiet) and b) compared to the
mean strontium isotope ratios of tooth enamel samples from Pe~na Cap�on (L.2 ¼ layer
2; L.3 ¼ layer 3).

Fig. 5. Paleoclimatic simulations centered on 21,000 cal. BP for the region of Pe~na
Capon used as comparison for the temperature expected during the LGM.
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(mean 87Sr/86Sr ¼ 0.71019 ± 0.00047) (Fig. 4b). Ibex tends to feed
on dry slopes or on upland plateaux. The horse from layer 3 pre-
sents a similar, more radiogenic 87Sr/86Sr signal to the ibex, which
indicates that it might also have lived in a more upland environ-
ment, whereas the level 2 Sr isotope ratios for horse are more likely
to be associated with the local limestone-dominated lowland
environment.

The past mean annual air temperature estimated from mean
enamel d18Oc values average 8.5 and 8.8 ± 3 �C for layer 2 and 3
respectively. Temperature estimates from measured d18Op values,
with mean annual values of 16.4‰ for layer 2 and 17.2‰ for layer 3,
indicatemean air temperatures of 10.3 and 11.9 ± 3 �C. These values
indicate relatively colder temperatures than the present-day con-
ditions for the region - with a mean of 12.4 �C in the locality of
Muriel, 3 km away from Pe~na Capon. These estimates are higher
however, than temperatures predicted from climate simulations of
the Last Glacial Maximum centered on 21,000 cal. BP (Fig. 5) which
provide an estimate of 6.5 ± 2.9 �C for the mean annual tempera-
ture in the area of the site (cf. Burke et al., 2014).
4.3. Skeletal profiles and taphonomic evidence

All anatomical elements are represented in level 2. Upper
appendicular bones dominate the large and small mammal as-
semblages, followed by the lower appendicular bones of large
mammals (Table 4). Level 3 shows a similar pattern, with the upper
appendicular bones being the best represented elements for all size
classes (Table 4). Axial bones are better represented in level 3 than
in level 2, especially for large mammals. The scapula and pelvis of
small mammals are poorly represented, lower limbs are more
frequent. These skeletal profiles, despite the small size of the
sample, suggest that whole carcasses were transported to the site in
levels 2 and 3.

The taphonomic study of the Pe~na Cap�on faunal assemblages
reveals that the bones are well-preserved. With moderate degrees
of breakage. More than 68% and 55% of the bone fragments in levels
2 and 3 are larger than 3 cm (Table 5). There is little evidence of
weathering or hydrological alterations. In level 3, 8% of the bones
bear trampling marks while alterations produced by carnivores
(tooth marks) affect 4% of the sample (Table 5). Carnivore modifi-
cations (toothmarks) affect 16.7% of the ibex bones and 15.4% of the
horse remains (Table 6).

Anthropogenic alterations are well-represented in the faunal
assemblages from both levels, with more than 12% of the bones
presenting cut marks (Table 5). Percussion marks have been also
recorded in 5% of the bones in layer 2 and 7% in layer 3. According to
these data, we can conclude that both humans and carnivores
played a role in the transformation of the faunal assemblages of
Pe~na Cap�on, and hence it is very likely that carnivores caused the
observed bias against long bone epiphyses (above).



Table 4
Skeletal profiles of Pe~na Cap�on levels 2 and 3 with respect to MNE, MAU and % MAU. Teeth are excluded of MAU and % MAU.

Layer 2 Solutrean Layer 3 Proto-Solutrean

MNE Large MAU %MAU MNE Small MAU %MAU MNE Large MAU %MAU MNE small MAU %MAU

Horn 1 1 18.2
Skull 1 1 40.0 1 1 66.7 1 1 18.2 1 1 100.0
Maxilla 1 0.5 9.1
Mandible 2 1 40.0 2 1 66.7 2 1 18.2 1 0.5 50.0
Teeth 15 8 6 5
Vertebrae 1 0.04 1.5 1 0.04 2.6 3 0.12 2.1 1 0.04 3.8
Ribs 1 0.04 1.5 3 0.12 7.7 7 0.27 4.9 4 0.15 15.4
Scapulae 1 0.5 20.0 2 1 66.7 2 1 18.2
Humerus 5 2.5 100.0 1 0.5 33.3 9 4.5 81.8 1 0.5 50.0
Radius 1 0.5 33.3 3 1.5 27.3
Ulna 1 0.5 33.3 1 0.5 9.1 1 0.5 50.0
Mettacarpal 1 0.5 20.0 1 0.5 9.1
Pelvis 1 0.5 33.3 4 2 36.4
Femur 2 1 40.0 2 1 66.7 11 5.5 100.0 2 1 100.0
Tibia 4 2 80.0 3 1.5 100.0 8 4 72.7 2 1 100.0
Metapodial 2 1 40.0 1 0.5 33.3 4 2 36.4 1 0.5 50.0
Metatarsal 1 0.5 20.0 1 0.5 33.3 2 1 18.2 1 0.5 50.0
Tallus
Phalanges 4 0.17 6.7 2 0.08 1.5 1 0.04 4.2
Sesamoid 1 0.17 6.7 1 0.17 16.7
Total 41 28 68 22

Table 5
Main bone alterations documented in Pe~na Cap�on faunal assemblages. For fre-
quencies of cut, percussion and toothmarks, teeth have been excluded from the total
of NISP.

Layer 2 3

NISP 306 564
%Bones >3 cm 68% 55%
% Bones weathering 0e1 100% 100%
% Bones with water alteration 2% 4%
% Bones bad preservation <2% <2%
% Large bones with green fracture 100% 93%
% Bones with trampling marks <1% 8%
% Bones with % cut marks 12% 13%
% bones with % percussion marks 5% 7%
% bones with tooth marks 1% 4%

Table 6
Tooth Marks (TM), Cut Marks (CM) and Percussion Marks (PM) of taxa documented in le

Layer 2 Layer 2

Bones with TM NISP %TM

Sus 1 0
Capra 15 0.0
Cervus 16 0.0
Equus 17 0.0
Oryctolagus 5 0.0
Large 1 64 1.6
Small 2 107 1.9
Indet 58 0.0

Layer 2 Bones with CM NISP %CM

Sus 1 1 100.0
Capra 1 15 6.7
Cervus 5 16 31.3
Equus 4 17 23.5
Oryctolagus 5 0.0
Large 13 64 20.3
Small 8 107 7.5
Indet 2 58 3.4

Layer 2 Bones with PM NISP %PM

Sus 0 1 0
Capra 0 15 0.0
Cervus 2 16 12.5
Equus 2 17 11.8
Oryctolagus 0 5 0.0
Large 5 64 7.8
Small 5 107 4.7
Indet 1 58 1.7
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In order to assess the relative roles played by humans and car-
nivores in the faunal assemblages, we have analyzed the fre-
quencies of cut and tooth marks, comparing them with the frames
of reference proposed by different authors (see section 3.1.). We
have also analyzed the skeletal distribution of cut marks and the
dimensions of the tooth marks. Results show that there are no in-
stances of tooth marks overlying cut marks. The skeletal distribu-
tion of cut marks in levels 2 and 3 (Figs. 6e9) shows that for large
group-sized animals, bones associated with large muscle packages
yield relatively high frequencies of cut marks (Figs. 6e9) related to
tasks such as defleshing and disarticulating.

As for small group size carcasses, in level 2 there is not enough
available evidence to allow a solid interpretation concerning
vels 2 and 3 of Pe~na Cap�on. Teeth are excluded from NISP.

Layer 3 Layer 3

Bones with TM NISP %TM

Bos 0 2 0
Capra 1 6 16.7
Cervus 3 111 2.7
Equus 2 13 15.4
Oryctolagus 6 49 12.2
Large 6 126 4.8
Small 2 52 3.8
Indet 2 189 1.1

Layer 3 Bones with CM NISP %CM

Bos 0 2 0
Capra 2 6 33.3
Cervus 29 111 26.1
Equus 8 13 61.5
Oryctolagus 4 49 8.2
Large 19 126 15.1
Small 9 52 17.3
Indet 1 189 0.5

Layer 3 Bones with PM NISP %PM

Bos 0 2 0
Capra 1 6 16.7
Cervus 18 111 16.2
Equus 3 13 23.1
Oryctolagus 0 49 0
Large 11 126 8.7
Small 3 52 5.8
Indet 2 189 1.1



Fig. 6. Anatomical distribution of cut marks recorded in large-sized animals (Large
bovid þ Equus þ Cervus þ Large indeterminate bones) from layer 2.

Fig. 8. Anatomical distribution of cut marks recorded in small-sized animals
(Capra þ Small indeterminate bones) from layer 2.
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human behaviour. However, 9% of the ribs yielded cut marks
(Fig. 8). Which suggests that humans probably had primary access
to the carcasses. Data on small carcasses of level 3 is slightly more
informative, since the high frequencies of cut marks in posterior
limbs, as well as a total of 13% of ribs yielding cut marks (Fig. 9),
point to exploitation of the main muscle packages of these animals
and probably indicates they were hunted by humans.

Comparing frequencies of cut marks recorded in appendicular
bones of both large and small sized animals of Pe~na Cap�on with
different referential frameworks (see the caption of Fig. 10), we
observe that they are best adjusted to patterns in which humans
Fig. 7. Anatomical distribution of cut marks recorded in large-sized animals (Large
bovid þ Equus þ Cervus þ Large indeterminate bones) from layer 3.
had primary access to meat resources, while they differ signifi-
cantly from those in which humans acted as secondary agents
(Fig. 10). Similarly, frequencies of tooth marks do not fit experi-
mental patterns in which carnivores acted as primary agents
(Fig. 11), suggesting that carnivores were not the primary agents of
bone accumulation and transformation at Pe~na Cap�on. Below it can
be observed some cut marks of Pe~na Cap�on (Fig. 12).

However, besides acting as secondary agents after human ac-
tivities, the impact of carnivores on the bone assemblages is high. In
Table 7 we show how large mammals epiphyses are totally absent
in both layers 2 and 3, and the ratio of epiphyses to diaphyses is
relatively low for small mammals. This pattern is consistent with a
high, although secondary, access of carnivores to the carcasses
previously accumulated and transformed by humans. The small
size of the tooth marks, in all cases <2 mm along their greatest
length, suggest that these carnivores were probably also of small
size (Andr�es et al., 2012).
Fig. 9. Anatomical distribution of cut marks recorded in small-sized animals
(Capra þ Small indeterminate bones) from layer 3.



Fig. 10. Cut mark frequencies on appendicular bones of large-sized and small-sized animals in Pe~na Cap�on 2 and 3 compared to the models for frame referential work, where early
human access to the small-sized carcasses (H1) (Barba and Domínguez-Rodrigo, 2005), early human access to large-sized carcasses (H2) (Domínguez-Rodrigo, 1997), early human
access to large-sized carcasses of Hadza (H3) (Lupo and O'Conell, 2002), early carnivore access (C1) (Domínguez-Rodrigo, 1997) and early carnivore access from large carcass (C2
Large) and intermediate taxon (C2 intermed.) (Gidna et al., 2014). Dark boxes represent the range of values for early carnivore access (C).

Fig. 11. Tooth mark frequencies on large-sized (LC), intermediate and small (SC) carcasses in Pe~na Capon site compared to the patterns generated by wild wolves according to
Campelo carcasses of Yravedra et al. (2011) and Flechas and Villardecievos. Foxes in Ourtiaga and Ayll�on (Yravedra et al., 2014a), leopards and cheetah (Domínguez-Rodrigo et al.,
2009); Lions (Gidna et al. (2014); hyenas 1 (Bunn, 1982), hyenas 2 (Blumenschine, 1995), hyenas 3 (Capaldo, 1997), where CeH (experimental data with primary access of hyena and
second of human); HeC (contrary); Lycaon (Yravedra et al., 2014b); Ursus arctos (Arilla t al., 2014) and Pe~na Cap�on data from large and small size classes of levels 2 and 3.
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In addition to carnivore action, other processes may affect the
relative representation of bone epiphyses. For example, bones were
used as fuel in some archaeological sites (Morin, 2010; Yravedra
et al., 2016) and experimental research shows that this results in
the loss of epiphyses (Thery-Parisot and Costamagno, 2005;
Costamagno et al., 2005; Yravedra and Uzquiano, 2013). However,
the very small number of burned bones at Pe~na Cap�on does not
support this hypothesis. Alternatively, bone grease production may
be invoked (Binford, 1978; Munro and Bar Oz, 2005) but this does
not seem likely either. Percussion marks indicate some marrow
extraction (below) but the fragmentation rates are far less than one
would expect if bone grease were systematically being sought, not
are there any fragments of spongy tissue.

Small sample sizes make further statistical testing difficult.
Nonetheless, we tested whether differential element representa-
tion was attributable to bone density using density data for sheep
(Lyman, 1994b) for the small mammal size class and reindeer for
large mammals (Lam et al., 1999). A positive correlation between
bone density and bone preservation was observable for small
mammals in level 3 (Fig. 13b).

One possible explanation for the absence of epiphyses and the
under-representation of axial elements in the assemblages is that



Fig. 12. Shaft of radius with cut marks.

Table 7
Number of epiphyses and diaphyses with respect to MNE where: PEph is Proximal
Epiphysis, and DEph is Distal Epiphysis.

MNE Large Small

PEph Shaft DEph PEph Shaft DEph

Layer 2. Solutrean
Humerus 5 1 1 1
Femur 2 2
Radius 1
Tibia 4 3
Metacarpal 1
Metatarsal 1 1
Layer 3 Proto-Solutrean
Humerus 9 1
Femur 11 1 2
Radius 3
Tibia 8 2 1
Metacarpal 1
Metatarsal 2 1
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the total excavated area of the site is still too small to capture all of
the variability. Alternatively, we suggest that carnivore activity at
the site may have produced the patterns described here. Although
there are not many carnivore remains, tooth scoring indicates that
small carnivores such as fox were present at the site and these
canids are known to scatter bone and modify epiphyses (Yravedra
et al., 2014b; Krajcarz and Krajcarz, 2012).

Another important feature recorded in the two studied levels
are percussion marks. They have been documented on long bones
of deer, horses, ibex and some unidentified bones corresponding to
both large and small mammals (Table 6). These alterations show
that human activity was not limited to the exploitation of meat, but
also involved obtaining marrow. Furthermore, in level 3 there is at
least one diaphysis showing percussion marks related to knapping
activities, as well as some osseous artifacts and engraved bones
showing linear motifs (Alcaraz-Casta~no et al., 2013: Fig. 8).

Finally, while there are few rabbit remains in level 2, in level 3
they represent up to 9% of NISP and 40% ofMNI (Tables 1 and 2). The
age-profiles for rabbit in level 3 show 3 adults, 2 infants and 1 ju-
venile individuals (Table 2) and the skeletal profiles are biased
against epiphyses (Table 9). The total observed MNE is only 3% of
the expectedMNE for a MNI of six individuals (Table 8). 8% of rabbit
remains in level 3 are cut-marked (Table 6), including one femur,
one scapula, one radius and one mandible, all of them related to
defleshing activities. Carnivore action is also represented by tooth
marks on five mandibles and one ulna.

Human predation of lagomorphs is well attested in the
archaeological record of Iberia during the Upper Palaeolithic,
including Portugal (Brugal, 2006; Bicho et al., 2006; Hockett and
Haws, 2002), Mediterranean Spain (Aura et al., 2002; P�erez Ripoll,
2005) and the interior (Yravedra, 2007b; Yravedra and Andr�es,
2014). According to the evidence presented above, we can
conclude that at least some lagomorphs were introduced to the site
by humans, however, carnivores were probably also responsible for
introducing rabbits into the site. Besides tooth marks, carnivore
action is suggested by the osteological bias affecting rabbit skele-
tons (above). Furthermore, at least 50% of individuals were infants
or juveniles. While some studies suggest that human activity may
produce assemblages with young age classes (Cochard et al., 2012).
The pattern typically produced by human accumulations is adult-
dominated (Yravedra, 2008). Finally, breakage patterns also point
to the action of carnivores. Besides the fact that 50% of the rabbit
bones are cylinders, 58% of them present an intense degree of
breakage (Table 8 and 9). Rabbit assemblages produced by humans
have relatively high frequencies of shaft cylinders (Hockett, 1991;
Cochard et al., 2012; Brugal, 2006) but they are not as intensively
fragmented as in carnivore assemblages (Yravedra, 2008).

Overall, the taphonomic and zooarchaeological study of faunal
assemblages recovered in levels 2 and 3 of Pe~na Cap�on suggests
that, during Proto-Solutrean and Solutrean times, animal resources
introduced to the rock shelter were transported and processed by
humans and later scavenged by carnivores with the possible
exception of rabbits. Cut marks show the existence of different
activities related to defleshing and disarticulating activities, and the
presence of bones corresponding to all anatomical portions sug-
gests that whole animals were transported to the rockshelter.

5. Discussion and conclusions

The main objective of this study was to perform a detailed
exploration of human-environment interactions for Proto-
Solutrean and Solutrean occupations of Central Iberia, through a
combined zooarchaeological, taphonomic and isotopic investiga-
tion of the faunal assemblages of Pe~na Cap�on levels 2 and 3. Our
results allow us to explore this issue, and to move forward in the
discussion of the pattern of human settlement in the interior of the
Iberian Peninsula during MIS 2.

The taphonomical and zooarchaeological analysis points to the
exploitation of deer, horse, iberian ibex and rabbits by humans.
Whole carcasses seem to have been introduced to the site and
processed there. Carnivores acted as secondary agents which sug-
gests that human occupations of the site could have been of short
duration, thus allowing carnivores to scavenge the animal remains
previously exploited by Upper Palaeolithic hunters and abandoned
at the rock shelter. This is in consonance with the high number of
lithic projectile points abandoned at the site both in level 2 and 3
(Alcolea et al., 1997b; Alcaraz-Casta~no et al., 2013), and thus allows
us to suggest that the rock shelter could have functioned as a
hunting camp where preys were processed after their capture in
the environs of the site. However, the presence of a relatively large
number of domestic tools, such as burins and especially end-
scrapers (which sum up to 20.8% of retouched tools in level 3)
(Alcaraz-Casta~no et al., 2013: Table 5) suggests that the rock shelter
may also have functioned as a residential site (either seasonal or
permanent), with a more prolonged duration of occupation
(Alcaraz-Casta~no, 2015). Clearly, additional analyses based on new
excavations, including technological, lithological, spatial, environ-
mental and sedimentological data, are needed in order to assess the
duration and function of the site.

The taxonomic profiles for levels 2 and 3 at Pe~na Cap�on suggest
that different habitats were exploited during Proto-Solutrean and
Solutrean times. While Pleistocene horses have a flexible behaviour
but are generally adapted to open grasslands, cervids prefer more
closed habitats and ibex typically live in steep, rocky habitats. Their
presence at the site, therefore, fits the geographic location of the
Pe~na Cap�on rock shelter in an open region in proximity to a variety
of different ecological niches. While the site itself is located in a



Fig. 13. Bivariant Spearman's tests for the layers 2 and 3 for large and small size animal according Lyman (1994a,b) density data for small size and Lam et al. (1999) for large size.

Table 8
Skeletal profiles of lagomorphs and percentage of observed MNE with respect to expected MNE for six individuals and MAU with %MAU. Pe~na Cap�on level 3.

Layer 3. Oryctolagus cuniculus

NISP MNE Expected MNE for 6 MNI Observed MNE (%) with respect to expected MNE MAU %MAU

Skull 6 0
Maxilla 1 1 12 8 0.5 10
Mandible 14 10 12 83 5 100
Vertebrae 312 0
Ribs 1 1 180 1 0.04 0.8
Scapulae 3 3 12 25 1.5 30
Humerus 2 1 12 8 0.5 10
Radius 5 3 12 25 1.5 30
Ulna 2 2 12 17 1 20
Mettacarpal 60 0
Pelvis 4 3 12 25 1.5 30
Femur 5 3 12 25 1.5 30
Tibia 7 7 12 58 3.5 70
Metatarsal 5 5 60 8 0.5 10
Tarsal-carpal 180 0
Phalanges 360 0
Total 49 39 1266 3
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Table 9
Circumference degree and length of fragments measured against the total surface of
the original bone. Pe~na Cap�on level 3.

Layer 3 Circumference degree

Shaft >75% 25e75% <25% Total % >75%

Femur 3 1 1 5 60%
Humerus 1 1 2
Radius 4 1 5 80%
Tibia 3 1 3 7 43%
Total 10 4 5 19 53%

Shaft Length against the total surface of the bone

>75% 25e75% < 25% Total % >25%

Femur 2 3 5 60%
Humerus 1 1 2 50%
Radius 2 3 5 60%
Tibia 1 2 4 7 57%
Total 1 7 11 19 58%
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rocky area suitable for ibex, upland meadows where horses could
have grazed are also found nearby. The isotopic results indicate that
different ranges were exploited by horses in layer 2 and layer 3,
with likely a shift from lowland to upland pastures, despite similar
feeding behaviour deduced from the analyses performed. The
behavioural flexibility of Pleistocene horses has been pointed out in
other studies (e. g. Ecker et al., 2013; Julien et al., 2015; Rivals et al.,
2015) and reflects the flexibility reported for modern equid pop-
ulations (Waring, 2003). This has direct repercussions for our un-
derstanding of the hunting tactics and subsistence practices of Pe~na
Capon's hunter-gatherers, who depended on the availability of
game in their territory. Moreover, the Sorbe River valley also likely
hosted shrub lands and more closed environments that red deers
and wild boars could have used. However, the animals identified in
both assemblages are generalists, capable of adapting to a range of
climatic conditions and are not typical of either cold or temperate
environments. For this reason, isotopic date are valuable as they
provided not only a direct record of animal palaeobiology but also
estimates of air temperature.

Temperature estimates derived from the oxygen isotope anal-
ysis of vertebrate apatite indicate, for the two levels, a climate
slightly colder than present day climate conditions in the region,
but warmer than simulated condition for the LGM, indicating that
the site was not occupied during the coldest phase of the last
Glacial. Between HE 2 and the onset of the LGM there is a brief
warm interval recorded in the Greenland ice-core record (GI-2) at
23.3 ± 0.3 ka BP (Wolff et al., 2010; Yokoyama et al., 2000). The
proposed age of level 2 (Fig. 2) is 19.9 ± 0.1 ka 14C BP (23.8 ± 0.3 ka
cal BP), which falls within GI-2, a warm interval at the end of the
Heinrich 2 event (HE 2), although the proposed dates for this event
vary. It may be that the Solutrean occupation of Pe~na Cap�on took
place during this interval, therefore. However, level 3 is also dated
to 19.9 ± 0.1 ka 14C BP (or 23.9 ± 0.3 ka cal BP), and it may be hard to
make the same argument for two levels (see Fig. 2). The isotope
estimates for level 3 are warmer than expected based on the
climate simulation results for the LGM.

The results obtained from both the faunal and isotopic analyses
show consistent and complementary signatures, allowing a refined
understanding of the Pe~na Cap�on sequence. Data on past temper-
atures and environmental reconstruction during MIS 2 obtained
from isotopic analyses of faunal remains in South-Western Europe
are still scarce but congruent (see Royer et al., 2014; Domingo et al.,
2015). The mean annual air temperature estimates and palae-
cological reconstruction presented here enable us to present some
initial thoughts about the nature of human occupations of Central
Iberia during MIS 2. Our results suggest that both Proto-Solutrean
and Middle Solutrean occupations of Pe~na Cap�on did not take
place during harsh environmental conditions, but rather occurred
during relatively warm events. This provides support for hypoth-
eses 1 and 2 outlined above, namely that the Late Pleniglacial hu-
man occupations of Pe~na Cap�onwere either produced during warm
events within or around the LGM (perhaps the GI-2), or that more
favorable conditions (micro-refugia) existed within the Iberian
plateau - perhaps defined by the valleys of the south-eastern
foothills of the Central System range.

Our analysis indicates that the Sorbe Valley functioned as an
ecosystem rich enough to sustain a diversified animal community
including deer, horse, ibex and rabbits which were hunted by
Upper Palaeolithic humans during MIS 2. This picture contrasts
with the classic idea of a virtually depopulated Iberian plateau,
lacking in biotic resources during most of the Upper Palaeolithic
(Breuil and Obermaier, 1913; Sauvet and Sauvet 1983; Davidson
1986; Straus 1991; Corch�on 1997; Straus et al., 2000; Vaquero
2006; but see Straus 2015b for a very recent interpretation that
takes into account the new data on Pe~na Cap�on and other sites in
the Madrid basin as evidence of the human settlement of Central
Iberia, possibly related to relatively temperate episodes within
the LGM). The cultural sequence of Pe~na Cap�on, together with the
cluster of Solutrean sites in the Manzanares valley (Baena and
Carri�on, 2002; Alcaraz-Casta~no et al., 2012b; in press; Tapias et
al., 2012) and the increasing number of Magdalenian sites
located both North and South of the Central System Range (Ad�an
and Jord�a, 1989; Vega et al., 2010; Cacho et al., 2010, 2012; Cacho,
2013), the Ebro valley (Utrilla et al., 2010, 2012) and the northern
Meseta (Corch�on, 2002), suggest that Central Iberia was inhabited
during a large part of the Upper Palaeolithic, starting at least in
the Proto-Solutrean, and including different cold and dry events
both during MIS 2 and 1. Furthermore, a number of Palaeolithic
rock art sites are known in interior Iberia, yielding both Magda-
lenian and pre-Magdalenian depictions, some of them showing
cold-adapted fauna (Corch�on, 1997; Ripoll and Municio, 1999;
Alcolea et al., 1997b; Alcolea and Balbín, 2003a, 2003b, 2013).
Most of these sites indicate human exploitation of animal re-
sources in the surroundings (Ses�e and Soto, 2002; Yravedra,
2007a, 2007b; Yravedra and Andr�es, 2014), thus suggesting that
the Iberian interior was rich in game and served as nutritional
support for Upper Paleolithic humans living in the area, where
carnivores such as fox or lynx, rabbits and diverse herbivores
shown large evidences of human exploitation (Yravedra, 2005;
Yravedra and Andr�es, 2014).

In conclusion, Pe~na Cap�on rock shelter has revealed itself to be
an important archive for investigating human-environment in-
teractions in Central Iberia during MIS 2. There are very few other
sources of economic, biological and ecological data currently
available for the Iberian plateau during pre-Magdalenian times, and
hence Pe~na Cap�on is of great importance for our understanding of
the complexities of the human-environment interactions at this
key period of human prehistory. Additional fieldwork will be
necessary to fully understand human occupation of central Iberia in
the Upper Paleolithic, and it is now of paramount importance to
open up new avenues of research aimed at gaining more data on
the settlement of Central Iberia during MIS 2 and to keep testing
these and other hypotheses.
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