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Abstract

In this study of the location and physical characteristics of the surroundings of a series of decorated caves in the Nal6n river
basin in Asturias (northern Iberia), the spatial analysis, which included fieldwork and the use of GIS, has defined the exter-
nal archaeological context (EAC) of pre-Magdalenian art in that area. The spatial information has been integrated with the
study of the rock art in order to observe tendencies that are statistically quantifiable by means of multidimensional scaling
(MDS), hierarchical cluster analysis (HCA) and property fitting. The study of the potential association between the location
of the caves and the rock art constitutes a new approach within Palaeolithic cave art research. First, the sample of decorated
caves was analysed to discriminate different situations as regards the total number of representations, relative importance of
figurative and non-figurative motifs, and the type of figurative representations. Second, the relationship between the EAC
and graphic activity was tested. The location of the decorated caves does not fit a homogeneously distributed pattern owing
to marked contrasts in the spatial variables. The greater or lesser ease of access to the location of the cave art sites does not
condition the type of graphic expression. Instead, visibility is clearly associated with the total number of representations,
and particularly with the number of non-figurative representations. However, this particular association between high vis-
ibility and non-figurative motifs should be nuanced because the issues of the conservation and interpretation of the exterior
engravings mostly affect the identification of the figurative representations.
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The location and physical characteristics of the settings of
archaeological sites are aspects that are rarely considered
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in studies of Upper Palaeolithic hunter-gatherer societies.
The first reflections on these factors took place in the times
of the pioneers of Prehistory (see, the references made by
M. Sanz de Sautuola, E. Cartailhac and H. Breuil to the
inhabitability of caves in Garcia-Moreno, 2016). However,
these initial considerations did not crystallise into specific
studies in the framework of historical-cultural archaeol-
ogy. Population patterns were later an important topic of
study within New Archaeology. Special attention was paid
to economic territories and the functionality of sites, which
were assessed through the archaeological evidence, and the
‘inhabitability’ and location of settlements. Even so, the
information employed since the 1960s was not the product
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of a systematic analysis of the factors that define the loca-
tion and setting of sites occupied in the Palaeolithic (e.g.
Straus, 1987).

Today, the situation is fortunately very different, for
theoretical and technical reasons. The places containing the
archaeological deposits are now explicitly regarded as part
of the archaeological record. Those places were chosen as
part of a decision-making process and it seems appropri-
ate to assess that choice (as a dwelling, a place to process
prey, a waste tip, a ‘shrine’ etc.) as a potential source of
information to propose solid hypotheses about the nature of
Palaeolithic occupations (Fano, 2001; Garcia-Moreno et al.,
2013; Garcia-Moreno & Fano, 2014). At the same time, the
application of a specific study methodology including the
use of Geographical Information Systems (GIS) facilitates
the definition of a series of indicators that objectively and
quantitatively describe the location of a site and the territory
in which it is situated (Garcia-Moreno, 2013a).

Recent applications of this methodology have shown
that the integration of spatial information with data from
the archaeological record sensu stricto (intensity of occu-
pations, activities carried out, subsistence strategies etc.)
allow more precise interpretations of the nature of the sites
and therefore of their role in their social context (Fano
et al., 2016; Fano & Garcia-Moreno, 2017a). Nonethe-
less, it may be possible to go beyond a mere material-
istic perspective and consider that the choice of a given
site may be influenced by more subtle factors, such as the
significance or symbolism of particular elements in the
landscape or ‘landmarks’ (Tilley, 1994; Langley, 2013;
Garcia-Moreno, 2013b), or of certain practices (Grgn,
2018). In this regard, the location and setting of caves and
rock-shelters with rock art are a particularly interesting
source of information, owing to the likely symbolic inter-
action between Palaeolithic groups and their landscapes
(cf. Fuentes et al., 2019).

Until the mid-twentieth century, the study of Palaeolithic
art by such authors as E. Cartailhac, H. Breuil, H. Obermaier,
H. Alcalde del Rio, and J. Cabré focused on the analysis of
the figures themselves, especially as regards their chronol-
ogy and meaning (Palacio-Pérez, 2010, 2013, 2017; Moro
Abadia, 2015). From the late 1950s, attention began to be
paid to the spatial variable and the possible compositional
relationship between the different representations. Authors
who have been attributed the controversial label of structur-
alists (cf. Moro Abadia & Palacio-Pérez, 2015), such as A.
Leroi-Gourhan (1958a, b, 1965) and A. Laming-Emperaire
(1962), studied the iconographic and spatial organisation of
the decorated caves in search of an ideal model of ‘cave-
shrine’, whose iconography would be the structured reflection
of the mythological beliefs of Upper Palaeolithic societies.
Later reformulations of this approach still attended exclu-
sively to what can be observed inside the caves (Sauvet &
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Wlodarczyk, 1992, 1995; Vialou, 1986). Processual Archae-
ology did not contribute new insights in this regard, despite
the change of focus, which concentrated on the function of
the art rather than its ultimate meaning (e.g. Barton et al.,
1994; Conkey, 1978). The lack of a systematic study of the
location and setting of the caves implicated in the defini-
tion of the so-called ‘aggregation sites’ is an example of this
(Conkey, 1980, 1992).

Following the proposals of A. Laming-Emperaire
(1962) and F. Rouzaud (1978) and especially the concept
of Internal Archaeological Context (IAC) defined by J.
Clottes (1993), recent research has aimed to determine
the remains and traces of anthropic origin that, apart from
the graphic activity itself, are preserved inside the caves
(e.g. Clottes, 2001; Arias, 2009; Arias & Ontaiién, 2012;
Ferrier et al., 2014; Medina-Alcaide et al., 2018; Pastoors
et al., 2016). In addition, methodologies have been devel-
oped for the precise observation of aspects that are essen-
tial within the interpretation of parietal representations,
such as the visibility of the motifs, the artificial illumina-
tion needed to create and later view them, accessibility
to the decorated walls, and the number of people able to
visualise them at the same time (Beaune, 2000; Bourdier
et al., 2017; Intxaurbe et al., 2020; Jouteau et al., 2019;
Maximiano et al., 2015; Medina-Alcaide, 2020; Ochoa,
2017; Ochoa & Garcia-Diez, 2018; Pastoors & Weni-
ger, 2011; Villeneuve, 2008, among other contributions).
These studies, which sometimes include experimentation
and quantification of the observations, have succeeded in
assessing particularly interesting points, like the relation-
ship between the lighting systems and the visibility of the
panels, the characteristics of the artists themselves and the
time invested and the technology required in their move-
ments through the cave systems (Intxaurbe et al., 2021;
Medina-Alcaide et al., 2021).

Some of these studies of the IAC have explicitly indi-
cated the need to consider also the exterior of the caves in
research on graphic activity, since factors such as the type
of access or the visual prominence of the entrances may
have conditioned the choice of caves to be decorated (Ochoa,
2017). However, after more than a century of studies on
Palaeolithic art, the External Archaeological Context (EAC)
has not been investigated systematically, and the few con-
tributions have concentrated on particular cases and aspects
(Bourdier et al., 2017; Garcia-Moreno et al., 2013; Genuite
et al., 2021; Fano & Garcia-Moreno, 2017b; Ortega-Mar-
tinez & Ruiz-Redondo, 2018; Rasilla & Duarte, 2018; For-
gia & Sineo, 2021).

The present study aims to overcome this limitation by
stressing the EAC. The questions to be asked of the archae-
ological record are varied and of undoubted interest. Did
the symbolic expression of Palaeolithic groups requires
particular places, with a homogeneous distribution in the
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landscape? Were they accessible places or was it relatively
difficult to reach them? Did they choose visible entrances
in the landscape or inconspicuous and even hidden sites?
Did the art add a symbolic dimension to the territory, gen-
erating a social landscape? When caves were used exclu-
sively for graphic activity, was the artistic phenomenon an
isolated fact, with a distribution pattern different to that
of inhabited sites? Does the distribution of caves in the
landscape provide any keys for the interpretation of such
evidence as the variability of parietal ensembles: larger,
medium and small? Is there any relationship between the
location of the caves and the decoration preserved inside
them?

The last question is a reminder that the results of spatial
analyses become meaningful when they are integrated with
information obtained through conventional studies of the
archaeological record (e.g. Fano et al., 2016). Once the
spatial distribution pattern of sites preserving parietal rep-
resentations has been determined, the data should be inte-
grated with the results from the study of the art in order to
observe tendencies that are statistically quantifiable. This
requires the use of a series of statistical tools that will be
described in the corresponding section.

The described approach has been applied to a group
of decorated caves in northern Iberia, one of the most
important concentrations of Palaeolithic parietal art at
an international level (Gonzalez-Echegaray & Gonzalez-
Sainz, 1994; Garate, 2014; Bahn, 2016). These caves are
in the Naldn river basin, in Asturias (Fig. 1), a region that
has proved to be of great importance in Upper Palaeolithic
research in the north of the Iberian Peninsula thanks to

the work started in the 1980s by F. J. Fortea. That project
involved the excavation of several caves with long archae-
ological stratigraphic sequences, as well as the discovery
and study of a large number of decorated caves (Fortea,
1981) situated along the Nalén river basin and some of
its tributaries (Trubia, Nora and Riosa).

The present study will thus begin to answer some of
the questions posed above. To be exact, two objectives are
sought:

(i) To specify the distribution pattern of the decorated
caves in the territory, which has been defined as the
EAC.

(i1)) To determine any possible association between the
location of the decorated sites and the characteris-
tics of the graphic activity they conserve. This will
involve the use of a new approach within Palaeolithic
rock art studies.

Consequently, the present paper will describe the area of
study, the Nalén river basin, in its geographic framework,
including the main geomorphological and geological charac-
teristics of the area with the decorated caves. Secondly, the
Palaeolithic graphic activity being studied will be defined,
considering its chronology and technical and stylistic traits.
The methodology will then be explained, both the methods
employed to define the location and physical characteristics
of the settings of the caves and those used to assess the pos-
sible association between the location of the caves and the
art. The paper concludes by presenting and discussing the
results obtained in the research.

Fig. 1 Map of northern Iberia with the location of the Nalon river basin. Only the water courses implicated in the present study are shown (A.

Garcia-Moreno. Base DEM: ©IGN-CNIG)
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Materials
Study area

The Nalén river basin is located in Cantabrian Spain
(Fig. 1). This region is defined by the Cantabrian Moun-
tains, a coastal range over 400 km long, from the Galician
Mountains to the Pyrenees in North Iberia, and includes
the administrative regions of Asturias and Cantabria,
and the Atlantic part of the Basque Country (Biscay and
Gipuzkoa). The east—west orientation of the Cantabrian
Mountains, whose altitude (including many peaks above
2000 m.a.s.l.) and continuity stops the movement of oce-
anic air masses, results in a very humid temperate cli-
mate and Atlantic vegetation cover. However, the region
is clearly diverse, as a consequence of several climatic and
geomorphologic factors (Garcia-Codron, 2004). The latter
are related to the characteristics of the relief, as deter-
mined by the different geological structures in the region
(Alonso et al., 2007). Two sectors can be differentiated:
the ‘Asturian Massif’ and the Eastern Sector, including
most of Cantabria and the Basque Country. In contrast
with the first, the relief in the second is more modest with
discontinuous altitudes and gentler slopes.

The environmental units that are differentiated in Can-
tabrian Spain are the coastal strip, the high mountains and
the inland valleys. These valleys form the true heart of the
Cantabrian range, because of their size and their human
and scenic significance. The river network originated in
a period before the Pleistocene and is associated with the
Alpine orogeny (Bertrand, 1971). Unlike most rivers in
Asturias and in northern Iberia in general, which flow
from south to north, the Nal6n occupies a south-east to
north-west valley 145 km long; its high erosive capacity
has shaped the landscape and created a system of well-
identified river terraces (Jorda Pardo et al., 2014).

The + 5 m terrace (T6) is of particular interest since it is
directly related to the Upper Palaeolithic occupations. This
has been demonstrated in the case of La Lluera I, located
next to the course of the Nal6n (Rodriguez-Asensio et al.,
2012). The occupation levels corresponding to the Solu-
trean period cover the remains of the +5 m terrace, which
had been dismantled by erosion. Several flooding episodes
took place during the human occupation of the cave, and
traces of fluvial action are evident in the archaeological stra-
tigraphy (floodwater silt, dismantled anthropic levels etc.).
Consequently, the general form of the modern landscape is
not significantly different from its appearance in the Upper
Palaeolithic, at least as regards key aspects of the present
study, such as the form of the river network and the relief.
Other factors, such as changes to the vegetation, are more
difficult to determine with the available information because
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of the difficulty in modelling the distribution of vegetation
in the past. This circumstance has been taken into account
in the proposed methodology, as explained below.
Although limestone outcrops are found throughout north-
ern Iberia (Hoyos & Herrero, 1989; Farias & Marquinez,
1995; Marquinez & Adrados, 2000), some areas contain
particularly dense concentrations of caves, for example, the
mountain limestone in the Picos de Europa and the Urgonian
limestone in the east of Cantabria. In the Nal6n basin, the
presence of Devonian and Carboniferous carbonate litholo-
gies has favoured the formation of caves and rock-shelters,
in which archaeological deposits and/or parietal representa-
tions have been preserved (Garcia-Moreno et al., 2019).
The human occupation of the valley dates back to the
Lower Palaeolithic, of which deposits and remains have
been found on the river terraces. Evidence of Neanderthal
activity and rich cultural manifestations of Upper Palaeo-
lithic hunter-gatherer societies are preserved in the caves.
The use of the territory appears to have become increasingly
important from the Solutrean onwards. Indeed, the parietal
art is an indicator of the important occupations before the
Magdalenian, as described below. However, the best docu-
mented habitation deposits correspond to the Magdalenian
and particularly its recent phase (Corchon et al., 2014a;
Alvarez-Alonso & Rodriguez-Asensio, 2014; Rodriguez-
Asensio, 2000). As a result, the pre-Magdalenian record
offers fewer options for the study of the relationship between
decorated caves and inhabited sites, as mentioned above.

Archaeological context

The archaeological basis of the study consists of rock art
representations in 16 caves in the Nalon basin: La Pefia de
Candamo, Las Mestas, Godulfo, La Lluera I and II, Las Cal-
das, La Vifia, Los Murciélagos, Entrefoces, Molin, Santo
Adriano, El Conde and the Torneiros group: Camarin de
las Ciervas de Los Torneiros, Cueva Grande, Los Torneiros
and Cueva Pequefia (Corchén, 2017; Corchoén et al., 2017;
Gonzalez-Pumariega et al., 2017a, b, 2018; Fortea, 1981,
1989, 1990, 1992, 1994a, 1999, 2005; Fortea et al., 1999;
Fortea & Rodriguez-Otero, 2007; Rodriguez-Asensio, 1992;
Rodriguez-Asensio & Barrera-Logares, 2012; Gonzalez-
Sainz et al., 2013; Gonzalez-Morales, 1990; Fernandez-
Rey et al., 2005; Arsuaga et al., 2012) (Fig. 2 and Online
Resource). The absence of detailed studies has meant that
other decorated caves, like Entrecueves and Cueva Fogareda,
have not been included. Similarly, a further two caves with
engravings were made known in 2021, when the present
study had been completed (Juaneda-Gavelas et al., 2018).
With the exception of La Pefia de Candamo, the pari-
etal ensembles studied here are ‘exterior shrines’ with
deep engravings, according to the classic definition
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Fig.2 Middle basin of the River
Nalén. The locations of the cave
art sites included in the present
study are shown (A. Garcia-
Moreno. Base DEM: ©IGN-
CNIG)

Altitude
Bl

1800

Fig.3 ‘Exterior shrine’ in La Vifa Rock-shelter (Photograph by
Marco de la Rasilla)

(Fortea 1994b, 2000-01, 2005; Fortea & Rodriguez-
Otero, 2007). They are caves where the engravings are
on walls that are directly reached by sunlight or are well
illuminated in a zone of semi-shade (Fig. 3). In such cases
as La Viiia, the location of the engravings in the open-
air has caused conservation and interpretation problems,
because of alterations to the rock surface. Exterior engrav-
ings are characteristic of the Nal6n basin and are less com-
mon in central and eastern sectors of Cantabrian Spain.
Some clear parallels are known in the caves of Chufin,

Hornos de la Pefia and Venta Laperra, among few other
sites (Fortea, 1994b).

This sample of caves is very heterogeneous regarding
the number of representations. It includes ‘large sites’ with
dozens of figures and a complex arrangement of panels,
as at La Lluera I, together with caves with a single figure,
like Godulfo. Observations of different kinds (stratigraphic,
heights of the manual field etc.), especially at La Viiia,
led F.J. Fortea to define two successive graphic horizons:
one non-figurative (H1) with series of deep and generally
vertical parallel incisions, and one in which non-figurative
motifs persist but which also includes zoomorphs, mainly
hinds (H2). Signs are important in some caves (La Lluera
II). In the first horizon, the manifestations can be described
as graphic motifs, found at La Vifia (Fig. 4), El Conde and
perhaps Las Caldas. The second horizon is more common
in the Naldn basin, with La Lluera I and Santo Adriano the
most important sites, and is more closely related to what we
usually regard as art.

The chronology of ‘exterior shrines’ has been debated
in recent decades, in relation to the general greater dif-
ficulties in dating pre-Magdalenian art (cf. Petrognani &
Robert, 2019). Initially, H1 and H2 were attributed respec-
tively to the Aurignacian (even to its ancient phase) and
the Gravettian-Solutrean (Fortea, 1994b). The review of
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Fig.4 Central sector of La Vifia Rock-shelter. Non-figurative engrav-
ings corresponding to Horizon 1, covered by stratigraphy. The lowest
line reaches the top of Level VIb, which is the last Gravettian level in
the sequence (photograph by Javier Fortea)

the parietal ensemble at La Viifia, including new topo-
graphic surveys, has nuanced the chronology of H1, for
which a later date in the recent Aurignacian is now postu-
lated (Gonzélez-Pumariega et al., 2017a, 2017b; Rasilla
et al., 2018). The chronology of H2 has been discussed
since the 1990s, when it was proposed that the start of this
horizon might be set back to the Aurignacian (Gonzalez
Sainz, 1999, 2000; Garate, 2008; Aguirre & Gonzéalez-
Sainz, 2011; Gonzalez Sainz et al., 2013). However, the
recent study at La Vifia advocates in favour of an essen-
tially Solutrean chronology for H2, in accordance with
Fortea’s proposal, although a Gravettian date cannot be
ruled out for some representations. Observations based on
the stratigraphy at La Lluera I, in connection with flooding
episodes and the formation of river terraces in the Nal6n
valley, also support a Solutrean age for H2, at least at that
site (Rodriguez-Asensio et al., 2012). In the present study,
we attribute all the parietal ensembles to an archaic or pre-
Magdalenian period, owing to the impossibility of greater
precision.

The images were normally created with simple lines,
without any details. In some cases, greater technical com-
plexity involved lowering the edges of the engraved grooves
to achieve a greater sense of volume, as documented at La
Lluera I and II. In H2, the depictions may have been associ-
ated with red paint, at least at La Vifia, possibly to emphasise
the engraved lines (Fortea & Rodriguez-Otero, 2007). Zoo-
morphs in the Nalén H2 (hinds, horses, bovids etc.) aimed
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Fig.5 East wall at San Adriano. Representation of a bison corre-
sponding to Horizon 2 (photograph by Javier Fortea)

to express the most representative parts of the animals rather
than their naturalistic reality (Figs. 5 and 6).

Unlike these ‘exterior shrines’, the Cave of La Pefia de
Candamo displays graphic activity in the dark part of the
cave. It is the shrine with artistic aggregation in the Nal6n

Fig.6 ‘Gran Hornacina’ in La Lluera I. Representation of a hind
drawn with three lines, corresponding to Horizon 2 (photograph by
Javier Fortea)
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river basin. Half a dozen decorative phases cover practically
the whole of the Upper Palaeolithic (Corchén et al., 2017).
The wall of the engravings, in the main chamber of the cave,
exhibits a full complex parietal stratigraphy that allows the
order of the different decorative phases to be reconstructed.
This sequence, together with radiocarbon dates and stylistic
considerations, is able to differentiate the pre-Magdalenian
representations.

The base of the sequence thus consists of animal figures
(mostly aurochs and deer) in red and yellow, attributed to
the Aurignacian and Gravettian by stylistic comparisons
and the parietal stratigraphy. The animals are limited to
their silhouettes, with few anatomical details and no use of
perspective in the depiction of the limbs. Several T-shaped
signs in both colours are assigned to the same periods. The
following phase is represented by rows and lines of black
dots which have been dated by C14-AMS to the late Gravet-
tian (Corchén et al., 2014b).

Methods
Spatial analysis

As indicated above, studying the location of archaeologi-
cal sites and their surrounding territories requires a specific
methodology that is able to determine the characteristics of
the location of each site, in both a qualitative and a quan-
titative way. The full potential of the theoretical approach
proposed in this paper can only be realised with such a sys-
tematic methodology (Garcia-Moreno & Fano, 2014).

The methodology proposed some years ago by one of
the present authors (Garcia-Moreno 2010a, 2013a) has been
followed, but including some novelties, like those connected
with the analysis of accessibility. This methodology is based
on the combination of two different datasets: parameters,
which are obtained by direct observation during fieldwork;
and variables, which must be calculated using GIS. It is a
tried and tested methodology that has been used in recent
years by several researchers for the spatial analysis of sites
dated in prehistory and antiquity, as well as to develop pre-
dictive models (Drinkall, 2014; Danese et al., 2014; Cut-
ler, 2015; Lysandrou & Agapiou, 2016; Ortega-Martinez &
Ruiz-Redondo, 2018; Neruda, 2018, Mas et al., 2018, among
others).

The fieldwork consisted of documenting the location and
setting of the rock art sites in order to complete the informa-
tion corresponding to each of the parameters included in
the present research (Table 1). It did not include the study
or revision of the cave art. The data in this regard used in
the present research have been taken from the reference
literature cited in the ‘Archaeological context’ section (see

Online Resource). The parameters considered in this paper
have been:

(1) Classification: distinguishing between caves and rock
shelters

(2) Aspect: refers to the cardinal orientation of the site

(3) Absolute altitude: altitude above modern sea level,
expressed in metres

(4) Relative altitude: altitude of the site above the valley
floor or the lowest point in the surrounding, expressed
in metres

(5) Topography: it indicates whether a site is located in a
valley bottom, mid-slope or on a ridge

(6) Location: it refers to the geographic position of a site
within a river basin. It differentiates between the main
valley (the valley where the main watercourse of the
drainage basin flows) and secondary valleys (of tribu-
tary rivers flowing into the main watercourse)

(7) Landscape: defines the landform of the territory where
a site is located, differentiating between open, hilly,
steep and gorge

(8) Hydrology: it classifies the location of a site based on
the topography in the immediate area around the site. It
differentiates between riverine valley, river bank, con-
fluence and gorge

To calculate the variables, the software ESRI ArcGIS
10 was used. The cartography was provided by the Span-
ish National Geographic Institute’s Digital Elevation Mod-
els, scale 1:25.000. The coordinates indicating the location
of each site were taken in the field using a GPS and later
adjusted using the Digital Elevation Models and aerial pho-
tos provided by the Spanish National Geographic Institute.
The modelled variables were regarded as the most relevant
for the present study type and objectives:

(1) Viewshed measures the surface area visible from the
site. The calculation of this variable also provides data
about the visual prominence of a site and its importance
within the surrounding landscape (Garcia-Moreno,
2013b). Due to the uncertainty in some elements
involved in visibility, such as changes to the vegetation,
and modelling in general (e.g. Grgn, 2018), this meas-
urement indicates more the general pattern of visibility
from a site than the exact spots actually viewed from
that site (Frieman & Gillings, 2007). The observation
point was set at the cave entrance or in the mid-point of
rock shelters. The height of the observer was 0, to avoid
overrepresentation due to differences between modern
and Palaeolithic ground level. Viewshed was calculated
up to a maximum distance of 10 km, considered the
distance at which an observer can distinguish what

@ Springer



Archaeological and Anthropological Sciences (2022) 14:204

204 Page 8of21

(eiqnuiy) SBAIAID)
JIpeqes Se[ op
op orengoy ev'e 8C'¢ 9L £69 " u " u u u ()4 00y  ulewen
(erqniy)
JIpeqes euonbog
op oron3ay ev'e 8T'¢ Y91 £69 " u " u " “ ove 00¥ BAIND
(erqniy)
JIpeqes JpueIin
op orongoy ev'e 8C'¢ ¥9°1 £69 " u u u u " 0re 00v BAIND)
(erqniy)
aIpeqes A9[[eA
9p oron3oy €y 8C'¢C $9'1 €69 QULIOATY dosys  odors pry A1epuodeg aAe) S ore 00F SoIUIO],
dnous sod1aulof
BIQOI 19 86'C 900 16759 953100 o310p 100y Ao[[EA ATEPUODDS  INN[AYS OOy S S 091 OuELIpY ojues
Ka[TeA
UoreN 9T'6 19°C 690 £9¢ QULISATY doayg  adoys priy urejN 9ABD EN 06 STg  soSeromp
BION S9°01 S S00 86°6¢ Jueq IoATY AItH 100 AdTeA urejN 9ABD MS S 06 SBISIIA SB]
(uoreN)
uojuoq K9[ea
[4 oron3oy 241! 44 'l 1L°8¢ QULISATY ArH 100 Ao[[eA  ATepuodag QABD M € €51 Sep[eD se]
UoeN 81°6 19T 6l'¢ L9y oduaNyuoy) AmrH odors iy UIB]NL  I9)[3ys 300y EN 0¢l 3°74 BUIA ®7]
UuoreN AN 9T 18°0 06'6€ u " u u u " € SOl IIelen[Te]
UuoreN (AN 9T 18°0 06'6€ Aueq IOALY uadp 100 Aor[eA UTB]Al QABD MS € SO1 [ elen[Te]
K9[TeA
UoreN L66 1¢°¢ [qN! Sy QULISATY Aty odors pry ure]N 9ABD q 09 ocl OJ[npoH
eSOy €9¢C vee 7o 8065 u " u " " " € 0re UIloN [
NON S9'C vE'€ 11°0 80°6S 3310n 33100 100} AJ[[BA AIEPUODQS  IO)AYS YOO q € ore sao0jonuyg
A9[reA
BIQOL], LT9 € 650 S¥'89 QULIDATY AITH 100 A9[[eA  ATepuoddg  103[oys Yooy MN Sl OLT Qpuo) 14
A9[reA
UoTEN L69 YL'C L0C £8'6¢ QULIDATY At odors pry ureiN 9AED MN 8G1 881 ourepue?y
%4 1
IATY QUOIYO0S] JMIND POUSMIIA %  %0¢ <odo[s AK3ojoipAy odeospue] AydeiSodo], uoneoo] uoneoyisse[) 10adsy IV QADR[DY IV AIN[OSQY Qwieu 91§

so[qerIeA pue sioowrered parpnis oy) 03 Surpuodsariod ele | 3|qeL

pringer

Qs



Archaeological and Anthropological Sciences (2022) 14:204

Page90of21 204

he or she is looking at (Gillings and Wheatley 2001).
The resulting viewshed was divided into three distance
ranges: close range (0-2 km), middle range (2-5 km)
and long range (5-10 km).

(2) Slope: it indicates the gradient of the area where a site
is located, where gradient refers to the tangent of a
given surface to the horizontal. Slope was calculated
as a percentage of inclination for each cell in the digital
elevation model (DEM) in a radius of 10 km around
each site. Then, each cell was classified into four cate-
gories: flat terrain (0-5%), hilly terrain (5-15%), abrupt
terrain (15-30%) and steep terrain (> 30%). Finally, the
proportion of each category within the 10 km radius
was calculated (Garcia-Moreno 2013a).

(3) Accessibility: it estimates the areas that are more eas-
ily accessible from a site. Rather than demarcating the
catchment territory of a site (sensu Higgs et al., 1968),
it can approach the areas of preferential movement and
human interaction, without excluding further mobil-
ity or visits to remote areas (Morgan, 2008). Our main
goal is to identify possible differences between the cave
art sites regarding accessibility to their immediate sur-
roundings, rather than making an actual calculation of
any cost (calories, for example) of traversing a given
territory. Therefore, our model in this paper does not
aim to accurately represent hunter-gatherers’ move-
ment (as in agent-based approaches, for example) but
to quantitatively identify those areas in a site’s sur-
roundings that could potentially be reached from the
site more easily (or directly) than other areas.

This variable results from the combination of two meas-
urements: the accumulated cost of movement and isochro-
nes maps. The accumulated cost of movement measures the
‘effort’ of crossing a given terrain, depending on the slope

Fig.7 Example of calculation
of isochrones and cost of move-
ment weighted index (CMWI)
for Las Caldas Cave and the
Torneiros group. The values
indicate the multiplier applied
for each isochrone to calculate
the CMWI: (x 1) 1-h isochrone;
(X 2) 2-h isochrone; (X 3) 3-h
isochrone; (X 4) 4-h isochrone;
(X5) 5-h isochrone

and the distance (Howey, 2007; Herzog, 2020). Effort here
is considered an abstract value, rather than a real expense
of time and/or energy, to avoid direct anthropological mis-
interpretations derived from other social factors involved in
movement (Whallon, 2006; Grove, 2009; Garcia-Moreno,
2010b; Supernant, 2017). The cost of movement was
derived from the tangent of slope, to represent the non-lineal
increase of movement upslope (Bell & Lock, 2000). The
direction of movement was not considered here, since it was
considered that return-to-site trips would balance the move-
ments up and down slope.

In turn, isochrone maps represent the distance covered
in ranges of 1-h trips from a starting site. It is based on the
slope of the terrain and the distance. A limit of a 2-h range
was selected since this is the distance commonly considered
to be covered by foragers in their daily raids (Morgan, 2008).
For calculating the isochrones, we followed the formula pro-
posed by A. Uriarte (2005).

Isochrones maps were also used to quantify the cost of
movement weighted index (CMWI), an index used to measure
the accessibility to the terrain from each site and, therefore,
to compare the sites included in the sample. To calculate the
CMWI, series of isochrones, corresponding to 1 h-walking
displacements, were calculated up to a 10 km radius from
each site, dividing the territory around each site in ranges.
Then, the number of cells in the DEM within each range was
calculated and multiplied by the number of hours required to
reach that range (Fig. 7), according to the formula:

CMWI = (cells in 1h range * 1)+ (cells in 2h range * 2)+ (cells in 3h range * 3) ...

Total number of cells

The higher the index, the more difficult the access, and
vice versa. Additionally, to compare the more immedi-
ate setting of each cave, and not only the terrain inside a
10 km radius from each site, the number of cells in the DEM

Torneiros

;}{\
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inside the 1-h isochrone was calculated, i.e. the surface area
that can be reached within that time from each of the sites
included in the study.

Statistical analysis

The use of multivariate statistical analysis in the study of
archaeological data goes back a long way (e.g. Kendall,
1969, 1971). These statistical tools have also often been
used in studies on Palaeolithic cave art (e.g. Buisson et al.,
1996; Pigeaud, 2005; Rivero & Sauvet, 2014). Because
of our objective of determining whether any association
exists between the location of the caves and their parietal
art, in the first place, the sample has been analysed to dis-
criminate different situations in the total number of repre-
sentations, the importance of figurative and non-figurative
motifs, and the type of figurative depictions (zoomorphs or
anthropomorphs).

Multidimensional scaling (MDS) techniques locate
objects (decorated caves in our case) on a map using as data
a measure of similarity between the objects (Coxon, 1982).
Many multivariate statistical methods can be viewed from
the same perspective; for example, principal components
analysis and factor analysis locate objects on a map using
correlations as a measure of similarity.

In this study, a distance-based approach has been used.
Our data is a two-dimensional matrix of caves (rows) and
types of representations (columns). In the statistical sense,
caves have been treated as cases, and types of representations
as variables. Caves can be described as similar if they con-
tain the same kinds of representations in similar amounts,
and they can be described as different if they contain repre-
sentations of different figures. To analyse our data, we have,
therefore, derived a measure of similarity between any two
caves on the basis of the number and types of representations
that they contain. Since we have data on 16 caves, this pro-
duces a symmetric matrix of 16 rows and 16 columns, each
cell in the matrix being the measure of similarity calculated
between the ‘column cave’ and the ‘row cave’.

Many measures of similarity can be calculated from the
raw data. However, there were large differences in the vari-
ability of the representations. For example, the number of
horse depictions varied between 0 and 6, while the number
of images of hinds varied between 0 and 39. For this reason,
and to avoid the analysis being dominated by the objects
with a large representation, the variables were standard-
ised to zero mean and unit variance, as is a usual statistical
practice.

The measure of similarity between any two caves was the
Euclidean distance between standardised variables. This is
a measure of distance. If two caves contain about the same
number of pictures of the same kind, the distance between
them will be small, and if the two caves are very different
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in the kind of representations and the numbers of them, the
distance between the caves will be large.

An appropriate technique for the analysis of distance-
based data is multidimensional scaling (MDS). Given a map,
one can assess the distance between any two points on it. In
fact, a table of distances between points in the map can be
generated. MDS works in the opposite direction: given a
table of distances between pairs of points, MDS aims to pro-
duce a map where the points are located. The map does not
need to be two-dimensional; it might have more dimensions.
The number of dimensions in which the map is produced is
also derived from the distance data. In this particular case,
ordinal MDS has been used. This technique relies on the
ordering of the similarity data to perform the calculations
and has the advantage of avoiding the problem of extreme
values in the data. This problem is evident in our dataset (see
Online Resource). Two extreme values would be La Peiia de
Candamo and Godulfo, which contain 145 and 1 representa-
tions, respectively.

Stress is a standard measure of goodness of fit in MDS.
There are various measures of stress although they all tend
to move in the same direction. We have used Stress1. This
measure can be used to assess the number of dimensions in
which the map is to be drawn, since its value decreases as the
number of dimensions increase. Stress1 takes the value zero
when the quality of the map is perfect and moves towards
unity as the quality of the representation deteriorates. Good-
ness of fit can be improved by adding extra dimensions to
the model, but there is a moment when the addition of extra
dimensions has a minimum impact on the stress value, and
this indicates that the extra dimension is not needed. Using
this procedure, we concluded that a map in four dimensions
gives an optimal approximation to the data. The value of
Stress1 for a map in a four-dimensional space was 0.013, an
excellent fit under J. B. Kruskal’s (1964) verbal classifica-
tion. To assess the proximity of any two points in the four-
dimensional space, we have resorted to hierarchical cluster
analysis (HCA). To do this, we have performed the calcula-
tions using Ward’s clustering method.

After analysing the sample from the thematic point of
view, the association between the EAC, particularly the
variables included in the spatial analysis, and pre-Magda-
lenian graphic activity was explored. To interpret the sta-
tistical maps obtained by MDS, property fitting (Pro-Fit)
was applied, a regression-based technique that belongs to
the Biplot category. Pro-Fit represents a characteristic of
the data in the form of a vector. The value of the property
increases in the direction of the vector. This would be the
equivalent to North—South and East—West directions in geo-
graphical maps. The drawing of the vectors requires a linear
regression in which the property of interest acts as depend-
ent variable, and the coordinates of the position of the cave
in the space act as regressors. For a clear explanation of
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the technique, see Schiffman et al. (1981), and for a math-
ematical justification of the procedure, see Mar-Molinero &
Mingers (2007).

In this study, the properties used are the variables acces-
sibility and visibility (previously defined), and the variables
figurative (number of figurative representations), non-figura-
tive (number of non-figurative representations), fotal (num-
ber of representations) and zoomorphic (number of zoo-
morphic images). Because of the numerical importance of
zoomorphs among the figurative representations (see Online
Resource), we thought it would be interesting to assess spe-
cifically the association between the spatial variables and
the depictions of animals. The variables accessibility and
visibility contain data that had not been used for the draw-
ing of the maps. For this reason, the analysis is known as
external. Drawing the remaining variables requires the use of
data that has been utilised to derive the maps and is known
as an internal analysis. As one would expect, the value of the
goodness of fit statistic is much higher in the case of internal
analysis than in the case of external analysis.

Results
Spatial analysis

Only eleven locations have been considered, since some
caves were sometimes very close to one another, only a few
metres apart (Entrefoces and El Molin; La Lluera I and La
Lluera II; Torneiros group). The degree of precision permit-
ted by the methodology and the type of observations to be
made supported grouping these caves and for that reason
their results are identical in Table 1. An individualised study
of those caves, in terms of their location and their setting,
would not have added details to the results.

The distribution of the decorated caves in the river basin
is varied. They are at altitudes of 90 to 400 m above sea
level, both in rugged areas of steep slopes and in places with
more gentle relief (Table 1). In addition, three locations are
in the valley of the River Trubia (EI Conde, Santo Adriano
and Torneiros group), a tributary of the Nalén, while the
rest of sites are located within the main Nalén river valley,
with the exception of Entrefoces and El Molin, on a small
tributary of the River Nal6n, the Riosa.

The artists chose caves and rock-shelters with favourable
orientations. This is the case of the ‘large sites’, like Santo
Adriano, La Vifia and La Lluera I, which respectively face
south, south-east and south-west. Only two sites are oriented
towards the north: El Conde, with some motifs correspond-
ing to the H1, and La Pefia del Candamo, which is not an
‘exterior shrine’.

The position of the decorated caves can be differenti-
ated into two general patterns: sites in the valley bottoms

Fig.8 View from the entrance of Camarin de las Ciervas (Torneiros
group)

Fig.9 Calculation of the viewshed of the Torneiros group, assessing
three ranges (<2 km, 2-5 km, 5-10 km)

with a relative altitude of a few metres, and places in high
positions in the landscape. Among the latter, sites like
La Pefla de Candamo, La Vifia and the Torneiros group
are high above the valleys and their viewsheds are large
(Figs. 8 and 9). The relative altitude of the caves is some-
times considerable, as much as 240 m in locations with
very steep slopes, in the case of the Torneiros group. In
contrast, at sites next to water-courses, like Entrefoces, Las
Mestas and Santo Adriano, the relative altitude is minimal
and the viewsheds are very restricted (Figs. 10 and 11).
Nonetheless, visibility does not depend solely on the rela-
tive altitude. Sites like La Lluera I and II, on the banks of
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Fig. 10 View of the valley where Santo Adriano is located. The cave
is below the road seen in the photograph, a short distance from the
course of the River Trubia

the River Naldn, enjoy similar viewsheds to sites in high
locations, like Godulfo and Murciélagos. In the case of Las
Caldas, also located in a valley bottom, it is even larger
(Fig. 12). Consequently, visibility depends on a combina-
tion of relative altitude and the type of territory where the
sites are located. The caves of La Lluera I and II and Las
Caldas are situated in open valleys, which translates into
high viewsheds, despite their lower relative altitudes.
Moreover, the viewshed and the location itself are good
indicators of the visual prominence of a decorated cave
in its setting, i.e. its visibility in the landscape. This may
be a good indicator for understanding the role a site may
have played in settlement patterns and social organisation,
since prominent localities may have acted as landmarks
in the landscape (Garcia-Moreno, 2013b). Therefore, La
Vifia and the Torneiros group are good examples of sites
with a noticeable visual presence. The same might be said
of La Pefla de Candamo, which is on the middle slopes
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Fig. 11 Calculation of the viewshed of Santo Adriano

of a conical hill that would have been a landmark in the
Palaeolithic landscape (Fano & Garcia-Moreno, 2017b).
In contrast, some caves lack this prominence and are
practically concealed in the valley bottom. Santo Adri-
ano and Las Mestas are clear examples of this situation as
they are barely visible from their immediate surroundings
(Fig. 10). Other sites enjoy greater visibility (Las Caldas
and La Lluera I and II) but their low altitude means that
their visual prominence is limited. Finally, the character-
istics of certain locations should be taken into account.
These are the ravines in which Entrefoces and El Molin
are situated, near the course of the River Riosa, and Santo
Adriano, a few metres from the River Trubia. These caves
lack visual prominence but are located in strategic places
on the route towards the main river in the basin.
Regarding the accessibility of the territory in which the
decorated caves are located when considering the cost of
movement weighted index (CMWI), differences between
sites emerge (Table 1). Caves in areas of more difficult
access have high indices, and vice versa. However, since
the CMWI is based on an area comprised within a 10 km
radius from each site, the characteristics of the nearest ter-
ritory around a site are underestimated. For the compara-
tive analysis of the immediate surroundings of the caves,
the number of cells in the DEM inside the 1-h isochro-
nes has been calculated, i.e. the surface area that can be
reached in that time from each of the caves in the study. In
this case, the higher values indicate a larger percentage of
the territory inside the 1-h isochrone, and therefore, the
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higher the index, the more the territory that is accessible
in a 1-h walk from the cave (Table 1 and Fig. 7).

The results reveal significant differences between the
caves regarding accessibility to their immediate surround-
ings. Las Caldas and Las Mestas, both located on open val-
leys, show the highest values. At the other extreme are the
sites located in the steepest landscapes (Entrefoces, Molin
and the Torneiros group), where mobility is more difficult
and the territory that can be covered in 1 h is considerably
smaller (Fig. 7). The sites of Santo Adriano and El Conde
show discreet values despite being located in a relatively

open valley, especially in the case of El Conde. This could
be interpreted as a result of their location in the secondary
valley of the River Trubia, separated from the main basin by
a narrow gorge, reinforcing the idea that the Trubia valley
constitutes somehow a self-enclosed area.

Statistical analysis
The projection of the four-dimensional map into the first and

the second dimensions can be seen in Fig. 13. These two
dimensions explain most of the variability of the data and

Fig. 13 Projection of the ordinal .
MDS map into the first dimen- Group 3 CusterOroups:
. h . Ward Method
sion (horizontal axis) and the ZOOMORPHI santo A
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-g LY Group 1
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discriminate the sites according to the total number of rep-
resentations (Dimension 1) and their characteristics in terms
of figurative and non-figurative representations (Dimension
2). Caves with a large number of representations are located
towards the left-hand side of Fig. 13, while caves that con-
tain a small number of representations are located towards
the right-hand side of this figure. Caves containing a large
number of figurative representations are located towards the
top of Fig. 13, while caves with a small number of figurative
representations are located towards the bottom of this image.
It should be recalled that their position on the map was esti-
mated by methods that take into account the order of the
data and not the magnitude, to avoid the impact of outliers.
Sites appear to group neatly into three groups, but we
must remember that we are dealing with projections, and
that two points may appear close to each other in the projec-
tion while being distant in the space. This is why we have
resorted to HCA. We have used as variables the coordinates
of the caves in the four-dimensional space. As indicated
before, Ward’s clustering method has been used, since it
maximises homogeneity within groups and heterogeneity
between groups. The dendrogram can be seen in Fig. 14.
The number of clusters identified from the dendrogram
is a matter of judgement. The three-cluster solution that ini-
tially we identified from Fig. 13 is supported by the exami-
nation of the dendrogram in Fig. 14. However, the dendro-
gram also suggests that there are differences between La
Vifia and the subgroup formed by La Lluera I and Santo

Adriano. This is clear if the projections are represented on a
map that contains Dimension 4 (see Fig. 15). This dimension
is associated with visibility — see below about its explana-
tory power. At the top of this figure, we see La Viiia, the one
with the highest visibility, and at the bottom of this image,
we find the sites La Lluera I and Santo Adriano, both associ-
ated with less visibility. Finally, the projections of the map
that contain Dimension 3 (not given here) reveal that La
Lluera II is a special site, as indicated in the ‘Archaeological
context’ section. We have, therefore, chosen to identify five
groups of sites. Information on cave membership has been
added to Figs. 13 and 15.

In summary, to describe a cave, we need to concen-
trate on the total number of representations (Dimension
1), on whether these representations are dominated by the
figurative or by the non-figurative type (Dimension 2), on
whether the cave contains human (vulva) representations or
not (Dimension 3), and on the level of visibility of the cave
(Dimension 4).

Regarding the potential association between the deco-
ration and the spatial variables, Table 2 shows the values
of the standardised regression coefficients, or directional
cosines, used to draw the Pro-Fit vectors in Figs. 13 and 15.
Additionally, Table 2 includes the value of the Adjusted-R2
statistic to assess the goodness of fit and the F-statistic that
measures overall adequacy of the regression.

It can be seen in Table 2 that the values of the Adjusted-
R? are very high in the case of total, non-figurative, figurative
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Tablg 2 Directional cosines fmd Variable Directional cosines Pro-Fit Adjusted-R?> F-statistic®
quality of fit for property fitting (p-value)
(Pro-Fit) Dimension 1 Dimension 2 Dimension 3 Dimension 4
Visibility -0.232 0.000 0.111 0.726 0.444 3.998%*
(0.031)
Accessibility -0.118 0.175 -0.236 0.159 —0.193 0.394
(0.809)
Zoomorphic —0.665 0.667 0.001 0.179 0.891 31.668%*
(<0.01)
Figurative —0.658 0.627 -0.231 0.196 0.888 30.632%%*
(<0.01)
Non-figurative -0.849 -0.206 0.062 0.469 0.983 215.245%*
(<0.01)
Total representations —0.892 0.088 —0.043 0.428 0.984 227.104%%*
(<0.01)

*Model global significance F-test
*Significant

““Highly significant

and zoomorphic, indicating that these variables have strong
explanatory power in the interpretation of the maps in
Figs. 13 and 15. Visibility has a medium explanatory power
in the configuration of the caves in the maps. The value of
its Adjusted-R? coefficient is not high, 0.444, but it is sig-
nificantly different from zero, as shown by the F-statistic for
this variable. In fact, except for accessibility, the F-statistic

is always significantly different from zero, indicating that
the Pro-Fit vectors obtained give a good description of the
relationship between variables and caves. Accessibility, on
the other hand, is unrelated to the results of the ordinal MDS
configuration, with a negative value of the Adjusted-R? sta-
tistics. Given this result, no Pro-Fit vector associated with
accessibility has been drawn in Figs. 13 and 15.
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The length of the Pro-Fit vector reflects the explanatory
power of the variable in the interpretation of the configura-
tion. We see in Fig. 13 that the magnitude of vectors associ-
ated with the variables total, non-figurative, figurative and
zoomorphic are long, indicating that these variables are well
represented in Dimension 1 and Dimension 2, while the Pro-
Fit vector associated with visibility is shorter, in line with the
lower explanatory power of this variable in both dimensions.
Analogously, we see in Fig. 15 that the magnitude of vector
associated with visibility is long, indicating that this variable
is well represented in Dimension 4.

The angle formed by any two pairs of Pro-Fit vectors
reflects the correlation that exists between the variables that
they model. For instance, in Figs. 13 and 15, we can see a
very small angle between the vectors figurative and zoo-
morphic, indicating the logical association between these
two variables. The vectors associated with the tofal number
of representations and with visibility are also at a very acute
angle, indicating a good correlation between them.

Similarly, it may also be possible to discriminate
between figurative and non-figurative ensembles in their
association with visibility. In Fig. 15, the combination of
visibility and type of representation — figurative vs non-
figurative — is shown in an explicit way, indicating a closer
association between visibility and non-figurative represen-
tations than the association that exists between visibility
and figurative. In Fig. 15, we see that the angle between
visibility and non-figurative representations is clearly
more acute than the angle between visibility and figurative
representations.

Discussion and main conclusions

The analysis of the location and physical characteristics
of the setting of a series of decorated caves has succeeded
in defining the EAC of pre-Magdalenian art in the Nal6n
basin. After the distribution pattern of the sites with pari-
etal representations was determined, by fieldwork and GIS,
the spatial information was integrated with data from the
study of the art in order to observe statistically quantifi-
able trends.

The technique of multidimensional scaling (MDS) was
employed in order to visualise our findings. In addition, the
MDS analysis was supplemented with other multivariate sta-
tistical analysis tools, such as hierarchical cluster analysis
(HCA) and property fitting. Initially, the sample of decorated
caves was analysed to differentiate situations regarding the
total number of representations, relative abundance of figu-
rative and non-figurative representations, and the type of
figurative representations. Then, the potential relationship
between the EAC and the graphic activity was explored. We
have addressed several questions: (i) is there a relationship
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between the visibility of the cave and the number of repre-
sentations? (ii) is there a relationship between the visibility
of the cave and the figurative or non-figurative nature of
representations? and (iii) is there a relationship between
the accessibility of the cave and the number and type of
representations?

The EAC shows that pre-Magdalenian graphic expression
in the Nal6n basin and in particular the artistic phenomenon
of ‘exterior shrines’ with deep engravings did not require a
special type of location although sites with favourable ori-
entations appear to have been chosen. In accordance with
previous non-systematic observations (e.g. Fortea, 2005),
the position of the decorated caves does not correspond to a
homogeneous distribution pattern; there are parietal art sites
near water-courses but also on steep slopes high above the
valley bottom. The location of the new engravings published
in 2021 does not modify this observation (Juaneda-Gavelas
et al., 2018).

This heterogeneity results in significant differences in
the accessibility of the sites. The rugged nature of some
settings, as in the case of the Torneiros group, determines
much more difficult access than that of sites in more open
areas of the river basin. However, the statistical study
of the data has shown that no correlation exists between
accessibility and the number or type of representations in
the caves. In this way, the easier or more difficult access
to the locations of the caves with art did not condition the
type of graphic expression in them. Except for La Pefia
de Candamo, the panels are in open places, with few dif-
ficulties in their access, in contrast with the cave art sites
that entailed more demanding explorations through the
cave systems in terms of both technology and time (e.g.
Intxaurbe et al., 2021).

The visibility analysis also reveals a diverse panorama
with great contrasts. Inconspicuous places, practically
concealed in the valley bottom, were sometimes chosen,
as were more visible sites in high locations. In this case,
we have found that visibility is clearly associated with the
total number of representations, and particularly with the
number of non-figurative representations in caves. That is
to say, greater visibility is associated with sites with more
graphic representations, especially non-figurative motifs.
However, this particular association between high visibility
and non-figurative depictions should be nuanced. Issues of
the conservation and interpretation of exterior engravings,
mentioned above, particularly affect the identification of fig-
urative representations. Therefore, differential conservation
may be emphasising non-figurative decoration in connection
with visibility.

Caves with low visual prominence are sometimes
located in strategic points on the routes towards the main
river in the basin. The decoration in sites like Santo Adri-
ano, which is only a narrow fissure produced by erosion,
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may be connected with this circumstance, as those sites
were located in places that must have been frequently
visited. In this way, the greater ‘socialisation’ of some
locations may have favoured their decoration, regardless
of their visual prominence. As Professor Fortea (2005)
remarked, the whole middle course of the Nalén valley
was imbued symbolically, without any preferential areas
for the transmission of the narrative inherent in graphic
activity. This is probably a ‘symbolic territory’ (cf. Honoré
et al., 2019), not limited to the Nalon valley although it
was in that river basin that different places in the landscape
convincingly show a reality (traditions, beliefs, meanings,
wishes...) shared by the hunter-gatherer societies living in
northern Iberian in pre-Magdalenian times.

The results obtained in the present study have shown
the interest of the approach to continue advancing in the
comprehension of Palaeolithic rock art and, particularly,
to answer questions like those posed by the present study.
Just as in the case of the IAC, the detailed understanding
of the EAC can provide some clues to help understand this
cultural phenomenon. The proposed approach has already
provided interesting data in its application to habitation
sites (Fano et al., 2016), as it succeeded in relating the
characteristics of their location with social information
derived from the multi-disciplinary study of the archaeo-
logical record. It has now proved to be a powerful tool for
the analysis of parietal art from a different perspective.

This investigation has suggested new working hypoth-
eses of special interest in connection with the accessibility
and visibility of pre-Magdalenian cave art sites and these
can be tested in other areas of study. Indeed, the wealth of
prehistoric art in northern Iberian and other parts of Europe
offers diverse options for the development of this avenue
of research. It should be stressed that a significantly larger
sample of decorated sites would increase the variability of
the data and add greater robustness to the results. Some
important points, like those described in the ‘Introduc-
tion’ section, still remain to be explored: decorated versus
inhabited caves, or variability in the size of the parietal
ensembles. They can be addressed with a large and diverse
artistic record associated with a denser population that is
known in the Nalon basin during the archaic period before
the Magdalenian.
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