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ABSTRACT: Coastal adaptations of Palaeolithic foragers along the north Atlantic seaboard
have received renewed attention in the last decade and include growing evidence for
exploitation of whale bone by Late Glacial Magdalenian groups to the north of the Pyrenees.
Here we present a systematic revision of Magdalenian osseous industries from the
Cantabrian region designed to explore whether this phenomenon was more widely shared by
hunter-gatherer groups along the Atlantic coast of the northern Iberian Peninsula. Fifty-four
whale bone objects were identified from 12 of the 64 sampled sites. Essentially represented
by large, finished weapon elements (projectile points), these objects are primarily associated
with the middle phase of the Cantabrian Magdalenian, and overlap slightly with the beginning
its upper and probably the end of its lower phases. More broadly, the circulation of these
objects evinces regular, long-distance (ca. 600 km) communication networks operating on
both sides of the current French and Spanish Basque Country between 17.8 and 15 cal ka
BP. The structure of this network poses interesting questions concerning potential social
and/or economic interactions between Magdalenian groups from the Pyrenees and
neighbouring Cantabrian region. We suggest that the use of whale bone by these particularly
mobile hunter-gatherer groups for the production of hunting weapons was connected to the
longer use-life afforded by the large size of this particular raw material. This choice
potentially reflects attempts to offset raw material transport costs by privileging their regular
maintenance rather than the replacement of hunting weaponry. This growing body of
evidence for the exploitation of marine resources during the Magdalenian further reinforces
the Bay of Biscay being the backdrop to the emergence of the first regular, diversified and
organized coastal economies at the end of the Last Glaciation.

KEYWORDS: North Atlantic, osseous technology, southwestern Europe, Late Upper
Palaeolithic, coastal adaptations, communication networks
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1. Introduction

Hunter-gatherer adaptations to coastal environments remain a key issue in European
prehistoric research, especially along the northern Atlantic coast of the Iberian
Peninsula. The emergence of these subsistence practices is reflected in the
discovery of marine shells from Palaeolithic and Mesolithic assemblages, as well as
depictions on rock art, which were recognised relatively early on in the history of the
region’s archaeological research (e.g., Alcalde del Rio, 1906; Vega del Sella, 1914,
1916, 1930; Obermaier, 1916; Hernandez-Pacheco, 1919, 1923; Aranzadi vy
Barandiaran, 1935; Breuil and Obermaier, 1935). Evidence for the exploitation of
coastal resources at European Palaeolithic sites has grown progressively, leading to
a critical reassessment of their importance for both the subsistence needs and
symbolic practices of Palaeolithic hunter-gatherer groups (see for example
Madariaga, 1963, 1966; Altuna, 1976, 1986; Straus et al., 1980; Straus, 1981; Balbin
and Moure, 1981; Poplin, 1983; Sonneville-Bordes and Laurent, 1983; Cleyet-Merle,
1990; Cleyet-Merle and Madelaine, 1995; Bailey and Craighead, 2003; Gonzalez
Morales et al., 2004; Alvarez-Fernandez, 2006, 2011; Rosell6 and Morales, 2014;
Gutiérrez-Zugasti, 2009; Gutiérrez-Zugasti and Cuenca-Solana, 2015; Gutiérrez-
Zugasti et al., 2015). New finds and studies over the past decade have pushed the
earliest exploitation of coastal resources into the European Middle Palaeolithic
(Colonese et al., 2011; Alvarez-Fernandez, 2015; Zilhdo et al., 2020), and led to a
reassessment of the role of coastal environments in human evolution and dispersal
events (Erlandson, 2001; Alvarez-Fernandez, 2011; Marin-Arroyo, 2013; Pétillon,
2016; Will et al., 2019; Zilhdo et al., 2020).

Reconstructing Pleistocene coastal environments is complicated by the highly
fragmentary nature of the archaeological record (Bailey and Flemming, 2008; Bicho
and Haws, 2008). Large portions of previously accessible coastal areas are now
submerged depending on both marine transgressions and coastal geography
(Deschamps et al., 2012; Benjamin et al., 2017). Nevertheless, a handful of well-
preserved Iberian sites, which were close to the paleoshore, provide evidence for the
exploitation of these areas from the Middle (Figueira Brava, Arrabida, Portugal;
Zilhéao et al., 2020) to the Late Upper Palaeolithic (Santa Catalina, Vizcaya, Spain;
Berganza and Arribas, 2014a; Nerja, Malaga, Spain; Alvarez-Fernandez et al., 2014;
Morales-Pérez et al. 2019). Depending on the region, these adaptations potentially
included the consumption of marine fish and birds, echinoderms, molluscs,
crustaceans, as well as the exploitation of marine mammals (i.e., seals and
cetaceans) and tortoises (Sonneville-Bordes and Laurent, 1983; Cleyet-Merle, 1990:;
Cleyet-Merle and Madelaine, 1995; Alvarez-Fernandez, 2006; 2011; Alvarez-
Fernadndez et al., 2014; Corchon et al., 2008; Pétillon, 2013, 2016 ; Castafios, 2014;
Laroulandie, 2014; Morales-Pérez et al., 2019; Zilhdo et al., 2020). Depictions of
marine animals in rock and mobiliary art, as well as the use of sea mammal teeth or
marine shell for mobiliary art and personal ornaments, comprise a growing body of
evidence for the symbolic use of marine resources from the beginning of the
European Upper Palaeolithic (Poplin, 1983; Taborin, 1993, 2004; Serangeli, 2003;
Alvarez-Fernandez, 2011; Pétillon, 2018).

Evidence for the exploitation of cetaceans by European hunter-gatherers follows a
similar trend; being rare in the first part of the Upper Palaeolithic and becoming more
numerous in the second half, especially during the middle and upper phases of the



Magdalenian (19-13 cal ka BP) (Pétillon, 2018). During this latter period, several
unworked (Duruthy, Nerja) and worked (Las Caldas, Mas d’Azil) odontocetes teeth
(i.e., Delphinidae, P. macrocephalus, G. melas), whale barnacle plates from Las
Caldas and Nerja (suggested to have been imported still adhering to the skin), as
well as a cut-out contour (contour découpé€) and a pendant, both possibly on large
cetacean bones, have been documented from Isturitz and Balmori, respectively
(Poplin, 1983; Corchon et al., 2008; Rivero, 2014; Aura et al., 2016; Boneta et al.,
2018). Over the last decade, this list has been supplemented by several dolphin
remains (mandibles and vertebrae) from Nerja as well as 41 unworked whale rib and
vertebra fragments from Santa Catalina (Alvarez-Fernandez et al., 2014; Castafios,
2014; Morales-Pérez et al., 2019).

In addition to evidence for the exploitation of cetaceans by Magdalenian groups to
fulfil subsistence and symbolic needs, more than one hundred whale bone tools and
weapons have been recovered from sites north of the Pyrenees (Fig. 1), to which can
be added a foreshaft from Andernach-Martinsberg (Rhineland, Germany), a grey
whale bone projectile point from La Madeleine (Dordogne, France) and two points
from Las Caldas (Asturias, Spain) (Pétillon, 2013; Langley and Street, 2013; Corchén
and Ortega, 2017; Pétillon et al., 2019). These discoveries shed light on interactions
between prehistoric hunter-gatherer groups and coastal areas, including the long-
distance transport of whale bone objects for technical needs. Taken together, the
Magdalenian appears to witness the emergence of the earliest regular and diversified
coastal economies in prehistory (Marin-Arroyo, 2013; Pétillon, 2016).

In this context, the near total absence of whale bone objects during the Magdalenian
in the Cantabrian region is particularly surprising as; (1) Magdalenian sites in this
area have produced rich osseous industries (Utrilla, 1981; Mujica, 1983; Gonzalez
Sainz, 1989; Adan, 1997; Corchdén and Ortega, 2017; Duarte and Rasilla, 2020); (2)
eastern sites in the region are in close geographic continuity with sites north of the
Pyrenees that produced the first evidence for whale bone objects; and (3) Cantabrian
sites are generally closer to the Atlantic coast than those in the Pyrenees. The
morphology of the continental shelf, which is particularly narrow and abrupt in the
Cantabrian region, limited the displacement of the paleoshoreline following the last
marine transgression. While the Cantabrian coast has been submerged only 10 to 20
km since the Last Glacial Maximum (LGM), the coastline has retreated 10 km in the
French Basque Country and almost 150 km in the Charente-Maritime and Vendée
départements (Fig. 1-2). Consequently, there is a much higher probability of
identifying evidence for the exploitation of marine resources in the south of the Bay of
Biscay (Cantabrian region), than on the Landes coast. Finally, the region has already
produced substantial evidence for the use of marine resources, including the first
instance of whale bone objects from a Magdalenian context in Spain (Corchén and
Ortega, 2017). Here we explore whether the use of whale bone was a strictly local
phenomenon limited to the Pyrenean region or was more widely shared amongst
hunter-gatherer groups along the Atlantic coast by documenting whale bone artefacts
from sites outside the Pyrenees.

2. The western Pyrenean and Cantabrian regions: geographical,
paleoenvironmental and archaeological contexts



Located along a middle latitude, the Cantabrian region is limited to the north by the
Cantabrian Sea, the southernmost portion of the Bay of Biscay, which also forms the
western limit of the Pyrenean region (Fig. 1-2). The high mountains of the Pyrenees
currently lie around 80 km from the present-day coast and are constituted in their
western limit by the medium-altitude mountains of the Adour Valley. The Pyrenean
chain is connected to the Cantabrian coast and Ebro Valley by the Basque-
Cantabrian Basin. The Cantabrian Mountains, which are closer and run parallel to
Cantabrian coastline, reach lower altitudes. The Cantabrian region comprises a 40 to
70 km littoral band extending east-west over approximately 350 km, from the Bidasoa
River in eastern Guiplzcoa to the Nalon River in central Asturias. The hydrological
system is predominantly organised north-south, apart from several rare instances of
waterways following east-west oriented structural depressions of the Nervidon, Saja,
Cares, or Nalon Rivers (Fig. 2, Hernandez-Pacheco, 1932; Hernandez-Pacheco et
al., 1957; Bernaldo de Quirds, 1982; Gonzéalez Sainz, 1989; Hoyos, 1995; Jorda et
al., 2014, Rasilla et al., 2020).

Cantabrian Magdalenian sites are particularly close to the paleoshore and generally
occupy altitudes ranging from 20 to 300 m.a.s.l. (cf. Fig. 2) (Rasilla and Straus, 2004;
Garcia-Moreno, 2013). Most Magdalenian sites are limestone caves and rock-
shelters, with the relative absence of open-air sites reflecting the history of
excavations and field surveys. Notwithstanding potential biases introduced by
fieldwork, river valleys and permanent snow cover seem to have impacted the north-
south occupation of the Cantabrian region during most of the Magdalenian. Raw
material transfers (Piedramuelle, Pilofia and Flysch flints) evince connections with the
southern slope of the Cantabrian chain only from the Mesolithic onwards (Herrero-
Alonso et al., 2020). To the west, the lack of Magdalenian sites reflects the absence
of karstic networks providing natural shelters but also field surveys (Duarte et al.,
2016). The currently submerged littoral zone is abrupt and includes a well-developed
karstic system (Roca et al., 2011; Tugend et al., 2014; Pedreira et al., 2015; Pedrera
et al., 2017; Cadenas et al., 2018; Teixell et al., 2018; Arias, 2020).

The period following the Last Glacial Maximum witnessed substantial climatic
instability. During the Older Dryas (ca. 18.5 to 15 cal ka BP), open grasslands
composed essentially of heaths were colonised by multiple pioneer taxa (e.g.,
Juniperus, Salix, Hippophae rhamnoides), marking a transition from wet to dry
conditions (Naughton et al., 2007, 2009; Cuenca-Bescos et al., 2009; Iriarte et al.,
2015; Uzquiano, 2019). In the Bay of Biscay, marine records reflect improved climatic
conditions emerging with Heinrich event 1 (HE1) from around 19-14.8 cal ka BP. Ice
sheet breakup in the North Atlantic Ocean resulted in cooler surface waters and the
deposition of ice-rafted sediments (Cacho et al.,, 2001; Pailler and Bard, 2002).
Benthic foraminifera in sea-floor deposits from the south-east of Bay of Biscay are
consistent with extremely cold waters, high trophic levels, and variable oxygenation
throughout MIS 2 (ca. 27-14.8 cal ka BP), with particularly unstable environmental
conditions prevailing during HE1 (Pascual et al., 2020). The incorporation of coastal
species in benthic foraminifera records indicates increasing riverine input during the
middle of HE1 (ibid.)

With the end of the Older Dryas and the abrupt Bglling-Allerad interstadial warm
phase (ca. 15-13 cal ka BP), pine and junipers forests became more widespread in
parallel with the expansion of highly diverse deciduous forests, which were previously



limited to the south of the Iberian Peninsula (Cuenca-Bescos et al., 2009; Gonzalez-
Sampériz et al.,, 2010). Like other peninsulas in southern Europe, the Cantabrian
region served as a refuge for animals and humans during cold climatic conditions
(i.e., the LGM; Consuegra et al., 2002; Meiri et al., 2013; Fu et al., 2016) and a
source area for re-expanding populations coincident with the return of more
temperate climates (Villalba-Mouco et al., 2019).

The earliest phase of the Magdalenian, the Initial Magdalenian (IM: ca. 20.5 to 20 cal
ka BP), is poorly represented during the LGM (Fontes, 2016; Utrilla et al., 2020). The
number of Magdalenian sites then increases rapidly, numbering 40 to 60 for the
Cantabrian Lower Magdalenian (CLM: ca. 20 to 17.5 cal ka BP) and Middle
Magdalenian (MM: ca. 17.5 to 16 cal ka BP) to around 65 to 70 sites during the
Upper and Late Magdalenian (ULM: ca. 16 to 13.5 cal ka BP) (Straus, 2015; chrono-
cultural phases based on data from Utrilla, 2004; Gonzalez Sainz and Utrilla, 2005;
Aura et al., 2012; Fontes, 2016; Langlais, 2020). Cantabrian Magdalenian sites
reflect multi-season occupations by nomadic groups, who primarily exploited red deer
and ibex depending on the biotope (see for example Altuna, 1972; Costamagno and
Mateos Cachorro, 2007; Marin-Arroyo, 2010; Portero et al. 2019). While the exact
mobility systems of the region’s Magdalenian hunter-gatherer groups is still a matter
of some debate, rich and regularly available resources favoured stable territories
(Butzer, 1986, Straus, 1986) integrated within a long-distance settlement network
(Sieveking, 1976; Conkey, 1980; Bahn, 1984; Utrilla and Martinez-Bea, 2008; Rasilla
and Duarte, 2018).

3. Materials and methods
3.1. Osseous industries and study design

We carried out a systematic review of the largest osseous industries from the
Cantabrian Magdalenian (Table 1, Fig. 2). Magdalenian levels from 64 sites were
selected based on the cultural attributions proposed by the excavators or subsequent
revisions (Table 1). In two cases (Bolinkoba and Cueto de la Mina), Solutrean
collections were integrated for comparison. Except for teeth, all worked osseous
(bone, antler, ivory) artefacts (tools, weapons, mobiliary art and personal ornaments)
were examined, including complete objects, waste products and by-products. As
some collections derive from early excavations (before the 1960s), available
contextual information varies between assemblages and is usually affected by
recovery biases due to pre-modern excavation methods as well as the fact that
worked osseous artefacts are unlikely to have been systematically recovered. The
relative importance of whale bone artefacts in each osseous industry was calculated
by dividing the number of whale bone artefacts by the total number of osseous
artefacts (cf. Tab. 2). This, however, was only possible when the relevant data was
available in the literature or provided by the excavator (e.g. Santa Catalina).

The study area comprises the present autonomous communities of Asturias,
Cantabria, the Spanish Basque Country (provinces of Vizcaya and Guipuzcoa), and
Navarra. The examined Magdalenian sites are found in four zones (ca. 1,000-8,000
km?) that more or less correspond to modern administrative borders: [A] Central
Asturias, [B] Eastern Asturias, [C] Cantabria and [D] the Spanish Basque Country
and Navarra (Fig. 2). The number of sites varies between zones: zones D (n=22) and



C (n=21) contain the highest number of sites followed by zones B (n=14) and A
(n=7). All distances are reported as the crow flies.

In order to generate the most robust relative chronology for the exploitation of whale
bones, we assessed available radiocarbon dates for each level and the reliability of
associating each date with the identified whale bone artefacts (Text S1). Dates were
calibrated using the IntCal20 atmospheric radiocarbon curve (Reimer et al., 2020)
and the Marine20 curve (Heaton et al., 2020) for terrestrial and marine samples,
respectively. Then marine reservoir effect was corrected by applying an updated local
AR value of -426 + 92 years based on data from the CLM level E of Cualventi (in
Monge Soares et al., 2016). This coefficient should be considered with caution, as it
does not incorporate variations in marine carbonates linked to whale behaviour.
Depending on the species, whales can spend a considerable portion of their lives in
deep seas where they accumulate significant reserves of old carbon. Despite these
shortcomings, this AR value is nevertheless the most precise currently available for
the Cantabrian region.

3.2. Criteria for identifying whale bone artefacts

Cetacean bone is a biomaterial with singular characteristics. Long bones lack a
medullary cavity and the skeleton is generally highly porous, reflecting cetaceans’
skeletal adaptions for improved hydrostatic locomotion (buoyancy control) and deep-
sea diving (Gray et al., 2007). In the terms of histology, cetacean bone presents no
clear distinction between compact and cancellous tissue, unlike antler and most
terrestrial mammal bones. Cetacean compact bone tissue is generally a thin layer at
the periphery of the bone, although it can be denser towards the proximal part of ribs
(e.g., Bowhead whale; Betts, 2007) and in the mandible of certain odontocetes
(O’Connor, 1982; Mulville, 2002). Compared to most other osseous materials, such
as antler, ivory, or terrestrial mammal bone, cetacean compact bone tissue is porous
with an evenly spaced network of alveoli (for more details see Felts and Spurrell
1965; Currey 1979; Margaris 2006; 2014; Pétillon 2008; Reiche et al. 2011).

These characteristics make it possible to distinguish cetacean bone from other
osseous raw materials, particularly artefacts made on rod blanks (i.e., projectile
points). Antler objects present opposing surfaces with clearly different aspects, one
compact, the other cancellous, whereas cetacean bone objects display a more
homogeneous mass of highly dense porous tissue. Cetacean bone objects are also
lighter due to the porosity of the tissue, which also helps distinguish it from ivory as
well as from most terrestrial mammal bones. This latter material represents the most
probable risk of confusion when determining cetacean bone uniquely from
macroscopic features (e.g., Boneta et al., 2018). The largest terrestrial mammal
specimens (Mammuthus primigenius, Coelodonta antiquitatis) are poorly
documented in the Iberian Peninsula during MIS 2, and were likely relatively rare
after the LGM (Alvarez-Lao et al., 2009; Alvarez-Lao and Garcia, 2010, 2011).
Nevertheless, the risk of confusion with large terrestrial species (e.g., Bison priscus,
Bos primigenius) cannot be entirely excluded.

The large size of the cetacean bone artefacts identified in the Magdalenian
collections is consistent with a determination as whale bone (Pétillon, 2008; 2013;
Pétillon et al., 2019; Langley and Street, 2013) rather than a smaller cetacean (e.g.



dolphin or porpoise). An object being made in whale bone was thus considered as
“certain” when: (1) the object displayed a very homogeneous osseous tissue without
a clear distinction between compact/cancellous tissue and there was no evidence of
a medullary cavity, (2) the artefacts were made from an extremely dense porous
tissue, and (3) the artefacts were lighter compared to objects of similar size and
undoubtedly manufactured from terrestrial mammal bone or antler. Artefacts were
classed as ‘possible’ if any of these three criteria were absent.

4. Results
4.1. The whale bone assemblage

Our examination of Magdalenian worked osseous assemblages from 64 sites in the
Cantabrian region produced 54 whale bone objects (Tab. 2), 26 of which were
classed as ‘certain’ given the presence of all three criteria outlined above. The
porosity of the material is probably the most distinctive identification criteria. Here, it
was confirmed through the distribution of alveoli, which appear evenly distributed in
cross-section (Fig. 3: 1a, 2c, 3e, 4g) and on the surface of the artefacts, where they
are intersected longitudinally by striations left by scraping (e.g., Fig. 3: 1b, 2d, 3f, 4h).

The variable structure of the remaining 28 artefacts meant they were classified as
‘possible’. Four non-exclusive factors condition this variability: (1) inter-site
differences in taphonomic alteration affecting the preservation of the osseous tissues,
(2) intra-species anatomical variability linked to the age or sex of whales, or the
anatomical part concerned (e.g., mandibles, ribs or cranial elements), (3) inter-
specific anatomical variability (e.g., grey, fin or sperm whale), and (4) an error in
determination. Nevertheless, when the 28 ‘possible’ whale bone artefacts are
excluded from the analysis, the geographical and the chronological distributions
remain the same, demonstrating that, while some identification bias cannot be
excluded, its potential effect on the sample is relatively minor.

Although all 54 whale bone objects had been previously studied (see references in
Table 1 and 2), raw materials were not analysed in detail and, therefore, artefacts
were generally identified as antler, bone or indeterminate bone/antler. Of the two
objects from Las Caldas previously reported as whale bone (Corchén and Ortega,
2017, 364: 1281; 534: 1967), our analysis only confirmed the first one. Owing to
lingering doubts about the nature of the raw material (Boneta et al., 2018), we also
excluded the large pendant from Balmori.

4.2. Techno-typological characteristics of the assemblage

The large majority of these artefacts are made on rod blanks (baguette). Projectile
points (n=37) are best represented (Tab. 3) and are characterised by the presence of
a pointed distal extremity (n=29) and/or proximal hafting modification (n=8). These
artefacts can be grouped into three types (in descending order): four double-bevelled
points (Fig. 4: 1-2), three massive-based points (Fig. 4: 5-6) and one fork-based point
(Fig. 4: 7).

All 37 point fragments are quadrangular, triangular, or circular in cross-section, as are
the antler specimens (Adan, 1997; Utrilla, 1981; Gonzalez Sainz, 1989; Corchén and



Ortega, 2017; Duarte and Rasilla, 2020). All of these points find typological
equivalents in the much more frequent antler points from Cantabrian assemblages.
As is the case with most of the hafted elements (projectile points and foreshatfts), the
bevelled surfaces bear parallel, transverse striations commonly described as related
to better fixing the point on the haft (Allain and Rigaud, 1986, 1989; Julien, 1999;
Weniger, 2000). Four whale bone examples from the MM levels IX and X of Las
Caldas all bear several longitudinal grooves on one or both surfaces of the shaft
(e.g., Fig. 4: 3-4). These modifications were very likely designed to receive bladelets
fixed with an adhesive in order to improve the efficiency of the weapon to shred flesh
upon entry (see, for example, Allain and Rigaud, 1986; Houmard and Jacquot, 2009;
Pétillon et al., 2011).

In terms of size, projectile points are relatively large, measuring on average 12 mm in
width and 9.3 mm in thickness (cf. Tab. 5). Accurately estimating their initial average
length is, however, challenging given use-related (Pétillon et al. 2016a) or post-
depositional fractures. The three almost-complete points comprise a 112 mm-long
fork-based point from Las Caldas-VI (Fig. 4: 7), a 185 mm-long massive-based point
from Urtiaga-E (Fig. 4: 6), and a larger, less regular 200 mm long massive-based
point from Ermittia-Ill (Fig. 4: 5). The only longer piece is a mesio-distal fragment of a
massive point from Ermittia-1ll: 214 mm-long (Fig. 7: 1).

The weaponry assemblage is completed by a much smaller number of possible
foreshafts (n=4) (Fig. 5). Although they are difficult to distinguish from projectile
points owing to their fragmentary nature, certain morpho-technical aspects set them
apart (Cattelain, 1993; Pétillon, 2006), particularly parallel or divergent edges.
Independent of the hafting system, stand-alone points always have convergent
edges forming a distal point. The parallel or divergent edges of a specimen from Las
Caldas (Fig. 5: 1) and the longest specimen from El Pendo (Fig. 5: 2) both argue in
favour of a hafting arrangement involving both ends of the piece. With a quadruple-
bevelled base forming a pyramid, the hafting arrangement of the Las Caldas piece is
relatively rare in Magdalenian bone tool assemblages (Corchén and Ortega, 2017). In
certain cases, the hafting arrangement can allow foreshafts to be distinguished from
stand-alone points, as is the case with the concave single-bevelled point from El
Pendo (Pétillon, 2006), or the double-bevel of a specimen from La Vifia-IV (Fig. 5: 3).
The length of the bevels combined with the lateral shaping of their edges rather than
surfaces (see Delporte and Mons, 1988 for more details) distinguish this specimen
from the stand-alone points from La Vifia-IV as well as those from other Cantabrian
assemblages (see for example Gonzalez Sainz, 1989; Corchén and Ortega, 2017;
Duarte and Rasilla, 2020). Finally, a piece from Ermittia-lll has a forked base with a
central groove on the shaft (Fig. 5: 4), a trait absent on stand-alone fork-based points
(Pétillon, 2006). These four pieces therefore appear to have been arranged in an
intermediate hafting position between the shaft and point as part of composite
weapons (Cattelain, op. cit.; Pétillon, op. cit.). The last two foreshaft types (Fig. 5: 3-
4) are generally associated with MM fork-based points, which are numerous at La
Vifia-IV and rare at Ermittia-lll (Gonzalez Sainz, 1989; Duarte and Rasilla, 2020). The
single-bevelled foreshaft from El Pendo could be associated with single-bevelled
points, as this combination has already been reported from El Juyo (Barandiaran,
1985). As no complete pyramidal-based foreshafts (“quadruple-bevelled base”
sensu Corchon and Ortega, 2017) are currently known in the Cantabrian region, it is



impossible to determine the type of projectile point associated with this potential
hafting arrangement.

All these weapon elements bear impact fractures (Fig. 4: 1, 2, 4; Fig. 5: 1-2; Fig. 6: 1-
2) and traces of subsequent maintenance and reworking. A point from Ermittia-lll was
re-sharpened (Fig. 4: 9), while three additional waste products bear traces of
sectioning on one extremity that according to Chauviere and Rigaud (2005, 2008)
reflect manufacturing or maintenance processes. These pieces result from the re-
centring or shortening of a point during shaping (Fig. 4: 8) or the shortening of a
preform (Fig. 6: 4), while the third, a foreshaft from La Vifia (Fig. 5: 3), bears traces
potentially linked to maintenance or shaping.

We also identified a blunt tool with a smoothed distal extremity (Fig. 6: 5), as well as
several indeterminate objects made on rod blanks. These include a noteworthy
specimen from Tito Bustillo (Fig. 6: 3), whose short bevel and parallel edges are
comparable with the foreshaft from El Pendo, although the flattened cross-section is
more compatible with a wedge. This is also the case for a spatula-shaped, distal
extremity of an object from La Vifia-1V, which could be interpreted as the reworking of
the proximal portion of a point due to the presence of at least two bevels, each
shaped on an edge (Fig. 6:1). Finally, a potential part of a rod blank from El Juyo
(Fig. 6: 6) could be consistent with a projectile point blank in terms of its size and
shape. This relatively short fragment (81mm) has a triangular, irregular cross-section
and is slightly larger than most whale bone projectile points we identified (16 x 13
mm) (Tab. 5). How this implement was manufactured is not evident and may have
incorporated fracturing techniques (see among others Christensen, 2016).

Some of the worked whale bone objects bear little decoration or, at most, display
several grooves or geometric motifs. However, several rare examples stand out given
their more complicated decoration, such as the foreshaft from El Pendo (Fig. 5: 2)
that bears opposed curvilinear motifs filled with short longitudinal and transverse lines
(Corchon, 1987: 432). One point fragment from Ermittia-1ll (Fig. 7: 1-1a) has a series
of geometric motifs on each edge, seemingly protuberances (Gonzalez Sainz, 1989)
or “barbs” of so-called proto-harpoons (Barandiaran and Utrilla, 1975; Corchén, 1987,
Cattelain, 1995). A wide mesial fragment, also from Ermittia-lll, has a complex
geometric decoration on each surface and edges (Fig. 7: 2-2b; Gonzalez Sainz,
1989: Fig. 42: 12).

In addition to the large majority objects made on rod blanks, two possible thin whale
bone plaquettes were recovered from level D of Urtiaga. One example is entirely
shaped and bears a series of aligned, rounded protrusions (Fig. 7: 4; Gonzélez
Sainz, 1989: 51.16). The second shares the same size and morphology as well as
histological traits but is unshaped (Fig. 7: 3). The unique characteristics of the blanks
(fine bone plaquettes, compact porous tissue; Fig. 7: 3d-4e) could suggest the use of
a different anatomical part compared to the other whale bone objects made on rod
blanks.

In terms of technology, the heavily finished aspect of almost all the objects makes it
extremely difficult to reliably infer associated production methods. The possible blank
from El Juyo might involve fracturing techniques (Fig. 6: 6), as suggested by fracture
planes on both edges (for more details concerning fracturing methods applied to



whale bone see Christensen, 2016). However, it is impossible to rule out the use of
other manufacturing techniques (i.e., grooving). Sub-actual hunter-gatherer groups
employ multiple blank production techniques, including fracturing and grooving
(Betts, 2007; Wells, 2012; Cunliffe and Brooks, 2016). No debitage waste products
were identified in any of the studied assemblages, only those related to
manufacturing or maintenance. This does not necessarily reflect the technical
choices of Magdalenian groups but is likely tied to the fact that we focused on worked
osseous artefacts rather than on an overall revision of entire faunal assemblages.
This being the case, the likelihood that waste products are present in faunal
collections from early excavations cannot be ruled out, as many have not been or
have only been partially revised. However, given the large dimensions of whale bone
and despite the high fragmentation rate of the faunal assemblages, it is doubtful that
debitage waste products were overlooked during excavations or subsequent
analyses. Nevertheless, their absence from inland collections confirms that the first
phases of blank reduction and debitage occurred closer to the now-submerged
paleoshore of the Atlantic Ocean (Pétillon, 2013). Faced with the small number of
blanks, it seems that the shaping of whale bone objects equally took place near the
coast. In some instances, however, unworked blanks would have been transported
for future shaping, demonstrating both a chronological and geographical
segmentation of production activities.

Despite the absence of blocks of raw material, certain morphometric characteristics
of the assemblage provide indirect information concerning raw material selection
patterns. The straightness and length of specific points (>200 mm), their large
calibre, and the fact they comprise essentially compact albeit porous tissue, sheds
light on their possible anatomical origin. Like certain Canadian Inuit hunter-gathers
(Betts, 2007), and perhaps several paleo-Eskimo groups in Newfoundland (Wells,
2012), who also manufactured large whale bone objects on rod blanks (i.e.,
foreshafts, wedges, sled runners), it is highly likely that Magdalenian objects come
from the straightest, most dense parts of the skeleton of large cetaceans (i.e.,
mandibles or ribs).

4.3. Chronological distribution

Among these 54 whale bone artefacts, the foreshaft from El Pendo is currently the
only directly dated from the Cantabrian region (Barandiaran, 1988; Fig. 5: 2). Of the
25 archaeological levels that produced whale bone objects (Tab. 2), six have not
been dated: level Ill of Tito Bustillo (Area de Estancia, Garcia Guinea excavations),
level D of Cueto de la Mina, level 2 of El Pendo, level 8 of El Juyo, level IV of
Bolinkoba, and level E of Urtiaga. In total, we collated 46 dates from 19 Magdalenian
levels. When the context and quality of the excavations precluded a reliable
association between the dated samples and the whale bone objects in each
archaeological level, the dates were excluded (see S1 for selection criteria). Of the
46 available dates, only 16 were retained (Table 4); five obtained using conventional
radiocarbon dating and ten with AMS (the date from Urtiaga-D was published without
methodological information, Areso-Barquin et al., 2018).

Once calibrated, the dates range from 19.3 and 13 cal ka BP, with a slight
concentration around 17.8 to 15.5 cal ka BP (Fig. 8). This chronology broadly
corresponds to the development of the Middle Magdalenian (MM) in the Cantabrian



region and overlaps slightly with the emergence of the Upper Magdalenian (UM)
(Gonzélez Sainz, 1989; Utrilla, 2004; Gonzéalez Sainz and Utrilla, 2005; Corchodn,
2017; Duarte and Rasilla, 2020). In fact, around two-thirds of the objects (n=35, see
Table 2) come from the MM or MM/UM levels of three sites: Las Caldas (Corchén
and Ortega, 2017), La Vifia (Duarte and Rasilla, 2020), and Ermittia (Gonzélez Sainz,
1989; Esparza and Mujika, 1999).

However, a handful of whale bone artefacts argue in favour of the lower phase of the
Magdalenian (Cantabrian Lower Magdalenian, CLM) seeing the emergence of this
phenomenon during the Late Glacial. At El Pendo, a potential CLM occupation is
essentially suggested by dates too old to be consistent with the Middle Magdalenian
(MM) (Barandiaran, 1988). While at Tito Bustillo, the majority of dates from level 1
are compatible with the CLM (Alvarez Fernandez et al., 2018) and therefore could fill
the gap between the date from level 4 of Rascafio and the rest of the sequence (Fig.
8). The diagnostic CLM material from Tito Bustillo is, however, mixed with typical MM
and ULM artefacts (Alvarez Fernandez, 2013). Finally, levels 4/4b of Rascafio
yielded both a date and a lithic assemblage compatible with the CLM (Gonzélez
Echegaray and Barandiaran, 1981). The oldest whale bone objects are based on
chrono-cultural attribution of the level from which they were recovered rather than an
associated radiocarbon date and come from Bolinkoba, Cueto de la Mina, and El
Juyo. At Bolinkoba, level IV was initially attributed to the Middle or Late Solutrean
(Barandiaran, 1950) and subsequently reassigned to the Late or Final Solutrean
(Barandiaran, 1967). However, potential mixing with the overlying Magdalenian levels
cannot be excluded (Utrilla, 1976; Barandiaran, 1950; Iriarte and Arrizabalaga,
2015b). Level D of Cueto de la Mina (Vega del Sella, 1916; Utrilla, 1981) and level 8
of El Juyo (Gonzalez Echegaray and Freeman, 1992-1993) both yielded typical CLM
assemblages. In the latter case, dates from overlying level 7 and underlying level 11
(1-10737: 14,440 + 180 BP uncal. and 15,300 + 700 BP uncal. respectively) provide
an indirect chronology compatible with the CLM. Inter-level admixture is unlikely as
no other Magdalenian phases were identified at the site. Consequently, it is highly
probable that the exploitation of whale bone first appeared at the end of the
Cantabrian Lower Magdalenian or around 18-17.5 cal ka BP.

Reliable data documenting the end of this phenomenon is still lacking. The retained
date from level Il of Santa Catalina (11,155 + 80 BP uncal.) appears in Figure 8 as an
outlier. It comes from the base of the level (close to the whale bone object), almost in
direct contact with top of level Ill, dated to ca. 12 ka BP uncal. (Berganza and
Arribas, 2014c). As both levels produced unworked whale bones (Castafos, 2014), it
is impossible to rule out possible admixtures at the interface between levels Il and Il.
This potential chronological boundary appears highly uncertain given the nature of
the currently available data.

The overall chronological trend is not biased by the nature of the raw materials
considered. The removal of the 28 “possible” whale bone artefacts, all from Santa
Catalina-1l, Ermittia-Ill, and Urtiaga-D, does not alter the general chronological
pattern (Fig. 8). Methodological biases are more likely to affect the chronological
distribution. In addition to undated contexts, the fact that the dates come from
multiple labs (the Centre for Radiocarbon Dating at Lyon, the Svedberg and
Angstrom labs at the University of Uppsala, Teledyne Isotopes in New Jersey, and
the Radiocarbon Lab at British Museum) using different dating techniques (AMS and



conventional) with varying levels of accuracy suggest considerable caution when
interpreting them.

Although most of the specimens identified come from unreliable contexts (Tab. 2),
several chronological patterns are nevertheless evident. The single-bevelled
foreshaft from El Pendo, directly dated to around 17.6 cal ka BP (tab. 4), is assigned
to the CLM-to-MM transition, where this type of artefact had been previously
documented (Barandiaran, 1985). Grooved, double and fork-based points, as well as
fork and pyramidal-based foreshafts, are associated with the MM (see, e.g.,
Gonzalez Sainz, 1989; Corchon and Ortega, 2017; Duarte and Rasilla, 2020). On the
other hand, reliable dates are currently unavailable to precisely position Magdalenian
massive-based points.

4.4. Geographical distribution and the distance to paleoshore

The 54 whale bone objects come from 12 sites spread across the entire Cantabrian
region (Fig. 9, Tab. 2). Most (n=30) of the 54 identified whale bone objects derive
from central Asturias [A], with the highest density of objects coming from two sites
separated by 10 km: Las Caldas (n=19) and La Vifia (n=9). The Spanish Basque
Country [D] produced the second highest density of objects (n=14), followed by
eastern Asturias [B] (n=6) and Cantabria [C] (n=4). This geographical distribution
appears relatively stable between 17.8 and 15.5 cal ka BP in the Cantabrian region.
This does not mean that there were no phases of contraction or expansion rather that
the current chronological resolution is too imprecise to track such phenomenon.

Once again, this geographical distribution is not biased by raw material
determinations. When the 28 ‘possible’ whale bone artefacts are excluded from the
analysis, artefacts remain equally distributed. More than half of the objects (n=18)
come from central Asturias, a further quarter (n=4) from the Basque Country, with the
other two areas producing only two whale bone artefacts. There is also no bias
induced by the number of sites examined per zone: while only seven sites were
studied from central Asturias, compared to 21 from Cantabria and 22 from the
Spanish Basque Country (Tab. 1), central Asturias delivered the majority of whale
bone artefacts. On the other hand, given that certain collections, such as Las Caldas,
yielded a substantially larger osseous industry assemblage compared to the others,
we weighed the number of whale bone artefacts by the total number of worked
osseous materials in each assemblage to test whether assemblage size could
potentially bias their representation (Tab. 2).

Although the site of Las Caldas produced the most whale bone artefacts, it is one of
the least rich assemblages in terms of the proportion of whale bone artefacts in the
osseous industry (0.6%). Conversely, Ermitta yielded only nine whale bone objects,
however they represent 8.6% of the overall osseous tool assemblage. When all
weighed and un-weighed artefacts proportions are considered together, two areas
separated by approximately 280 km clearly stand out: central Asturias [A] and the
Spanish Basque Country [D]. On the other hand, sites in eastern Asturias [B] and
Cantabria [C] only produced small numbers of whale bone artefacts.

Obviously, these proportions should be viewed with considerable caution bearing in
mind the small number of whale bone objects in certain studied assemblages. This is



notably the case for level E of Urtiaga (14.3%), which was excluded from the analysis
due to the small size of the osseous industry (n=7). Other factors can also influence
the proportion of bone tools in the assemblages. In the case of Santa Catalina, the
only whale bone artefact from the site was recovered from the base of level II,
attributed to the ULM (Berganza and Arribas, 2014b). When the large assemblage of
unworked whale bones from underlying level Ill, also attributed to the ULM
(Castarios, 2014), are included, the percentage of whale bone objects decreases
from 0.7% to 0.1%. At Tito Bustillo, available counts of osseous artefacts only reflect
the first three years of Moure Romanillo’s excavations (Gonzalez Sainz, 1989).
Several authors of this study are currently revising the osseous assemblage from this
site and initial estimations suggest substantially greater numbers of worked osseous
objects (approximately 600) than shown in Table 2. Finally, as the revision of the La
Vina faunal assemblage is on-going (by L. Torres), the total number of worked
osseous artefacts is likely to change. Consequently, the percentage of whale bone
artefacts from the latter two sites could eventually prove be lower than calculated
here.

The distance of sites from the coast should also be considered. Although whale bone
artefacts have been identified beyond the Cantabrian region in the Pyrenees, the
Dordogne, and the Rhineland, attesting to their diffusion several hundred kilometres
from the coast, the Palaeolithic occupation of the region is limited to a ca. 50 km wide
coastal strip, circumscribed to the south by the Cantabrian foothills. Put differently,
this coastal territory is not wide enough for objects to be transferred over long
distances towards the south. At a smaller scale, questions can be raised as to what
extent distance from the coast affected the circulation of whale bone artefacts. A
comparison of distance from the paleoshore to sites yielding whale bone artefacts
reveals no clear relationship between these two parameters (Fig. 10). The sites that
produced the most whale bone objects are neither the closest to the paleoshore (i.e.,
Las Caldas, La Vifia) nor the furthest away (i.e., Ermittia, Tito Bustillo). The
concentration of whale bone objects at a limited number of sites would be in line with
the existence of receptor sites (sensu Pétillon, 2013) where finished whale bone
objects were imported. These sites would have been incorporated within a structured
network connecting multiple valleys and extending into the Pyrenean region.

5. Discussion
5.1. Structured communication networks in the Pyreneo-Cantabrian region

The exploitation of whale bone during the Magdalenian was not a local phenomenon
limited to the north of Pyrenees, but a more extensive practice shared amongst
Magdalenian groups across the greater Pyreneo-Cantabrian region. The Cantabrian
assemblages reveal the circulation of these objects as part of structured networks
centred around key receptor sites, independent of their distance from the coast. The
overall distribution of these receptor sites depicts one or several diffusion systems in
the south(-west) of the Bay of Biscay (Fig. 11). The absence of objects from the
eastern limits of the Bay of Biscay (i.e., the French Landes coast) can be explained in
several ways. Beyond the fact that the submersion of the paleo-coast by the marine
transgression removed any evidence of coastal occupations, the “Sable des Landes”
region was equally a relatively inhospitable periglacial desert that restricted
Magdalenian settlement (Bertran et al., 2013). Between 17.5 and 15.5 cal ka BP, this



occupational hiatus extends north of the Sable des Landes into the northwest
Aquitaine Basin, potentially coincident with climatic conditions of HE1 (Naughton et
al. 2016; Pétillon et al., 2016b, Laroulandie et al. 2017).

This network incorporated more than 160 objects from 23 receptor sites spread over
ca. 600 km, ranging from Las Caldas, in northwest Spain, to La Vache, in southwest
France. The French and Spanish Basque Country play a central role in this network,
particularly Isturitz. This site produced the highest concentration of whale bone
objects (n=63; Pétillon, 2013), exceeding the total from all Cantabrian sites (n=54) as
well as those from the rest of the Pyrenean region (n=46; ibid.). This high
concentration of whale bone objects likely reflects the strategic position of the site at
the intersection of several zones (the Cantabrian region, the Pyrenees, and the
Aquitaine Basin). In addition, other typical Magdalenian objects are equally best
represented at this site, leading to it being considered as an aggregation site
(Sieveking, 1976; Bahn, 1984; Conkey, 1992; Pétillon, 2006; Utrilla and Martinez-
Bea, 2008; Rivero, 2014; Elorrieta, 2016; Rasilla and Duarte, 2018 among others).
Less expected, Ermittia equally plays a key role in this network, as evident by both
the number of whale bone objects (n=9) recovered from the site and their proportion
within the osseous industry (8.6%, Table 2). The Basque Country therefore appears
to form a sort of “hub” in the Pyreneo-Cantabrian network, as this area is located both
at the centre of this communication network and at the interface between the
Cantabrian region, the western Pyrenees, the Aquitaine Basin as well as the Ebro
Valley and Central Meseta (Arrizabalaga et al., 2016).

The two others ‘poles’ of the network lie 380 km west of Isturitz, in central Asturias
(Las Caldas, La ViAa, and La Paloma), and 240 km to the east, with the Ariege sites
(Mas d'Azil, La Vache, and Tuc d'Audoubert). Curiously, these two regions produced
comparable numbers of whale bone artefacts (n=30 for central Asturias and n=20 for
the Ariege) despite their differing distances from the Atlantic coast. The overall east-
west organisation of the network follows the general distribution of Magdalenian sites
in the region and mirrors the distribution of other Magdalenian cultural markers.

Up until now, connections between Pyrenean and Cantabrian groups during the
Magdalenian period, broadly speaking, were evinced by the distribution of certain
antler weapons (e.g. Lussac-Angles points, fork-based points, type A2
spearthrowers, multibarbed points, half-round rods with specific decoration; Pétillon,
2007 ; Lefebvre, 2011; Cattelain and Pétillon, 2015; Sécher, 2017; Barandiaran et al.,
2019), stone tool types (i.e., scalene triangles ; for a synthesis see Sécher, 2017),
and also by specific production methods applied on lithic raw material (Cazals, 2000;
Cazals and Langlais, 2006; Langlais, 2007). The distribution of mobiliary art or
personal ornaments (e.g. perforated bone discs and shells, notched and pointed
incisors, cut-out contours; Taborin, 1993; Sauvet et al., 2008; Alvarez Fernandez,
2006; Corchon et al., 2012), as well as shared graphic norms in both mobiliary and
rock art (e.g. claviform motifs, depictions of both caprids seen from the front and
marine animals; Fritz et al., 2007; Corchén et al., 2012; Sauvet et al., 2014; Pétillon,
2018) also evince connections between these two regions (Utrilla and Martinez-Bea,
2008; Lucas, 2012; Duarte and Rasilla, 2020). Similarly, the diffusion of lithic raw
materials from the Pyrenees (Tarrifio, 2001; Tarrifio et al., 2015; Corchén et al.,
2009; Elorrieta, 2016) has already provided evidence for the movement of human
groups across the western extremity of the Pyrenean mountain range.



Available chronological data demonstrates the exploitation of whale bone to be
broadly contemporary in the Pyrenean-Cantabrian region, with the practice reaching
its peak between 17.8 and 15 cal ka BP. This chronology would overlap with the MM
and beginning of the UM in Cantabria and the Late MM followed by the Early UM to
the north of Pyrenees (for more details concerning the different phases of the
Magdalenian north of the Pyrenees see, for example, Langlais et al., 2012). It is
during this period that the network of receptor sites reached its maximum extension
and received the largest number of whale bone objects. It remains possible that
some dates are older in the Cantabrian region (probably around 18 cal ka BP),
coincident with the end of the CLM. Regrettably, current radiometric data is still too
imprecise to identify variations on the order of 500 years. At a larger scale, it is also
possible that whale bone was exploited by Palaeolithic foragers before and after the
Magdalenian period; however, this possibility has yet to be explored systematically.
The apparent general contemporaneity between these two regions equally poses
broader socio-economic questions, including the interconnected development of
these neighbouring cultural territories (e.g., Fritz et al., 2007; Corchon et al., 2012;
Langlais and Pétillon, 2019 or Utrilla et al., 2020).

5.2. Unity and dynamics of the Pyreneo-cantabrian network(s)

Comparative techno-typological data for assemblages from Cantabrian Spain and the
Pyrenees reveals both shared norms and local particularities. Firstly, a majority of
what are essentially finished objects were transported over substantial distances from
the sea, suggesting that the acquisition and transformation of raw materials occurred
in both regions near the Atlantic coast. No data is currently available to shed light on
exactly how whale bone was acquired; although the most parsimonious hypothesis
remains the scavenging of beached whale carcasses on the Atlantic coast, as initially
proposed by Pétillon (2013). Weapon elements figure most prominently amongst
transported whale bone objects; massive-based points, certain foreshafts, and
multiple grooved points circulated in both regions. While the calibre (width and
thickness) of Cantabrian projectile points is comparable to what is seen with
Pyrenean examples (Tab. 5), comparisons in terms of length are more complicated.
At first glance, points from the Cantabrian region appear slightly shorter; although this
could be connected to differences in the frequency of breakage in assemblages from
the two regions, especially given the comparable calibres of points.

Assemblages from both regions equally portray certain differences, particularly in
terms of artefact typology. Wedges (n=9) and half-round rods (n=2) were identified in
the Pyrenees but not in the Cantabrian assemblages. On the other hand, certain
whale bone weapons were not found across the study area, i.e., the single-bevelled
foreshaft from El Pendo, as well as the pyramidal-based foreshaft and the fork-based
point from Las Caldas. These typological differences become even more marked
further away from the “hub”; the above-mentioned hunting equipment appears
uniquely in the western Cantabrian region while massive-based points are found from
sites in the Spanish Basque Country (Ermittia and Urtiaga) as well as surrounding
parts of the Pyrenees. Overall, despite evidence suggesting the relatively
contemporaneous exploitation of whale bone north of the Pyrenees and in the
Cantabrian region, this may have involved independent networks of acquisition,
production, and circulation on both sides of the Basque Country. In sum, both regions



afforded direct access to the Atlantic coast for the acquisition of whale bone but
depict typological differences between them, with the circulation of whale bone
artefacts dependent on two distinct communication routes.

5.3. Coastal (in)visibility in the Cantabrian region

The lack of whale bone objects in some Cantabrian sites close to the paleoshore is
striking. Santa Catalina shows that, despite its proximity to the coast (Fig. 10) and the
availability of raw material (41 whale remains, Castafios, 2014), the presence of only
one potential whale bone artefact effectively excludes the location being a primary
receptor site. The scarcity of high-resolution MM sites in the Cantabrian region could
partially explain this situation (Duarte and Rasilla, 2020). In this sense, on-going
research at La Garma, where only a few osseous implements have been recovered
to date from MM level L3 (La Garma A, Arias et al., 2005) or from the lower gallery
(Arias et al., 2011), could increase the frequency of whale bone objects in Cantabria
[C]. Moreover, intermediate territories with less developed karstic systems near the
present-day coastline, where ‘secondary camps’ and aggregation sites would be
expected (Alvarez-Alonso et al., 2014; Rasilla and Duarte, 2018), have not been
explored to the same extent as other regions (i.e., Villaviciosa in the central area of
Asturias)

5.4. Why use whale bone?

The exploitation of whale bone by Magdalenian hunter-gatherers is concentrated in a
period roughly coeval with HE1 (ca. 19-14.8 cal ka BP), which is characterised in the
Bay of Biscay by cooler seawater temperatures and higher trophic levels in benthic
foraminifera (Pascual et al., 2020). These ecological conditions potentially favoured
an increase in the number of whales frequenting the deep coastal waters off the
Cantabrian coast after the LGM, thus increasing the availability of this unique raw
material on the region’s shores. New data on the species of marine mammals
exploited and their individual behaviour is, however, necessary to test the potential
link between environmental conditions and raw material procurement patterns
(Pétillon et al., 2019).

This phenomenon could also be linked to the large size of this unique raw material.
According to Petillon (2013: 541): “when evaluating the suitability of osseous
materials for the manufacture of projectile tips, whale bone seems to rank first for
size potential but second for fracture resistance”. A comparison of metrical data for
identical artefact types manufactured in whale bone and antler from the early Upper
and Late Magdalenian of Isturitz (Pétillon, 2006; Lefebvre, 2016) to measurements
for a fork-based point from Las Caldas, double-bevelled points from the Cantabrian
region, 26 foreshafts, and 8 massive-based points, primarily found from Pyrenean
sites; demonstrates whale bone artefacts to be generally comparable in size to the
largest antler examples (Table 6).

Why, then, did Magdalenian groups seek to maximise the size of these objects? In
some cases, the production of outsized items may have conferred them a special
status; for example, the possible whale bone cut-out contour from Isturitz (Rivero,
2014) or the engraved object on a massive rod from Ermittia (e.g., Fig. 7: 2).
However, as most artefacts are relatively undecorated weapon elements (Pétillon,



2013), the use of whale bone could also be linked to techno-economic concerns. In
highly mobile nomadic societies (see, for example, Delvigne, 2016; Sécher, 2017),
the transport of raw materials represents a non-negligible energy expenditure,
potentially mitigated by replacing the movement of blocks of raw material by the
production of tools with long use-lives. Weapon elements from both the Pyrenees
(n=5) and the Cantabrian region (n=3) were consistently managed, as evidenced by
traces of recycling and re-sharpening in assemblages from both areas. Maximising
blank length increases the number of potential re-sharpening or recycling
opportunities and, thus, prolongs the tool’s use-life. Put differently, the initial
dimensions afforded by whale bones succinctly fulfilled the mobility requirements of
these hunter-gatherer groups. This likelihood is consistent with what has been
suggested for stone tools from the same period. The production of large, regular
blade blanks in south-western France during the Middle Magdalenian already
suggests a raw material provisioning strategy geared around the selection of large,
high-quality blocks of raw material (Angevin and Langlais, 2009).

5. Conclusion

As demonstrated by previous studies (Petillon, 2008; 2013; Pétillon et al., 2019;
Langley and Street, 2013), the re-examination of collections from old excavations can
produce surprising results. The systematic search for whale bone implements in
Magdalenian assemblages from the Cantabrian region provides invaluable
information about the earliest known exploitation of whales. The discovery of whale
bone implements in the Cantabrian region reveals the circulation of this unique raw
material in southwest Europe not to be conditioned uniquely by distance from the sea
but also by social and/or economic factors. More broadly, the growing body of
evidence for the exploitation of marine resources during the Magdalenian further
reinforces the Bay of Biscay being the backdrop to the emergence of the first regular,
diversified and organized coastal economies during the period between 19 and 14
cal ka BP.

Acknowledgements

This research was financed by a Fyssen Foundation grant to AL (The CetOs Project based
at the UC-IIIPC) and the ANR project PaleoCet (ANR-18-CE27-0018, dir. J.-M. Pétillon). The
authors are grateful to all the museum curators and personnel for access to the studied
collections: Sofia Diaz Rodriguez and Beatriz Garcia for the Archaeological Museum of
Asturias, Adriana Chauvin and colleagues of the Museum of Prehistory and Archaeology of
Cantabria, Carmen de las Heras Martin, Lucia Maria Diaz Gonzalez and Déborah Ordas
Pastrana of the National Museum and Research Center of Altamira, Ruth Maicas Ramos and
J. Antonio Martos Romero of the National Museum of Archaeology of Madrid, Susana Fraile
Gracia for the National Museum of Natural Sciences of Madrid, Ifaki Garcia Camino and the
entire team of the Archaeological Museum of Biscay in Bilbao, and Sonia San Jose
Santamarta and her colleagues of the archaeological centre of Gordailua (Irun). We also
thank Manuel Ramén Gonzélez Morales, Edgard Camar6s, David Alvarez Alonso, Pablo
Arias and Maria Soledad Corchon Rodriguez for granting direct access to material still under
study. We would like to warmly thank Diego Garate Maidagan, Borja Gonzalez Rabanal,
Francisco Javier Rodriguez Santos and the entire EvoAdapta Group at the University of
Cantabria for their daily help. We would like to thank Anthony Sécher for providing geo-
referenced site data, Asier Garcia-Escarzaga and Igor Gutiérrez-Zugasti for
estimating/calibrating the AR with the IntCal20, and all the participants of the ANR project



PaleoCet. Finally, we would like to thanks the two anonymous reviewers whose comments
helped improved the manuscript.

References

Adan, G.E., 1997. De la caza al util, la industria 6sea del tardiglaciar en Asturias. Gobierno
del Principado de Asturias.

Alcalde del Rio, H. 1906. Las pinturas y grabados de las cavernas prehistéricas de la
Provincia de Santander. Altamira, Covalanas, Hornos de la Pefia, Castillo. Blanchard y Arce.
Santander.

Angevin, R., Langlais, M., 2009. Ou sont les lames ? Enquéte sur les “caches” et “dépdts” de
lames du Magdalénien moyen (15000-13500 BP) », in : Bonnardin, S., Hamon, C., Lauwers,
M., Quilliec, B. (dir.), Du matériel au spirituel : réalités archéologiques et historiques des «
dépbts » de la Préhistoire a nos jours, actes des 29e Rencontres internationales
d’archéologie et d’histoire, Antibes, APDCA, pp. 223-242.

Allain, J., Rigaud, A., 1986. Décor et fonction : quelques exemples tirés du Magdalénien.
L’Anthropologie 90, 713-738.

Allain, J., Rigaud, A.,1989. Colles et mastics au Magdalénien, in: Olive, M., Taborin, Y.
(Eds.), Nature et Fonction des Foyers Préhistoriques. APRAIF, Nemours, pp.221- 223.

Altuna, J., 1972. Fauna de mamiferos de los yacimientos prehistoricos de Guipuzcoa.
Munibe 24, 464 p.

Altuna, J. 1976. Los Mamiferos del yacimiento prehistérico de Tito Bustillo (Asturias). In:
Moure, J. A., Cano, M., Excavaciones en la cueva de Tito Bustillo (Asturias): Trabajos de
1975. Instituto de Estudios Asturianos, Oviedo: 149-194.

Altuna J. 1986. The mammalian faunas from the prehistoric site of la Riera, in: Straus L.G.,
Clark G.A. (dir.), La Riera cave. Stone age hunter-gatherer adaptations in northern Spain.
Arizona state university, Arizona state university anthropological research papers 36, pp.
237-274.

Alvarez-Alonso, D., Andrés, M. de, Alvarez-Fernandez, E., Garcia-Ibaibarriaga, N., Jorda, J.,
Rojo, J., 2014. Los “campamentos secundarios” en el Magdaleniense cantabrico: Resultados
preliminares de la excavacion en la Cueva del Olivo Llanera, Asturias, in: Corchon, M.S. y
Menéndez, M. (eds.). CIEN afios de arte rupestre paleolitico. Centenario del descubrimiento
de la Cueva de la Pefia de Candamo, 1914-2014. Ed. Universidad de Salamanca, pp. 359-
368.

Alvarez-Fernandez, E., 2006. Los objetos de adorno-colgantes del Paleolitico superior y del
Mesolitico en la Cornisa Cantabrica y en el Valle del Ebro: una vision europea. Ph.D.
Dissertation, Universidad de Salamanca.

Alvarez-Fernandez, E., 2011. Humans and marine resource interaction reappraised:
Archaeofauna remains during the late Pleistocene and Holocene in Cantabrian Spain. J.
Anthropol. Archaeol. 30, 327-343. https://doi.org/10.1016/j.jaa.2011.05.005

Alvarez-Fernandez, E., 2013. Shellfish gathering in Cantabrian Spain during the
Magdalenian: The cave of “Tito Bustillo” (Asturias, Northern Spain). L’Anthropologie 117,
62-93. http://dx.doi.org/10.1016/j.anthro.2013.01.005



Alvarez-Fernandez, E., 2015. Marine resources exploitation during the Middle and Early
Upper Palaeolithic in Europe: Overview of the available evidence, P@lethnologie 7,188-205.

Alvarez-Fernandez, E., Carriol, R.P., Jorda Pardo, J.F., Aura, J.E., Avezuela, B., Badal, E.,
Carrion, Y., Garcia-Guinea, J., Maestro, A., Morales, J.V., Pérez, G., Perez-Ripoll, M.,
Rodrigo, M.J., Scarff, J.E., Villalba, M.P., Wood, R., 2014. Occurrence of whale barnacles in
Nerja Cave (Malaga, Southern Spain): indirect evidence of whale consumption by humans in
the Upper Magdalenian. Quaternary International 337, 163-169.
https://doi.org/10.1016/j.quaint.2013.01.014

Alvarez-Fernandez, E., Cueto, M., Tapia, J., Aparicio, M.T., Douka, K., Elorza, M., Gabriel,
S., Garcia-lbaibarriaga, N., Suarez-Bilbao, A., Arias, P., 2018. New chronostratigraphical and
archeozoological data from the living area in Tito Bustillo (Ribadesella, Asturias), in: Garcia-
Ibaibarriaga, N., Murelaga Bereikua, X., Suarez Bilbao, A., Suarez Hernando, O. (Eds.),
Paleoambiente y recursos biéticos del pleistoceno superior cantabrico. Estado de la cuestion
a la luz de las nuevas investigaciones, KOBIE, Serie Anejo n°18, Bilbao 2018, pp. 109-122.

Alvarez-Lao, D.J., Kahlke, R.D., Garcia, N., Mol, D., 2009. The Padul mammoth finds - On
the southernmost record of Mammuthus primigenius in Europe and its southern spread
during the Late Pleistocene. Palaeogeography, Palaeoclimatology, Palaeoecology 278, 57—
70. https://doi.org/10.1016/j.palae0.2009.04.011

Alvarez-Lao, D.J., Garcia, N., 2010. Chronological distribution of Pleistocene cold-adapted
large mammal faunas in the Iberian Peninsula. Quaternary International 212, 120-128.
https://doi.org/10.1016/j.quaint.2009.02.029

Alvarez-Lao, D.J., Garcia, N., 2011. Geographical distribution of Pleistocene cold-adapted
large mammal faunas in the Iberian Peninsula. Quaternary International 233, 159-170.
https://doi.org/10.1016/j.quaint.2010.04.017

Aranzadi, T. de, Barandiaran, J. M. de, 1935. Exploraciones en la Caverna de Santimamifie
(Basondo-Cortézubi). 3. Exploraciones en la Caverna de Lumentxa (Lequeitio), Bilbao.

Areso-Barquin, P., Uriz-Galarraga, A., Mujika-Alustiza, J.A., 2018. Revisién estratigrafica del
depésito arqueoldgico de la Cueva de Urtiaga (Deba, Gipuzkoa). Sedimentologia del
relleno/Revision stratigraphy of archaeological deposit of the Urtiaga cave (Deba, Gipuzkoa).
Sedimentary analyses, in: Garcia-lbaibarriaga, N., Murelaga Bereikua, X., Suarez Bilbao, A.,
Suarez Hernando, O. (Eds.), Paleoambiente y recursos bibticos del pleistoceno superior
cantabrico. Estado de la cuestién a la luz de las nuevas investigaciones, KOBIE, Serie Anejo
n°18, Bilbao 2018, pp. 69-76.

Arias, P., Ontafién, R., Alvarez-Fernandez, E., Teresa, M., Chauvin, A., Clemente, I.,
Cueto, M., Gonzalez Urquijo, J E., lIbafez, J J., Tapia, J., Teira L C., 2005. La Estructura
Magdaleniense de La Garma A. Aproximacion a la Organizacion Espacial de un Habitat
Paleolitico, in: Bicho, N. (ed.), O Paleolitico, actas do IV Congresso de Arqueologia
Peninsular (Faro, 14 a 19 de Setembro de 2004), ADECAP (Universidade do Algarve).
Promotoria Monografica 02, pp. 123-142. ISBN 972-99693-0-2.

Arias, P., Ontafion, R., Alvarez-Fernandez, E., Cueto, M., Elorza, M., Garcia-Monc¢, C.,
Guth, A., Iriarte, M. J., Teira, L., Zurro, D., 2011. Magdalenian floors in the Lower Gallery of
La Garma. A preliminary report, in: Gaudzinski-Windheuser, S. et al. (Eds.), Site-internal
spatial organization of hunter-gatherer societies: case studies from the european palaeo lithic
and Mesolithic. Verlag des Rémisch-Germanischen Zentralmuseums, pp. 31-51.



Arias, P., 2020. Spain: Underwater Exploration on a Narrow Continental Shelf. In: Bailey, G.
et al. (Eds.), The Archaeology of Europe’s Drowned Landscapes. Springer Nature
Switzerland AG, Cham, 281-294.

Arrizabalaga, A., Prieto, A., Garcia-Ibaibarriaga, N., Calvo, A., Dominguez-Ballesteros, E.,
Ochoa, B., Ordono, J., Romero, A., Villaluenga, A., Tapia, J., Ayerdi, M., Echazarreta, A.,
Hernandez-Beloqui, B., Medina, M. A., Bradtmdller, M., Suarez, A., Sarasketa, I., Iriarte-
Chiapusso, M.-J., 2016. En la ruta occidental del poblamiento de la Peninsula Ibérica.
MUNIBE 67, 227-234. Doi: 10.21630/maa.2016.67.mis03

Aura, J. E., Tiffagom, M., Jorda Pardo, J. F., Duarte Matias, E., Fernandez de la Vega, J.,
Santamaria D., Rasilla M. de la, Vadillo, M., Perez Ripoll, M., 2012. The Solutrean-
Magdalenian transition: A view from Iberia. Quaternary International, 272-273, 120-133.
https://doi.org/10.1016/j.quaint.2012.05.020

Aura, J. E., Jorda Pardo, J. F., Alvarez-Fernandez, E., Pérez-Ripoll, M., Avezuela M. B.,
Morales-Pérez, J. V., Rodrigo, M. J., Marlasca, R., Alcover, J. A., Jardén, P., Pérez, C. I,
Pardo, S., Maestro, A., Villalba, M. P., Salazar-Garcia, D. C., 2016. Palaeolithic -
Epipalaeolithic Seapeople of the Southern Iberian coast (Spain): an overview, in: Dupont, C.,
Marchand, G. (Eds.), Archéologie des chasseurs-cueilleurs maritimes. De la fonction des
habitats a I'organisation de I'espace littoral. Actes de la séance de la Société Préhistorique
Francaise de Rennes (2014). Paris, Société préhistorique francaise (Séances de la Société
Préhistorique Francaise 6), pp. 69-92.

Bahn, P.G., 1984. Pyrenean Prehistory. Aris & Phillips, Warminster.

Bailey, G.N., Craighead, A.S., 2003. Late Pleistocene and Holocene palaeoeconomies: a
reconsideration of the molluscan evidence from Northern Spain. Geoarchaeol 18, 175-204.

Bailey, G.N., Flemming, N.C., 2008. Archaeology of the continental shelf: marine resources,
submerged landscapes and underwater archaeology. Quatern. Sci. Rev. 27, 2153-2165.

Balbin, R. de, Moure, J. A. 1981. Pinturas y grabados de la Cueva de Tito Bustillo (Asturias).
Conjuntos | a VII. Boletin del Seminario de Estudios de Arte y Arqueologia, 47, 5-49.

Barandiaran, I., 1967. El Paleomesolitico del Pirineo occidental. Monografias Arqueoldgicas,
3, Zaragoza, 443 p.

Barandiaran, I., 1981a. La campafa de excavaciones de 1974, in : Gonzalez Echegaray, J.,
Barandiaréan, I. (Eds.), El Paleolitico superior de la cueva del Rascafio (Santander). Centro
de Investigacion y Museo de Altamira. Serie Monografias 3. Santander, pp. 25-54.

Barandiaran, |., 1981b. Industria ésea, in : Gonzélez Echegaray, J., Barandiaran, I. (Eds.), El
Paleolitico superior de la cueva del Rascafio (Santander). Centro de Investigacién y Museo
de Altamira. Serie Monografias 3. Santander, pp. 95-164.

Barandiarén, I., 1985. Industria osea paleolitica de la cueva del Juyo. Excavaciones de 1978
y 1979, in: Barandiaran, |., Freeman, L.G., Gonzéalez Echegaray, J., Klein, R.G. (Eds.),
Excavaciones en la cueva del Juyo. Centro de investigacion y museo de Altamira 14,
pp.161-194.

Barandiaran, 1., 1988. Datation C 14 de l'art mobilier magdalénien cantabrique. Préhistoire
Ariégeoise. 43, 63-84.



Barandiarén, |, Utrilla, P., 1975. Sobre el magdaleniense de Ermittia (Guiplzcoa). Sautuola,
I, 21-47.

Barandiaran, 1., Freeman, L.G., Gonzalez Echegaray, J., Klein, R.G. (Eds.), 1985.
Excavaciones en la cueva del Juyo. Centro de investigacion y Museo de Altamira 14, 224p.

Barandiaran, I., Cava, A., Arrizabalaga, A., lriarte, M. J., 2019. Las varillas decoradas
magdalenienses de Ezkuzta (Pais Vasco). Munibe 70, 35-63.
https://doi.org/10.21630/maa.2019.70.16

Barandiaran, J.M., 1950. Bolinkoba y otros yacimientos paleoliticos en la sierra de Amboto
(Vizcaya). Cuadernos de Historia Primitiva 5. 2, 73-112.

Benjamin, J., Rovere, A., Fontana, A., Furlani, S., Vacchi, M., Inglis, R.H., Galili, E.,
Antonioli, F., Sivan, D., Miko, S., Mourtzas, N., Felja, I., Meredith-Williams, M., Goodman-
Tchernov, B., Kolaiti, E., Anzidei, M., Gehrels, R., 2017. Late Quaternary sea-level changes
and early human societies in the central and eastern Mediterranean Basin: An
interdisciplinary review. Quaternary International 449, 29-57.
https://doi.org/10.1016/j.quaint.2017.06.025

Berganza, E., Arribas, J.L. (Eds.), 2014a. La Cueva de Santa Catalina (Lekeitio, Bizkaia): La
intervencion arqueoldgica. Restos vegetales, animales y humanos. Kobie Serie
Excavaciones Argueologicas en Bizkaia 4, 377p.

Berganza, E., Arribas, J.L., 2014b. La intervencién arqueoldgica en el yacimiento de la
cueva de Santa Catalina, in : Berganza, E., Arribas, J.L. (Eds.), La Cueva de Santa Catalina
(Lekeitio, Bizkaia): La intervencién arqueolédgica. Restos vegetales, animales y humanos.
Kobie Serie Excavaciones Arqueologicas en Bizkaia 4, pp. 7-24.

Berganza, E., Arribas, J.L., 2014c. Dataciones de radiocarbono, in : Berganza, E., Arribas,
J.L. (Eds.), La Cueva de Santa Catalina (Lekeitio, Bizkaia): La intervencién arqueoldgica.
Restos vegetales, animales y humanos. Kobie Serie Excavaciones Arqueologicas en Bizkaia
4, pp. 25-32.

Bernaldo de Quirés, F. 1982. Los inicios del Paleolitico superior cantabrico, Monografias del
Centro de Investigacién y Museo de Altamira, 8, Ministerio de Cultura, Madrid.

Bernaldo de Quirés, F., 1992. Estrategias econdmicas en el Pleistoceno Superior de la
Regiéon Cantébrica, in: Moure, J. A. ed., Elefantes, ciervos y ovicaprinos: economia y
aprovechamiento del medio en la prehistoria de Espafia y Portugal. Universidad de
Cantabria, Santander, 117-128.

Bertran, P., Sitzia, L., Banks, W., Bateman, M.D., Demars, P.Y., Hernandez, M., Lenoir, M.,
Prodeo, F., 2013. The Landes de Gascogne (southwest France): periglacial desert and
cultural frontier during the Palaeolithic. Journal of Archaeological Science 40. 5, 2274-2285.
https://doi.org/10.1016/j.jas.2013.01.012

Betts, M.W., 2007. The Mackenzie Inuit whale bone industry: raw material, tool manufacture,
scheduling, and trade. Arctic 60, 129-144.

Bicho, N., Haws, J., 2008. At the land’s end: marine resources and the importance of
fluctuations in the coastline in the prehistoric hunter-gatherer economy of Portugal. Quatern.
Sci. Rev. 27, 2166-2175



Boneta, I., Liesau, C., Pérez-Garcia, A., 2018. Sobre de la naturaleza del soporte de la placa
Osea colgante de la cueva de Balmori (Asturias)/On the nature of the raw material of the
osseous hanging plate from Balmori Cave (Asturias), in : Garcia-lbaibarriaga, N., Murelaga
Bereikua, X., Suarez Bilbao, A., Suarez Hernando, O. (Eds.), Paleoambiente y recursos
bidticos del pleistoceno superior cantabrico. Estado de la cuestion a la luz de las nuevas
investigaciones, KOBIE, Serie Anejo n°18, Bilbao 2018, pp. 181-190.

Breuil, J., Obermaier, H. 1935. La Cueva de Altamira en Santillana del Mar. Tipografia de
Archivos. Madrid. Reimpresion. Ed. El Viso. Madrid. 1984.

Bronk Ramsey, C., 2017. Methods for Summarizing Radiocarbon Datasets. Radiocarbon 59,
2, 1809-1833. https://doi.org/10.1017/RDC.2017.108

Butzer, K.W., 1986. Paleolithic adaptations and settlement in Cantabrian Spain. Advances in
World Archaeology 5, F. Wendorf and A. Close (Eds.), Academic. New York, 201-252.

Cacho, I., Grimalt, J.O., Canals, M., Sbaffi, L., Shackleton N.J., Schoenfeld, J., Zahn, R.,
2001. Variability of the western Mediterranean Sea surface temperature during the last
25,000 years and its connection with the Northern Hemisphere climatic changes.
Paleoceanography. 16, 40-52. DOI: 10.1029/2000PA000502

Cadenas, P., Fernandez-Viejo, G., Pulgar,J. A., Tugend, J., Manatschal, G., Minshull, T. A.,
2018. Constraints imposed by rift inheritance on the compressional reactivation of
ahyperextended margin: Mapping rift domains in the North Iberian margin and in the
Cantabrian Mountains. Tectonics, 37, 758—785.

Carballo, J., 1960. Excavaciones en la caverna de «El Pendo» (Santander).
Investigaciones Prehistdricas Il. 15-124.

Castafos, P., 2014. Estudio de los macromamiferos del yacimiento de Santa Catalina, in :
Berganza, E., Arribas, J.L., La Cueva de Santa Catalina (Lekeitio, Bizkaia): La intervencién
arqueoldgica. Restos vegetales, animales y humanos. KOBIE, Excavaciones Arqueologicas
en Bizkaia, pp. 331-360.

Cattelain, P., 1993. Fiche éléments intermédiaires de hampes de projectiles, in : Camps-
Fabrer, H. (dir.), Fiches typologiques de lindustrie osseuse préhistorique, Cahier VI:
Eléments récepteurs, Treignes, CEDARC, pp. 15-22.

Cattelain, P., 1995. Fiche protoharpons, in : Camps-Fabrer, H. (Ed.), Fiches typologiques de
l'industrie osseuse préhistorique. Cahier VII : éléments barbelés et apparentés, Treignes,
CEDARC, pp. 59-66.

Cattelain, P., Pétillon, J.M., 2015. Le « type 2a », plus ancien modeéle de propulseur
paléolithique : une nouvelle piéce dans le Magdalénien moyen d’Isturitz (Pyrénées-
Atlantiques, France) et ses implications. PALEO 26. 17-32.

Cazals, N., 2000. Constantes et variations des traits techniques et économiques entre le
Magdalénien “inférieur” et “moyen”: analyse des productions lithiques du nord de la
péninsule iberique”. Ph.D. Dissertation, University of Paris | - Pantheon Sorbonne.

Cazals, N., Langlais, M. 2006. La place d’Ekain (couche VII) au sein du Magdalénien basco-
cantabrique : nouvelles contributions sur I'organisation des productions lithiques. Munibe 57.
117-191.



Chauviére, F.X., Rigaud, A., 2005. Les ‘sagaies’ a ‘base raccourcie’ ou les avatars de la
typologie: du technique au ‘non fonctionnel’ dans le Magdalénien a navettes de la Garenne
(Saint-Marcel, Indre), in: Dujardin, V. (Ed.), Industrie Osseuse et Parures du Solutréen au
Magdalénien en Europe. Société préhistorique francaise, Paris, pp. 233-242.

Chauviére, F.-X., Rigaud, A., 2008. Le travail du bois de renne a la Garenne (Saint-Marcel,
Indre): entre conceptions préhistoriennes et techniques magdaléniennes ou comment
séparer ébauches et déchets des pointes vraies? Préhist. Sud-Ouest. 16, 173-183.

Christensen, M., 2016. La industria 0sea de los cazadores-recolectores: el caso de los
némades marinos de Patagonia y Tierra de Fuego. Coleccion Poblamiento Humano de
Fuego-Patagonia. Ediciones Universidad de Magallanes

Cleyet-Merle, J.-J.,1990. La Préhistoire de la péche, Paris, Errance, 195 p.

Cleyet-Merle, J.J., Madelaine, S., 1995. Inland Evidence of Human Sea Coast Exploitation in
Palaeolithic France, in: Fischer, A. (dir.), Man and Sea in the Mesolithic: Coastal Settlement
above and below Present Sea Level, actes du collogue international (Kalundborg,
Danemark, 1993), Oxford, Oxbow books (Oxbow Monograph, 53), pp. 303-308.

Colonese, A.C., Mannino, M.A., Bar-Yosef Mayer, D.E., Fa, D.A., Finlayson, J.C., Lubell, D.,
Stiner, M.C., 2011. Marine mollusc exploitation in Mediterranean prehistory: an overview.
Quaternary International 239, 86-103. https://doi.org/10.1016/j.quaint.2010.09.001

Conkey, M., 1980. The Identification of prehistoric hunter-gatherer aggregation sites: the
case of Altamira. Current Anthropology 21. 5, 360-609.

Conkey, M., 1992. Les sites d’agrégation et la répartition de I'art mobilier, ou : Y a-t-il des
sites d’agrégation magdaléniens ?, in: Le Peuplement magdalénien. Actes du colloque
(Chancelade, 1988), Paris, CTHS, pp. 19-25.

Consuegra, S., Garcia de Leaniz, C., Serdio, A., Gonzalez Morales, M., Straus, L.G., Knox,
D., Verspoor, E. 2002. Molecular Ecology 11, 2037-2048. https://doi.org/10.1046/j.1365-
294X.2002.01592.x

Corchén, M. S., 1987. El arte mueble paleolitico cantabrico, Contexto y andlisis interno,
Santander, Centro de Investigacién y Museo de Altamira (Monografias, 16).

Corchén, M.S., 1995. Reflections on the Chronology of the Cantabrian Magdalenian. 14C
datings of the Caldas cave (Asturias, Spain). Zephyrus. XLVIII, 3-19.

Corch6n, M.S. (Ed.), 2017. La cueva de las Caldas (Priorio, Oviedo). Ocupaciones
magdalenienses en el Valle del Nalon. Ediciones Universidad, Salamanca, 819p.

Corchén, M.S., Mateos, A., Alvarez-Fernandez, E., Pefialver, E., Delclos, X., Made, J. van
der, 2008. Ressources complémentaires et mobilité dans le Magdalénien cantabrique.
Nouvelles données sur les mammiféres marins, les crustacés, les mollusques et les roches
organogénes de la Grotte de Las Caldas (Asturies, Espagne). L’Anthropologie 112, 284-327.

Corchoén, M.S., Martinez, J., Tarrifio, A., 2009. Mobilité, territoires et relations culturelles au
début du Magdalénien moyen cantabrique : nouvelles perspectives, in: Djindjian, F.,
Kozlowski, J., Bicho, N. (Eds.), Le concept de territoires dans le Paléolithique supérieur
européen. UISPP, Proceeding of the XV world congress (Lisbon, 4-9 september 2006), BAR
International Series 1938, pp. 217-230.



Corchon, M.S., Alvarez-Fernandez, E., Rivero, O., 2012. Contactos extra-cantabricos en el
Magdaleniense medio : nuevos datos de la Cueva de Las Caldas (Oviedo, Asturias), in :
Arias Cabal, P., Corchén, M.S., Menéndez Fernandez, M., Rodriguez Asensio, J.A.,
Gonzalez Morales, M. (Eds.), El Paleolitico Superior Cantabrico. Actas de la Primera Mesa
Redonda, Universidad de Cantabria, Santander, pp.113-127.

Corchon, M.S., Ortega, P., 2017. Las industrias liticas y O6seas (17,000-14,500 BP).
Tipologia, tecnologia y materias primas, in : Corchon, M.S. (Ed.), La cueva de Las Caldas
(Priorio, Oviedo). Ocupaciones magdalenienses en el valle del Nalon. Salamanca. Ediciones
Universidad de Salamanca, pp. 247-555.

Costamagno, S., Mateos Cachorro, A., 2007. Milieu animal de part et d’autre de la chaine
pyrénéenne : implications sur les modes de subsistance au Magdalénien, in : Cazals, N.,
Gonzalez Urquijo, J., Terradas, X. (Eds), Frontiéres naturelles et frontiéres culturelles dans
les Pyrénées préhistoriques. PubliCan-Ediciones de la Universidad de Cantabria. Santander,
pp. 53-73.

Cuenca-Bescos, G., Straus, L. G., Gonzalez Morales, M., Garcia-Pimienta, J. C., 2009. The
reconstruction of past environments through small mammals: from the Mousterian to the
Bronze Age in El Mirén Cave (Cantabria, Spain). Journal of Archaeological Science 36, 947-
955. https://doi.org/10.1016/j.jas.2008.09.025

Cunliffe, E.A., Brooks, E. 2016. Prehistoric Whale Bone Technology in Southern New
Zealand. International Journal of Osteoarchaeology Int. J. Osteoarchaeol. 26: 384-396. DOI:
10.1002/0a.2427

Currey, J.D., 1979. Mechanical properties of bone tissues with greatly differing functions. J.
Biomech. 12, 313-319. https://doi.org/10.1016/0021-9290(79)90073-3

Delporte, H., Mons, L., 1988. Fiche sagaie a biseau double (bifacial), in : Camps-Fabrer H.
dir., Fiches typologiques de l'industrie osseuse préhistorique, Cahier | : Sagaies, Aix-en-
Provence, PUP, fiche 4, 11p.

Delvigne, V., 2016. Géoressources et expressions technoculturelles dans le sud du Massif
central au Paléolithique supérieur : des déterminismes et des choix. Ph.D. Dissertation.
Pessac, University of Bordeaux.

Deschamps, P., Durand, N., Bard, E., Hamelin, B., Camoin, G., Thomas, A.L., Henderson,
G.M., Okuno, J., Yokoyama, Y., 2012. Ice-sheet collapse and sea-level rise at the Bglling
warming 14,600 years ago. Nature 483, 559-564. https://doi.org/10.1038/nature10902

Duarte E., Santamaria D., Forcelledo E., Tarrifio A., Rasilla M. de la, 2016. EIl silex como
recurso mineral en la Prehistoria de Asturias, Cuadernos de Prehistoria y Arqueologia de la
Universidad de Granada, 26, 151-184.

Duarte, E., Rasilla, M., 2020 The bone industry collections from the Middle and Upper
Magdalenian levels in La Vifia rock shelter and Llonin cave (Asturias, northern Spain), in:
Straus, L. G., Langlais, M., (Eds.), Magdalenian chrono-stratigraphic correlations, and
cultural connections between cantabrian Spain and southwest France... and beyond. XVIII
UISPP Congress Proceedings, session XVII-2, Paris, June 6th 2018. Société préhistorique
francaise, pp. 319-359. ISBN : 2-913745-81-4

Elorrieta, I. 2016. Aprovisionamiento y disponibilidad de las materias primas siliceas en el
Pirineo occidental durante el Paleolitico superior. PhD Dissertation, University of the Basque



Country UPV/EHU. 459p.
https://pdfs.semanticscholar.org/da63/21b2d673a7f0e51flca7cee56eafff878aba.pdf

Erlandson, J.M., 2001. The archaeology of aquatic adaptations: paradigms for a new
millenium. J. Archaeol. Res. 9, 287-350. https://doi.org/10.1023/A:1013062712695

Esparza, X., Mujika, J. A., 1999. Reflexiones en torno a la estratigrafia de Ermittia (Deva,
Guipuzcoa), in: Los problemas del Paleolitico superior en el &mbito mediterrdneo peninsular.
XXIV Congreso Nacional de Arqueologia, Cartagena, 1997, Vol. 1, Ed. Instituto de
Patrimonio Historico, Murcia, pp. 61-69.

Evin, J., Marechal, J., Marien, G., 1983. Lyon natural radiocarbon measurements IX.
Radiocarbon 25. 1, 55-128. https://doi.org/10.1017/S0033822200005300

Felts, W.J.L., Spurrell, F.A., 1965. Structural orientation and density in cetacean humeri. Am.
J. Anat. 116, 171-203. https://doi.org/10.1002/aja.1001160109

Fontes, L. M., 2016. The Initial Magdalenian mosaic: New evidence from Urtiaga cave,
Guiplzcoa, Spain. Journal of Anthropological Archaeology. 41, 109-131.
https://doi.org/10.1016/j.jaa.2015.11.006

Fortea, J., 1990. Abrigo de La Vifia. Informe de las campanas 1980-1986. Excavaciones
Arqueoldgicas en Asturias 1983-1986. 1, 55-68.

Fritz, C., Tosello, G., Sauvet, G., 2007. Groupes ethniques, territoires, échanges : la "notion
de frontiére" dans I'art magdalénien, in : Cazals, N., Gonzales Urquijo, J., Terradas, X.
(Eds.), Frontiéres naturelles et frontiéres culturelles dans les Pyrénées préhistoriques. Actes
de la table ronde Tarascon-sur-Ariége, Mars 2004, pp. 164-181.

Fu, Q., Posth, C., Hajdinjak, M., Petr, M., Mallick, S, Fernandes, D., Furtwangler, A. Haak,
W., Meyer, M., Mittnik, A., Nickel, B., Peltzer, A., Rohland, N., Slon, V., Talamo, S., Lazaridis,
I., Lipson, M., Mathieson, I., Schiffels, S., Skoglund, P., Derevianko, A.P., Drozdov, N.,
Slavinsky, V., Tsybankov, A., Grifoni Cremonesi, R., Mallegni, F., Gély, B., Vacca, E.,
Gonzalez Morales, M.R., Straus, L.G., Neugebauer-Maresch, C., Teschler-Nicola, M.,
Constantin, S., Teodora Moldovan, O., Benazzi, S., Peresani, M., Coppola, D., Lari, M.,
Ricci, S., Ronchitelli, A., Valentin, F., Thevenet, C., Wehrberger, K., Grigorescu, D., Rougier,
H., Crevecoeur, I., Flas, D., Semal, P., Mannino, M.A., Cupillard, C., Bocherens, H., Conard,
N.J., Harvati, K., Moiseyev, V., Drucker, D.G., Svoboda, J., Richards, M.P., Caramelli, D.,
Pinhasi, R., Kelso, J., Patterson, N., Krause, J., Paabo, S., Reich, D., 2016. The genetic
history of Ice Age Europe. Nature 534, 200-205. https://doi.org/10.1038/nature17993

Garcia-Moreno, A., 2013. To see or to be seen is that the question? An evaluation of
Palaeolithic sites visual presence and their role in social organization. Journal of
Anthropological Archaeology 32, 4, 647-658.

Garcia Guinea, M.A.,1975. Primeros sondeos estratigraficos en la cueva de Tito Bustillo
(Ribadesella, Asturias), excavaciones de 1970. Publicaciones del Patronato de las cuevas
prehistéricas de la provincia de Santander Xll, Santander.

Gonzalez Echegaray, J. (Ed.), 1980. El yacimiento de la cueva de «El Pendo »
(Excavaciones 1953-57). Bibliotheca Praehistorica Hispana XVII. Madrid.

Gonzalez Echegaray, J., Barandiaran, |. (Eds.), 1981. El Paleolitico superior de la cueva del
Rascafio (Santander). Centro de Investigacion y Museo de Altamira. Serie Monografias 3.
Santander.



Gonzéalez Echegaray, J., Freeman, L.G., 1992/93. Las excavaciones de la cueva del Juyo
(Cantabria). KOBIE (Serie Paleoantropologia) XX, 29-42.

Gonzalez Morales, M., Straus, L.G., Diez Castillo, A., Ruiz Cobo, J., 2004. Postglacial coast
and inland: epipaleolithic-Mesolithic-Neolithic transitions in Vasco-Cantabrian Spain. Munibe
56, 61-78.

Gonzalez Sainz, C., 1989. El Magdaleniense superior final de la regién cantabrica. Ed.
Tantin. Universidad de Cantabria, 318p.

Gonzalez Sainz, C., Utrilla P., 2005. Problemas actuales en la organizacién y datacion del
Magdaleniense de la Region Cantabrica, in N. Bicho (dir.), O Paleolitico, actas do IV
Congresso de Arqueologia Peninsular (septiembre de 2004, Faro), Faro, universidade do
Algarve, pp. 39-47.

Gonzalez-Sampériz, P., Leroy, S., Carrion, J., Fernandez, S., Garcia Antén, M., Gil-Garcia,
M., Uzquiano, P., Valero-Garcés, B., Figueiral, I., 2010. Steppes, savannahs, forests and
phytodiversity during the Pleistocene in the Iberian Peninsula. Review of Palaeobotany and
Palynology 162, 427-457. https://doi.org/10.1016/j.revpalbo.2010.03.009

Gray, N.M., Kainec, K., Madar, S., Tomko, L., Wolfe, S., 2007. Sink or swim? Bone density
as a mechanism for buoyancy control in early Cetaceans. Anat. Rec. 290, 638-653. DOI:
10.1002/ar.20533

Gutiérrez-Zugasti, F.l., 2009. La explotacion de moluscos y otros recursos litorales en la
region cantabrica durante el Pleistoceno final y el Holoceno inicial. Santander. PUbliCan e
Universidad de Cantabria, Santander.

Gutiérrez-Zugasti, I., Cuenca-Solana, D. 2015. Ornaments from the Magdalenian burial area
in EI Mirbn Cave (Cantabria, northern Spain). Were they grave goods? Journal of
Archaeological Science, 60, 112-124.

Gutiérrez-Zugasti, F. ., Cuenca-Solana, D., Garcia-Escérzaga, A., Suarez, R., Martinez-
Cuesta, R., Gonzéalez-Morales, M. R. 2015. Cambios climéaticos y aprovechamiento de
recursos costeros durante el Paleolitico superior y Mesolitico. Sautuola 20, 371-386.

Heaton, T., Kohler, P., Butzin, M., Bard, E., Reimer, R., Austin, W., Bronk Ramsey, C.,
Grootes, P., Hughen, K., Kromer, B., Reimer, P., Adkins, J., Burke, A., Cook, M., Olsen, J.,
Skinner, L., 2020. Marine20 - the marine radiocarbon age calibration curve (0-55,000 cal
BP). Radiocarbon, 62. https://doi.org/10.1017/RDC.2020.68

Hernandez-Pacheco, E., 1919. La Caverna de la Pefia de Candamo (Asturias). J.A.E.
Comision de Investigaciones Paleontoldgicas y Prehistéricas 24, Madrid.

Hernandez-Pacheco, E., 1923. La vida de nuestros antecesores paleoliticos segun los
resultados de las excavaciones en la caverna de La Paloma (Asturias). Memorias de la
Comision de Investigaciones Paleontoldgicas y Prehistéricas. Madrid, 31.

Herndndez-Pacheco, E., 1932. Sintesis fisiografica y geolégica de Espafia. Trabajos del
Museo Nacional de Ciencias Naturales. Serie Geoldgica 38. Madrid.

Hernandez-Pacheco, E., Llopis, N., Jorda, F., Martinez, J. A., 1957. Guia de la excursién N2.
El Cuaternario de la Regién Cantabrica. INQUA V Congreso Internacional. Diputacion
Provincial de Asturias. Oviedo.



Herrero-Alonso, D., Fuertes-Prieto, N., Neira-Campos, A., 2020. Management of lithic raw
materials in the “Mesolithic with geometrics” (Northern of Iberian Peninsula): chaines
opératoires and territory, Journal of Archaeological Science: Reports, 29: 102093.

Houmard, C., Jacquot, E., 2009. Des tétes de projectile composites a ‘La Garenne’, in:
Despriée, J., Tymula, S., Rigaud, A. (Eds.), Données Récentes sur le Magdalénien de ‘La
Garenne’ (Saint-Marcel, Indre) et la Place du Magdalénien ‘a Navettes’ en Europe,
Archéologie du val de Creuse en Berry, Bulletin de TASSAAM Special Issue, Argenton-sur-
Creuse, pp. 137-150.

Hoyos, M., 1995. Cronoestratigrafia del Tardiglaciar en la Region Cantabrica, in A. Moure, C.
Gonzalez Sainz (Eds.), El final del Paleolitico Cantabrico, Santander, Universidad de
Cantabria, 15-75.

Hoyos, M., Martinez Navarrete, M.I., Chapa Brunet, T., Castafios, P., Sanchiz, F.B., 1980.
La cueva de la Paloma. Soto de la Regueras (Asturias). Excavaciones arqueolégicas en
Espafia. Ministerio de cultura.

Iriarte, M., Arrizabalaga, A., 2015. The archaeological site of Bolinkoba (Abadifio, Bizkaia).
Chronicle of the researches in the cave. Stratigraphical sequence and numerical chronology,
in: lIriarte, M., Arrizabalaga, A. (Eds.), 2015. Bolinkoba (Abadifio) y su yacimiento
arqueoldgico: Argueologia de la Arqueologia para la puesta en valor de su depésito, a la luz
de las excavaciones antiguas y recientes. KOBIE. Bizkaiko Arkeologi Indusketak, BAI 6,
Bilbao, pp. 5-88.

Iriarte, M. J., Arrizabalaga, A., Cuenca-Bescés, G., 2015. The vegetational and climatic
contexts of the Lower Magdalenian human burial in EI Miron Cave (Cantabria, Spain).
Journal of Archaeological Science 60, 66-74. https://doi.org/10.1016/j.jas.2015.02.008

Jarvis, A., Reuter, H.l., Nelson, A., Guevara, E., 2008. Hole-filled seamless SRTM data V4.
International Centre for Tropical Agriculture (CIAT).

Jorda, J., Alvarez Alonso, D., Iriarte, M. J., 2014. Una aproximacioén geoarqueoldgica al
hébitat humano Pleistoceno del occidente Cantabrico (Asturias, norte de Espafia), in:
Alvarez Alonso, D. ed., Entemu. Los grupos cazadores-recolectores paleoliticos del
occidente cantabrico. Estudios en Homenaje a Francisco Jordd Cerda. UNED-Centro
Asociado de Asturias. Gijon, pp. 67-102.

Julien, M., 1999. Une tendance créatrice au Magdalénien : a propos de stries d’adhérence
sur quelques harpons, in: Julien, M., Averbouh, A., Ramseyer, D. (Eds.), Préhistoire d’Os:
Recueil d’Etudes sur I'Industrie Osseuse Préhistorique Offert & Henriette Camps-Fabrer.
Publications de I'Université de Provence, Aix-en-Provence, pp. 133-142.

Langlais, M., 2007. Dynamiques culturelles des sociétés magdaléniennes dans leurs cadres
environnementaux. Enquéte sur 7000 ans d’évolution de leurs industries lithiques entre
Rhoéne et Ebre, Ph.D. Dissertation, University of Toulouse, 552 p.

Langlais, M., 2020. From Chronocultural Segments to Archeostratigraphic Model of the
Magdalenian in South-western France (21,000 — 16,000 cal. BP), in: Straus, L. G., Langlais,
M., (Eds.), Magdalenian chrono-stratigraphic correlations, and cultural connections between
cantabrian Spain and southwest France... and beyond. XVIII UISPP Congress Proceedings,
session XVII-2, Paris, June 6th 2018. Société préhistorique francaise, pp. 109-135. ISBN : 2-
913745-81-4



Langlais, M., Costamagno, S., Laroulandie, V., Pétillon, J.-M., Discamps, E., Mallye, J.B.,
Cochard, D., Kuntz, D., 2012. The evolution of Magdalenian societies in South-West France
between 18000 and 14000 cal BP: changing environments, changing tool kits. Quaternary
International 272-273, 138-149.

Langlais, M., Pétillon, J.-M., 2019. Les Pyrénées, une frontiere pré-historiographique pour le
Magdalénien ? Réflexions a partir du Magdalénien moyen récent de la grotte Tastet (Sainte-
Colome, Pyrénées-Atlantiques), in : Deschamps, M., Costamagno, S., Milcent, P.Y., Pétillon,
J.-M., Renard, C., Valdeyron, N., (Eds.), La conquéte de la montagne : des premiéres
occupations humaines & l'anthropisation du milieu. Editions du Comité des travaux
historiques et scientifiques. Paris, 23p.

Langley, M.C., Street, M., 2013. Long Range Inland— Coastal Networks during the Late
Magdalenian: Evidence for Individual Acquisition of Marine Resources at Andernach-
Martinsberg, German Central Rhineland. Journal of Human Evolution. 64, 457-465.
https://doi.org/10.1016/j.jhevol.2013.01.015

Laroulandie, V., 2014. Traitement et utilisation des ressources aviaires au Tardiglaciaire
dans la grotte de Santa Catalina, in : Berganza, E., Arribas, J. L. (dir.), La cueva de Santa
Catalina (Lekeitio, Bizkaia): La intervencion arqueoldgica. Restos vegetales, animales y
humanos, Bilbao. Diputacion Foral de Bizkaia. Kobie, Bizkaiko Arkeologi Indusketak, 4, pp.
297-330.

Laroulandie, V., Costamagno, S., Langlais, M., Pétillon, J.-M., 2017. L’ceuf ou la poule ?
Retour sur le projet Magdatis, “Le Magdalénien de la fagade atlantique face aux
changements environnementaux”. Quaternaire 28. 2, 277-283.
https://doi.org/10.4000/quaternaire.8162

Lefebvre, A., 2011. Les pointes barbelées magdaléniennes. Etude typologique,
géographique et chronologique, Master Dissertation, University of Toulouse-Jean Jaurés :
104 p.

Lefebvre, A., 2016. Les stratégies d’adaptation des sociétés pyrénéennes entre 19 et 14 ka
cal BP : étude biométrique et techno-économique comparée sur I'exploitation du bois de cerf
et du bois de renne autour des Pyrénées au Magdalénien moyen et supérieur. Ph.D.
Dissertation, Pessac, University of Bordeaux.

Lucas, C., 2012. Les décors géométrigues du Magdalénien supérieur de la grotte d'Isturitz
(Pyrénées-Atlantiques) : une place a part dans I'équipement ? In: Clottes J. (dir.), L'art
pléistocéne dans le monde / Pleistocene art of the world / Arte pleistoceno en el mundo ,
Actes du Congrés IFRAO, Tarascon-sur-Ariege, septembre 2010, Symposium « Art mobilier
pléistocéne ». N° spécial de Préhistoire, Art et Sociétés, Bulletin de la Société Préhistorique
Ariége-Pyrénées, LXV-LXVI, 2010-2011, : p. 1501-1521.

Madariaga, B., 1963. Andlisis paleontoldgico de la fauna terrestre y marina de lacueva de la
Chora, in: Gonzalez Echegaray, J. et al. (Eds.), Cueva de La Chora (Santander).
Excavaciones Arqueoldgicas en Espafia 26. Madrid: pp. 51-76.

Madariaga, B., 1966. Andlisis paleontoldgico de la fauna terrestre y marina de la Cueva del
Otero, in: Gonzalez Echegaray, J. et al. (Eds.), Cueva del Otero. Excavaciones
Argueologicas en Espafia 53. Madrid: pp. 63-85.

Margaris, A.V., 2006. Alutiig engineering: the mechanics and design of skeletal technologies
in Alaska’s Kodiak archipelago. Tucson, University of Arizona, Ph.D. Dissertation, 255 p.



Margaris, A.V., 2014. Reconsidering raw material selection: Skeletal technologies and design
for durability in subarctic Alaska. Journal of Archaeological Method and Theory, 21, 669-695.

Marin-Arroyo, A.B., 2010. Argueozoologia en el Cantabrico oriental durante la transicién
Pleistoceno/Holoceno. Cantabria, Spain: Santander. PUbliCan, Ediciones Universidad de
Cantabria.

Marin-Arroyo, A.B., 2013. Human response to Holocene warming on the Cantabrian Coast
(northern Spain): an unexpected outcome. Quaternary Science Reviews, 81,1-11.

Meiri, M., Lister, A., Higham, T., Stewart, J., Straus, L., Obermaier, H., Gonzalez Morales,
M., Marin-Arroyo, A.B., Barnes, 2013. Late-glacial recolonization and phylogeography of
European red deer (Cervus elaphus L.). Mol. Ecol 22, 4711-4722. DOI: 10.1111/mec.12420

Monge Soares, A.M., Gutiérrez-Zugasti, |., Gonzalez Morales, M., Matos, J.M., Cuenca, D.,
Bailey, G.N., 2016. Marine radiocarbon reservoir effect in late Pleistocene and early
Holocene coastal waters off northern Iberia. Radiocarbon 58. 4, 869-883.
https://doi.org/10.1017/RDC.2016.71

Morales-Pérez, J.V., Pérez Ripoll, M., Jorda Pardo, J.F., Alvarez-Fernandez, E., Maestro
Gonzalez, A., Aura Tortosa, J.E., 2019. Mediterranean monk seal hunting in the regional
Epipalaeolithic of Southern Iberia. A study of the Nerja Cave site (Malaga, Spain).
Quaternary International 515, 80-91. https://doi.org/10.1016/j.quaint.2017.11.050

Mdjica, J.A., 1983. Industria de hueso en la Prehistoria de GuipUzcoa. Munibe 35. Sociedad
de ciencias de Aranzadi, San Sebastian, 451-631.

Mulville, J., 2002. The Role of Cetacea in Prehistoric and Historic Atlantic Scotland.
International Journal of Osteoarchaeology Int. J. Osteoarchaeol. 12: 34-48. DOI:
10.1002/0a.611

Naughton, F., Sanchez-Gofii, M.F., Desprat, S.,Turon, J.L., Duprat, J.,Malaizé, B., Joli, C.,
Cortijo, E., Drago, T., Freitas, M.C., 2007. Present day and past (last 25000 years) marine
pollen signal off western |Iberia. Mar. Micropaleontol. 62, 91-114. DOI:
10.1016/j.marmicro.2006.07.006

Naughton, F., Sanchez-Gofii, M.F., Kageyama, M., Bard, E., Duprat, J., Cortijo, E., Desprat,
S., Malaizé, B., Joly, C., Rostek, F., Turon, J.-L., 2009. Wet to dry climatic trend in north-
western |Iberia within  Heinrich events. Earth Planet Sci. Lett. 284, 329-342.
https://doi.org/10.1016/j.epsl.2009.05.001

Naughton, F., Sanchez-Gofi, M.F., Rodrigues, T., Salgueiro, E., Costas, S., Desprat, S.,
Duprat, J., Michel, E., Rossignol, L., Zaragosi, S., Voelker, A. H. L., Abrantes, F., 2016.
Climate variability across the last deglaciation in NW Iberia and its margin. Quaternary
International 414, 9-22.

Obermaier, H. 1916. El Hombre Fosil. Comision de investigaciones paleontolégicas y
prehistéricas 9. Madrid.

O’Connor, S., 1987. The identification of Osseous and Keratinaceous materials at York, in:
Starling, K., Watkinson, D., (eds), Archaeological Bone, Antler and Ivory. Occasional Papers
number 5, United Kingdom Institute for Conservation, London, pp. 9-21.

Pailler, D., Bard, E., 2002. High Frequency Paleoceanographic changes during the past
140,000 Years Recorded by the Organic Matter in Sediments off the Iberian margin,



Palaeogeography. Palaeoclimatology and Palaeoecology. 181, 431-452. DOI:
10.1016/S0031-0182(01)00444-8

Pascual, A., Rodriguez-Lazaro, J., Martinez-Garcia, B., Varela, Z., 2020.
Palaeoceanographic and palaeoclimatic changes during the last 37,000 years detected in the
SE Bay of Biscay based on benthic foraminifera, Quaternary International.  doi:
https://doi.org/10.1016/ j.quaint.2020.03.043.

Pedreira, D., Afonso, J.C., Pulgar, J.A., Gallastegui, J., Carballo, A., Ferndndez, M., Garcia-
Castellanos, D., Jiménez-Munt, I., Semprich, J., Garcia-Moreno, O., 2015. Geophysical-
petrological modeling of the lithosphere beneath the Cantabrian Mountains and the North-
Iberian margin: geodynamic implications. Lithos, 230, 46-48.

Pedrera, A., Garcia-Senz, J., Ayala, C., Ruiz-Constan, A., Rodriguez-Fernandez, L. R.,
Robador, A., Gonzalez Menéndez, L., 2017. Reconstruction of the exhumed mantle across
the North Iberian Margin by crustal-scale 3-D gravity inversion and geological cross section.
Tectonics, 36, 3155-3177.

Pétillon, J.-M., 2006. Des Magdaléniens en Armes: Technologie des Armatures de Projectile
en Bois de Cervidé du Magdalénien Supérieur de la Grotte d’Isturitz (Pyrénées-Atlantiques).
Cedarc, Treignes.

Pétillon, J.-M., 2007. Les pointes a base fourchue de la zone pyrénéo-cantabrique : un objet
a la charniere entre Magdalénien moyen et Magdalénien supérieur ? In: Cazals, N.,
Gonzéalez Urquijo, J., Terradas, X. (Eds.), Frontieres naturelles et frontiéres culturelles dans
les Pyrénées préhistoriques. PubliCan, pp. 245-264.

Pétillon, J.-M., 2008. First evidence of a whale-bone industry in the western European Upper
Paleolithic: Magdalenian artifacts from Isturitz (Pyrénées-Atlantiques, France). J. Hum. Evol.
54, 720-726. doi:10.1016/j.jhevol.2007.12.006

Pétillon, J.-M., 2013. Circulation of Whale-Bone Artifacts in the Northern Pyrenees during the
Late Upper Paleolithic. Journal of Human Evolution. 65, 525-543.
https://doi.org/10.1016/j.jhevol.2013.06.006

Pétillon, J.-M., 2016. Life on the shore of the Bay of Biscay in the Late Upper Paleolithic:
towards a new paradigm, in : Dupont, C., Marchand, G. (dir.), Archaeology of maritime
hunter-gatherers. From settlement function to the organization of the coastal zone. Paris,
Société préhistorique francaise, séances de la Société préhistorique francaise 6, pp. 23-36.

Pétillon, J.-M., 2018. Echos de l'océan: Phoques et Baleines en Europe au Paléolithique
récent, in : Cattelain, P., Gillard, M., Smolderen, A. (Eds.). Disparus? Les mammiféres au
temps de Cro-Magnon en Europe, Cedarc, pp. 335-354. halshs-01916958v2

Pétillon, J.-M., Bignon, O., Bodu, P., Cattelain, P., Debout, G., Langlais, M., Laroulandie, V.,
Plisson, H., Valentin, B., 2011. Hard core and cutting edge: experimental manufacture and
use of Magdalenian composite projectile tips. J. Archaeol. Sci. 38, 1266-1283.

Pétillon, J.-M., Plisson, H., Cattelain, P., 2016a. Thirty Years of Experimental Research on
the Breakage Patterns of Stone Age Osseous Points. Overview, Methodological Problems
and Current Perspectives, in : lovita, R., Sano, K. (Eds.), Multidisciplinary approaches to the
study of Stone Age weaponry. Springer (Vertebrate Paleobiology and Paleoanthropology
Series), pp. 47-63.



Pétillon, J.-M., Laroulandie, V., Costamagno, S., Langlais, M., 2016b. Testing environmental
determinants in the cultural evolution of hunter-gatherers: a three-year multidisciplinary
project on the occupation of the western Aquitaine basin during the Middle and Upper
Magdalenian (19-14 kyr cal BP), Quaternary International 414, 1-8.

Pétillon, J.-M., Chauviére, F.X., Speller, C., McGrath, K., Rodrigues, A.S.L., Charpentier, A.,
Baleux, F., 2019. A gray whale in Magdalenian Perigord. Species identification of a bone
projectile point from la Madeleine (Dordogne, France) using collagen fingerprinting. Paleo 30.
14p.

Poplin, F., 1983. La dent de Cachalot sculptée du Mas d’Azil, avec remarques sur les autres
restes de cétacés de la Préhistoire frangaise, in: Poplin, F. (Ed.), La Faune et 'lHomme
Préhistoriques. Société préhistorique francaise, Paris, pp. 81-94.

Portero, R., Cueto, M., Jorda Pardo, J.F., Bécares, J., Alvarez-Fernandez, E., 2019. The
persistence of red deer (Cervus elaphus) in the human diet during the Lower Magdalenian in
northern Spain: Insights from EIl Cierro cave (Asturias, Spain). Quaternary International 506,
35-45.

Rasilla, M. de la, Straus, L. G., 2004. El Poblamiento de la Regién Cantabrica durante el
Ultimo Maximo Glacial: Gravetiense y Solutrense, in: Fano, M. A. (Coord.), Las sociedades
del Paleolitico en la Regidon Cantébrica. De los origenes del poblamiento en el Pleistoceno
Medio al inicio del Neolitico en el V milenio, Diputacién Foral de Bizkaia. Bilbao. Kobie (serie
anejos), 8, pp. 209-242.

Rasilla, M. de la, Duarte, E., 2018 ¢ Casualidad o Estrategia? Las aguas termales y minero-
medicinales en la configuracién de la geografia rupestre paleolitica de Asturias y su correlato
cantabrico. Nailos, 5, 17-41.

Rasilla, M. de la, Duarte, E., Sanchis, A., Carrion, Y., Cafaveras, J. C., Marin-Arroyo, A. B.,
Real, C., Nufiez-Lahuerta, C., Sanchez-Moral, S., Gutiérrez-Zugasti, |., Jones, J. R., Rigaud,
S., Martinez-Cuesta, R., Torres, L., Agudo, L., Santos, G., 2020. Environment and
subsistence strategies at La Vifia rock shelter and Llonin Cave (Asturias, Spain) during
MIS3. Journal of Archaeological Science: Reports, 30, 102-118.

Reiche, 1., Miller, K., Staude, A., Goebbels, J., Riesemeier, H., 2011. Synchrotron radiation
and laboratory micro X-ray computed tomography-useful tools for the material identification
of prehistoric objects made of ivory, bone or antler. J. Anal. At. Spectrom. 26. 9, 1802-1812.
DOI: 10.1039/c0ja00246a

Reimer, P., Austin, W., Bard, E., Bayliss, A., Blackwell, P., Bronk Ramsey, C., Butzin, M.,
Cheng, H., Edwards, R., Friedrich, M., Grootes, P., Guilderson, T., Hajdas, I., Heaton, T.,
Hogg, A., Hughen, K., Kromer, B., Manning, S., Muscheler, R., Palmer, J., Pearson, C., van
der Plicht, J., Reimer, R., Richards, D., Scott, E., Southon, J., Turney, C., Wacker, L.,
Adolphi, F., Blantgen, U., Capano, M., Fahrni, S., Fogtmann-Schulz, A., Friedrich, R., Kéhler,
P., Kudsk, S., Miyake, F., Olsen, J., Reinig, F., Sakamoto, M., Sookdeo, A., Talamo, S.,
2020. The IntCal20 Northern Hemisphere radiocarbon age calibration curve (0-55 cal kBP).
Radiocarbon, 62. https://doi.org/10.1017/RDC.2020.41

Reuter, H.I., Nelson, A., Jarvis, A., 2007. An evaluation of void filling interpolation methods
for SRTM data. International Journal of Geographic Information Science 21. 9, 983-1008.
https://doi.org/10.1080/13658810601169899



Rivero, O., 2014. Vers une caractérisation du gisement magdalénien d’Isturitz (Pyrénées-
Atlantiques) a travers sa production artistique. Bulletin de la Société préhistorique frangaise.
111, 2, 255-274. doi : 10.3406/bspf.2014.14397

Roca, E., Mufioz, J. A., Ferrer, O., Ellouz, N., 2011. The role of the Bay of Biscay Mesozoic
extensional structure in the configuration of the Pyrenean orogen: Constraints from the
MARCONI deep seismic reflection survey. Tectonics, 30: TC2001.

Rosello, E., Morales, A. 2014. Las ictiofaunas de Santa Catalina (Lequeitio, Vizcaya): un
registro singular para la prehistoria cantabrica, in: Berganza, E., Arribas, J.L., La Cueva de
Santa Catalina (Lekeitio, Bizkaia): La intervencion arqueoldgica. Restos vegetales, animales
y humanos. KOBIE, Excavaciones Arqueoldgicas en Bizkaia, pp. 161-261.

Sauvet, G., Fortea Perez, J., Fritz, C., Tosello, G., 2008. Echanges culturels entre groupes
humains paléolithiques entre 20.000 et 12.000 BP. Bulletin de la Société Préhistorique
Ariege-Pyrénées LXIII. 73-92.

Sauvet, G., Fritz, C., Fortea Perez, J., Tosello, G., 2014. Fluctuations des échanges
symboliques au Paléolithique supérieur en France et dans le Nord de I'Espagne, in : Jaubert,
J., Fourment, N., Depaepe, P. (Eds.), Transitions, ruptures et continuités en Préhistoire.
Actes du XXVlle Congrés Préhistorique de France. Bordeaux-Les Eyzies, juin 2010, Ed.
Société Préhistorique Francaise, pp. 403-415

Sécher, A., 2017. Traditions techniques et paléogéographie du Magdalénien moyen ancien
dans le sud-ouest de la France (19000-17500 cal. BP) : des groupes humains a plusieurs
visages ?, Ph.D. Dissertation, Pessac, University of Bordeaux.

Serangeli, J., 2003. La zone cétiere et son rble dans les comportements alimentaires des
chasseurs-cueilleurs du Paléolithique supérieur, in: Patou-Mathis, M., Bocherens, H. (Eds.),
Le Rble de [I'Environnement dans les Comportements des Chasseurs-cueilleurs
Préhistoriques. Archaeopress/BAR International Series 1105, Oxford, pp. 67-82.

Sieveking, A., 1976. Settlement Patterns of the Later Magdalenian in the Central Pyrenees,
in: Sieveking G. de G., Longworth I. H., Wilson K.E. (eds) Problems in Economic and Social
Archaeology, London, Duckworth, 583-603.

Sitzia, L. 2014. Chronostratigraphie et distribution spatiale des dépdts éoliens quaternaires
du bassin aquitain, Ph.D. Dissertation, University of Bordeaux, 341 p.

Sonneville-Bordes, D. de, Laurent, P., 1983. Le phoque a la fin des temps glaciaires, in :
Poplin F. (dir.), La Faune et 'lhomme préhistoriques. Paris. Société préhistorique frangaise.
Mémoires 16, pp. 69-80.

Straus, L.G., 1981. On Maritime Hunter - Gatherers: A View From Cantabrian Spain.
MUNIBE. Sociedad de Ciencias ARANZADI. San Sebastian Afio 33, 3-4,171-173.

Straus, L.G., 2015. Recent developments in the study of the Upper Paleolithic of Vasco-
Cantabrian Spain, Quaternary International 364, 255-271.
https://doi.org/10.1016/j.quaint.2014.05.008

Straus, L.G., Clark, G.A., Altuna, J., Ortea, J., 1980. Ice age subsistence in northern Spain.
Scientific American 242, 6, 142-152.

Straus, L.G., 1986. Late Wirm adaptive systems in Cantabrian Spain: the case of
eastern Asturias. J. Anthropol. Archaeol. 5, 330-368.



Taborin, Y., 1993. La Parure en Coquillage au Paléolithique. CNRS/Gallia Préhistoire
Supplément 29, Paris.

Taborin, Y., 2004. Langage sans paroles, la parure aux temps préhistoriques. Paris, La
Maison des Roches, 216 p.

Tarrifio, A., 2001. El silex en la Cuenca Vasco Cantabrica y Pirineo navarro : caracterizacion
y su aprovechamiento en la prehistoria. Ph.d. Dissertation. Universidad del Pais Vasco, ex.
Multigraph, 364p.

Tarrifio, A., Elorrieta, |., Garcia-Rojas, M., 2015. Flint as raw material in prehistoric times:
Cantabrian Mountain and Western Pyrenees data. Quatern. Int. 364, 94-108.
https://doi.org/10.1016/j.quaint.2014.10.061

Teixell, A., Labaume, P., Ayarza, P., Espurt, N., Saint Blanquat, M. de, Lagabrielle, Y., 2018.
Crustal structure and evolution of the Pyrenean-Cantabrian belt: a review and new
interpretations from recent concepts and data. Tectonophysics, 724, 146-170.

Tugend, J., Manatschal, G., Kusznir, N. J., Masini, E., Mohn, G., Thinon, I., 2014. Formation
and deformation of hyperextended rift systems: Insights from rift domain mapping in the Bay
of Biscay-Pyrenees. Tectonics, 33, 1239-1276.

Utrilla, P., 1976. EI Magdaleniense inicial en el Pais Vasco peninsular. Munibe. 4, 245-275.

Utrilla, P., 1981. El Magdaleniense inferior y medio en la costa cantabrica. Centro de
investigacion y museo de Altamira. Monografias 4. Ministerio de cultura. Santander, 335p.

Utrilla, P., 2004. Evolucidn histérica de las sociedades cantabricas durante el Tardiglacial: El
Magdaleniense inicial, inferior y medio (16.500-13.000 BP), in: Fano M. (Ed.), Las
Sociedades del Paleolitico en la Region Cantabrica, Bilbao, Diputacién Foral de Bizkaia
(Kobie, 8), pp. 243-274.

Utrilla, P., Martinez-Bea, M., 2008. Sanctuaires rupestres comme marqueurs d’identité
territoriale: sites d’agrégation et animaux «sacrés». Préhistoire, Art et Sociétés, LXIIl, 109-
133.

Utrilla, P., Rodanés, J. M., Blasco, F., 2020. EI Magdaleniense arcaico en Espafia, in:
Straus, L. G., Langlais, M., (Eds.), Magdalenian chrono-stratigraphic correlations, and
cultural connections between cantabrian Spain and southwest France... and beyond. XVIII
UISPP Congress Proceedings, session XVII-2, Paris, June 6th 2018. Société préhistorique
francaise, pp. 13-40. ISBN : 2-913745-81-4

Uzquiano, P., 2019. Vegetal landscape and firewood supply strategies in N Spain at the
Greenland Stadial 2. Quaternary International 506, 6—13.

Vega del Sella, Conde de la., 1914. La Cueva del Penicial (Asturias). Comision de
investigaciones paleontologicas y prehistéricas 4. Madrid.

Vega del Sella, Conde de la., 1916. El Paleolitico de Cueto de la Mina. Comision de
investigaciones paleontologicas y prehistéricas 13. Madrid.

Vega del Sella, Conde de la., 1930. Las Cuevas de La Riera y Balmori. Comision de
investigaciones paleontologicas y prehistéricas 38. Madrid.



Villalba-Mouco, V., Loosdrecht, M.S. van de, Posth, C., Mora, R., Martinez-Moreno, J., Rojo-
Guerra, M, Salazar-Garcia, D.C., Royo-Guillén, J.I., Kunst, M., Rougier, H., Crevecoeur, |.,
Arcusa-Magallén, H., Tejedor-Rodriguez, C., Garcia-Martinez de Lagran, I., Garrido-Pena,
R., Alt, KW., Jeong, C., Schiffels, S., Utrilla, P., Krause, J., Haak, W., 2019. Survival of Late
Pleistocene Hunter-Gatherer Ancestry in the Iberian Peninsula. Current Biology, 29, 7, 1169-
1177. https://doi.org/10.1016/j.cub.2019.02.006

Weniger, G.C., 2000. Magdalenian barbed points: harpoons, spears and arrowheads, in:
Bellier, C., Cattelain, P., Otte, M. (Eds.), La Chasse dans la Préhistoire. Société Royale
Belge d’Anthropologie et de Préhistoire/Université de Liége. Service de
Préhistoire/CEDARC, Bruxelles, pp. 79-87.

Wells, P.J., 2012. Social life and technical practice: an analysis of the osseous tool
assemblage at the Dorset Palaeoeskimo site of Phillip’s Garden, PhD. Dissertation,
University of Newfoundland, 399p.

Will, M., Kandel, A. W., Conard, N. J., 2019. Midden or molehill: The role of coastal
adaptations in human evolution and dispersal. J. World Prehist. 32, 33-72. doi:
10.1007/s10963-018-09127-4

Zilhao, J., Angelucci, D. E., Aradjo Igreja, M., Arnold, L. J., Badal, E., Callapez, P., Cardoso,
J. L., d’Errico, F., Daura, J., Demuro, M., Deschamps, M., Dupont, C., Gabriel, S., Hoffmann,
D. L., Legoinha, P., Matias, H., Monge Soares, A. M., Nabais, M., Portela, P., Queffelec, A.,
Rodrigues, F., Souto, P., 2020. Last Interglacial Iberian Neandertals as fisher-hunter-
gatherers. Science. 367, 6485. DOI: 10.1126/science.aaz7943



240

Figure 1. Distribution of whale bone objects in the south-west of the current French territory
during the Magdalenian (whale data from Pétillon, 2013; Pétillon et al, 2019). White circles
represent the number of whale bone artefacts per site (the size of the circles is proportional
to the numbers of artefacts identified). The marine levels -120 m and -100 m correspond,
respectively, to the LGM and Bglling-Allergd interstadial (Benjamin et al., 2017). Relief is
derived from altimetric data available in Reuter et al., 2007 and Jarvis et al., 2008, and
bathymetric data are from Natural Earth (www.naturalearthdata.com). The “Sables des
Landes” region appears in yellow (data from Sitzia, 2014). 1: Isturitz, 2: Duruthy, 3:
Brassempouy, 4: Arudy, 5: Espélugues, 6: Lortet, 7: Gourdan, 8: Harpons, 9: Tuc
d'Audoubert, 10: Mas d'Azil, 11: La Vache, 12: La Madeleine.



Figure 2. Distribution of Cantabrian Magdalenian sites examined in this study. A: central

Asturias, B: eastern Asturias, C: Cantabria, D: Spanish Basque Country and Navarra (see
Fig. 1 for map data).



Figure 3. Examples of whale bone artefacts identified in the Cantabrian Magdalenian
collections; 1-3: projectile points, 2-4: indeterminate objects made on a rod; 1: Ermittia-Ill, 2:
Las Caldas-level llb, 3-4: La Vifa-1V; a-h: close-up of the material.



Figure 4. Whale bone projectile points; 1-2: double-bevelled points, 3-4 : mesial fragment of
point with longitudinal grooves, 5-6: massive-based points, 7: fork-based point, 8-9: distal
extremities of points with traces of manufacturing/maintenance ; a: close-up views; l:Las
Caldas-VI, 2: Las Caldas-llic-IV, 3: Las Caldas-VIll, 4: Las Caldas-VIb, 5: Ermittia-lll, 6:
Urtiaga-E, 7: Las Caldas-VI, 8-9: Ermittia-1ll.



Figure 5. Possible whale bone foreshafts; 1: Las Caldas-VI (140 x 13 x 11 mm), 2: El Pendo
(184 x 12 x 13 mm), 3: La Vifia-1V (68 x 9 x 7 mm), 4: Ermittia-1ll (49.5 x 10.5 x 9 mm), a-b:
close-up.



Figure 6. Various whale bone artefacts; 1-4: indeterminate objects on a rod, 1: La Vifia-1V, 2:
El Rascafno-4b, 3: Tito Bustillo-IIl, 4: Las Caldas-Il, 5: blunt tool (Las Caldas-IV), 6: possible
blank (El Juyo-8); a and b: close-up of the material.



Figure 7. Various whale bone objects; 1: massive (214 x 17 x 13 mm) decorated point
(Ermittia-111); 2: massive (81 x 19 x 16 mm) decorated object on rod (Ermittia-ll); 3: possible
plaquette blank (Urtiaga-D); 4: indeterminate object on plaquette (Urtiaga-D); a, b, c, d, e:
close-up views.
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Figure 8. Calibrated radiocarbon dates for Magdalenian levels yielding whale bone objects in
the Cantabrian region expressed at two sigma. Calibration: OxCal v4.4.2. (Bronk Ramsey,
2017); IntCal20 and Marine20 dataset (Heaton et al., 2020; Reimer et al., 2020) appear,
respectively, in grey and green; AR local offset updated from Monge Soares et al. (2016)
(see detall in the text).



Figure 9. Distribution of whale bone artefacts from Cantabrian Magdalenian sites (see Table
1 for site names, and Figure 1 for the details of the map data). White circles represent the
number of whale bone artefacts per site (the size of the circles is proportional to the numbers
of artefacts identified). Black crosses represent sites that did not yield whale bone objects.
Receptor sites appear in bold: 1 - La Paloma, 4 — Las Caldas, 6 — La Vifa, 13 - Tito Bustillo,
30 — El Pendo, 31 — El Juyo, 33 - El Rascafio, 50 — Bolinkoba, 52 — Santa Catalina, 57 —
Ermittia, 58 — Urtiaga.
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Figure 10. Relationship between the distance to the Atlantic paleoshore of sites yielding
whale bone artefacts and the number of whale bone artefacts (NWBA) per site. The shortest
distance to the paleoshore is measured from marine level -100 m, which corresponds to
Bglling-Allergd sea levels (Benjamin et al., 2017). Sites: TB: Tito Bustillo, CM: Cueto de la
Mina, SC: Santa Catalina, EJ: El Juyo, Ur: Urtiaga, Er: Ermittia, EP: ElI Pendo, LP: La
Paloma, Ra: Rascario, Bo: Bolinkoba, LC: Las Caldas, LV: La Vifia.



Figure 11. General distribution of Magdalenian whale bone artefacts from southwestern
Europe (see Figure 1 for the details of the map data). White circles represent the number of
whale bone pieces by site (the size of the circle is proportional to the number of artefacts
identified). Whale bone data comes from Pétillon, 2013; Pétillon et al., 2019, and this study.
This map does not include the pendant from Balmori (Boneta et al., 2018) and the cut-out
contour from Isturitz (Rivero, 2014). Sites: 1. La Paloma, 2: Las Caldas, 3: La Vifa, 4: Tito
Bustillo, 5: Cueto de la Mina, 6: El Pendo, 7 : El Juyo, 8: El Rascafio, 9 : Bolinkoba, 10:
Santa Catalina, 11: Ermittia, 12: Urtiaga, 13: Isturitz, 14: Duruthy, 15: Brassempouy, 16:
Arudy, 17: Espélugues, 18: Lortet, 19: Gourdan, 20: Harpons, 21: Tuc d'Audoubert, 22: Mas
d'Azil, 23: La Vache, 24: La Madeleine.



# Site Zone Collection Archaeological levels Chrono-cul. attribution Conservation institutions
1 La Paloma A E. Hernandez Pacheco et al. 8, 6,4,3" CLM, MM, ULM MAA, MAN, MNCN, MNCIA
2 Sofox6 | A Conde de la Vega del Sella and H. Obermaier Ind. Mag. MAA

3 Oscura de Ania A J. M. Gémez Tabanera and M. Pérez Pérez 3, 3a, 3b MM, ULM MAA

4 Las Caldas-Sala Il A M.S. Corchén Rodriguez Xl to I, -1l - 11, -1 (Sala I1) CLM, MM, ULM MAA

5 Entrefoces A M. R. Gonzélez Morales A,B,C,D E CLM, ULM MAA, UC

6 La Vifia A F. J. Fortea Pérez Lo, v MM, ULM MAA + FFL

7 El Olivo A D. Alvarez-Alonso 2b MM ucm

8 Los Azules | B J. Fernandez-Tresguerres Velasco 6 ULM MAA

9 Cova Rosa B F. Jorda Cerda et al. Upper level/B6 CLM MAA

10 Collubil B Conde de la Vega del Sella and H. Obermaier Ind. Mag MAA

11 El Cierro B F. Jorda Cerd4 et al. 2,3/F, G, G1 CLM MAA, US

12 LaLloseta B H. Hernandez Pacheco and P. Wernert/F. Jorda Cerda 12 CLM, ULM MAA, MAN

13 Tito Bustillo-Area de estancia B Blvel.hrgar?na;fi;Gulnea/J. A. Moure Romanillo/R. de Balbin (11,61;;,;(‘;2&’;(523, 1C4 (Area de Estancia) + Area Mag. MAA, MUPAC, US

14 La Riera B 232‘32 :ned'é_\f_gga‘::' Sellal). M. Gomez Tabanerall.. G. i yq 19 CLM, ULM MAA, MNCN

15 Cueto de la Mina B \(Zz\)/rex;e de la Vega del Sella/F. Jorda Cerda/M. de la Rasilla B, C. DIILILIV Sol, CLM, MM, ULM mﬁém MAN, MNCM,
16 Bricia B F. Jorda Cerda EC CLM, ULM MAA

17 Los Canes B P. Arias Cabal 2B, 2C CLM, ULM MAA

18 Balmori B Conde de la Vega del Sella “Nivel Magdaleniense" = Magdalenian level Mag. MAA, MNCN

19 Arangas B P. Arias Cabal and C. Pérez Suarez/P. Arias Cabal F CLM us

20 Coimbre B D. Alvarez-Alonso et al. 4, 2,1 (Zone B) CLM, MM, ULM ucMm

2 Lionin B F.J Fortea Pérezetal. zlé';:n,a()c""" Anterion), - {I-IIL- (Vestibulo), 111y, -y MAA, FFL

22 Las Aguas C J. A. Lasheras Gurruchaga B,C CLM/MM? MNCIA

23 El Linar [} J. Sanguino and R. Montes Barquin "Sondeos Ay C" = Test pit Aand C CLM (+MM?) MUPAC

24 Cualventi (o} M. A. Garcia Guinea 5/E CLM/ULM MUPAC, MNCIA

25 Altamira c E;e’g:;:fean‘:ﬂ_zzniglz‘z'g‘hi;ﬂya"d H. Obermaier/L. C. e evels cm MIUPAC, MNCIA

26 Hornos de la Pefia C H. Alcalde del Rio et al. Ind. Mag. MAN

27 La Pila Cc C. Gutierrez Saez and F. Bernaldo de Quir6s Guidotti V.1-1v.4 ULM/Az. MUPAC, MNCIA

28 La Pasiega c é g?;rs?re:rﬂg Garcia Lorenzo/J. Gonzalez Echegaray and Ind. Sol./Mag. MUPAC

29 El Castillo C H. Obermaier et al./J. Carballo 6-8 Mag. MUPAC, MNCIA, MAN
30 £l Pendo c éan(]::’lg)sallo et al./J. Martinez Santaolalla et al./Edgard (), IV Sol./Mag. mxzﬁcuc MNCIA,  MAN,
31 El Juyo c E.Ch::;sasyens et al./L. G. Freeman and J. Gonzalez N-X/4-11 oM MUPAC, MNCIA

2 Morin c g;?ggear:;el\:l‘ Vega del Sella/J. Carballo/J. Gonzélez Mag., 2 UM MUPAC, MAN, MNCN
33 Rascafio C J. Gonzélez Echegaray and |. Barandiaran Maestu 2,2b, 3,4(b), 5 IM/Bad., CLM, ULM MNCIA, MNCN

34 Pielago Il C M. A. Garcia Guinea 56 ULM? MUPAC

35 Pielago | C A. Garcia Guinea/M. A. Garcia Guinea 5 ULM? MUPAC

36 El Otero C J. Gonzélez Echegaray et al. 2-3 ULM MUPAC

37 La Chora C J. Gonzalez Echegaray and M. A. Garcia Guinea ind ULM/Az. MUPAC

38 El Horno [} M. A. Fano Martinez 1-3 ULM MUPAC, MNCIA

39 El Mirén C M. Gonzalez Morales and L. G. Straus ﬁ;zcgle’)ana)' 108 (Trinchera), 102.1/108/110- 1 ) yLwm uc

40 La Pefia del Perro C M. Gonzélez Morales and Y. Diaz Casado 2c ULM MUPAC

41 La Fragua C M. R. Gonzélez Morales et al. 4 ULM MUPAC

42 El Valle [} L. Sierra/H. Breuil and H. Obermaier/M. P. Garcia-Gelabert ind uLm MUPAC, MAN, MNCN
43 Polvorin D(v) R. Ruiz Idarraga and F. d'Errico Upper level (Sala interior intermedia) ULM MAV

a4 Arenaza | 0 .;érrl:/;.ndggel_lf::gegastrmﬂejo and J. Altuna Echave/J. A. Vi UuLM? MAV

45 Balzola D (v) J. M. de Barandiaran/L. Zapata Pefia 7,8 ULM MAV

46 Atxeta D(v) J. M. de Barandiaran E UM MAV

47 Antolifia D(v J. M. de Barandiaran/M. Aguirre Ruiz de Gopegui Lgc CLM/ULM MAV

48 Silibranka D (v) J. M. de Barandiaran and T. de Aranzadi -V UuLm? MAV

49 Santimamifie D W) (T)'ui:fa n:'a"zad' et a2 M. de Barandiardnd. C. LOPEZ oo camix, Ampivil, SinciVi Mag. MAY

50 Bolinkoba D) émyp'us‘iz Barandiaran and T. de AranzadiM. J. lriarte |\, o 1 o) i g) Sol., CLM, ULM/AZ. (+MM?) MAV

51 Abittaga D (v) J. M. de Barandiaran/J. M. Apellaniz Castroviejo VI, VI ULM (+ Az?) MAV

52 Santa Catalina D(v) E. Berganza Gochi Al UM MAV

53 Lumentxa D (v) J. M. de Barandiaran and T. de Aranzadi/J. L. Arribas Pastor 1V, V, VI ULM (+ CLM?) MAV

54 Laminak Il D (v) E. Berganza Gochi and J. L. Arribas Pastor 1} uLm MAV

55 Atxurra D (v) J. M. de Barandiaran and T. de Aranzadi n ULM MAV

56 Preaileaitz | D (v) X. Pefialver i, v CLM/ULM Gor

57 Ermittia D (9) J. M. de Barandiaran and T. de Aranzadi 1l MM/ULM (+CLM?) Gor

58 Urtiaga D (9) J. M. de Barandiaran (and T. de Aranzadi) D,EF Mag. Gor

59 Ekain D(g) J. M. de Barandiaran and J. Altuna Echave Vlaand b/ VII CLM, ULM Gor

60 Erralla D(g) J. Altuna Echave 1,1, v CLM/ULM Gor

61 Aitzbitarte IV D (9) Conde de Lersundi/J. M. de Barandiaran Linf/ 1, 11 ULM (+ MM ?) Gor

62 Torre D(g) A Laburuetal. ind ULM? Gor

63 Abauntz D (n) P. Utrilla and C. Mazo e 2r MM/ULM MN

64 Zatoya D (n) |. Barandiaran Maestu I1b UM MN

Table 1. Magdalenian worked osseous assemblages from the Cantabrian region (from west
to east) assessed in this study. Institutions where the collections are housed: MN: Museo de
Navarra (Pamplona), Gor: Gordailua (Irun, GuiplUzcoa), MAV: Museo Arqueoldgico de
Vizcaya (Bilbao), MUPAC: Museo de Prehistoria y Arqueologia de Cantabria (Santander),
MNCIA: Museo Nacional y Centro de Investigacion de Altamira (Santillana del Mar), MAN:
Museo Arqgueoldgico Nacional (Madrid), MNCN: Museo Nacional de Ciencias Naturales
(Madrid), IIIPC-UC: Instituto Internacional de Investigaciones Prehistoricas de Cantabria-
Universidad de Cantabria (Santander), MAA: Museo Arqueolégico de Asturias (Oviedo), UO:



Universidad de Oviedo (Oviedo), UCM: Universidad Complutense de Madrid, US:
Universidad de Salamanca. Chrono-cultural periods: Az.: Azilian, ULM: Upper and Late
Magdalenian, MM: Middle Magdalenian, CLM: Cantabrian Lower Magdalenian, IM: Initial
Magdalenian, Mag.: Magdalenian, Bad.: Badegoulian, Sol.: Solutrean, US: Upper Solutrean,
Ind: Indeterminate. See the bibliographical references for the correspondence between the
levels and the chrono-cultural adscription. *The numbering of the levels of La Paloma
corresponds to the study of Hoyos et al. (1980).



#  Zone Site Collection Levels/Layers Chrono-cul. attribution TNOA NWBA % WBA Main bibliographic references
A La Paloma E. Hernandez Pacheco et al. 6 MM 219 1 0.5 Adan, 1997
4 ULM 144 1 0.7  Gonzalez Sainz, 1989
Total 363 2 0.6
4 A Las Caldas-Sala Il M. S. Corchén 1X-V MM 3775 9 [+4] 0.3  Corchon, 2017
v/ MM/ULM 1010 2 [+2] 0.4
1,1, -0, -1, -l ULM 480 1[+1] 0.4
Total 5265 12[+7] 04
6 A La Vifia J. Fortea Pérez v, 11 MM 509 4 [+5] 1.8  Duarte and Rasilla, 2020
13 B Tito Bustillo-Area de estancia M. A. Garcia Guinea 3 Mag. 12 1 8.3  Garcia Guinea, 1975
3/4 Mag. 2 0[+2] 100
J. A. Moure Romanillo 1A Mag. 89 Gonzalez Sainz, 1989
1A/B Mag. 6
1B Mag. 86
1B/IC Mag. 11
1C(2) Mag. 100 1[+1] 2
Sala de pinturas Mag. 6
Total 312 2 [+3] 1.6
15 B Cueto de la Mina Conde de la Vega del Sella D CLM 266 0 [+1] 0.4  Adan, 1997
30 B El Pendo J. Carballo and B. Larin East or West depot? Mag. NC 1 Carballo, 1960
M. Santa-Olalla 2 Mag. NC 0 [+1] Gonzalez Echegaray, 1980
31 B El Juyo L. G. Freeman and J. Gonzalez Echegaray 8 CLM NC 0 [+1] Barandiaran et al., 1985
33 C El Rascafio J. Gonzélez Echegaray et |. Barandiaran 4b CLM 166 1 0.6  Barandiaran, 1981b
52 D Santa Catalina E. Berganza I} ULM 142 0 [+1] 0.7 E. Berganza, pers. com.
1] ULM 707
Total 849 0 [+1] 0.1
57 D Ermittia J. M. de Barandiaran and T. de Aranzadi 1l MM/ULM(+CLM?) 104 3 [+4] 6.7  Mijica, 1983
58 D Urtiaga J. M. de Barandiaran (and T. de Aranzadi) D Mag. 185 0[+2] 1.1 Mdjica, 1983
E Mag. 12 0 [+1] 8.3  Muijica, 1983; Pers. obs.
Total 197 0 [+3] 15
Total 27 [+28]

Table 2. Whale bone artefacts identified in this study expressed in number and percentage within each worked osseous assemblage (bone,
ivory and antler). TNOA: Total Number of Osseous Artefacts, NWBA: Number of Whale bone Artefacts, % WBA: Percentage of Whale Bone
Artefacts in the Osseous Industry. Chrono-cultural periods: ULM: Upper and Late Magdalenian, MM: Middle Magdalenian, CLM : Cantabrian
Lower Magdalenian, Mag. : Magdalenian, US : Upper Solutrean. Regions: A: central Asturias, B: eastern Asturias, C: Cantabria, D: Spanish
Basque Country. Bracketed numbers refer to specimens whose identification as whale bone is likely but not certain (see details in text).



CLM MM  MM/LUM ULM  Mag. Total

Projectile points (total) 2 16 3 2 14 37
Double-bevelled points 3 1 4
Massive-based points 3 3
Fork-based point 1 1
Indeterminate 2 11 2 2 11 29
Possible foreshafts 2 2 4
Blunt tool 1 1
Indeterminate objects on rod 4 1 2 2 9
Indeterminate object on plaquette 1 1
Possible blanks 1 1 2
Total 3 23 4 4 20 54

Table 3. Typological and chronological attributions of the whale bone artefacts from
Cantabrian assemblages. Chrono-cultural periods: CLM : Cantabrian Lower Magdalenian,
MM : Middle Magdalenian, ULM : Upper and Late Magdalenian, Mag.: Magdalenian, US:

Upper Solutrean



# Site Level/Layer Chrono.c atribution  Age in radiocarbon years BP ~ Calibrated age in years BP (95.4%) Laboratory code Nature of the sample dated Method Main bibliographic reference
52 Santa Catalina 1l ULM 11,155 + 80 13,232 - 12,843 Ua-24652 Bone AMS Berganza and Arribas, 2014c
4 Las Caldas Il (Sala 1) ULM 12,960 + 190 16,103 - 14,966 Ua-10192 Bone AMS Corchon, 1995

4 Las Caldas I1b-Illc (Sala I1) MM/ULM 13,185 + 155 16,280 - 15,350 Ua-10191 Bone AMS Corchén, 1995

6 La Vifia v MM 13,300 + 150 16,451 - 15,566 Ly-3317 Bone B count Fortea, 1990

4 Las Caldas VIl (Sala Il) MM 13,310 + 200 16,620 - 15,395 Ly-2936 Bone B count Corchén, 1995

6 La Vifia v MM 13,360 + 190 16,688 - 15,530 Ly-3316 Bone B count Fortea, 1990

4 Las Caldas IX (Sala II) MM 13,370 + 110 16,410 - 15,750 Ua-10188 Bone AMS Corchon, 1995

4 Las Caldas IV/II (Sala 1) MM 13,400 * 150 16,592 - 15,696 Ly-2427 Bone pcount  Evinetal, 1983

57 Ermittia 1l MM/ULM (+CLM?) 13,525 + 125 16,742 - 15,918 Ua-4516 Bone AMS Esparza and Mujika, 1999

4 Las Caldas VIII (Sala 1) MM 13,640 * 150 16,985 - 16,064 Ua-10189 Bone AMS Corchon, 1995

4 Las Caldas Vic (Sala Il) MM 13,650 + 140 16,981 - 16,110 Ua-10190 Bone AMS Corchon, 1995

57 Ermittia 1l MM/ULM (+CLM?) 13,795 + 155 17,228 - 16,233 Ua-4518 Bone AMS Esparza and Mujika, 1999
58 Urtiaga D (bottom) ULM (+MM?) 13,960 + 50 17,106 - 16740 NA NA NA Areso-Barquin et al., 2018

1 La Paloma 6 MM 14,600 + 160 18,215 - 17,403 OxA-974 Half-round rod (antler) AMS Barandiaran, 1988

30 El Pendo Cari:ﬁi"::é’gf i'a”,n Mag. 14,830 £ 170 18,147 - 17,139 OXA-977 Foreshaft t:';i‘le in whale AMS  Barandiaran, 1988

33 Rascafio 4 CLM 15,988 + 193 19,820 - 18,878 BM-1453 Bone Bcount  Barandiaran, 1981a

Table 4. Absolute radiocarbon dates from Magdalenian levels yielding whale bone objects in the Cantabrian region. In bold, the only direct date
on a whale bone object currently available from the Bay of Biscay. Chrono-cultural periods: ULM: Upper and Late Magdalenian, MM: Middle
Magdalenian, CLM: Cantabrian Lower Magdalenian, Mag.: Magdalenian.



Length of the three Length of the three

Width (mean and SD Thickness (mean .
longuest (sub)complete  longuest fragments in

Number of fragments up to

in mm) and SD in mm) . - 100 mm in length
specimens in mm mm
Cantabrian projectile points made in WB (n = 38) 12+25 9,3+1,6 112 - 185 - 200 139 - 145 - 214 4
Pyrenean projectile points made in WB (n = 52) 11,4+29 9,7+ 2,6 NA 190,5 — 275 - 352 12

Table 5. Comparison of the dimensions of Cantabrian and Pyrenean whale bone (WB) projectile points. Data for Pyrenean projectile points
made in WB come from Pétillon, 2013: 535.



Lenght of complete

Width (meanand  Thickness (mean .
specimens (mean

SD in mm) and SD in mm) and SD in mm)
Cantabrian fork-based point made in WB 6 (n=1) 13 (n=1) 112 (n=1)
Pyrenean fork-based points made in RA from Isturitz I/F1 7,7 £1,3 (n=88) 10,1 +£2,2 (n=88) 97 + 22 (n=42)
Cantabrian double-bevelled points in WB 9,2+ 1,8 (n=4) 11 £ 2,1 (n=4)
Pyrenean double-bevelled points made in RA from Isturitz I/F1 9,5+ 2,4 (n=20) 8 + 1,6 (n=20)
Pyreno-Cantabrian foreshafts made in WB 11,6 + 1,8 (n=26*) 10,6 £ 1,6 (n=26*) 171+ 0,4 (n=2)
Pyrenean foreshafts made in RA from Isturitz-F1 8,5+ 0,9 (n=16) 10,4+ 1,1 (n=16) 69+ 14,1 (n=2)
Pyreneo-cantabrian massive-based points in WB 12,5+ 2 (n=17) 10,8 £ 7 (n=17) 192,5+ 7,5 (n=2)
Pyrenean massive-based points made in antler from Isturitz-Ew/SI 11,9 + 1,6 (n=10) 9+ 1,2 (n=10) 131,9 + 104 (n=3)

Table 6. Comparative metrical data for whale bone (WB) and reindeer antler (RA) artefacts
from Pyreneo-Cantabrian assemblages. * WB foreshafts include 22 examples from the
Pyrenees and four from the Cantabrian region. Data for Pyrenean fork-based points made in
RA from Isturitz I/F1 come from Lefebvre, 2016: 159. Data for Pyrenean double-bevelled
points made in RA from Isturitz I/F1 come from Lefebvre, 2016: 160. Data for Pyrenean
foreshafts and massive-based points made in antler from Isturitz (levels F1-Ew/Sl) come
from personal observations.



