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ABSTRACT

The means through which Homo sapiens expanded and settled across the Old World
continues to be a longstanding question in Human Evolution studies. In Europe, their
adaptation to the environmental setting, including the eventual assimilation and
replacement of Neanderthals, remains a largely unanswered topic. One of the many
reasons that may have led our species to succeed in settling in this new territory was
the use of different adaptive strategies, including bipolar technology. The latter, rarely
used by Neanderthals, was constantly present in Homo sapiens assemblages between

45-30ka BP.

This dissertation’s main goal is to understand if and what role this technology played
in the adaptation of the first humans in Europe. Additionally, it aims to provide
important advances in both methodology and the understanding of bipolar methods
in Human Evolution. In order to reach these goals, a combination of metanalytics and
the analysis of 3 early Homo sapiens occupations was used. This mixed approach
revealed patterns of artifact use, technological traditions, efficiency evaluation,

resource intensification strategies, and expediency.

Homo sapiens were recurrently using bipolar methods to increase their efficiency in
resource exploitation, making them more adaptable to environmental pressure.
Bipolar knapping was used to: conserve raw material by continuously reducing raw
material volumes too small or too irregular to be held in hand or as a fast solution to
obtain sharp edges. Wedging was used to increase their efficiency in exploiting
organic materials including carcass processing, bone shaping, bone tool production,
ornament production, and wood and antler shaping and processing. While this was
likely not a major contributing factor to the demise of Neanderthal groups that co-
existed with Humans in the same territories, it was likely another piece of the puzzle

that helped humans thrive over them.



KEYWORDS: Upper Paleolithic; Homo sapiens expansions; Adaptive strategies;
Bipolar Technology; Human Evolution.
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RESUMO

Os meios pelos quais os Homo sapiens se expandiram e colonizaram o velho mundo
continua a ser uma questdo elusiva e altamente especulada em estudos de Evolugéo
Humana. Na Europa a adaptacdo destes grupos ao meio ambiente incluindo os
contactos e a eventual assimilagdo dos Neandertais continua a ser uma questdo em
aberto. No entanto, o processo de expansdo das populacdes de humanos pela Europa é
indissocidvel do aparecimento de um conjunto de estratégias adaptativas,
significativamente distintas das empregues pelas populacdes locais de Neandertais.
Entre as principais novidades, denota-se um crescimento consideravel no uso da
tecnologia litica bipolar, em que os utensilios sdao produzidos através de percussido
sobre bigorna, e/ou utilizados na exploracdo, mediante fragmentacdo controlada, de
materiais organicos duros. Durante o periodo entre 45 e 30ma BP esta tecnologia foi
recorrentemente utlizada por estas comunidades humanas enquanto que foi apenas

pontualmente empregue pelas populagoes Neandertais.

Os estudos efetuados até ao momento sobre esta tecnologia centraram-se,
maioritariamente, na classificacdo funcional dos artefactos, ignorando questbes
fundamentais relacionadas com o seu papel nos processos de adaptacdo. Desde modo, o
principal objetivo da presente tese € o de contribuir para uma melhor caracterizagédo e
entendimento das estratégias adaptativas dos primeiros humanos modernos na Europa,
através da investigacdo de um dos principais componentes de mudancga associados a
expansdo dessas comunidades — a intensificacdo da utilizacdo da tecnologia bipolar nas
industrias liticas. De um modo secundario esta tese tem como objetivos adicionais:
providenciar avancos metodoldgicos na analise de tecnologias bipolares e o entendimento
de um modo geral do papel que estas tecnologias desempenharam ao longo da Evolugéo

Humana.

De modo a atingir estes objetivos foi levada a cabo uma abordagem metodologica
inovadora neste campo. Foi feita uma meta analise (metodologia amplamente utilizada
em areas cientificas como a Ecologia, Biomedicina, Ciéncias do Desporto, etc.) que
abordou o tema do uso desta tecnologia ao longo do Paleolitico no Velho Mundo. Esta
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abordagem foi tomada de modo revelar questdes ainda ndo abordadas na literatura como
0 seu papel em estratégias adaptativas ao longo da Evolucdo Humana. Os dados e
questBes resultantes desta abordagem foram depois conjugados com uma andlise
tecnoldgica e morfo-funcional de um alargado conjunto de elementos integraveis nos
sistemas de exploracdo bipolar provenientes de sitios arqueoldgicos com ocupacdes
seguramente atribuiveis aos primeiros humanos modernos em cada respetiva regido: Vale
Boi (Portugal), Abri Pataud (Franca) e Bacho Kiro (Bulgéaria). A conjugacdo dos
resultados da analise em conjunto com os dados do registo arqueoldgico de cada sitio e a
sua comparagdo com outras regides europeias (homeadamente o Norte de Italia durante
o tecno-complexo Uluziense) permitiram explorar hip6teses relativas as questdes, que
constituem os objetivos especificos da tese: (1) qual o papel da tecnologia bipolar nas
estratégias adaptativas, nomeadamente, qual o seu enquadramento na resposta aos
padrdes de intensificacdo e diversificacdo na exploracdo de recursos bidticos e abidticos
aparentes durante o inicio do Paleolitico Superior; (2) que relacdo tem esta tecnologia
com os padrbes de mobilidade destas comunidades no ambito da adaptacdo a ocupagdo
de novos territorios, e como se reflete a sua diversidade na organizacao e funcionalidade
das ocupac@es; (3) de que forma os elementos bipolares integram os padrées tecnoldgicos
de cada sitio, no que diz respeito a sua incorporagdo nas cadeias operatérias de cada sitio
arqueoldgico, a exploracdo da diversidade de matérias-primas utilizadas, ou as escolhas
efetuadas ao nivel da selecdo dos utensilios; (4) e por altimo, qual a diversidade de
funcionalidades para as quais foram os elementos bipolares utilizados, prestando
particular atencdo a distincdo entre materiais utilizados como nucleos e utilizados como

cunhas.

Os resultados desta combinagdo de combinacéo revelaram um conjunto de respostas e
questdes relativamente aos objetivos da tese. A meta analise compilou dados de cerca de
168 ocupacdes Paleoliticas contendo tecnologia bipolar cujos resultados foram os
seguintes: (1) a tecnologia bipolar foi utlizada como uma estratégia adaptativa ao longo
do tempo por vérias espécies de hominideos; (2) os metodos bipolares foram utilizados
de modo a aumentar a eficiéncia em tarefas relacionadas com a extracao e exploracdo de
recursos bidticos e abioticos; (3) a recorréncia do recurso ao talhe bipolar (sobre bigorna)
aconteceu devido a ser uma solucéo latente através de convergéncia evolucionaria; e (4)
a técnica da utilizacdo de ferramentas liticas como cunhas para explorar recursos

organicos, aparenta ter sido exclusivamente utlizada por Homo sapiens. Estas questdes
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foram posteriormente abordadas na anélise tecno-funcional das 3 jazidas arqueoldgicas
de Vale Boi (Portugal), Abri Pataud (Franca) e Bacho Kiro (Bulgaria), e a sua
subsequente comparagdo entre si e com jazidas no Norte de Itdlia o que resultou nas
seguintes conclusdes: (1) a tecnologia bipolar teve um papel importante na adaptacéo dos
primeiros humanos na europa ao proporcionar-lhes como um mecanismo versatil e
eficiente para maximizar a exploracdo de recursos bioticos e abidticos; (2) através do
talhe bipolar estes grupos maximizaram economicamente a gestdo de matérias-primas ao
permitir-lhes continuar a reduzir volumes de matéria-prima demasiado pequenos ou
irregulares para serem segurados na méo; (3) em situacGes em que a falta de matéria-
prima ndo era uma preocupacdo, o talhe bipolar possibilitou a producdo répida e
expediente de suportes e gumes agudos, independentemente do nivel de experiéncia do
talhador; (4) estes grupos recorreram a utilizacdo de cunhas como forma de aumentar a
eficiéncia na exploracdo de recursos organicos, nomeadamente: no processamento de
carcacas, producdo de ferramentas de 0sso e ornamentos e no processamento de hastes e
madeira para o fabrico de ferramentas; (5) as vantagens da utilizacdo destes métodos
nestes senarios de exploracdo de recursos foram transmitidas ao longo de todo o
Paleolitico Superior através de varias culturas, tradicbes tecnoldgicas e
independentemente do contexto ambiental ou cultural; por fim (6) estas vantagens
adaptativas proporcionadas pela utilizacdo desta tecnologia poderao ter sido um de varios
fatores que levaram ao sucesso adaptativo dos humanos neste territorio em detrimento

das populaces Neandertais.

Concluindo, a tecnologia bipolar teve um papel de estratégia adaptativa para os primeiros
humanos na Europa. O reconhecimento das suas vantagens na extracdo de recursos
possibilitou a estes grupos sobreviver e mediar sucessivas pressdes ambientais.
Vantagens estas que tiveram de tal forma impacto nas estratégias adaptativas destes
grupos que o conhecimento foi passado ao longo de todo o Paleolitico Superior na Europa,
enguanto que outras tecnologias foram continuamente substituidas ou adaptadas. Ainda
que néo seja possivel considerar a utilizagdo da tecnologia bipolar como um dos fatores-
chave para a assimilacdo e desaparecimento dos Neandertais, €, no entanto, claro que

contribuiu para o sucesso da expansao e adapta¢do dos humanos na Europa.

PALAVRAS-CHAVE: Paleolitico Superior; Expansdo do Homo sapiens; Estratégias
adaptativas; Tecnologia Bipolar; Evolugdo Humana.
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THE ROLE OF LITHIC BIPOLAR TECHNOLOGY IN THE ADAPTATION OF THE FIRST HUMANS IN EUROPE

Chapter |

INTRODUCTION

How hominins selected and evaluated tool efficiency for resource exploitation and how
it drove their adaptive strategies remains a largely unanswered question in Human
Evolution studies. The ability to strategically modify the environment is one of many
behaviors that drove hominins to expand and survive in various ecological and climatic
settings (Wells and Stock, 2007; Roberts and Stewart, 2018). Tool production,
modification, and use have all played an incremental role in adaptive strategies, which is
reflected by the non-linear evolution of lithic technology. Nevertheless, despite many
theoretical contributions, the technological means by which hominins achieved and
evaluated stone tool efficiency to adapt to different pressures in their environment

remains largely unknown.

How did hominins evaluate stone tool efficiency? What made them choose one method
over another? What part did skill and raw material availability have in these choices?
Knowing the answer to these questions would facilitate understanding how different types
of technologies and techniques structured hominin survival and expansion through space
and time. The literature has shown that hominins’ toolkits were comprised of a diverse
set of techniques that produced stone tools and sharp edges (Rezek et al., 2018). While
the basic principles of flaking remained the same, knapping methods varied through time
(Stout, 2011). Recent evidence has made it clear that combinations of different knapping
techniques can be seen as early as the oldest stone tools assemblages (Harmand et al.,
2015a). Hominins were often applying a mix of bipolar and free-hand methods to produce
sharp edges in order to survive and adapt (Jones et al., 1994; Ludwig et al., 1998; Whiten
et al., 2009; de la Torre, 2011; Diez-Martin et al., 2011; Harmand et al., 2015a).

Unlike some free-hand methods (e.g., Levallois, Kombewa, Bifacial technologies), the
bipolar method can be recurrently found in prehistoric assemblages all over the world
(Octobon 1938; Leaf 1979; Hayden 1980; Shott 1989; LeBlanc 1992; Shott 1999;
Arzarello and Peretto 2010; de la Pefia 2011; de la Torre 2011; Langejans 2012; Bader et
al. 2015; Horta et al. 2019). In Europe, the most significant rise in the frequency of bipolar
methods is linked with the arrival of humans (de la Pefia, 2011; Villa et al., 2018; Horta
et al., 2019, 2022). In fact, it can be said that bipolar technology and, in particular,
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splintered pieces have been referred to as one of the most common tool types found in
Upper Paleolithic assemblages (Zilh&o, 1997; de la Pefia, 2011; Sano, 2012; Douka et al.,
2014; Villa et al., 2018; Horta et al., 2019; Arrighi et al., 2020; Kolobova et al., 2021).
However, the link between the rise of bipolar methods and human migrations and

adaptations is virtually unexplored in the literature.

It is of general consensus that out of all hominins, Homo sapiens displayed the highest
adaptability (Wells and Stock, 2007; Roberts and Stewart, 2018) and that the development
of lithic technologies played an integral role in their adaptability to different environments
(Andrefsky, 2008, 2010; Cascalheira et al., 2017). Evidence shows that after 50ka,
humans were actively managing lithic resources to achieve fitness advantages through
complex behaviors (Rezek et al., 2018). For instance, new methods such as pressure
flaking (Harrison, 2004; Mourre et al., 2010) were created to increase tool production
precision. The behavioral complexity between using, managing, and modifying stone
resources seems to have led, over time, to higher efficiency (Rezek et al. 2018) in human
adaptive strategies. This higher efficiency in using stone resources for mediating
environmental pressures is one of many aspects that may have led humans to thrive over
climate and environmental change and other hominins (Wells and Stock, 2007; Rezek et
al., 2018; Roberts and Stewart, 2018). However, one of the most unique and unchanged
aspects of human adaptive strategies is the recurrent use of bipolar methods. Despite this,
and compared to other reduction methods, the information available on the role of bipolar

technology in adaptive strategies is lacking due to minimal studies on this subject.

Most studies have been dedicated to exploring reduction strategies and functional patterns
(LeBlanc 1992; de la Pefia 2011; Langejans 2012; Igreja and Porraz 2013; Pargeter and
Pefia 2017; Horta et al. 2019; Kolobova et al. 2021). Therefore, we currently understand
how these techniques were functionally applied in several chronological and ecological
contexts (e.g., Bader et al., 2015; P. de la Pefia, 2015; Flood, 1980; Langejans, 2012;
Shott, 1989). However, we still lack an understanding of the adaptive, technological, and
cultural dynamics that led to the use of the bipolar methods, whether by hominins in
general or humans specifically. This is especially important in the period between 45-30k
years BP when Homo sapiens arrive and colonize Europe resorting to bipolar methods.
Particularly, when Neanderthals were rarely using them (Flas, 2011; Moncel et al., 2012;
Marquez et al., 2013; Van Kolfschoten et al., 2015a; Ravon et al., 2016). The reason for
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this difference may have impacted the replacement of one species over the other during

this period of climactic instability (Muller et al., 2011).

1.1 Literature Review

1.1.2 Homo sapiens migration and adaptation strategies

One of the longstanding questions in Human Evolution studies is how our species was
able to colonize the entire planet and persist beyond the extinction of other hominins
(Wells and Stock, 2007; Roberts and Stewart, 2018; Bacon et al., 2021). Current data
shows Homo sapiens emerging ca. 300ka years ago, using what is referred to as Middle
Stone Age technology (Hublin et al., 2017; Richter et al., 2017). The spread of Homo
sapiens, however, seems to have happened only around 100Kk years later, between ca. 200-
100ka years ago (Groucutt et al., 2015; Hershkovitz et al., 2018). Migrations during this
time period into East Africa and the Levant are associated with grassland and aquatic
habitats and their extension during interstadial phases of climatic amelioration (Clark et
al., 2003; Vaks et al., 2007; Hershkovitz et al., 2018). Itis this expansion of homogeneous
environments that likely allowed for the migration of previous hominin species out of

Africa and into Eurasia (Dennell and Roebroeks, 2005; Martinez-Navarro, 2010).

During the Late Pleistocene, Homo sapiens would spread and settle throughout the Old
World. Traditionally, it has been considered that this spread would be linked with similar
phenomena of expansion of homogeneous environments. Namely, dispersal routes would
follow the expansion of savannah, woodland, and forest corridors or through the use of
coastal routes in warmer periods (Binford, 1968; Blome et al., 2012). In addition, the lack
thereof of these environmental conditions would pose significant barriers to migrations.
A growing body of data has shown that Homo sapiens were in fact, moving and occupying
highly variable ecological settings including extreme environments, such as high altitude
regions, deserts, tropical rainforests, and the colder, or northern regions of the globe
(Clark, 1959; Madsen et al., 2006; Yuan et al., 2007; Perera et al., 2011; Groucutt and
Petraglia, 2012; Blinkhorn et al., 2015; Pitulko et al., 2016).

For instance, within Africa, Homo sapiens were adapting and specializing in a mixture of
rainforest, desert, high altitude and coastal settings (Bennett, 2011; Oestmo et al., 2012;
Bader et al., 2015; Taylor, 2016; Demayumba, 2021). The large deserts of the Namib,

Kalahari, and Sahara were initially occupied in wet periods, however, occupation
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persisted during the harsh arid periods (McCall et al., 2011; Spinapolice and Garcea,
2013; Garcea, 2016; Robbins et al., 2016). In these cases, adaptation was done through
MSA technologies and regional variants like the Aterian MSA (Garcea, 2016). This
allowed humans to survive and persist in different climates and environmental settings in
these regions (Garcea, 2016). Likewise, in Central Africa, the Lupemban MSA industry
was being used to adapt to mainly savannah but occasionally rainforest settings for an
extensive period (Taylor, 2016). High altitude occupations in Lesotho occurred in both
very cold and warmer moments, with episodes of abandonment during glacial periods
(Brandt et al., 2012). In southernmost Africa, there was a persistent occupation and
specialization to coastal settings (Henshilwood et al., 2001; Backwell et al., 2008;
Jerardino and Marean, 2010; Archer et al., 2015; Lombard and Wadley, 2016).

Expansions eastward into the Near East and subsequently Eurasia may have initially
occurred through the formation of lakes and rivers during periods of heavy precipitation,
which led to migrations of large mammals and subsequently humans (Breeze et al., 2015).
As in Africa, many ecological settings were occupied from 100ka onwards with MSA
technologies (Blinkhorn et al., 2015; Bae et al., 2017; Dennell et al., 2020). The first
occupation of the Thar desert in northwestern Indian happened as early as 96ka
(Blinkhorn et al., 2015). Evidence for the occupation of rainforests happens shortly after
(Perera et al., 2011), with recent data showing that Sumatra was at around 73ka
(Westaway et al., 2017). Similarly, at ca 65ka, during a cold and wet period, humans
occupied Northern Australia (Clarkson et al. 2017). Adaptation to the high altitude region
of the Tibetan Plateau seems to occur as early as 30ka, with Upper Paleolithic industries
(Madsen et al., 2006; Yuan et al., 2007). Recent data has shown that the rapid dispersal
of humans throughout Southeast Asia occurred during the cooling event of MIS 4 (Bacon
et al., 2021). The key factor for the rapid spread of humans in this region was the
expansion of a densely forested landscape, which they rapidly adapted to (Bacon et al.,
2021).

The ability to adapt to different ecological settings, including occasionally harsher
environments, has been observed in other hominins species (Dominguez-Rodrigo et al.,
2005; de la Torre, 2011; Potts, 2013; Shen et al., 2016). It is of general consensus that
climate changes presented the most significant challenges to the adaptation of any species
to a new environment (Buck et al., 2019). For instance, the shift from savannah and

woodland settings to rainforest habitats between the Middle Pleistocene and the Late
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Pleistocene was a major factor in the decline of Homo erectus and Denisovan populations
in Asia (Louys and Roberts, 2020; Bacon et al., 2021). While in Europe the extreme cold
during the Heinrich Event 5 resulted in Neanderthals abandoning central and northern
Europe, therefore giving humans the opportunity to occupy this territory (Muller et al.,
2011). On the other hand, humans were able to adapt to a multitude of environments
(Clark, 1959; Madsen et al., 2006; Yuan et al., 2007; Perera et al., 2011; Groucutt and
Petraglia, 2012; Blinkhorn et al., 2015; Pitulko et al., 2016). This ability to dynamically
adapt to any climatic and ecological setting sets humans apart from the other species in
the genus Homo (Wells and Stock, 2007). For this reason, Homo sapiens has been
considered a generalist specialist, whose main advantage is the ability to adapt and
specialize in any environment (Roberts and Stewart, 2018).

One of the main reasons cited in the literature for the ability to adapt to any environment
has been the development of new cognitive capabilities post ca. 100ka (Dunbar and
Shultz, 2007; Henshilwood and Dubreuil, 2011). These new capabilities would manifest
in the archaeological record in the form of new technologies, complex symbolism, and
ornamentation (Wadley et al., 2009, 2009; Shea and Sisk, 2010). The combination of
these features would allow humans to actively mitigate environmental pressures and
therefore adapt to a multitude of environments. While this combination of novel features
cannot be separated from humans’ adaptable versatility, there is an evident lack of
understanding of how older technologies that persisted through time shaped human
adaptive strategies. One of these, is Bipolar technology, a type of technique that persisted
in time from the earliest stone tool assemblages all the way through to the Holocene across
the world (Lothrop and Gramly, 1982; Barham, 1987; Shott, 1989; Curtoni, 1996; Diez-
Martin et al., 2011; Gilabert et al., 2015; Harmand et al., 2015a; Kolobova et al., 2021;
Horta et al., Under review). The arrival of humans in Europe and Asia (Niu et al., 2016;
Shen et al., 2016; Horta et al., 2019) marks a considerable rise in the use of these
techniques. Therefore, it is imperative to understand the connection between bipolar
methods and migration and ultimately how these methods helped shape the adaptation of

humans to new territories and climactic adversities.

1.1.3 The arrival of Homo sapiens in Europe: Neanderthal-Homo sapiens contacts
and adaptations
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The arrival and spread of Homo sapiens in Europe starts c. 45ka years ago, during the
Marine Isotopic Stage 3 (MIS 3) (Hublin et al., 2017; Fewlass et al., 2020). MIS 3 - ca.
60-27 ka (Lisiecki and Raymo, 2005) - was a period marked by rapid climate cycles,
where rapid temperature increases were followed by gradual cooling within a short span
of decades (Weber et al., 2018). During this period, the European continent experienced
moments of extreme cold, namely during the Heinrich Events 3 to 5, which lasted
thousands of years (Gofii et al., 2002; Cacho et al., 2012). HE5 proceeded the arrival of
humans in Europe. This event brought extreme climate cooling with cold and dry
conditions over all over Europe (Cadwell et al., 2003). The climatic conditions in Europe
were comparable to the glacial maximum of MIS 4, which at the time, led to Neanderthals
abandoning Central and Northern Europe and taking refuge in the South (Van Andel et
al., 2003). Likewise, during HE5, Neanderthals abandoned large sections of Europe
taking refuge in southern regions, leading to a demographic vacuum within the continent
(Muller et al., 2011).

At the same time, large populations of Homo sapiens were occupying Northwestern
Levant and were able to sustain their demography due to the existence of large freshwater
bodies (Bartov et al., 2002; Muller et al., 2011). As previously mentioned, climatic
adversity was ultimately not a deterrent for human migrations, however, as seen in both
Africa and Asia (Garcea, 2016; Bacon et al., 2021), the expansion of savannah, woodland
and forest corridors provided optimal paths for rapid migration. The subsequent warming
of temperature close to GIS 12 (c. 47ka) turned the environments in the Levant from
desert-steppe into open forest biomes (Bond et al., 1993; Muller et al., 2011). This
resulted in suitable conditions for the entrance of modern humans into Europe. However,
this climatic warming also led to Neanderthal populations starting to reoccupy Central
and Northern Europe during GIS 13/14 (Van Andel et al., 2003). Ultimately, humans
came into Europe during a time where there was a Neanderthal demographic gap within
large parts of Europe and climate was still cold (Muller et al., 2011; Pederzani et al.,
2021). The following millennia of GIS’s 12-9 would see Europe go through periods of
high climactic amplitudes, in which the environment often switched from open forest
biomes to dry steppe or tundra biomes and vice versa (Miller et al., 2011). As a result,
the period post 47ka likely led to contact and direct competition between both species in

which rapid adaptation and versatility were a key factor for survival.
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Archaeologically, this period of competition and adaptation in climactic volatile regions
Is marked by shifts in adaptive strategies from both modern humans and Neanderthals.
This is evident in the form of ever-changing technological industries that are present in
Europe between 45-30ka years go. Several of these industries have an ephemeral presence
in limited geographical domains and sometimes for rather short periods of time, such as
the Ulluzian in ltaly, the Chatelperronian in western Europe, and the Initial Upper
Paleolithic (IUP) in the Balkans (Hublin et al. 2020; Peresani 2012; Ruebens et al. 2015;
Marie Soressi e Roussel 2014; Villa et al. 2018). In general, the occurrence of these
industries is often linked to three (possibly four) different populations: (1) the first wave
of humans that spread through Eastern Europe, the Levant and Asia with the IUP; (2) a
second wave of Aurignacian humans who would colonize Europe eventually; (3) and
lastly a possible fourth wave of humans that came with the Gravettian industries; and (4)
the local Neanderthals with the LRJ and Chatelperronian mostly in central and western
Europe (Hublin, 2015).

The first wave of modern humans that entered Europe came with the IUP industry, some
45ka (Hublin et al., 2020). It represents dispersal events of Homo sapiens migrating out
of Africa and into Eurasia (Hublin, 2015; Kuhn and Zwyns, 2014; Zwyns et al., 2019).
Previous works (Muller et al., 2011), have suggested that this initial wave of humans was
partly unsuccessful due to the fact that they were not able to reach western Europe. Within
Europe evidence for the IUP is restricted to the Balkans (Tsanova, 2006; Hublin et al.,
2020). Despite previous data that suggests humans only entered Europe during warm
periods of time, recent evidence from Bacho Kiro cave has shown that the initial
occupation of Europe happened during a very cold moment, where temperatures were as
low as modern day Scandinavia (Pederzani et al., 2021). Outside of Europe, the IUP has
been found across Eurasia from the Levant, to Turkey, and Mongolia through to China
(Kuhn, 2004a, 2019; Derevianko et al., 2007, 2012; Kuhn and Zwyns, 2014, 2018;
Morgan et al., 2014; Rybin, 2014). Interestingly, DNA analysis from human remains from
Bacho Kiro cave shows that one individual was less than six generations removed from a
Neanderthal ancestor (Hajdinjak et al., 2021). Additionally, the humans inhabiting Bacho
Kiro during the ITUP have no genetic connection to posterior Upper Paleolithic humans in
Europe (Hajdinjak et al., 2021), supporting the hypothesis that they are indeed different
populations (Hublin, 2015). Technologically, the IUP combines Levallois technological

features such as direct percussion and radial reduction with UP volumetric unidirectional
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blade and formal tool production, some of which, would later be common in UP
assemblages (e.g., endscrapers, pointed blades, etc.) (Kuhn and Zwyns, 2014; Niu et al.,
2016; Kuhn, 2019; Slavinsky et al., 2019). Other aspects of this industry include bipolar
technology both in lithic (bipolar knapping and wedging) and bone tools (bone wedges)
(Kuhn, 2004a; Tsanova, 2006; Rybin, 2014; Niu et al., 2016; Hublin et al., 2020;
Martisius et al., 2022).

Another early modern human industry in Europe is the Uluzzian (c. 45-40ka BP). The
Uluzzian represents an occupation that was geographically limited with high ecological
diversity and extended from the shallow marine reach of MIS3 onto the Adriatic zone
(Peresani et al., 2016). Uluzzian occupations can be found throughout central, southern
and northeastern Italy but not in northwestern Italy (Peresani, 2012; Douka et al., 2014;
Villaetal., 2018; Collina et al., 2020). Outside of Italy, this industry has only been found
in Klissoura cave in Greece (Koumouzelis et al., 2001; Kaczanowska et al., 2011). Within
Italian cave sites (Fumane, Riparo del Broion, Grotta La Fabbrica, Grotta La Cala, Grotta
del Cavallo, Uluzzo C and Grotta Bernardini) the Uluzzian is stratigraphically present
between the Mousterian and Proto-Aurignacian industries (Villa et al., 2018). It is
considered that the replacement of these populations at these sites was not gradual but
instead occurred rapidly as sites were often abandoned (possibly due to ecological and
climactic reasons, such as the Campanian Ignimbrite eruption) and later occupied by other
populations (Villa et al., 2018). Technologically, the Uluzzian industry is characterized
by high frequencies of unipolar, bipolar and occasional centripetal flake production
(Peresani, 2012; Villa et al., 2018). Other aspects of this industry are limited blade
production, prevalence of crescent backed pieces (microliths), high frequencies of
splintered pieces, bone tools and personal ornaments(d’Errico et al., 2012; Peresani,
2012; Peresani et al., 2016; Villa et al., 2018).

The human population that ended up settling and colonizing Europe was the Aurignacian.
Evidence for the passage of Aurignacian populations can be found across Europe, from
the easternmost Balkans all the way to Portugal in westernmost Europe (Chiotti, 1999;
Bar-Yosef and Zilhdo, 2006; Banks et al., 2013; Chu and Richter, 2019; Cortés-Sanchez
et al., 2019; Haws et al., 2020). This group represents a consistent wave of human
migrations in western Eurasia represented by the Early Ahmarian (in the Near East),
Kozarnikian (Eastern Europe), and Protoaurignacian (Southern Europe) industries
(Hublin, 2015). Within Europe, both the Kozarnikian and the Protoaurignacian are
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geographically and chronologically limited industries. The Kozarnikian has been only
identified in Bulgaria, with dates ranging from 39-36ka cal BP (Guadelli et al., 2005).
The Protoaurignacian represents an older occupation (42-40ka cal BP) and has been
identified only in southern Europe, specifically in France and Italy (Szmidt et al., 2010;
Douka et al., 2012; Banks et al., 2013; Barshay-Szmidt et al., 2018; Villa et al., 2018).
Technologically the Protoaurignacian marks the earliest bladelet industry in Europe
(Kuhn, 2002; Le Brun-Ricalens et al., 2009; Falcucci et al., 2017; Riel-Salvatore and
Negrino, 2018). Bladelets are produced from unidirectional prismatic cores, carinated
cores, and alternating bilateral reduction, producing Dufour bladelets (Riel-Salvatore and
Negrino, 2018). Additionally, notches, denticulates, sidescrapers, and splintered pieces
can also be found in this industry (Kuhn, 2002; Le Brun-Ricalens et al., 2009; Falcucci et
al., 2017; Riel-Salvatore and Negrino, 2018).

Contemperraneous, and in some regions immediately following the Protoaurignacian
comes the Early Aurignacian (42-38 ka cal BP) (Teyssandier, 2007; T. Higham et al.,
2011). While the previous is geographically restricted to southern Europe, evidence for
the Early Aurignacian can be found in western, central and eastern Europe (Higham et
al., 2012; Nigst and Haesaerts, 2012). The spread of this technocomplex is attributed to a
wave of humans moving westward from the Danube, as there is no evidence of
Protoaurignacian in this region (Hublin, 2015). The dates for the Early Aurignacian in the
Danube are contemporary with the Protoaurignacian in western Europe, which supports
this hypothesis (Douka et al., 2012; Higham et al., 2012; Nigst and Haesaerts, 2012).
While it has been considered that the Early Aurignacian is simply an evolution of the
Protoaurignacian (Banks et al., 2013), in Italy, evidence shows that the Early Aurignacian
population replaced the previous (Villa et al., 2018). Furthermore, this replacement
happened during the HE4 event, where cold and dry climate conditions led to semi-desert
vegetation in southwestern Europe and the expansion of open grassland environments in
other parts of Europe (Gofii et al., 2008; Fletcher et al., 2010), suitable for human
migrations. The adaptive strategies through technology suggest some differences in this
period. Innovations in the Early Aurignacian include bladelet production from carinated
endscrapers, split-based bone points, and a wider range of bone tools and ornamentation
(Vanhaeren and d’Errico, 2006; Banks et al., 2013). Still, similarities, such as blade
production from prismatic cores and the presence of splintered pieces, remain in this
industry (Chiotti, 2005; Banks et al., 2013).
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The final industry and culture to appear in Europe within this period (45-30ka BP) is the
Gravettian (35-26ka BP) (Douka et al., 2020). The Gravettian industry can be found
across Europe and northern Asia (Germonpré et al., 2012; Bicho et al., 2015; Koztowski,
2015; Reynolds et al., 2015; Calvo et al., 2016). Debate exists on whether this industry is
developed in situ as an adaption to the sharp climate changes in Europe or is the result of
migrations across Eurasia in still ongoing (Bicho et al., 2017; Douka et al., 2020). Genetic
evidence (Fu et al., 2016) suggests that at least two Gravettian populations were living in
Europe: one in western Europe and another directly related to Aurignacian populations in
central and eastern Europe. Evidence suggests that Aurignacian groups were inhabiting
westernmost Europe between 43-40ka cal BP (Cortés-Sanchez et al., 2019; Haws et al.,
2020). However, based on current evidence, Gravettian groups were the first human
colonists of the southwestern peak of Iberia (Bicho et al., 2012). In terms of adaptation
the Gravettian is marked by an increased presence of mobile art, changes in landscape
use, and large frequencies of backed bladelet production (Marreiros and Bicho, 2013;
Koztowski, 2015; Calvo et al., 2016; Kononenko, 2021). Another aspect of this industry
is the significant use of bipolar technology (de la Pefia Alonso and Toscano, 2013;
Bernaldo de Quiros et al., 2015; Bradtmoller et al., 2016; Horta et al., 2019).

With the arrival and settlement of modern humans slowly spreading across Europe,
Neanderthals, who were until that moment in time stable in their adaptations, started to
shift and adapt their technology and behaviors as a result of contact (whether direct or
indirect) with the humans (Hublin et al., 1996; d’Errico et al., 1998; Bar-Yosef and
Bordes, 2010; Flas, 2011; Soressi et al., 2013; Soressi and Roussel, 2014). So far, only
two industries have been linked with general consensus to the contact of Neanderthals
and humans the Chételperronian in western Europe and the Lincombian-Ranisian-
Jerzmanowician (LRJ) in Central Europe (Bar-Yosef and Bordes, 2010; Flas, 2011;
Soressi and Roussel, 2014; Ruebens et al., 2015). Some also consider the Szeletian in
Czech Republic and Hungary as one such industry. However, there is still no consensus

on who created this industry (e.g., (Hauck et al., 2016)).

The Chatelperronian (44-40 ka cal BP) is an industry that emerges during a warm period
preceding GIS 11 and is known by high rates (up to 60%) of backed blades, produced
with a specific chaine operatoire on cores at the intersection of a narrow and wide surface,
known as Chatelperronian points (Roussel, 2011; Soressi and Roussel, 2014). This

industry includes high frequencies of UP-like tools, such as backed flakes, blades,
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bladelet production, endscrapers, and burins (Soressi and Roussel, 2014). In addition,
there is occasional production of ornaments and bone tools (Soressi et al., 2013; Soressi
and Roussel, 2014). The similarities between this industry and the Proto-Aurignacian
have led to the argument that contact between the two species had to exist in order for
them to be so similar (Soressi and Roussel, 2014). Still, there is no evidence of bipolar
elements linked with this industry, unlike in the contemporaneous IUP and Uluzzian
(Hublin et al. 2020; Villa et al. 2018).

The LRJ (43-40ka cal BP) is an industry that is contemporaneous with the
Chatelperronean and geographically limited to northern Europe (Flas, 2011).
Technologically the LRJ is known for its index fossil, the Jerzmanowice points, bifacial
points made on large thick blades (Flas 2006, 2015). Blade production is typically
bidirectional using soft hammer percussion. Interestingly no flake production methods
have been found in the LRJ. A small diversity of tool types include leaf-shaped points,
endscrapers, pointed blades, and burins (Flas, 2006, 2011). According to Flas (2011),

splintered pieces are rarely found in LRJ assemblages.

Despite the differences in adaptive strategies and technological patterns between 45-30ka
BP, one pattern is common: the presence or absence of bipolar technology. Interestingly,
all modern human industries include bipolar methods, some in high frequencies (IUP,
Uluzzian, and Gravettian) and some with less (Aurignacian). Still, these methods are quite
rare in both classic Middle Paleolithic assemblages and virtually non-existent in the
transitional industries attributed to the Neanderthals (Chatelperronian and LRJ) (Flas,
2011; Moncel et al., 2012; Marquez et al., 2013; Van Kolfschoten et al., 2015a; Ravon et
al., 2016). The reason why Homo sapiens recurrently used these methods and
Neanderthals did not is a question that is virtually unexplored in the literature.
Furthermore, the role of this technology in human adaptive strategies and whether its use
impacted how Homo sapiens out-competed Neanderthals during this period of climatic

instability also remains unexplored in the literature.

1.2.Objectives

The main goal of this thesis is to contribute to filling the gaps in the literature and
knowledge, that have been previously mentioned. Namely, in exploring the role that
bipolar methods played in the adaptive strategies of the first Homo sapiens that colonized

Europe. This will be done in three parts: (1) through the use of metanalytic methods to

11



THE ROLE OF LITHIC BIPOLAR TECHNOLOGY IN THE ADAPTATION OF THE FIRST HUMANS IN EUROPE

review the occurrence and understand patterns in the use of bipolar methods throughout
Human Evolution; and (2) through the analysis of 3 assemblages marking the first modern
human occupations of three key regions in Europe (Easternmost Europe, Southwestern
France, and Southwestern Iberia); and lastly (3), through the combination and comparison
of the data gathered in the previous points and using these results as a proxy for
understanding the how bipolar methods shaped the adaptive strategies of these groups.
Additionally, this work offers a critical assessment of the literature in both the
anthropological and methodological sense. Interpretations of bipolar methods will go
beyond the technology and functionality into cultural, adaptive, and cognitive aspects. By
developing and using novel methods to analyze artifacts, this work also provides a
blueprint into bipolar artifact analysis in all its facets (Knapping and Wedging) by
answering questions about artifacts: function, use and reduction rate/sequences, raw
material use, efficiency evaluation, among others. Through the combination of these
contributions, this thesis provides an innovative way of accessing and understanding how

bipolar methods helped shape the adaptation of the first Homo sapiens in Europe.

1.2. Thesis structure

This thesis was done following the so-called hybrid method. It combines published, under
review, and ready to be submitted papers and chapters. The thesis is divided into five
sections. Following this initial introductory section to the topic at hand, section 2 (chapter
2, namely the paper “Lithic bipolar methods as an adaptive strategy through space and
time”) includes: a) a literature review and critical reflection on the classification,
methodology, and interpretation of bipolar methods in the literature is presented; and b)
data from 167 Paleolithic sites are combined into one database and explored from the
point of view of adaptation, cultural traditions, knowledge transmission and efficiency
evaluation in the use of bipolar methods from the earliest Pliocene stone tool assemblages
to the end of the Pleistocene. The third section (chapters 3, 4 and 5) includes the analysis
of three Paleolithic sites, each representing the first Homo sapiens occupation of their
region, these are: Vale Boi in westernmost Europe (the paper The role of lithic bipolar
technology in Western Iberia’s Upper Paleolithic: the case of Vale Boi (southern
Portugal); Abri Pataud in France (the paper Intensive and expedient resource extraction
strategies through the flexible use of lithic bipolar methods in the Early Aurignacian of

Abri Pataud); and Bacho Kiro cave in Bulgaria (Intensive re-use of stone tools as bipolar
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implements in the Initial Upper Paleolithic of Bacho Kiro Cave). The fourth section
(chapter 6) includes the results of the comparison between the three assemblages of the
previous section. The fifth and final section (chapters 7 and 8) provide a discussion on
the results of the thesis, discusses the role of bipolar methods in the adaptation of the first
Homo sapiens in Europe, as well as the final conclusions of this thesis and avenues for

future work.
1.3 Site choice and paper status

Chronologically, the most significant shift in bipolar method representation in Europe
happens at the onset of the Upper Paleolithic (see, e.g., Zilhdo 1997; de la Pefia 2011,
Sano 2012; Douka et al. 2014; Villa et al. 2018; Horta et al. 2019; Arrighi et al. 2020;
Kolobova et al. 2021). The arrival of Homo sapiens in Europe is marked by a rise in the
use of these methods. Therefore, this period (post 45ka) provides a unique opportunity to
understand how bipolar methods impact adaptive strategies as Homo sapiens gradually
spread across Europe. Since adaptability is one of the central questions explored in this
work, a decision was made to study sites that represented the earliest occupations of Homo
sapiens in different regions. In turn, this would allow for exploring questions of
adaptability to different ecological settings.

Vale Boi currently represents the oldest Homo sapiens occupation in Southwestern Iberia
(Bicho et al., 2012; Cascalheira et al., 2017) containing bipolar technology. Recent data
(Cortés-Sanchez et al., 2019; Haws et al., 2020) from western and southern lberia
suggests that these areas were occupied earlier by Aurignacian groups, specifically in the
Bajondillo and Lapa do Picareiro sites between 43-40ka years ago. In both cases, there is
currently no evidence of substantial use of bipolar methods, and the fact that the dating
of these occupations is currently being debated (Haws et al., 2021; Zilhdo, 2021, 2022).
For this reason and its large bipolar assemblage, Vale Boi was chosen as the case study
in this region. The second site, Abri Pataud, represents one of the oldest Aurignacian
occupations of Western Europe (Higham et al., 2011) containing bipolar technology
(Chiotti, 2005). The site is located in the iconic region of the Dordogne, known for its
large amount of Middle and Upper Paleolithic occupations (Movius Jr, 1966; Movius Jr
and David, 1970; Chiotti et al., 2003; Chiotti, 2005; T. Higham et al., 2011; Douka et al.,
2020). Lastly, Bacho Kiro is another iconic site famous for its Bachokirian industry (now

IUP) and is currently the oldest occupation of Homo sapiens in Europe, dated to c. 45ka
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(Hublin et al., 2020). Based on current evidence Bacho Kiro has the highest representation
of bipolar technology out of any IUP occupation (Kozlowski, 1982; Tsanova, 2006).
Unfortunately, and due to the collections already being under study, access to Uluzzian
occupation in Italy, an industry famous for its bipolar technology and attributed to the
earliest Homo sapiens occupations in Italy (Peresani et al., 2016, 2019; Moroni et al.,
2018; Villa et al., 2018; Arrighi et al., 2020; Collina et al., 2020) was denied.

In order to avoid repletion, this thesis does not include a methodology chapter since every
paper included in this work includes a methodological section. In fact, due to this work
providing new methodologies for analyzing bipolar technology, each paper’s methods
build upon the previous. Still, the slight methodological improvements made in the final
papers have little to no impact on the results of this work. For instance, in chapter 3 (Horta
et al., 2019), a multivariate statistical analysis was conducted to access patterns in
functional scars. This resulted in a negative result, where the variability in functional scars
is too high, making this approach impractical. Recent works (Kolobova et al., 2021) have
had similar results. For this reason, this approach was not followed in the remaining
papers. Additionally, this thesis does not include a traditional literature review chapter as

this was done and replaced by the meta-analysis and review in chapter 2.

Another point where the papers diverge is the nomenclature of splintered or scaled pieces.
Chapters 2 and 3 both refer to these artifacts as scaled pieces, and chapters 4-7 use the
terminology splintered piece. While this topic is explored in Chapter 2, the main reason
for this change is the different nomenclature adopted in each team and project (Vale Boi’s
project has referred to these artifacts as scaled pieces and Abri Pataud’s and Bacho Kiro
as splintered pieces). Still, in the final chapters of this thesis (6 and 7), these artifacts are
referred to as splintered pieces which is the most used terminology in modern literature
(de la Pefia, 2011; Peresani et al., 2016; Falcucci et al., 2017; Riel-Salvatore and Negrino,
2018; Hublin et al., 2020; Kolobova et al., 2021). Bellow, a summary description of each
paper included in this thesis is provided and their current publishing status and

contributions to the literature.

The first paper included in this thesis, Lithic bipolar methods as an adaptive strategy
through space and time (Chapter 2), is a meta-analysis of lithic bipolar technology
through space and time and proposes its importance as an adaptive strategy for hominin
survival and migration strategies during the Paleolithic. It compiles data from 167
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published paleolithic occupations in the Old World containing bipolar technology and
explores the technological, functional, cultural, and ecological contexts that led to its use.
It also presents a critical review of the interpretations of this technology in the literature.
Importantly, it highlights the importance of bipolar methods as markers of variability and
evolution of resource exploitation strategies, their dynamic in the Paleolithic
archaeological record, and their implications for human adaptability. This paper provided
an essential contribution to both Human Evolution studies and the thesis. While its scope
went beyond the Upper Paleolithic, it explores for the first time in bipolar studies themes
such as adaptation and efficiency evaluation, which are vital for this thesis. This paper

has been published in the Journal of Archaeological Science: Reports (Horta et al., 2022).

Chapter three (The role of lithic bipolar technology in Western Iberia’s Upper
Paleolithic: the case of Vale Boi (southern Portugal)) explores the role of bipolar
technology throughout the Upper Paleolithic at the site of Vale Boi. Its results go beyond
the scope of the site and expand into all of westernmost Iberia by including data from
over 30 Upper paleolithic occupations in Portugal. This paper built upon data gathered in
a previous study (Horta, 2016) and included elements of regionality. The paper introduces
a new methodology to analyze splintered pieces. This methodology separates artifact
analysis into two sections: technological and functional traces (see chapter 3). This
approach allowed for the exploration of technological patterns such as tool selection and
their role in the site’s technological sequences and tool functional patterns originated from
their use in speciffic tasks. Additionally this chapter provided (for the first time) statistical
testing of functional traces (the results of which impacted the following chapters). In
addition to its methodological contributions, this paper solidified and further expanded
upon the idea of the importance of bipolar methods in resource intensification strategies
(Manne and Bicho, 2009; Pargeter et al., 2019). This paper was published in 2019 in the
Journal of Paleolithic Archaeology (Horta et al., 2019).

The paper Intensive and expedient resource extraction strategies through the flexible use
of lithic bipolar methods in the Early Aurignacian of Abri Pataud (Chapter 4) explores
for the first time the role of bipolar technology in an Aurignacian occupation, particularly
in the Abri Pataud site. This paper built upon the previous chapter’s (Horta et al., 2019)
methodology and explores new questions related to efficacy, use intensity, and bipolar
knapping. Methodologically, this paper includes the analysis of bipolar cores and blanks
and fracture patterns, and reduction indexes of splintered pieces. The inclusion of bipolar
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knapping allowed us to explore questions beyond the scope of splintered piece use
patterns, namely the question related to blank production strategies. Regarding splintered
pieces, it introduced new variables to assess the degree use of these morphotypes as
wedges (fracture patterns and reduction index). The paper is currently under review in the

journal Plos One.

The final paper to be included in this work, Intensive re-use of stone tools as bipolar
implements in the Initial Upper Paleolithic of Bacho Kiro Cave (Chapter 5), analyzes
bipolar technology in the Initial Upper Paleolithic (IUP) occupation of Bacho Kiro Cave.
This is the first comprehensive study of bipolar technology in an IUP context and the
oldest Homo sapiens occupation in Europe (Fewlass et al., 2020; Hublin et al., 2020).
Bacho Kiro’s assemblage provided a unique opportunity to assess and analyze bipolar
technology in all its typological spectrum (including anvils and bipolar split pebbles). The
combination of data led to understanding how dependent humans at the site were on
bipolar methods for their adaptation. Bipolar methods were used to maximize resource
exploitation through (1) bipolar knapping for raw material conservation and
maximization of core to blank conversion; and (2) wedging for carcass processing for
obtaining bone marrow, production of bone tools and ornaments, and wood and hide
processing. Due to pandemic related issues mostly related to travel restrictions this
chapter is lacking photographic evidence akin to the previous chapter. This paper is
currently in the final stages of preparation for co-author revision and subsequent

submission.

1.4. Data availability

This thesis follows the growing movement of open science in Archaeology. Each paper
included in this thesis was published or will publish all of the data and analyses
conducted. Additionally, links and all of the raw data (including the databases and high
quality versions of figures) of each publication and chapter of this thesis can be freely
accessed in the following public online repository: https://github.com/pehorta/The-role-

of-bipolar-technology-in-the-adaptation-of-the-first-humans-in-Europe. For this reason,

the complete databases were not included as Appendixes in this thesis.
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Abstract

The use of bipolar (on anvil) methods for resource exploitation has been identified in the
archaeological record from the late Pliocene through to the Holocene. During all phases
of human evolution, bipolar knapping and wedging were applied by different hominin
species in a wide range of ecological settings. Studies on lithic bipolar methods have
mainly focused on understanding the functional aspects of this technology. This paper
explores the variability of the application of these methods during the Paleolithic on a
macro scale. Through the meta-analysis of published data from 167 sites, it is posited that
the use of bipolar methods may have had a significant impact on hominin expansion,
adaptation, and survival strategies. Furthermore, the recurrent use of bipolar methods is
not only an indicator of its success as an adaptive strategy, but also of how hominins were

able to evaluate different types of efficiency through time.

Keywords

Stone tools; Bipolar methods; Paleolithic; Meta-analysis

Highlights
e Bipolar methods were used to achieve higher efficiency in resource exploitation;
e Bipolar knapping reoccurred as latent solution through evolutionary convergence;

e Data is lacking to link wedging with cultural diffusion or evolutionary
convergence;
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e Bipolar methods provide insights into hominin survival and adaptation strategies;

2.1 Introduction

The ability to strategically modify their environment through tool creation and
manipulation as a means of adaptation is one of the many behaviors that drove hominin
expansion and survival. Several strategies were used by hominins to increase their
adaptability to different settings, including the production, modification, and use of tools.
More precisely, it is becoming increasingly evident in archaeological research that stone

technologies were essential for resource exploitation (Stout, 2011; Rezek et al., 2018).

Among all kinds of lithic techniques, bipolar methods (on anvil) can be recurrently found
in prehistoric assemblages all over the world (White, 1968; Barham, 1987; Diez-Martin
et al., 2009; de Lombera-Hermida et al., 2016; Pargeter and de la Pefia, 2017; Horta et
al., 2019). Most research on bipolar methods has been dedicated to understanding
reduction strategies and functional patterns. As a result, we currently have a clear
understanding of how these methods were applied in several chronological and ecological
contexts (e.g. (Bader et al., 2015; Flood, 1980; Langejans, 2012; Shott, 1989; Paloma de
la Pefia, 2015a). However, further research is required to better understand the

technological and adaptational aspects that led to their use.

Since its initial identification by Bardon et al. (1906), lithic bipolar methods have been
surrounded by debate. This century-long controversy has ranged from a descriptive
typological definition level to a functional level. One of the most important factors about
bipolar methods is that they are not restricted geographically or chronologically. Whether
used as a means of blank production (bipolar knapping), or organic resource exploitation
(wedging), these methods are constantly present in the archaeological record.
Consequently, the bipolar method has not been labeled as an Age or Industry (de la Pefia
and Wadley, 2014).

This paper highlights the importance of bipolar methods as markers of variability and
evolution of resource exploitation strategies, their dynamic in the Paleolithic
archaeological record, and their implications for human adaptability. In addition, this
paper also presents a short reflection on the definition, classification, interpretation, and
analytical challenges linked with bipolar methods. To understand and explore these
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questions on a macroscale, a metanalysis was carried out by extracting, reviewing, and

analyzing information from published data on bipolar technology.

2.2. Background

2.2.1 Defining bipolar methods: classification

Classifying and determining the function of artifacts related to the application of bipolar
methods have proven to be problematic in the past. This is because the identification of
bipolar methods is not limited to on-anvil knapping activities, but also include the use of
the so-called “splintered” or “scaled” pieces as tools for other types of activities. The
main feature that defines bipolar artifacts is that they are crushed in at least two opposite
poles. This damage is the result of opposite forces applied to the artifact during its use or

production.

Two objectives can be reached by using bipolar methods: flaking the artifact itself or
splitting the object on which it is resting (i.e., wedging/chiseling) (e.g de la Pefia, 2015;
Hayden, 1980; Hiscock, 2015a; Horta et al., 2019; Leaf, 1979; Octobon, 1938; Shott,
1989). The two activities have different goals, but the scars that are created on the “main
artifact” (core or wedge) are often similar. Due to the artifact resting on a hard surface,
the force produced by the percussion propagates downward reflecting on the anvil,
causing flaking or damage to both ends due to the compression of forces. While the main
striking (active) platform is identical to other direct hard-hammer percussion knapping
techniques, the opposed/secondary (passive) platform often flakes in a random manner
producing chips and small flakes (Octobon, 1938; Andrefsky, 1998). Consequently, it
sometimes acquires the characteristics of the resting surface (de la Pefia, 2011). What
further complicates identification is that both cores and wedges may have been rotated.
In addition, there is little to no control in the flaking of the passive platform due to it
resting on the anvil. In other words, damage is often not diagnostic of function. Bipolar
artifact shape is influenced by several variables (e.g., raw material type and hardness,
angle of use, etc.), including some not controlled by the knapper (e.g., force application
and the resulting contact with the anvil). The combination of these factors increases the

level of difficulty to accurately identify the type and function of bipolar artifacts.

The functional identification of bipolar artifacts presents various degrees of difficulty. In

general, some bipolar artifacts can be easily identified as cores; however, the same cannot
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be said for scaled pieces, which could have had different functions that left behind similar
marks. A bipolar core is simply a nodule that was reduced using a bipolar method to
extract blanks, often referred to as bipolar flakes (Octobon, 1938; Andrefsky, 1998). A
scaled piece can be either a blank (used as a core for bipolar flaking) or as an intermediate
piece or wedge (used for working hard materials, most frequently organic). It is this
equifinality that led to the century long debate surrounding bipolar methods (Binford and
Quimby, 1963; Tixier, 1963; Flood, 1980; LeBlanc, 1992; Shott, 1999; Lucas and Hays,
2004; de la Pefia, 2011; Igreja and Porraz, 2013).

The first definition of a scaled or splintered piece was proposed by Bardon et al. (1906),
who described it as the result of the bipolar knapping of flint through direct percussion.
He further elaborates that the “core” will have been rested on a hard surface, causing
splintering at both ends of the artifact. Since then, several other definitions were adopted
and adapted by researchers in a variety of contexts (e.g., de Sonneville-Bordes and Perrot,
1956; Hayden, 1980; Knight, 2016; MacDonald, 1968; Octobon, 1938; Shott, 1989). As
a result, this exact morphotype can be found throughout the literature with several
different typological labels, such as: piéce esquillée, outil esquillé, outil écaillé, gouge,
chasse-lame, punch, éclateur, bipolar, chisel, wedge, splintered piece, and scaled piece
(Brun-Ricalens, 2006). This turned the scaled piece morphotype into a murky category

that are often clustered with bipolar cores.

Beyond the classification debate, the biggest issue with the scaled piece morphotype
comes from a functional diagnostic standpoint. In 1938, Octobon (1938) suggested that
these pieces may have been used as wedges to work hard materials or as flake cores. This
has also been quite debated, with researchers often defending one function over the other
(see e.g., (Binford and Quimby, 1963; Tixier, 1963; Flood, 1980; LeBlanc, 1992; Shott,
1999; Lucas and Hays, 2004; de la Pefia, 2011; Igreja and Porraz, 2013).

Recent literature has tried to tackle the matter of functional identification through both
micro and macroscopic analysis (e.g. Bader et al., 2015; Bao et al., 2007; Bosinski et al.,
2007; de la Pefia, 2015, 2011; Igreja and Porraz, 2013; Lucas and Hays, 2004; Sano, 2012;
Vaughan, 2002). Overall, the focus of these studies is on the identification of use-wear
patterned scars and, in some cases, their comparison with experimental assemblages.
Despite this, some studies frequently conclude that scaled pieces are intermediate

elements to work hard organic raw materials, while others interpret them as cores for
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small blank production. Lastly, it has become increasingly clear that these attributions
should be considered in their technological context on a site-to-site basis (Horta et al.,
2019).

2.2.2 Perspectives on the occurrence of bipolar methods

The occurrence of the use of bipolar technology through time is a longstanding question,
leading researchers to hypothesize on its technological and adaptational pros and cons.
The presence of bipolar methods in the archaeological record has been linked to several
factors, such as raw material stress (Gurtov and Eren, 2014), expediency (Horta et al.,
2019), time efficiency (Eren et al., 2013), raw material size and lithic miniaturization
(Pargeter and de la Pefia, 2017), resource intensification strategies (Horta et al., 2019;
Pargeter et al., 2019), knapping skill levels (Duke and Pargeter, 2015), core to blank
conversion efficiency (B. Morgan et al., 2015; Pargeter and de la Pefia, 2017; Pargeter
and Eren, 2017), and mobility patterns (Eren, 2010).

One of the points that is often raised as an advantage to these methods is that—even at
low levels of knapping skills—bipolar reduction can be successfully performed as a lower
cost solution for obtaining sharp edges (Hiscock, 1996; B. Morgan et al., 2015; Duke and
Pargeter, 2015; Gurtov et al., 2015, 2015; Pargeter and de la Pefia, 2017). Duke and
Pargeter (2015) noted that while experts outperform novices in bipolar cobble splitting,
the latter are often still successful. Likewise, Morgan et al. (2015) noted that different
skill levels do impact the outcome when it comes to bipolar reduction. In addition, the
capability of teaching and employing bipolar methods on the go is considered one of its
biggest advantages, especially in cases where there is high population mobility (e.g.,
Eren, 2010; Will et al., 2013).

Another factor to consider is time efficiency, as bipolar knapping can be taught within
short periods of time (Shea, 2015) and, therefore, can be transmitted without the need for
preexisting skill. Furthermore, it provides a fast and expedient manner of core reduction,
while still being able to maximize blank extraction (Pargeter and de la Pefia, 2017).
Likewise, expediency is often referred to as a reason for the use of bipolar methods,
whether in situations of time constraint and lower knapping skill. Interestingly,
expediency and raw material conservation have been observed when it comes to the

application of bipolar methods in both knapping (see Gurtov and Eren, 2014) and

21



THE ROLE OF LITHIC BIPOLAR TECHNOLOGY IN THE ADAPTATION OF THE FIRST HUMANS IN EUROPE

wedging activities (Horta et al., 2019). Gurtov and Eren (2014) observed different raw
material curation methods in the use of bipolar reduction for different raw materials in
Olduvai Gorge (see Gurtov and Eren, 2014 for a discussion). Similarly, Horta et. al (2019)
observed in the Upper Paleolithic site of VVale Boi (southwestern Iberia) that the treatment
of flint and quartz wedges were different. Quartz was used in an expedient way, being
abandoned early on in the wedge’s “use life” or reduction, while flint wedges were
conserved and used until extinction, often being rotated to maximize their use potential.
In this particular case, quartz was readily available at the site, while flint sources were up

to one day of walking distance (Bicho et al., 2012).

Considering raw material stress, the advantages of bipolar opposed to free-hand methods
for small raw material volumes is a topic that has often been considered (Hiscock, 2015a;
Pargeter and de la Pefia, 2017; Pargeter et al., 2019). According to Pargeter and de la Pefia
(2017), bipolar reduction played an incremental role in the expansion of lithic
miniaturization strategies of milky quartz during the African Late Stone Age. Their data
suggests that bipolar reduction shows higher efficiency in the core mass to blank
conversion ratio in milky quartz, opposing previous studies that considered bipolar
methods as wasteful (e.g., Diez-Martin et. al 2011). Morgan et al. (2015) and Diez-Martin
et al. (2011) found that, for chert and quartz, free-hand methods were more efficient than
bipolar methods for extracting flakes with larger amounts of cutting edge from small
cores. Hiscock (2015) noted that bipolar reduction was more efficient than freehand
methods when cores had steep platforms, or required larger amounts of force, since these
constraints are neglectable when using bipolar reduction. The author added that these
methods could be employed at any stage of reduction to extend the capability of reduction,

making it so smaller raw material volumes could be continuously reduced and recycled.

Following this idea, Pargeter et. al, (2019) considered the possibility that increased lithic
miniaturization and bipolar reduction may be linked to resource intensification and
increasing population densities. The link between resource intensification and bipolar
knapping, as well as with wedging, have been recognized due to their considerable
representation in modern human expansion events (de la Pefia, 2011; Pargeter and de la
Pefia, 2017). It is often in these cases that the advantages of wedging are referenced (e.g.
Horta et al., 2019; LeBlanc, 1992; Manne and Bicho, 2009). Wedging is frequently used
to intensify organic resource extraction by enabling higher efficiency in processing

carcasses, producing bone tools, and working organic materials (Manne and Bicho, 2009;

22



THE ROLE OF LITHIC BIPOLAR TECHNOLOGY IN THE ADAPTATION OF THE FIRST HUMANS IN EUROPE

Bicho et al., 2013; Manne, 2014; Cascalheira et al., 2017; Horta et al., 2019). Coupled
with the advantages of bipolar knapping for raw material conservation and reduction
intensification, it is undeniable that bipolar methods likely impacted hominin expansion

and survival strategies.

2.3 Materials and Methods

This paper presents a detailed review of published data on the use of lithic bipolar
methods across the Paleolithic record in the Old World. To gather the data, we searched
the two major electronic databases of publishers (see below for the sampling
methodology). Data was extracted from the sample of publications and used to build a

comparable dataset (see below for the database and variables analyzed).

2.3.1 Sampling methodology and categorization

Electronic databases of publishers including Elsevier, Springer, and others (Plos, Taylor
and Francis) were manually searched using the following terms: bipolar, piéce esquillée,
splintered piece, and scaled piece. In addition, several synthesis papers encompassed the
analysis of several sites based on older references, including monographs. Some of these
were also included in the sample (see Fig. 1 for the Sampling Process and Appendix | for
the full list of references and papers used). In total, 167 sites were identified and included

in our analysis (Table 2.1).

Table 2.1. Sites included in this study. The ID matches the numbers used in Figure

2.2.
Relative chronology
ID Site Chronology as in reference Reference
Late Pliocene and Early Goldman-Neuman and
1 | A.L.666 Hadar Pleistocene 2,36 Ma Hovers, 2012
2 | Abri Blanchard Late Pleistocene 33ka Bourrillon et al., 2018
Chiotti, 1999 Douka et al.,
3 | Abri Pataud Late Pleistocene 40-27ka 2020; Higham et al., 2011
4 | Aghitu-3 Cave Late Pleistocene 32-24ka cal BP Kandel et al., 2017
Terradillos-Bernal and
5 | Ambrona Middle to Mid-Late Pleistocene 366-314ka Rodriguez, 2012
Bousman and Brink, 2017;
6 | Apollo 11 Late Pleistocene 28-17ka Vogelsang et al., 2010
7 | Arago cave Middle to Mid-Late Pleistocene + 350ka Byrne, 2004
8 | Arbo Middle to Mid-Late Pleistocene MIS 7-5 Méndez-Quintas et al., 2019
9 | Armifa cave Late Pleistocene 14-12ka Rios-Garaizar et al., 2020
Hublin et. al 2020 Tsanova,
10 | Bacho Kiro Late Pleistocene ~45ka 2006
Late Pliocene and Early Early Middle
11 | Bailong Cave Pleistocene Pleistocene Lietal., 2014
12 | Baraki Middle to Mid-Late Pleistocene 800-450k Anissutkine et al., 2019
Late Pliocene and Earl
13 | Barranco Leon Pleistocene Y 1,4-1,2 Ma Moyano etal., 2011
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Lewis et al., 2014; Perera et

14 | Batadomba-lena Late Pleistocene ~36-20ka cal BP al., 2011
15 | Benzu Rockshelter Middle to Mid-Late Pleistocene 250-70ka Ramos-Munoz et al., 2016
Late Pliocene and Early
16 | Bizat Ruhama Pleistocene 1,6-1,2 Ma Zaidner, 2013
17 | Bois Laiterie Late Pleistocene 12k cal BP Sano et al., 2011
Iriarte-Chiapusso and
18 | Bolinkoba Late Pleistocene 30-14ka Avrrizabalaga, 2015, 2011
19 | Bone Cave Late Pleistocene 29-post 18k Cosgrove, 1999
Bousman and Brink, 2017;
20 | Boomplaas Late Pleistocene 37-12ka Pargeter et al., 2018
Bousman and Brink, 2017;
21 | Border Cave Late Pleistocene 46-28k a Villaetal., 2012
22 | Bordes-Fitte rockshelter Late Pleistocene 47-39ka Aubry et al., 2014
Kunitake and
23 | Buiryokbastau-Bulak-1 Late Pleistocene 32-31ka Taimagambetov, 2021
24 | Bushman Rock Shelter Middle to Mid-Late Pleistocene 97-73ka Porraz et al., 2018
Cé Belvedere di Monte Late Pliocene and Earl
25 | Poggiolo Pleistocene g 1 Ma Arzarello etal., 2016
26 | Chaminade | Late Pleistocene ~41 ka Nightingale et al., 2019
27 | Combe Brune 2 Middle to Mid-Late Pleistocene MIS 7-6 Mathias et al., 2020
28 | Cova de les Malladetes Late Pleistocene 23-26k cal BP Villaverde et al., 2021
29 | Cretone Basin Middle to Mid-Late Pleistocene 600-500k Ceruleo et al., 2015
Mihailovi¢ and Whallon,
30 | Crvena Stijena Late Pleistocene MIS 3 2017
31 | Cuesta de la Bajada Middle to Mid-Late Pleistocene MIS 9-8 Santonja et al., 2014
Maillo-Fernandez and de
32 | Cueva el Castillo Late Pleistocene 34K Quirés, 2010
Bradtmoller et al., 2016;
Maillo Fernandez, 2003;
Maillo-Fernandez and de
33 | Cueva Morin Late Pleistocene 36-20k Quirés, 2010
Late Pliocene and Earl
34 | Cueva Negra Pleistocene g 990-772k Walker etal., 2020
35 | Danjiangkou Reservoir Region | Middle to Mid-Late Pleistocene Middle Pleistocene Lietal, 2017
36 | Diepkloof Rock Shelter Middle to Mid-Late Pleistocene 100-70,9k Igreja and Porraz, 2013
37 | Dingcun - Lushi Basin Middle to Mid-Late Pleistocene 620-600k Luetal., 2011
Late Pliocene and Earl
38 | Dmanisi Pleistocene g 1,8-1,7 Ma Mgeladze etal., 2011
Late Pliocene and Early
39 | Donggutuo Pleistocene 1,1Ma Liuetal., 2013
Late Pliocene and Early
40 | Dursunlu Pleistocene Middle Pleistocene Slimak et al., 2008
Aurignacian and .
41 | Egerbakta Late Pleistocene Grav%ttian Koztowski et al., 2009
Alvarez-Fernandez et al.,
42 | El Cierro Late Pleistocene 19-12k cal BP 2016
43 | El Horno Cave Late Pleistocene 13-12k Fano et al., 2020
de la Pefia Alonso and
Toscano, 2013; de la Pefia,
44 | El Palomar Late Pleistocene 31-25k 2013
Bousman and Brink, 2017;
Porraz Guillaume et al.,
45 | Elands Bay Late Pleistocene 20-18k 2016
~ 41.9-38.7 ka cal .
46 | Esquicho-Grapaou Late Pleistocene BP Barshay-Szmidt et al., 2020
Late Pliocene and Earl
47 | Fengshudao Pleistocene g 803k Wang etal., 2014
48 | Fonte Santa Late Pleistocene ~24k Zilhdo, 1997
49 | Foz Cba Late Pleistocene ~25k Aubry, 1998
Late Pliocene and Early
50 | Fuente Nueva 3 Pleistocene 1,4-1,2 Ma Moyano et al., 2011
Late Pliocene and Earl
51 | Gadeb Pleistocene g 1,45-700k de la Torre, 2011
52 | Garm Roud 2 Late Pleistocene 28-12ka Cal BP Berillon et al., 2007
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53 | Givat Rabi Middle to Mid-Late Pleistocene 198-95ka Yaroshevich et al., 2018
54 | Gorham's Cave Late Pleistocene 33-24ka Pacheco et al., 2012
55 | Grotta di Castelcivita Late Pleistocene 48-40ka Avrrighi et al., 2020
56 | Grotta di Fumane Late Pleistocene 46-40ka Peresani et al., 2016
57 | Grotta di Sant' Agostino Middle to Mid-Late Pleistocene 55-43ka Kuhn, 1991
58 | Heuningneskrans Late Pleistocene ~29-16k Bousman and Brink, 2017
59 | Hoedjiespunt 1 Middle to Mid-Late Pleistocene 130-119k Will et al., 2013
60 | Houfang Middle to Mid-Late Pleistocene Middle Pleistocene Lietal, 2014
61 | Howieson's Poort Shelter Middle to Mid-Late Pleistocene MSA Tabrett, 2017
Lietal., 2014; Shen et al.,
62 | Huanglong Cave Middle to Mid-Late Pleistocene ~100-40k 2016
63 | Huayang Late Pleistocene 14k cal BP Yue etal., 2020
64 | Isernia la Pineta Middle to Mid-Late Pleistocene 610ka Arzarello and Peretto, 2010
65 | Isturitz Late Pleistocene ~42ka Barshay-Szmidt et al., 2018
66 | Jarama VI rock shelter Middle to Mid-Late Pleistocene ~58-49ka Ruiz et al., 2020
Spinapolice and Garcea,
67 | Jebel Gharbi Middle to Mid-Late Pleistocene Aterian/MSA 2014
68 | Jerimalai Late Pleistocene Post 42k Marwick et al., 2016
69 | Kalavan 1 Late Pleistocene 14ka Montoya et al., 2013
Late Pliocene and Earl .
70 | Kanjera South Pleistocene g ~2 Ma Lemorini et al., 2014
71 | Karungu Middle to Mid-Late Pleistocene 94-45k Faith et al., 2015
Karungu Late Pleistocene 94-45k
72 | Kashafrud Basin Middle to Mid-Late Pleistocene Pre-Acheulean Biglari and Shidrang, 2006
73 | Kilwa Middle to Mid-Late Pleistocene MSA Beyin and Ryano, 2020
74 | Klasies River Cave 1A Middle to Mid-Late Pleistocene 68-59ka Villaetal., 2010
75 | Klipdrift Shelter Middle to Mid-Late Pleistocene 65,5-59,4k Henshilwood et al., 2014
76 | Klipfonteinrand Late Pleistocene 22-13ka Mackay et al., 2020
Darlas, 2007; Starkovich,
77 | Klissoura Middle to Mid-Late Pleistocene 62-53ka 2017
Late Pliocene and Earl
78 | Koobi Fora Pleistocene g 1,9 Ma delaTorre et al., 2004
79 | Kostenki 1 Late Pleistocene 43-35ka Dinnis et al., 2021
80 | Kozarnika Cave Middle to Mid-Late Pleistocene 200-120ka Tillier et al., 2017
Late Pliocene and Earl
81 | LaBoella Pleistocene g 1Ma-800ka Mosquera et al., 2016
82 | La Cansaladeta Middle to Mid-Late Pleistocene 395-370ka Rodriguez-Alvarez, 2016
83 | La Noira Middle to Mid-Late Pleistocene 700-600ka Moncel et al., 2020
84 | Lagar Velho Late Pleistocene 24.5ka Carvalho, 2011
85 | Le Grand Abri aux Puces Middle to Mid-Late Pleistocene MIS 5e Slimak et al., 2010
86 | Leba Cave Middle to Mid-Late Pleistocene MSA de Matos and Pereira, 2020
87 | Les Fieux Middle to Mid-Late Pleistocene MIS 5-3 Faivre et al., 2017
88 | Liang Bua Middle to Mid-Late Pleistocene 95-17ka Moore et al., 2009
Liang Bua Late Pleistocene 95-17ka Moore et al., 2009
89 | Liangshan Middle to Mid-Late Pleistocene 600KkA Lietal., 2014
90 | Lingjing Middle to Mid-Late Pleistocene 125-90ka Lietal., 2019
91 | Llonin Cave Middle to Mid-Late Pleistocene MIS 3 Sanchis et al., 2019
Late Pliocene and Earl
92 | Lomekwi 3 Pleistocene y 3,3 Ma Harmand et al. 2015
Late Pliocene and Early Wei et. al, 2014 Wei et al.,
93 | Longgupo Pleistocene 1,77-1 Ma 2014
Late Pliocene and Earl
94 | Manzi River Pleistocene g Oldowan Barham et al., 2011
95 | Matupi Late Pleistocene 40-12ka Cornelissen, 2002
96 | Melikane Rockshelter Late Pleistocene ~post 40k Mackay et al., 2014
Late Pliocene and Early
97 | Melka Kunture Pleistocene 1,5 Ma Gallotti, 2013
98 | Menez-Dregan | Middle to Mid-Late Pleistocene 223k Ravon et al., 2016
99 | Mochena Borago Rockshelter Late Pleistocene ~43ka cal BP Brandt et al., 2012
100 | Mohelno-Plevovce site Late Pleistocene 23-22ka cal BP Rios-Garaizar et al., 2019
101 | Mpila Middle to Mid-Late Pleistocene MSA Demayumba, 2021
102 | Mugharet el-Zuttiyeh Middle to Mid-Late Pleistocene ~260-106ka Malinsky-Buller, 2016
103 | Mughr el-Hamamah Late Pleistocene 45-39 ka cal BP Stutz et al., 2015
104 | Mumba Rockshelter Late Pleistocene ~40-20ka Marks and Conard, 2008
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105 | Nasera Middle to Mid-Late Pleistocene ~56ka Clark, 1988
106 | Ngalue Cave Middle to Mid-Late Pleistocene 105-42ka Mercader et al., 2009
Ngalue Cave Late Pleistocene 105-42ka Mercader et al., 2009
107 | Notarchirico Middle to Mid-Late Pleistocene 670-610ka Santagata et al., 2020
Gaudzinski-Windheuser,
108 | Oelknitz 3 Late Pleistocene ~12ka 2015
Late Pliocene and Early Arroyo and de la Torre,
109 | Olduvai Gorge Pleistocene 1,8 Ma 2017; Diez-Martin, 2010
Late Pliocene and Early Diez-Martin, 2010; Ludwig
110 | Omo Shungura Pleistocene Early Pleistocene etal., 1998
111 | Orgnac 3 Middle to Mid-Late Pleistocene MIS9-MIS7 Moncel et al., 2012, 2005
112 | Pech-de-I’Az¢é 11 Middle to Mid-Late Pleistocene 180-140ka Mathias et al., 2020
Late Pliocene and Earl
113 | Peninj Pleistocene g 1,6-1,4 Ma de la Torre et al., 2003
114 | Petersfels Late Pleistocene 20-14k Maier et al., 2020
115 | Petit-Bost Middle to Mid-Late Pleistocene 340-270ka Mathias et al., 2020
116 | Pinilla de Valle Middle to Mid-Late Pleistocene 77-71k Marquez et al., 2013
Late Pliocene and Early
117 | Pirro Nord Pleistocene 1,5-1,2 Ma Arzarello et al., 2016
118 | Pockenbank Late Pleistocene 25-19k Bousman and Brink, 2017
Late Pliocene and Early de Lombera-Hermida et al.,
119 | Pont de Lavaud Pleistocene ~1Ma 2016
120 | Prince Cave Middle to Mid-Late Pleistocene 220ka Rossoni-Notter et al., 2016
121 | Puig d'en Roca Middle to Mid-Late Pleistocene MIS12-MIS11 Rodriguez-Alvarez, 2016
Middle to Mid-Late Pleistocene Bousman and Brink, 2017;
122 | Putslaagte 8 and Late Pleistocene 76-50ka Mackay et al., 2015
Bousman and Brink, 2017;
Putslaagte 8 Late Pleistocene 50-17ka Mackay et al., 2015
123 | Qiaojiayao Middle to Mid-Late Pleistocene 620-600ka Luetal., 2011
124 | Radomyshl | Late Pleistocene 24-22ka cal BP Kononenko, 2021
Bousman and Brink, 2017;
125 | Reception Rockshelter Late Pleistocene ~24ka Orton Jayson et al., 2011
126 | Remetea Somos | Late Pleistocene Gravettian Dobrescu et al., 2018
127 | Revadim Middle to Mid-Late Pleistocene 780-460ka Malinsky-Buller, 2016
128 | Rhone Valley Middle to Mid-Late Pleistocene MIS 5-4 Daujeard and Moncel, 2010
Late Pliocene and Earl .
129 | Rietputs 15 Pleistocene y 1,7-1,2 Ma Kuman and Gibbon, 2017
130 | Riparo Broion Late Pleistocene 44-42ka Peresani et al., 2019
Bousman and Brink, 2017;
131 | Rose Cottage Cave Late Pleistocene 29-17ka cal BP Lewis et al., 2014
132 | Schoéningen Middle to Mid-Late Pleistocene 478-424k Van Kolfschoten et al., 2015
133 | Sehonghong Late Pleistocene 26-20k Bousman and Brink, 2017
Late Pliocene and Early Diez-Martin et al., 2011;
134 | Senga Pleistocene Early Pleistocene Ludwig et al., 1998
Late Pliocene and Early
135 | Shangchen Pleistocene 2,12 Ma Zhu et al., 2018
136 | Shlyakh Late Pleistocene 41-34ka Hoffecker et al., 2019
137 | Shuidonggou 2 Late Pleistocene 32-20k cal BP Niu et al., 2016
138 | Shuidonggou locality 7 Late Pleistocene 30-23k cal BP Niu et al., 2016
Late Pliocene and Early de Lombera-Hermida et al.,
139 | Sima del Elefante Atapuerca Pleistocene 1,22 Ma 2015
Son valley — Rampur and
140 | Patpara / i Late Pleistocene Upper Paleolithic Jones and Pal, 2009
Late Pliocene and Earl
141 | Sterkfontein Pleistocene g 2-1,7 Ma McNabb and Kuman, 2015
142 | Tabun Cave Middle to Mid-Late Pleistocene ~263ka Malinsky-Buller, 2016
143 | Teixoneres Cave Late Pleistocene ~ >51-33ka Picin et al., 2020
144 | Ter River basin Middle to Mid-Late Pleistocene ~350-90ka Garcia, 2015
145 | Thomas Quarry Hominid Cave | Middle to Mid-Late Pleistocene 500-360k Raynal et al., 2010
146 | Tian Shan Mountains Late Pleistocene ~32-27ka Kolobova et al., 2021
147 | Toka Middle to Mid-Late Pleistocene Middle Pleistocene Chauhan, 2007
148 | Transbaikal Region Sites Late Pleistocene ~33-16ka cal BP Terry et al., 2016
Bicho et al., 2018; Raja,
149 | Txina Txina Late Pleistocene 14k cal BP 2021
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Kuhn, 2004; Kuhn et al.,

150 | Ucagizh Cave Late Pleistocene 42-29ka 2009
151 | Umbeli Belli Rock Shelter Middle to Mid-Late Pleistocene 40-29ka Bader et al., 2016
152 | Umhlatuzana Late Pleistocene 38-27ka Bousman and Brink, 2017
Late Pliocene and Earl
153 | Untermassfeld Pleistocene g Early Pleistocene Roebroeks etal., 2018
154 | Urtiaga cave Late Pleistocene 17-16ka Fontes 2016 Fontes, 2016
155 | Ushboulak Late Pleistocene 45-44ka cal BP Shunkov et al., 2017
156 | Vale Boi Late Pleistocene 32-11ka cal BP Horta et al., 2019
Late Pliocene and Earl .
157 | Vallparadis Pleistocene g 1Ma-600ka Garcia etal., 2012
Upper Paleolithic/
158 | Warwasi Rockshelter Late Pleistocene Baradostian Tsanova, 2013
Late Pliocene and Early Ma et al., 2020; Yang et al.,
159 | Xiaochangliang Pleistocene 1,36 Ma 2016
160 | Xuchang Man Late Pleistocene 13k Li and Ma, 2016
161 | Yafteh Cave Late Pleistocene 35-24ka Tsanova 2013
162 | Yarimburgaz Cave Middle to Mid-Late Pleistocene Middle Pleistocene Slimack, 2008
163 | Yenisey Valley Late Pleistocene 13-12k Kolobova et. al, 2021
164 | Yujiagou Late Pleistocene 11k Liuetal., 2013
165 | Zaozer’e Late Pleistocene UP Pavlov, 2002
166 | Zhiyu Late Pleistocene 33-28k Liu et. al 2013
167 | Zhoukoudian 1 Middle to Mid-Late Pleistocene 770-240k Li, 2016; Shen et al., 2016

The literature sample is comprised of a mixture of both general and specific papers on

bipolar methods dating from 1963 to 2021. The first group (general papers) is comprised

of studies that were not dedicated to bipolar methods (e.g., lithic technology papers, site

monographs, etc.), but mentioned the presence, context, and other variables used in the

analysis of those methods at archaeological sites.
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Identification of studies via databases

Records identified from:

Databases (n =565)
Other Sources (n =36)

Records excluded due to lacking
information, duplicates, duplicate
information, for being
chronologically or geographically
outside of the study’s scope, etc.:
(n=434)

Records assessed for eligibility:
(n=601) E—

Number of sites included in the
study:
(n=167)

[Analysis ] [ Screening and Eligibllity ] [ Identification ]

Figure 2.1: Flow chart of the sampling process

2.3.2 Recorded variables

With the goal of only including variables that would be consistently present in
interpretations of the application of bipolar methods, the following group of variables
were considered: chronology, site location, function attributed to bipolar artifacts at the
site, raw materials, artifact type, and the size of blanks extracted (see Table 2.2 for
variables and Supplementary Information for the full database). Due to the variation in
the amount of data and its quality in the literature, some harmonization was needed to

provide a comparable view of data from different studies.

Table 2.2. Variables recorded from the analysis of lithic bipolar methods literature
used in this study.

Variable Attributes Observations

Site Name
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Coordinates Latitude and | Due to the lack of precision in the
Longitude literature, several sites show coordinates
of the nearby settlements.
Due to minor representation Oceania was
merged with Asia.
Chronology Late Pliocene and | Between 3.3 and 0.78 million of years
Early Pleistocene | ago
Middle to mid- | Between 780 and 50 thousand years ago
Late Pleistocene
Late Pleistocene Between 50 and 12 thousand years ago
Function Blank Production | On anvil knapping for blank extraction
Tool use Wedging, chiseling, and others
Not Available No interpretation is given in the study
Artifact Type Bipolar Cores Any core reduced on anvil
Scaled Pieces Any artifact in the scaled piece category
Bipolar Cores and | Both categories of artifacts are present at
Scaled pieces the site
Bipolar Blank Only bipolar blanks are present at the site
Others Non-specified artifacts with bipolar
damage or with very low representation
(e.g., split cobbles, bipolar fragments, or
tools with bipolar damage)
Raw Material Chert Includes flint and chalcedony
Quartz Includes all types of quartz
Quartzite
Limestone
Obsidian
Others
Blank Size Large According to the literature
Medium According to the literature
Small According to the literature

The sample covers all regions throughout the Old World (Fig 2). Chronologically, and
due to the large time span of the sample, the sites were grouped following an adaptation
of the methods by Rezek et. al, (2018). We added the Late Pliocene to the Early
Pleistocene group to include the Lomekwian industry where bipolar methods have also
been identified (Harmand et. al, [2015]). This resulted in sites being grouped into the
following chronological phases: Late Pliocene and Early Pleistocene (3.3-0.78 million
years ago [Ma]), Middle to mid-Late Pleistocene industries (780-50 thousand years ago
[ka]), and Final Late Pleistocene (50-12 ka). The chronological attribution of each site in
the sample was made based on the published data for the site (see SOM for the database
and the full reference list). The quality and resolution of each site is far from
homogeneous and absolute. Despite this we consider that due to the macro scope of this

study, this problem is neglectable, posing little to no impact on the overall results.
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Chronology was recorded to explore trends across time. This variable is especially
important, as the sample encompasses 3.3 million of years of stone tool technology that
was created and used by multiple species of hominins.
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Figure 2.2. Location of sites considered in this study. Late Pliocene and Early
Pleistocene sites marked in red triangles; Middle to mid-Late Pleistocene sites marked
in blue squares; and Final Late Pleistocene sites marked in green circles. Numbers
match the ID

As for the variable of functional attribution, the sample was separated into three main
groups: Blank Production, Tool Use, and Not Available. These were mostly based on the
function attributed in the original publication. For instance, several publications only
mention the presence of bipolar cores in their assemblages; in these cases, the function
attributed was Blank Production. Due to the previously mentioned problems with
functional attributions, all functions not related to blank production in this group
(wedging, etc.) were clustered into the Tool Use category. This variable was included as

it has had major relevance in bipolar studies (see previous section).

Regarding Artifact Types, all cores mentioned in the literature that were knapped on anvil

were considered “bipolar cores”. This category includes all types of cores regardless of
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their main reduction scheme (e.g., Levallois cores knapped on anvil were considered
bipolar cores). For the “scaled pieces” group, all artifacts were considered and grouped
regardless of the nomenclature originally used (see previous section for a list terms) or
their use as cores or tools. As it is highly linked to function, this variable sheds light on

what activities were being conducted at the site with bipolar methods.

In the Raw Material variable, only the raw materials that were used for bipolar technology
were recorded. The goal here was to look for patterns in the application of bipolar
methods to specific types of raw material across space and time. Due to the large variation
within this variable, all types of quartz mentioned in the literature were compiled into the
Quartz category. Likewise, all types of flint, chert, and chalcedony were compiled into
the Chert category, and so on. This variable was considered due to the fact that several
studies link raw material availability, quality, and hardness to the use of bipolar
technology (e.g. Gurtov and Eren, 2014; Diez-Martin et. al, 2011).

Lastly, a Blank Size variable was created to understand, whether bipolar methods were
used to reduce small or large cores with the goal of producing small or large blanks. This
variable was included to see if there were any trends in the use of bipolar methods for
artifacts of different sizes (see previous section for the links between bipolar technology
and lithic miniaturization and others). Due to the highly subjective nature of size, and as
only a handful of papers present quantitative data on size, the respective authors’ labels

as being small or large blanks were followed.

Overall, the choice to consider these variables was made to understand large generic
patterns in the use of bipolar methods through space and time. Naturally, given the
diversity of consulted sources, some degree of subjectivity is inherent to the classification
of the selected attributes. We argue that, despite this, the broad harmonization of the data

has little impact on the large-scale results and interpretations of our study.

2.3.3 Data availability

Analyses and data processing were accomplished in R. Following recent concerns on the
reproducibility and transparency of archaeological analysis we include the R code used
for all the analysis contained in this paper as well as the raw database in our online
research compendium which can be accessed at:
www.doi.org/10.17605/0SF.10/2KXDP.
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2.4. Results

Bipolar methods and technology have been identified and described across different
chronological and ecological contexts. The analyzed sample is comprised of a total of 167
sites of which 18.8% have Late Pliocene to Early Pleistocene occupations, 35.9% have
Middle to Mid-Late Pleistocene occupations, and 45.3% have Late Pleistocene
occupations, as shown in Table 2.3.

Table 2.3. Site distribution across region and time frame. Percentages shown in
parenthesis

Chronology Africa Asia Europe Total
Late Pliocene and Early Pleistocene | 13 (40.6) | 9(28.1) | 10(31.3) | 32(100)
Middle to Mi-Late Pleistocene 17 (27.9) | 15 (24.6) | 29 (47.5) | 61 (100)
Final Late Pleistocene 17 (22) | 22 (28.6) | 38(49.4) | 77 (100)

Currently, the end of the Pliocene marks the earliest evidence for the use of stone tools in
the archaeological record, corresponding to the oldest evidence for the use of bipolar
methods dating to c. 3.3 Ma (Harmand et. al, 2015). Site concentration in this phase is
higher in Africa (40.6%) followed by Europe (31.3%) and Asia (28.1%) (Fig 2, Table
2.3). Bipolar cores dominate the representation in all regions, with blanks and others
having minor representation in Africa and Asia (Fig 3). The application of bipolar
methods during this period was likely targeting blank production in a wide variety of raw
materials across all regions. While small blanks tend to be more common for this period,

there is evidence for the use of bipolar methods for producing large blanks in all regions.
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Late Pliocene and Early Pleistocene

132 . Artifact Type
2 50 B?polar Cores _
25 Bipolar Cores and Bipolar Blanks
0 I B Other
Africa Asia Europe
100 _
75 Blank Size
2 50 Large
Large and Small
251 B Small
0 L T T T
Africa Asia Europe
Raw Material
100- aw Materia
Basalt
75 Basalt and Other
3% 501 Chert
254 - Chert and Other
oA B Other

Africa Asia Europe M Quartz

Figure 2.3. Barplots of artifact types, blank size, and raw material types by region across
the Late Pliocene and Early Pleistocene. Data retrieved from 32 sites.

The Middle to Mid-Late Pleistocene period marks the expansion of Mode 2 industries, as
well as the emergence of Homo sapiens and Mode 3 industries. During this time frame,
site representation is higher in Europe (47.5%) followed by Africa (27.9%) and Asia
(24.6%) (Table 2.3, Fig 2). As can be observed in Fig. 4, bipolar cores dominate
representation in Europe and Asia, with minor representation of scaled pieces. In Africa,
while bipolar cores are still the most represented artifact type in this period, the
combination of both bipolar cores and scaled pieces shows very similar frequencies,
followed by a minor representation of sites only containing scaled pieces. While small
blanks tend to dominate the assemblages in all regions, there are cases of large blank
production in Africa and Asia. As far as raw materials are concerned, the trend of
reduction of multiple raw materials carries on from the previous period during this time
frame in Africa. In Europe and Asia, there is a preference for the use of chert and quartz
for bipolar reduction.
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Middle Pleistocene to Mid-Late Pleistocene Artifact Type
1001 .
754 Bipolar Blanks
R 501 Bipolar Cores .
25 4 _ Bipolar Cores and Bipolar Blanks
0- [ | Bipolar Cores and Scaled pieces
Africa Asia Europe B scaled Pieces
1004
751 Blank Size
X 50+ Large
251 Small
0 L T T T
Africa Asia Europe
1004 Raw Material
757 Chert
X 507 Other
254 Quartz
o B Quartite
Afrlica As‘,ia Eurlope

Figure 2.4. Barplots of artifact types, blank size, and raw material types by region
across the Middle to Mid-Late Pleistocene. Data retrieved from 61 sites

The Final Late Pleistocene marks the definitive spread of Homo sapiens throughout the
Old World. Site representation in this period is higher in Europe (49.4%), followed by
Asia (28.6%), and lastly Africa (22%) (Fig. 2, Table 2.3). Artifact types show the highest
variability during this period, with an increase in the combination of bipolar cores and
scaled pieces noted across all regions (Fig. 5). As in the previous period, bipolar cores
tend to dominate the sample with the combination of bipolar cores and scaled pieces rising
in Africa. In Asia, while bipolar cores are the most represented artifact type, it is closely
followed by sites with scaled pieces and, subsequently, the combination of both bipolar
cores and bipolar blanks. In Europe, occupations with only scaled pieces show the highest
representation, followed by bipolar cores and the combination of both. Small blank
production can be considered the primary goal of bipolar methods across all regions. As
far as raw material reduction is concerned, there are notable differences across regions.
In Africa, there is a clear dominance of quartz reduction, and minor representation of
other raw materials. In both Asia and Europe, a rise is noted in chert reduction, with other

raw material reduction displaying lesser representation.
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Final Late Pleistocene Artifact Type
1001 Bipolar Blanks
751 Bipolar Blanks and Scaled pieces
X 501 Bipolar Cores
25+ _ Bipolar Cores and Bipolar Blanks
0- T T T B Bipolar Cores and Scaled pieces
Africa Asia Europe . Scaled Pieces
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Figure 2.5. Barplots of artifact types, blank size, and raw material types by region
across the Final Late Pleistocene. Data retrieved from 77 sites.

While most variables suggest similar trends across time, artifact type seems to indicate a
pattern of change. As function is a variable that is directly linked to artifact type, we
proceeded to run simple Correspondence Analysis on the data to confirm whether there
were trends through time. As Fig. 6 suggests, there is a trend of different functionality
across time. Most of the variability in the data can be explained in the first dimension of
the biplot (93%). This dimension clearly separates the Late Pleistocene sample from the
Late Pliocene/Early Pleistocene and Middle to Mid-Late Pleistocene samples, as the
former is dominated by wedging and the combination of blank production and wedging,

while the later are dominated by the use of bipolar methods to produce blanks.
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Correspondence Analysis - Biplot
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Figure 2.6. Simple Correspondence Analysis biplot summarizing the relationship
between the Function and Chronology variables.

2.5. Discussion

The technological means by which hominins achieved and evaluated efficiency in the use
of stone tools for adapting to different pressures in the environment remains an important
question in human evolution studies. Furthering our understanding of these issues is
crucial if we are to evaluate how different types of technologies and techniques structured
hominin survival and expansion. While the basic principles of flaking remained the same,
different techniques were applied throughout space and time, and bipolar methods were
no exception. The fact that these methods are constantly present across 3.3 million years
of flaking (spanning multiple hominin species and ecological settings) makes it evident
that it was both a successful and impactful factor in hominin adaptations. A major focus
on these questions is needed if we are to better understand hominin migrations and

adaptations to different ecological settings.

Although this paper focused primarily on the Paleolithic record, bipolar methods were
continuously used in Stone Age periods all around the world (Binford and Quimby, 1963;
Binford, 1968; Shott, 1989; LeBlanc, 1992; Carvalho, 2007). Furthermore, modern-day

chimpanzees and capuchins have been recorded using on-anvil percussion for nut-
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cracking activities (e.g. Fragaszy et al., 2004; Sakura and Matsuzawa, 1991). In these
cases, the nut is placed on an anvil and hit with a rock. While the goal is to crack the nuts
themselves, the same principles of bipolar methods are followed. These activities are very
likely to have been performed by early hominins, possibly leading to the original
“discovery” of bipolar knapping and its reoccurrence (e.g. Bril et al., 2015, 2012;
Carvalho et al., 2009; Goren-Inbar et al., 2002).

Our results show a widespread presence of bipolar methods through space and time within
our sample. Due to the large scale of the chronological groups used in this study, smaller
representation patterns may be invisible in data. More in-depth regional studies
addressing bipolar industries may further consolidate interpretations hypothesized in this

study.

One trend that our results suggest is that the use of bipolar methods shifts through time.
In the Late Pliocene and Early Pleistocene, bipolar methods were being used exclusively
for raw material reduction through blank production, as bipolar cores and blanks are the
only artifact types present in the assemblages. In the following period, blank production
is still the dominant type of activity being performed across the Old World, albeit with a
small difference: across all regions, scaled pieces start appearing in the archaeological
record. In Europe and Asia, the appearance of scaled pieces (in neglectable percentages)
poses no change in function, as blank production seems to be the main activity being
performed. In Africa, however, the appearance of scaled pieces is linked with wedging
activities in sites where bipolar knapping is still being performed (see Section 2.1 for the
link between scaled pieces and wedging and/or knapping). This marks the first sighting
of wedging as a—or variation of—bipolar technology. This innovation marked the
subsequent artifact and function variability verified in the Late Pleistocene across all
regions. Interestingly, while in Africa, a combination of bipolar blank production and
wedging is present in this period. In Asia, and particularly in Europe, wedging became a

rather popular activity, often out representing blank production.

This increase in functional and artifact variability in stone tool techniques perfectly aligns
with the results of Rezek et al. (2018). As the authors noted that in the Late Pleistocene
the variation in blank sharp edges considerably increases due to an increase in impact
precision as a result of the introduction and widespread use of new flaking techniques. In

turn, this raises the question of whether wedging spread through cultural diffusion or
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evolutionary convergence. On one hand, the widespread of this technique across the Old
World happens together with Later Stone Age technologies, which could suggest cultural
diffusion. On the other, other industries that have been historically considered to have
been left as a trail by Homo sapiens migrations out of Africa (e.g. Nubian) currently point
to its emergence through evolutionary convergence (Groucutt, 2020; Hallinan and Shaw,

2020). Therefore, it is difficult to argue either theory with the current data.

Regarding wedging, its mechanical concept is the same as bipolar knapping, albeit with
different purposes. This technique allowed bone, stone, wood, and antler to be worked in
a variety of new ways, including carcass processing, grease rendering, or organic tool
production (e.g., de la Pefia, 2011; Horta et al., 2019; Igreja and Porraz, 2013; LeBlanc,
1992; Shott, 1999). This new array of possibilities provided hominins with adaptational
advantages that previously did not exist, allowing for a better chance of survival in new
ecological settings. The current published body of evidence shows no mention of wedging
activities in non-modern human occupations. While evidence for carcass processing dates
as early as the Oldowan (Chazan and Horwitz, 2006; Pickering and Egeland, 2006; Niven,
2013; Arroyo and de la Torre, 2017), there is no published evidence of bone splintering
through wedging that predates the late Middle Stone Age. The same pattern can be
observed regarding bone tools. While there is evidence for bone tools in pre-modern
human occupations (Gaudzinski, 1999; d’Errico and Backwell, 2003; Soressi et al.,
2013), their frequency and complexity rises considerably in the late Middle Stone Age,
Late Stone Age and the European Upper Paleolithic (Brooks et al., 1995; Backwell et al.,
2008; d’Errico et al., 2012). We have no data suggesting that Neanderthals were
recurrently employing bipolar methods for any other activity than knapping (Moncel et
al., 2012; Mérquez et al., 2013; Van Kolfschoten et al., 2015c; Tillier et al., 2017b; Villa
etal., 2018).

The fact that wedging has only been identified in modern human occupations may be
because it was simply invisible to lithicists who were not trained to identify it. Due to its
inherently close mechanical concept with bipolar knapping (which, at this point, has been
part of technological kits for a long-time span), it is unlikely that it requires a necessary
cognitive structure for high-fidelity transmission. However, a hypothesis can be raised as
to whether wedging may have emerged in parallel to diverse and complex technologies
of the Late Pleistocene as a latent solution (Tennie et al., 2017). In other words, the

concept of wedging may have been created through individual low-fidelity social
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learning, where specific environmental stimuli or behavior recognition expressed by
others leads to its conception (Tennie et al., 2017). This is particularly interesting due to

wedging’s mechanical and conceptual similarity to nut cracking.

Another pattern that our results reveal is that bipolar knapping seems to have been used
as means to produce small and occasionally large blanks from small cores through space
and time. Data suggests that bipolar methods were used for the reduction of variable
quality raw materials in different sizes, albeit these were mostly small. While previous
studies have mentioned that obtaining cutting edged bipolar methods can be less efficient
than freehand methods (Diez-Martin et al., 2011; B. Morgan et al., 2015), its advantages
may have been enough for their recurrent use, especially when linked with highly mobile
human groups raw material conservation, and time-efficient knapping of hard raw
materials (Hiscock, 1996, 2015a; Gurtov et al., 2015; Shea, 2015; Pargeter and de la Pefia,
2017). Lastly, free-hand knapping is often constrained by raw material size volume due
to the way the materials fit into the human hand, as volumes that are too big or too small
cannot be accurately gripped or hammered. This problem can be circumvented by using
bipolar methods, as the core is supported on the anvil or on the ground, increasing the

window of reduction of any raw material volume.

Interestingly, the data on bipolar knapping does seem not support phenomena of cultural
diffusion, but possibly evolutionary convergence. Data seems to suggest that the use of
bipolar knapping will vary from site-to-site, as sites in the same region have different
patterns. Gurtov et al. (2015) argued that bipolar knapping appears in the archaeological
record through recurrent convergent evolution, which is possibly linked to its low skill
requirement. In these scenarios, it is possible that the reoccurrence of bipolar knapping is
due to it being a latent solution (Tennie et al., 2017), rather than cultural or technological

tradition.

In human evolution, the decision-making process of using bipolar methods opposed to
freehand methods is an interesting point. Based on the evidence presented, it is clear that
efficiency evaluation played a role in hominin decision-making, even in early periods.
This is especially the case when both biotic and abiotic resources are scarce or of lower
quality. In these moments, efficiency plays an important role, as resources need to be
managed and economized. Previous studies have proposed that hominins understood the

advantages of using bipolar methods by recognizing its advantages as a low-cost solution
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for obtaining sharp edges, its time efficiency, and lack of skill constraints (de la Torre,
2011; Diez-Martin et al., 2011; Gurtov and Eren, 2014; Jones et al., 1994; Ludwig et al.,
1998; Whiten et al., 2009). Based on our results and the available data, it seems reasonable
to argue that hominins showed a degree of understanding in the evaluation of efficiency
to achieve specific goals early-on. This likely played a pivotal role in shaping hominin

expansion, survival, and adaption strategies.

Taking all data into consideration, the application of bipolar methods through time
provided a flexible way to improve the efficiency of resource exploitation. Whether for
expediency or economization, hominins were better prepared for episodes of migration
to new territories, rapid environmental changes, resource stress, competition and
increases in demography because they were applying bipolar methods. Despite often
being characterized as simple, expedient, and of low cognitive meaning, bipolar
technology should be considered when attempting to understand hominin decision
making and problem solving. The fact that the evaluation of stone tool efficiency was
present in early periods has interesting implications for the evolution of hominin
cognition. This is particularly important when the concept of wedging is introduced and
apparently used by a single species. Wedging allowed for further enhancement of the
effectiveness of carcass processing, bone marrow extraction, antler and woodworking,
and bone/wood tool production. At the same time, it can be argued that bipolar methods
for wedging allowed for a flexible and efficient resource exploration, which significantly
contributed to modern humans’ unique ecological plasticity (Roberts and Stewart, 2018).
As such, these methods helped shape both the survival and expansion of human groups
to new territories, or in periods where resources were scarce or unpredictable. Based on
this body of evidence, bipolar methods can be considered both a technological and
cognitive response to problem solving. This is particularly evident when considering that
these methods allowed hominins to achieve higher efficiency levels when performing a
single task, whether it is for expedient solutions, raw material conservation, or exploiting
other organic resources. The continuous evolution of how these methods were employed
through time can also be considered an important marker for understanding technological

innovation and adaptation strategies.
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2.6 Conclusions

Our data suggests that hominins recognized the advantages of applying bipolar methods
in a wide array of contexts through time. While the concept of putting a stone tool on a
hard surface to break or flake it by applying a bipolar force could be considered an
expedient low-cost strategy of little cultural significance, it can alternatively be
understood as a behavioral response regarding the use of lithic materials to better achieve
a specific goal. By recognizing the advantages of applying these techniques, hominins
would theoretically be better prepared to face periods of economic stress, environmental

pressure, high mobility, and limited understanding of new territories.

This paper presents a contribution to a growing realization that this often-neglected
method for hominin survival and adaptation is important. While recent literature has gone
beyond understanding functional advantages, we still need to further explore the
cognitive, technological, and cultural contexts of these applications through space and
time. By doing this, we will be able to further reconstruct how bipolar methods structured

hominin survival and expansion.

41



THE ROLE OF LITHIC BIPOLAR TECHNOLOGY IN THE ADAPTATION OF THE FIRST HUMANS IN EUROPE

Chapter 111

THE ROLE OF LITHIC BIPOLAR TECHNOLOGY IN
WESTERN IBERIA’S UPPER PALEOLITHIC: THE CASE OF

VALE BOI (SOUTHERN PORTUGAL)

Pedro Horta* (ICArEHB, University of Algarve, Faro, Portugal)
Jodo Cascalheira (ICArEHB, University of Algarve, Faro, Portugal)
Nuno Bicho (ICArEHB, University of Algarve, Faro, Portugal)

*corresponding author | email: pedroehorta@gmail.com | phone: +351 911 005 506
ORCID ID: 0000-0001-7313-338X

DOI:10.1007/s41982-019-0022-5
Abstract

Scaled or splintered pieces are one of the most common lithic artifacts type in Upper
Paleolithic assemblages throughout Europe, especially in its westernmost regions.
Despite this, and even after one century of being identified there is still no consensus on
how to define, analyze or interpret these tools. In western Iberia there is a clear lack of
comprehensive studies regarding this type of artifacts at a regional scale. In this paper we
present a first techno-morphological analysis of a sample of scaled pieces from the Upper
Paleolithic site of VVale Boi. Our first aim was to build upon existing analytical models in
order to identify function and possible reduction strategies for these artifacts. Our second
goal was to critically evaluate the role of these artifacts within western Iberia’s Upper
Paleolithic. Our results showed that functional identification of scaled pieces is still not
clear. By comparing our data with other author’s we found that current models could not
be applied to the archaeological record, as the attribute variability is too high.
Furthermore, in this region we found that higher frequencies of bipolar technology can
be found related to residential sites due to both functional and cultural patterns. While we
still cannot define a specific function for these artifacts (intermediate pieces or wedges

for working hard raw materials or cores for the extraction of chips and small bladelets),
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it is clear that they had a major role in the variability and intensification of resource

exploitation during the Upper Paleolithic in western Iberia.
Keywords

Stone tools; Bipolar technology; Upper Paleolithic; Western Europe
3.1 Introduction

Bipolar technology is generically classified into two types of lithic artifacts - bipolar cores
and scaled pieces (also known as splintered pieces or piece esquilée), this latter being the
main focus of this paper. Their distinction, however, has not always been consensual
(Hayden 1980). Besides the fact that bipolar cores are often confused or lumped with
scaled pieces (de la Pefia 2011; Villa et al. 2018), the definition of scaled piece has
suffered significant changes ever since its initial identification in the early 20th century
and, to this day, there still seems to be no world-wide accepted clear definition for this
type of artifact. The first definition of scaled pieces was proposed by Bardon and
Bouyssonie (1906), describing them as a result of bipolar knapping through direct
percussion, with the “core” resting on a hard surface, originating splintering in both ends
of the tool. Since then, several other definitions were adopted and adapted by researchers
for a very diverse set of contexts across the world (e.g. Hayden 1980; MacDonald 1985;
Octobon 1938; Shott 1989; Sonneville-Bordes and Perrot 1956).

Beyond the classification debate, the biggest issue with this type of tools comes from a
functional standpoint, a problem that has also been largely debated (e.g. Binford and
Quimby 1963; de la Pefia 2011; Flood 1980; Igreja and Porraz 2013; LeBlanc 1992; Lucas
and Hays 2004; Shott 1999; Tixier 1963). The issue surrounding this problem lies within
the functional equifinality of these artifacts. Contrary to bipolar cores that are exclusively
part of a technological reduction sequence with the goal of blank extraction (e.g. Binford
and Quimby 1963; Crabtree 1972; Leaf, 1979), scaled pieces have been associated with
two distinct types of activities: (1) as intermediate pieces or wedges for working hard
organic raw materials (e.g. bone, ivory, antler); and (2) as cores for the extraction of chips,
small flakes and bladelets (Brantingham et al. 2004). Although largely debated, the
ambiguity of this classification has, however, been ignored in some of the most recent

literature, with some authors not acknowledging that bipolar evidence in stone tools might
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also result from other activities other than only reduction strategies (see e.g. Hiscock
2015a).

Many current studies on scaled pieces apply use-wear methods (e.g. Bader et al. 2015; de
la Pefia 2011, 2015a, 2015b; de la Pefia and Wadley 2014; Gibaja et al. 2007; Igreja and
Porraz 2013; Lucas and Hays 2004; Sano 2012), focusing on the identification of polishes
and use-wear patterned stigmas, through both micro and macroscopic analysis of
splintered surfaces and its comparison with experimental assemblages. Frequently, these
studies coincide in interpreting scaled pieces as intermediate elements for the work of
hard organic raw materials. The study by P. de la Pefia (2011, 2015b) is one of the most
recent and relevant references in this regard. The author presents the results of an
experimental program aiming to identify specific wear patterns in the use of bipolar
techniques that allow the distinction between different types of activities and worked
materials. Results indicate that while no visible differences can be identified in the
percussion area, significant variation can be observed in the morphology of the areas in

contact with the worked material.

As in many other regions and Stone Age periods across the world (e.g. Diez-Martin et al.
2009; Igreja and Porraz 2013; Langejans 2012; White 1968), evidence of bipolar
technologies are quite ubiquitous in European Upper Paleolithic contexts. In many sites,
bipolar elements classified as scaled pieces have been associated with different
functionalities (see e.g. de la Pefia 2011; Sano 2012; Zilhdo 1997).

In the case of the westernmost regions of Iberia, scaled pieces are commonly found in
archaeological contexts ranging from the Upper Paleolithic to the Neolithic (e.g. Bicho
2000; Carvalho 1998; Zilhdo 1997). While scarce, the majority of Portuguese Paleolithic
studies (e.g. Almeida 2000; Goncalves 2012) have not presented, so far, any context-
specific interpretations for the presence of scaled pieces. Most references broadly
interpret these as bipolar cores for the extraction of small flakes, bladelets and chips to be
used in composite tools (e.g. Zilhdo 1997), or as intermediate pieces for working hard
materials (Gibaja et al. 2007; Marreiros 2009). Zilhdo (1997), for example, argues that
the presence of scaled pieces throughout the Upper Paleolithic sequence of central
Portugal is inversely proportional to the presence of “carinated cores”, and thus it is likely

that the former should have worked as a flexible substitute for the latter. Carvalho (1998)
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agrees with this interpretation and considers it also valid for the Portuguese early
Neolithic.

While we agree that some of the elements might have been used as cores, these
interpretations seem simplistic, and those studies seem to have little to no analytical
evidence to back those hypotheses, other than the inverse relationship mentioned above.
This results, in part, from the lack of comprehensive studies regarding this type of artifacts
at a regional scale. Additionally, the contexts from where most of these artifacts were
recovered did not have good organic preservation or dedicated use-wear studies and, thus,
no direct association between these tools and the exploitation of hard organic raw
materials is possible, and, in face of the nonexistence of any absolute dates, their precise

chronological attribution is also, frequently, unreliable.

In this paper, we present a first approach to the characterization of the morpho-
technological variability and consequent role of scaled pieces during the Upper
Paleolithic of the westernmost regions of Iberia (c. 32—10 ka cal BP). Using data from the
multi-component, thoroughly dated, site of Vale Boi, located in southern Portugal, we
present the analysis of a series of technological and morpho-functional attributes of a
relatively large set of scaled pieces coming from one of the areas of the site. Using these
data as a starting point, we then explore the relationship between the variability detected
in the production and use of these artifacts with inter-site lithic technological patterns,
and with the striking evidence for an intensification and diversification of faunal

resources exploitation during the time-span under consideration.
3.2 Vale Boi

The archaeological site of Vale Boi is located in the western edge of the Algarve region
(southern Portugal) (Fig. 1). The site can be found in a small valley following a river
north-south for 2 km, until it reaches the Atlantic Ocean. Archaeological deposits occupy
an estimated area of over 10 000 sg. meters across a stepped slope, marked at the top by
a 10 meter-high limestone cliff face (Bicho et al. 2010, 2012).

A rather complete Upper Paleolithic sequence has been identified at VVale Boi, with all
the traditionally-defined techno-complexes (Gravettian, Proto-Solutrean, Solutrean and
Magdalenian) being identified across the three main excavation areas: the Terrace, the

Rockshelter, and the Slope.
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The Terrace area is located in the lower part of the hill. In this area, the longest
archaeological sequence of the site can be found, including the complete Upper
Paleolithic sequence but also three Holocene horizons, corresponding to Neolithic,
Mesolithic and Epipaleolithic occupations (Bicho et al. 2012; Cascalheira et al. 2017).
From within the lower levels of this area, an Early Gravettian occupation was discovered,
dated to c. 32 ka cal BP, being one of the earliest radiocarbon dates for anatomically
modern humans in Southern Iberia (Bicho et al. 2013; Marreiros et al. 2015).

The Rockshelter area is a collapsed rock shelter located in the upper part of the slope, a
couple of meters below the limestone cliff. This collapse would have occurred after the
Last Glacial Maximum, since below the collapsed debris, several Solutrean occupations
can be found, overlaying a sequence of very ephemeral Gravettian horizons (Cascalheira
et al. 2012; Manne et al. 2012; Marreiros 2009). The Solutrean is dated to between c. 20
ka and 25 ka cal BP (Cascalheira and Bicho 2015), while the Gravettian is dated between
26 ka and 32 ka cal BP (Marreiros et al. 2015).

Finally, the Slope section, from where the assemblage here presented is coming from, is
composed of a series of excavation areas opened across the mid-hill sector of the site.
These areas exhibit heterogeneous conditions in terms of site formation processes and
archaeological preservation (Manne et al. 2012), but all revealed the presence of
occupations attributed to the Gravettian, Proto-Solutrean, Solutrean and Magdalenian.
Like in the previous areas, remains are well preserved, and high frequencies of lithic
artifacts, malacological and mammalogical fauna and bone tools were recovered. No
habitation features were identified in this area and based on the conditions and type of
artifacts found, it has been suggested that this area would have mostly functioned as a
midden deposit (Bicho et al. 2012, 2010).
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Figure 3.1. Location of the site of VVale Boi. Map data are from Stamenmap
(http://maps.stamen.com), using the ggmap package Kahle and Wickham (2013).

3.2.1 Lithic technology

Vale Boi’s lithic studies have revealed a general tendency for stable technological and
functional patterns throughout the Upper Paleolithic (e.g. Bicho et al. 2012; Bradtmdéller
et al. 2016; Cascalheira 2013; Cascalheira et al. 2017, 2012; Gibaja and Bicho 2011;
Marreiros and Bicho 2013; Marreiros et al. 2015, 2018; Marreiros 2009). This can be
explained, partially, by raw material availability. Most raw materials were procured
locally, or regionally from deposits located at no more than 20 km away from the site
(Bicho et al. 2010). Chert was the most used rock type for more complex retouched tools
production, while quartz and greywacke were mostly used for flake extraction and simple
retouched tools production. Other raw materials can be found at the site, but much more
restricted, both diachronically and functionally, within each techno-complex. Schist, for
instance, shows up in some occupations almost exclusively connected to mobile art.
Dolerite is only found in the Proto-Solutrean levels (Belmiro et al. 2017), while
chalcedony is mostly limited to the Proto-Solutrean and Solutrean levels (Cascalheira et
al. 2012).

Chert is the most abundant knapped rock type in Vale Boi. Throughout the several

occupations, chert was considered the preferred rock type for knapping, which is evident
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by the way it was explored with much more complex strategies than either greywacke or
quartz. While it can be said that chert exploration strategies were more elaborate, the most
common strategies were still simple unidirectional or bidirectional reduction sequences,
producing mostly flakes (Marreiros et al. 2012). Elongated products are found at low
frequencies across all chronologies. When present, retouched tools are mostly notches,
denticulates, end-scrapers, and, although not retouched artifacts per se scaled pieces. One
possible reason for these simplistic strategies seems to be an overall low knapping quality,
since nodules are quite small, and frequently show a high degree of tectonically derived

fractures (Pereira et al. 2016).

Two distinct types of quartz were identified at the site. The first is a thick grain, low-
quality type, mostly inadequate for knapping. Still, this kind of quartz is present in large
quantities and is most likely associated with stone boiling and grease rendering activities
(Bicho et al. 2012; Manne 2010, 2014; Manne and Bicho 2009; Manne et al. 2012). The
second type of quartz is characterized by finer-grain small pebbles with yellowish cortex.
This type of quartz was knapped using rather simple strategies, mostly for small flake

production, which in turn were used to produce simple and versatile tools.

Greywacke is the third most frequent raw material at VVale Boi, showing up in the site
mostly in the form of large slabs, in which the identification of concavely shaped impact
marks is thought to result from their use as anvils. The importance of greywacke anvils
is indicated by its high frequency, with hundreds of slabs found in many levels throughout
all occupations (Bicho et al. 2012; Manne et al. 2012). Greywacke was also knapped for
flake extraction, using expedient unidirectional reduction strategies (Cascalheira 2013;
Marreiros 2009).

3.2.1 Subsistence patterns

Organic preservation is fairly good at Vale Boi. Faunal remains can be frequently found
in all occupations, both of terrestrial and marine resources. Marine fauna at the site is
marked by the presence of mollusks, crustaceans, some fish vertebrae and, in rare
occasions, marine mammal remains (Manne 2010). Regarding terrestrial fauna, three
species dominate the vertebrate group: rabbit (Oryctolagus cuniculus), red deer (Cervus
elaphus) and horse (Equus caballus). Smaller amounts of wild ass (Equus hydruntinus),
aurochs (Bos primigenius), ibex (Capra pyrenaica) and wild boar (Sus scrofa) are also
present (Manne 2010, 2014; Manne et al. 2012). One of the most interesting patterns
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within the faunal assemblages is that a large portion of ungulate remains present specific
types of fracture that have been associated with bone marrow extraction activities. Red
deer and horse remains frequently show evidence of opposed cone fractures, trituration
and smashing (Manne 2010, 2014; Manne and Bicho 2009; Manne et al. 2012).

Ungulates would have been hunted and processed in a similar fashion throughout the
Upper Paleolithic. While there were conditions for the whole bones to be preserved, these
bones are frequently anthropically broken. These fragmentation patterns seem to be
linked to grease rendering activities (Manne 2010, 2014; Manne et al. 2012). The main
goal of grease rendering is to obtain grease, through heat exposure from animal bones, as
it has a very high caloric value. Other than this, this grease could have many uses with
the addition of being easily stored and transported (Manne et al. 2012). The spongeous
bone parts would be fragmented and deposited in a hole, covered with animal pelts full
of water, after which, pre-heated rock fragments were added. The high temperature of the
rocks would make the water boil and therefore separate the grease from the spongeous
bones creating a highly nutritional stew. After being cooled the grease would accumulate
at the top where it could be easily removed, transported and stored. Unlike simple bone
marrow extraction, this method involved large preparation, including water transport, fire,

and heat production, rock heating, and finally the storing of the grease (Manne 2014).

These grease rendering techniques are thought to be quite common at the site since the
parts of the bones with higher amounts of fat are missing despite the good preservation
of the rest of the remains. Fragmented ungulate remains show up in the site connected to
large amounts of thermo-altered quartz, anvils, hard hammers and scaled pieces. This
suggests that red deer and horse bones were processed and afterward intensively grease
rendered. To confirm this, a single scaled piece was found stuck to a cracked phalanx in
a Gravettian horizon (Manne 2010, 2014; Manne and Bicho 2009; Manne et al. 2012).

3.3 Methods
3.3.1 Scaled pieces attribute analysis

Based on previous works (e.g., Hayden 1980) here we define scaled pieces as artifacts of
variable size and morphology, showing traces of crushing and splintering of edges at
opposite ends, caused by direct percussion at one end, and subsequent crushing of the

other for being rested on a hard surface. Scaled pieces present always two opposite
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surfaces, just like a flake or blade would, but at least one of them shows signs of crushing.
Crushing traces can be bifacially or unifacially distributed. Some scaled pieces do not
present crushing in opposed platforms, but are still classified as scaled pieces here. This
detail has been previously referred by Villa et al. (2018) who noted that some edges may
present a flat (instead of intensively shattered) platform. Our criteria does not include a
particular type of blank because, as we will show in later sections of the paper, these
artifacts can originate from flakes, blades or debris.

On the contrary, following mostly Hayden (1980) and Leaf (1979), bipolar cores are not
marked by bifacially opposed surfaces. Their shape is more blocky and angular, showing
evidence of, at least, one flaking surface with two opposed platforms (the striking
platform and the base) with typical crushing and flake removal on one or both ends. The
striking platform is the surface that is struck with a hammerstone to produce blanks.
Typically, it exhibits little crushing except near the point of impact. Large flake scars tend
to originate at the striking platform. The base is the surface that rests on the anvil, from

where small flake scars can also originate.

All lithic artifacts recovered from the Slope area of Vale Boi that fit the scaled piece
definition presented above were considered for this study, independent of raw material or

technological class.

Attribute analysis was split into two main groups, each corresponding to two distinct
types of features: (1) technological attributes (Table 3.1) and (2) morpho-functional
attributes (Table 3.2). In the first group, a series of variables traditionally used in lithic
studies (e.g. Andrefsky Jr 2005; Inizan et al. 1999) were recorded, aiming to characterize
patterns of blank choice for the application of bipolar technology. For the second group
of variables, a macroscopic approach building upon the work of de la Pefia (2011) and
Fischer et. al (1984) was adopted. Studies by Sano (2012), and Gibaja et al. (2007)
indicate that, since use-wear traces are formed before the splintering, the removal of small
chips removes most of the polishes and use-wear traces left by the contact with the static
element (either a stone anvil or hard-organic materials). This, together with the large
presence of quartz artifacts in our sample, prevented us to pursue a microscopic use-wear

approach for this study in particular.
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Table 3.1. Technological attributes used for the analysis of scaled pieces included in this

study.
Variable name in
Variable database Values Observations
Raw Material RawMaterial Quartz
Chert
Greywacke
Chalcedony
Others
Type of blank Blank Blade

BladeFragment

Bladelet

BladeletFragment

Core

Flake

FlakeFragment

Nodule

Non_Identifiable

Length of the Typological AxisLength mm Typological axis is defined as a vector

typological axis that proceeds perpendicular to the two
opposed damaged platforms, bisecting
them

Length of the Technological AxisLength | mm Same as axis of flaking in Debénath and

technological axis Dibble (1994)

Width of the Typological AxisWidth mm Distance at a mid-point between two

typological axis edges of the artifact, as measured
perpendicularly to the typological length

Width of the Technological AxisWidth mm Distance at a mid-point between two

technological axis edges of the artifact, as measured
perpendicularly to the technological
length

Thickness Thickness mm Measured at the intersection of the
typological length and width

Axes coincidence | AxisCoincident Yes Coincidence between the typological
and technological axes

Retouch presence | Retouch Absent Presence of retouch in artifact’s edges

Present
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Percentage of

cortex

Cortex

No_Cortex

>25%

25-50%

50-95%

>95%

Platform type

Butt

Absent

See Inizan et al (1999) for description of

each value

Cortical

Dihedral

Faceted

Pointed

Flat

Profile

Profile

Straight

Curved

Irregular

Twisted

Cross-section

morphology

CrossSection

Other

Irregular

Rectangular

Trapezoidal

Triangular

Longitudinal
section

morphology

SideSection

Elliptical

Irregular

Other

Rectangular

Semicircular

Trapezoidal

Triangular

Blank edge
morphology

BlankShape

Biconvex

Circular

Converging
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Diverging

Irregular

Others

Parallel

Scar dorsal

pattern

DorsalScars

Bidirectional-

Alternating

Bidirectional-

Parallel

Bidirectional-

Perpendicular

Non_Identifiable

Parallel-Distal

Parallel-Proximal

Parallel-One-Side

Radial

Other

Fire traces

Fire

Burnt

No_traces

Thermal-Treatment

Table 3.2. Morpho-functional attributes used for the analysis of each damaged platform

of scaled pieces included in this study. *Adapted from Gonzalez-Urquijo and Ibanez-
Estévez (1994). **Adapted from de la Pefia (2011).

Variable name in
Variable database Values Observations
Number of damaged DamagePlatforms 1
platforms
2
3
4 or_more
Platform Width Width mm
Number of scars NScars N
Platform Angle Angle <45°
>45°
Platform >90° angle
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Platform Delineation*

ScarEdgeDelineation

Concave

Convex

Irregular

Oblique

Pointed

Straight

Degree of damage**

DamageDegree

High

No traces of the original platform are

visible

Medium

Some traces of the original platform are
visible

Low

Original platform is visible

Scars Shape**

ScarShape

Half-Moon

Irregular

Mixed

Quadrangular

Semicircular
Trapezoidal
Triangular
Scar Distribution* ScarDistribution Central Scars are limited to the central area of the
platform
Lateral Scars are limited to one of the sides of the
platform
Total Scars completely cover the platform
Scar Disposition* ScarArrangement Aligned Scars are parallel and next to each other
without overlapping
Isolated Scars are isolated
Overlapped Scars overlap
Scar Extension** ScarExtension Invasive Scars extent to a maximum of 49% of the
typological axis length
Marginal Scars extent to a maximum of 20% of the
typological axis length
Mixed Scar extension is both invasive and
marginal
Scar Facial ScarFacialDistribution Bifacial Scars are present in both faces of the
Distribution** platform
Unifacial Scars are present in only one face of the

platform
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Macroscopic morpho-functional attributes were separately analyzed for each damaged
platform, aiming to detect patterns of morphological change that occurred in artifacts
during use. Following the work of de la Pefia (2011, 2015b) and Gonzalez-Urquijo and
Ibanez-Estévez (1994), we expected that these attributes would be indicative of which
function the artifacts had. For instance, according to de la Pefia (2011, 2015b), for pieces
used as wedges the delineation of the damaged platforms are constantly asymmetrical and
only the hammered edge clearly shows the typical écaille retouch. Furthermore, these
pieces would have irregular shapes, variable scar size, and irregular scar distribution. On
the other hand, pieces used as bipolar cores would have squared or rectangular shapes,
symmetric straight damaged platforms, and a higher frequency of scars on the hammered
edge than on the opposed edge. The addition of other attributes drawing upon the work
by Gonzalez-Urquijo and Ibanez-Estévez (1994) was made following the same reasoning.
We expected, thus, to be able to differentiate pieces used as wedges from pieces used as
cores, as both groups would show distinct combinations of attributes. To assist us with
this differentiation we tested the presence of the referred patterns within our assemblage
using descriptive and multivariate statistical analysis and comparing it with the data

described by the referred authors.
3.3.2 Analysis, reproducibility and open source materials

All analyses and data processing were accomplished in R (version 3.5.1) (R 2013).
Following recent concerns on the reproducibility of archaeological analysis we include
the entire R code used for all the analysis and visualizations contained in this paper in our
online research compendium at https://dx.doi.org/10.17605/0OSF.IO/WPXGH. To
produce those files we followed the procedures described by Marwick et al. (2017) for
the creation of research compendiums to enhance the reproducibility of research. The files
provided contain all the raw data used in our analysis as well as a custom R package
(Wickham 2015) holding the code used for all analysis and to produce all tables and
figures. To enable maximum re-use, our code is released under the MIT license, our data

as CC-0, and our figures as CC-BY, (for more information see Marwick 2016).
3.4 Results

A total of 139 scaled pieces were analyzed, of which 42.45% come from Gravettian, and
45.32% from Solutrean levels, as shown in Table 3.3). In terms of raw materials, the great
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majority of pieces were either made on quartz or chert, with chalcedony being represented

only by 5 artifacts.

Table 3.3. Frequencies of scaled pieces used in this study, by raw material and

chronological period. Percentages are shown in parentheses.

Chert Quartz Chalcedony | Total
Gravettian 20 (32.8) | 39 (53.4) | 0(0.0) 59 (42.4)
Proto-Solutrean | 6 (9.8) 4 (5.5) 1 (20.0) 11 (7.9)
Solutrean 32(52.5) | 27 (37.0) | 4 (80.0) 63 (45.3)
Magdalenian 3(4.9) 3(4.1) 0 (0.0) 6 (4.3)

As previously mentioned, concerning technological data, one of our main objectives was
to characterize the choice of blanks involved in bipolar technology. Overall, the
technological analysis revealed some trends that lasted throughout the Upper Paleolithic,
in agreement with the general patterns of lithic technology recorded for the site. Across
all techno-complexes, blanks used were either flakes (based on the recognition of dorsal
and ventral surfaces) or unclassifiable fragments, but the choice seems to be different for
each raw material. For quartz, in the Gravettian assemblage, the blank types are almost
equally split between flakes and unclassifiable pieces (Table 3.4). In other periods, flakes
were the preferred type of blank (Tables 3.6, 3.5 and 3.7). Regarding chert, in every
occupation flakes dominate the assemblages, followed by a reduced number (n = 12) of
unclassifiable blanks. The small sample of chalcedony blanks is exclusively represented
by flakes.

Technological and morphological characteristics of the flake blanks present very similar
patterns across time and among raw materials. The blanks sought after would have
straight profiles, parallel edges, no cortical surfaces and trapezoidal or triangular shaped

cross-sections.

Other characteristics of the assemblage are the low frequency of retouch found in the non-
damaged edges (n = 2), fire alterations (n = 4), and the presence of original striking
platforms (n = 8). Still, when present, retouch is located in the lateral part of the artifacts,
similar to what would define a side-scraper. In a very small number of cases, when
striking platforms are present, these are mostly flat. The absence of the original blank
platforms is to be expected in this type of artifact, mostly due to the functional use of the

pieces, and consequent removal of the platform, rather than an actual choice. The large
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absence of platforms may, also, be the result of the use of the technological axis as main
functional axis. In fact, when identifiable, technological and typological axes coincide in
50.5% of the cases. The longitudinal sections show a large variability of shapes,
independent of raw materials or chronologies. Similarly, the dorsal pattern of previous
removals was rarely identified, although this, like with the case of platform absence,
might occur due to the functional stigmas and be dependent on the intensity of use for
each artifact.

Table 3.4. Technological attributes frequencies by raw materials for the Gravettian
sample. Percentages are shown in parentheses.

Chert Quartz Total

Blank

CompleteFlake 6(33.3) | 7(30.4) 13 (31.7)

FlakeFragment 12 (66.7) | 15(65.2) | 27 (65.9)

Non_identifiable | 0 (0.0) 1(4.3) 1(2.4)

AxisCoincident

No 9(50.0) | 7(30.4) | 16(39.0)

Yes 9(50.0) | 16 (69.6) | 25 (61.0)

CrossSection

Other 0(0.0) | 0(0.0) 0 (0.0)
Rectangular 1(5.6) 3(13.0) 4(9.8)
Trapezoidal 10 (55.6) | 15(65.2) | 25(61.0)
Triangular 7(389) |5(21.7) 12 (29.3)
SideSection

Elliptical 4(222) | 5(17) |9(22.0)
Irregular 1(5.6) 1(4.3) 2(4.9)
Other 2(11.1) | 0(0.0) 2 (4.9)
Rectangular 1(5.6) 0 (0.0) 1(2.4)

Semi_Circular 1(5.6) 6 (26.1) 7(17.1)

Trapezoidal 8(44.4) | 7(30.4) 15 (36.6)
Triangular 1 (5.6) 4(17.4) 5(12.2)
Profile

Curved 2(11.1) | 0(0.0) 2(4.9)
Straight 16 (88.9) | 23 (100.0) | 39 (95.1)
BlankShape
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Biconvex 0(0.0) 2 (8.7) 2 (4.9)
Circular 2(11.1) | 2.7 4(9.8)
Converging 0(0.0) 0(0.0) 0 (0.0)
Irregular 2(111) | 2(8.7) 4(9.8)
Other 1(56) |1(4.3) 2(4.9)
Parallel 13(72.2) | 16 (69.6) | 29 (70.7)
Cortex

<25% 2(11.1) | 1(43) 3(7.3)
>95% 0(0.0) |1(43) 1(2.4)
25-50% 2(11.1) | 0(0.0) 2(4.9)
50-95% 2(11.1) | 0(0.0) 2(4.9)
No_Cortex 12 (66.7) | 21 (91.3) | 33(80.5)
ButtType

Absent 14 (77.8) | 23 (100.0) | 37 (90.2)
Flat 4(22.2) | 0(0.0) 4(9.8)
Retouch

No 17 (94.4) | 23 (100.0) | 40 (97.6)
Yes 1 (5.6) 0(0.0) 1(2.4)
Fire

Burnt 1(5.6) 0(0.0) 1(2.4)
No_Traces 17 (94.4) | 23 (100.0) | 40 (97.6)

Table 3.5. Technological attributes frequencies by raw materials for the Proto-Solutrean

sample. Percentages are shown in parentheses.

Chert Quartz Chalcedony | Total
Blank
CompleteFlake 3(60.0) | 2(50.0) | 0(0.0) 5 (50.0)
FlakeFragment 2 (40.0) | 2(50.0) | 1(100.0) 5 (50.0)
Non_identifiable | 0 (0.0) 0(0.0) 0 (0.0) 0(0.0)
AxisCoincident
No 3(60.0) | 1(25.0) | 1(100.0) 5 (50.0)
Yes 2(40.0) | 3(75.0) | 0(0.0) 5 (50.0)
CrossSection
Other 1(20.0) | 0(0.0) | 0(0.0) 1 (10.0)
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Trapezoidal 4(80.0) | 4(100.0) | 1(100.0) 9 (90.0)
Triangular 0(0.0) 0(0.0) 0 (0.0) 0(0.0)
SideSection

Semi_Circular 0(0.0) 1(25.0) | 0(0.0) 1(10.0)
Trapezoidal 5(100.0) | 2(50.0) | 1(100.0) 8(80.0)
Triangular 0(0.0) 1(25.0) | 0(0.0) 1(10.0)
Profile

Straight 5(100.0) | 4 (100.0) | 1 (100.0) 10 (100.0)
BlankShape

Circular 1(20.0) | 0(0.0) 0(0.0) 1 (10.0)
Irregular 1(20.0) | 1(25.0) | 1(100.0) 3(30.0)
Other 1(20.0) | 0(0.0) 0 (0.0) 1 (10.0)
Parallel 2(40.0) | 3(75.0) | 0(0.0) 5 (50.0)
Cortex

<25% 1(20.0) | 0(0.0) 0 (0.0) 1(10.0)
No_Cortex 4(80.0) | 4(100.0) | 1(100.0) 9 (90.0)
ButtType

Absent 5(100.0) | 3(75.0) | 1(100.0) 9 (90.0)
Flat 0(0.0) 1(25.0) | 0(0.0) 1(10.0)
Retouch

No 5(100.0) | 4(100.0) | 1(100.0) 10 (100.0)
Fire

No_Traces 5(100.0) | 4 (100.0) | 1 (100.0) 10 (100.0)

Table 3.6. Technological attributes frequencies by raw materials for the Solutrean

sample. Percentages are shown in parentheses.

Chert Quartz Chalcedony | Total
Blank
CompleteFlake | 4(16.7) | 7(33.3) | 2(50.0) 13 (26.5)
FlakeFragment | 20 (83.3) | 14 (66.7) | 2 (50.0) 36 (73.5)
Non_identifiable | 0 (0.0) 0(0.0) 0(0.0) 0(0.0)
AxisCoincident
No 15 (62.5) | 12 (57.1) | 2 (50.0) 29 (59.2)
Yes 9(375) | 9(429) | 2(50.0) 20 (40.8)
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CrossSection

Other 1(4.2) 1(4.8) 0(0.0) 2(4.1)
Rectangular 4(16.7) 3(14.3) 0(0.0) 7(14.3)
Trapezoidal 8(333) | 12(57.1) | 3(75.0) 23 (46.9)
Triangular 11 (45.8) | 5(23.8) | 1(25.0) 17 (34.7)
SideSection

Elliptical 3(12.5) 4(19.0) 0(0.0) 7(14.3)
Irregular 3(12.5) 1(4.8) 1(25.0) 5(10.2)
Rectangular 2(8.3) 4(19.0) 1(25.0) 7(14.3)
Semi_Circular 2 (8.3) 5 (23.8) 0(0.0) 7(14.3)
Trapezoidal 9 (37.5) 3(14.3) 2 (50.0) 14 (28.6)
Triangular 5 (20.8) 4(19.0) 0(0.0) 9 (18.4)
Profile

Straight 24 (100.0) | 21 (100.0) | 4 (100.0) 49 (100.0)
BlankShape

Biconvex 0(0.0) 1(4.8) 0(0.0) 1(2.0)
Circular 2(8.3) 1(4.8) 0(0.0) 3(6.1)
Converging 1(4.2) 3(14.3) 1(25.0) 5(10.2)
Irregular 6 (25.0) 3(14.3) 1(25.0) 10 (20.4)
Other 2(8.3) 0(0.0) 0(0.0) 2(4.1)
Parallel 13(54.2) | 13(61.9) | 2(50.0) 28 (57.1)
Cortex

<25% 1(4.2) 0(0.0) 0(0.0) 1(2.0)
>0506 1(4.2) 1(4.8) 0(0.0) 2 (4.1)
25-50% 4(16.7) | 0(0.0) 0(0.0) 4(8.2)
No_Cortex 18 (75.0) | 20(95.2) | 4 (100.0) 42 (85.7)
ButtType

Absent 22(91.7) | 21(100.0) | 4 (100.0) 47 (95.9)
Flat 2(8.3) 0(0.0) 0(0.0) 2 (4.1)
Retouch

No 23(95.8) | 21(100.0) | 4 (100.0) 48 (98.0)
Yes 1(4.2) 0(0.0) 0(0.0) 1(2.0)
Fire

Burnt 1(4.2) 0(0.0) 1(25.0) 2(4.1)
No_Traces 23(95.8) | 21(100.0) | 3 (75.0) 47 (95.9)
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Table 3.7. Technological attributes frequencies by raw materials for the Magdalenian
sample. Percentages are shown in parentheses.

Chert Quartz Total

Blank

FlakeFragment 2 (100.0) | 3(100.0) | 5(100.0)

Non_identifiable | 0 (0.0) 0 (0.0) 0(0.0)

AxisCoincident

No 0(0.0) |2(667) | 2(40.0)

Yes 2(100.0) | 1(33.3) | 3(60.0)

CrossSection

Rectangular 0 (0.0 2(66.7) | 2(40.0)
Trapezoidal 1(50.0) | 0(0.0) 1(20.0)
Triangular 1(50.0) | 1(33.3) | 2(40.0)
SideSection

Elliptical 1(50.0) | 0(0.0) 1(20.0)

Semi_Circular 0 (0.0 1(33.3) | 1(20.0)

Trapezoidal 0(0.0) 1(33.3) | 1(20.0)
Triangular 1(50.0) | 1(33.3) | 2(40.0)
Profile

Straight 2 (100.0) | 3(100.0) | 5 (100.0)
BlankShape

Circular 0(0.0) 1(33.3) | 1(20.0)
Converging 0(0.0) 1(33.3) | 1(20.0)
Irregular 1(50.0) | 0(0.0) 1 (20.0)
Parallel 1(50.0) | 1(33.3) | 2(40.0)
Cortex

No_Cortex 2(100.0) | 3(100.0) | 5(100.0)
ButtType

Absent 2 (100.0) | 3(100.0) | 5 (100.0)
Retouch

No 2(100.0) | 3(100.0) | 5(100.0)
Fire

No_Traces 2 (100.0) | 3(100.0) | 5 (100.0)
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As in other classes of stone tools, scaled pieces’ metric attributes are impacted by both
the initial blank size as well as by the intensity of their use. Specifically, because some
scaled pieces are used in multiple axes, direct comparisons for length and width of the
typological axes cannot be straightforwardly performed. Since the majority of the
analyzed pieces presented a rectangular outline, we use the area of a rectangle
(i.e. typological Length x Width) as an approximation for the overall dimensions of the
artifacts. Area calculations revealed a maximum of 1082.03 mm? and a minimum of 94.86
mm?. For thickness the maximum is 28.81 mm and the minimum is 2.79 mm. In general,
mean values tend to be similar between raw materials, with some differences occurring
within the Proto-Solutrean and Magdalenian assemblages, most certainly as a result of
the small samples analyzed for each of these periods (Fig. 2). Across techno-complexes,
however, no significant statistical differences were detected when using an ANOVA test
for both Area (F (3, 132) =1.1761119, p =0.3213952, d = 0.1634926), and Thickness (F
(3, 134) = 1.6205801, p = 0.1875711, d = 0.1904774).
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Figure 3.2. Barplots of means for Area (Length x Width) and Thickness of scaled
pieces, by raw material and across the four chronological phases. Error bars represent
standard deviations.

The patterns of use and rotation of damaged platforms seem to be the same across all
chronologies. In every assemblage quartz pieces were exclusively used in one single axis,
exhibiting only two damaged platforms. On the other end, a small number of chert and
chalcedony artifacts (n = 12) exhibit multiple functional axis, with three or four damaged

platforms (Fig. 3). This seems to indicate different strategies of curation for coarse
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(quartz) and fine grain (chert and chalcedony) raw materials, with fine grain materials
being rotated when the first used axis becomes too small and/or the edges get useless for
that specific activity. However, when plotted against metric data (Fig. 4), results for the
Area variable reveal that pieces with four damaged platforms are among the largest in all
assemblages, and that there is not a visible difference between the thicknesses of the
pieces comprising each group. This seems to attest that the use of several axes in the same
piece is not correlated with curation occurring in later phases of artifact use, but instead

to a probable difference in raw material performance.
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Figure 3.3. Number of damaged platforms by raw material and chronology.
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Figure 3.4. Boxplot of Area (Length x Width) and Thickness distribution for each raw

material.
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With few exceptions, most morpho-functional attributes show a fairly high degree of
variability. Similarly to what was registered for the technological attributes, most
differences occur between raw materials rather than between chronologies. For this
reason the results presented below focus only on overall and between raw materials
variability. Fig. 5 shows the relative frequencies of all qualitative variables recorded for
each damaged platform. To simplify representation, and to avoid wrong comparisons
between hammered and active platforms, opposed damaged platforms were grouped into
pairwise categories. When present, the category ‘Other’ represents the cluster of attributes

which frequency was less than 10% within each variable.

In three (Scar Arrangement, Scar Extension and Edge Delineation) of the six represented
variables, the category ‘Other’ is one of the most frequent (above 35%) for both quartz
and chert, revealing a very high variability for the combination of attributes within each
variable. A chi-square test with modified alpha level (Bonferroni correction) to adjust for
multiple testing and reduce type-1 error, shows significant differences in the quartz and
chert Scar Arrangement categories (X2 [4, N = 127] = 22.94, p = < 0.001, phi = 0.43), and
in Scar Faciality categories (X [2, N = 127] = 11.94, p = 0.003, phi = 0.31). The effect
size statistic (Phi) suggests, however, a medium practical significance for both variables.

For quartz artifacts the most common patterns are the combination of central/total scar
distributions, both platforms with angles wider than 45° and a combination of either
unifacial/unifacial or unifacial/bifacial scar distribution. Chert pieces, on the other hand,
more typically present opposed platforms with damage occupying the whole platform
width, and a weaker presence of unifacial/unifacial scar edge facial distribution. Still,
with exception of Angle and Scar Facial Distribution, the overall trend for the morpho-
functional variables is one of high variability, with a very large set of combinations

appearing at very low frequencies.
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Figure. 3.5 Frequency of morphological attributes for each raw material. Opposed
damaged platforms were grouped so that each artifact was only counted once and to
avoid wrong comparisons between active and hammered platforms. A - Distribution of
damage; B - Arrangement of scars; C - Extension of scars; D - Delineation of damaged

platforms; E - Facial distribution of scars; F - Angle of damaged platforms.

To identify possible patterns of association among the qualitative variables used in our
analysis, a Multiple Correspondence Analysis (MCA) was performed. In this analysis,

raw material was used as a qualitative supplementary variable.

The first two dimensions of the MCA express 20.92% of the total dataset inertia, meaning
that only that percentage of the total variability is explained by the plane combining the
first two dimensions. An inspection of the screenplot presented in Fig. 6 suggests
restricting the analysis to the description of the first 4 dimensions. These dimensions
present an amount of inertia slightly greater than that obtained by the 0.95-quantile of
random distributions (37.74% against 34.37%). Still, it is a rather small percentage,
somehow attesting the high variability suggested by our interpretation of Fig. 5, and
suggesting that patterns identified by previous studies (e.g. de la Pefia 2015b, 2011), in
which certain combinations of attributes were used to discriminate scaled pieces

functionalities, are difficult to apply to the assemblage used in this study.
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Figure 3.6. Multiple Correspondence Analysis screenplot.
3.5 Discussion and conclusions

Bipolar technology clearly had an important role on the adaptive systems of the first
modern humans in Western Iberia, as well as in other European regions (see e.g. Villa et
al. 2018; de la Pefia 2011; Sano 2012; Zilhdo 1997). In Europe there is a considerable rise
in the use of bipolar technologies after the Middle to Upper Paleolithic transition, and
some authors consider scaled pieces as one of the most common lithic morphotypes in
European Upper Paleolithic assemblages (de la Pefia 2011). A rise in bipolar technologies
cannot be dissociated from the diverse set of factors that made Anatomically Modern
Humans thrive. Changes in mobility patterns (Shott and Tostevin 2015), or the
development of a “generalist specialist” ecological approach (Roberts and Stewart 2018),
with particular emphasis on the diversification and intensification of resources use, are
among some of those traits. It is in the context of this latter point that bipolar technology
may have played a major role. In Vale Boi, since the earliest occupations at c. 32 ka cal
BP, scaled pieces show up in the archaeological record connected to evidence related to
an intensification and diversification of resource exploration, particularly the
aforementioned grease/marrow obtention techniques. These have been shown by the
constant presence of impact fractures in ungulate bones, low percentage of bone areas
related to higher amounts of grease, and the presence of red deer bone fragments from
bones with considerably higher marrow and grease contents (Manne 2010, 2014; Manne
and Bicho 2009; Manne et al. 2012). Other indicators are both the constant presence of

thermally altered quartz fragments that might be linked to stone boiling activities, and a
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large number of greywacke slabs with impact marks revealing their use as anvils
(Cascalheira et al. 2017). For carcass processing and bone marrow extraction the use of
scaled pieces would allow for a better control of bone fracture. In fact, this should be
significantly better than using a hard hammer directly on the bone, since the latter
technique may either over fracture the bone or even crush it due to the lack of precision.
The use of a wedge for these activities provides more control, avoiding complete crushing

of the bone, making it much easier to cleanly extract bone marrow.

In addition, scaled pieces in Vale Boi may also be associated to bone tool production,
given that Vale Boi is one of the Portuguese Upper Paleolithic sites with significant
evidence for onsite production and use of bone tools (Evora 2013). According to both
Leblanc (1992) and Shott (1999) wedges are needed to work bone, antler, and wood, and
stone wedges are preferable than other types of material. For hunter-gatherers, these
artifacts would provide multifunctionality from a single piece that could be continuously

used until losing their optimal morphological characteristics.

Importantly, our results show that the use of scale pieces at Vale Boi reveals techno-
functional patterns that seem to stay fairly similar across all Upper Paleolithic horizons.
One relevant trend is the fact that while quartz pieces were only explored in a single axis,
chert pieces were, sometimes, explored in multiple axes. One possible reason for these
patterns might be the fact that quartz would be more easily available than chert, and thus
tool economy would have been different between both materials. Another possibility for
this is the difference in the physical properties of each raw material. While with quartz it
may be possible to continuously use a single axis in a piece, reducing it in only one axis
without losing its efficiency, with chert it may be necessary to rotate it more often in order
to continue obtaining usable edges. On the other hand, the higher number of axis could
simply suggest that chert was differently managed and economized. Nevertheless, the
simple fact that most of the pieces with multiple axes are on average larger than the rest,
suggests that this hypothesis is likely incorrect. From an economic standpoint, the ideal
would be to continuously use the same piece without any risk of loss of the features that
made it ideal for this kind of use. Throughout the use of these pieces, they suffer
successive violent blows, even the platform that rests on a surface suffers some sort of
heavy impact. In this specific case, we argue that there is little to no control on how the

piece’s features change over its lifetime use.
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Several researchers argued that scaled pieces were used as cores for the extraction of
chips or small bladelets (e.g. Carvalho 1998; de la Pefia 2011; LeBlanc 1992; Shott 1989,
1999; Zilhdo 1997). Based on our data we find that this concept does not seem to fit in
Vale Boi. First, with the single exception of the early Gravettian (during which very small
backed bladelets are present - see Marreiros et al. 2018), the site’s technology shows no
evidence of manufacture or use of tools with such small dimensions as the ones recorded
from the scars of scaled pieces (5-8 mm). Second, although the most common
interpretation is that these chips/bladelets would be inserted in composite throwing tools,
there is no evidence of bone or antler tools with grooves that might be used for the
insertion of stone implements even though Vale Boi has a very rich assemblage of organic
tools (Evora 2013). However, we still do not discard the hypothesis that these may have
been made from perishable organic materials. Third, although previous ethnographic
studies(e.g. Flenniken 1981; Shott 1989) support the use of small flakes, bladelets and
chips for these types of implements and other activities such as scraping, boring and
cutting, we currently have no data that can support this hypothesis at the site. Finally, as
previously mentioned, Vale Boi stone tool technological analyses revealed that every
phase of the chaine operatoire is present, which means that knapping was mostly
occurring at the site, which is attested by the high number of chips found. Considering
that most knapping activities originate chipage, the need of a specific tool for the sole
purpose of extracting them does not seem viable. By putting all these factors in context,
the hypothesis that these pieces were used for carcass processing, bone marrow extracting
(Manne et al. 2012) and other similar activities, such as working hard, organic materials
with the goal of producing tools seems, thus far, to be the most reasonable interpretation.
The use of scaled pieces as wedges would allow for further enhancement of the
effectiveness of these activities and has been identified in modern human occupations all
over the world (Igreja and Porraz 2013; Langejans 2012; LeBlanc 1992; Sano 2012; Shott
1989). In fact, this technique would be extremely useful in periods of greater
environmental stress and in periods when communities needed higher mobility. Despite
this, we do not discard the possibility that some scaled pieces might have been used for
bipolar reduction strategies. In addition to the amount of stone anvils at the site, bipolar
cores are also present across all techno-complexes (Cascalheira 2010; Marreiros 2009).
There may even be the case that blanks from bipolar cores were transformed into scaled
pieces by using them for further bipolar or wedging activities. Unfortunately, due to the

nature of the damage present in scaled pieces this is a very hard point to prove. Still, open
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hypotheses clearly attest the value and versatility of bipolar technologies for early modern

human groups in the region.

Taking this into consideration, in Table 3.8 we present current data on Upper Paleolithic
bipolar technology in Portugal. It is important to note that aside from Vale Boi, all scaled
pieces and bipolar cores counts in this table were made according to each author’s
typological definitions and classifications, and not the ones we propose for this paper.
Although the number of scaled pieces and bipolar cores is considerably low in most of
the sites, a significant number of loci present some kind of bipolar technology evidence.
Moreover, it is clear a discrepancy when comparing the presence of scaled pieces versus
bipolar cores, the latter being well under represented than the first. It is also clear that
scaled pieces show on average a higher representation in Vale Boi’s assemblages than on
most other sites. Further, of the three bipolar cores in all sites, two of these come from
Vale Boi. While currently there are no definitive data on the representation of scaled
pieces within the retouched tool assemblage of the Slope area, it is fairly safe to assume

that it should be a particularly high value.

Table 3.8. Frequencies of scaled pieces and bipolar cores in Portuguese Upper

Paleolithic sites.

Scaled | Scaled Bipolar
Pieces | Pieces Bipolar Cores | Total
Chronology | Sites (N) | (%) Cores (N) (%) (%) | Source
Gravettian Casal do Felipe 12 | 5.91 0 0.0 2.33 | Zilh&o (1997)
Gravettian CPM 111 1081 0 0.0 0.19 | Zilh&o (1997)
Gravettian Fonte Santa 105 | 12.49 0 0.0 | 20.43 | Zilh&o (1997)
Gravettian Gato Preto 31313 0 0.0 0.58 | Zilh&o (1997)
Gravettian Gruta do 11111 0 0.0 0.00 | Zilh&o (1997)
Caldeirdo
Gravettian Salto do Boi — 1] 27 0 0.0 0.19 | Zilhdo (1997)
Cardina |
Gravettian Vale Boi - 12 | 375 1 0.0 2.33 | Cascalheira
Terrace (2009);
Marreiros (2009)
Gravettian Vale Boi — 59 | NA 0 0.0 | 11.48 | Horta, 2016
Slope
Gravettian Vale Comprido 10 | 2.6 0 0.0 1.95 | Zilh&o (1997)
- Barraca
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Gravettian Vales da 11032 0.0 0.19 | Zilhdo (1997)
Senhora da Luz
Proto- Terra do José 41191 0.0 0.78 | Zilhdo (1997)
Solutrean Pereira
Proto- Terra do 9103 0.0 1.75 | Zilhdo (1997)
Solutrean Manuel (1940-
1942)
Proto- Terra do 11213 0.0 0.19 | Zilhédo (1997)
Solutrean Manuel (1988-
1989)
Proto- Vale Boi Slope 13 | ? 0.0 2.53 | Horta (2016)
Solutrean
Proto- Vale Comprido 9109 0.0 1.75 | Zilh&o (1997)
Solutrean - Encosta
Solutrean Casal do Cepo 6| 1.43 0.0 1.17 | Zilh&o (1997)
Solutrean Gruta de 11169 0.0 0.19 | Zilh&o (1997)
Salemas 11
Solutrean Gruta de 11116 0.0 0.19 | Zilh&o (1997)
Salemas UP
Mixed
Solutrean Lagar Velho 09 11345 0.0 0.19 | Zilh&o (1997)
Solutrean Vale Almoinha 26 | 5.9 0.0 5.05 | Zilh&o (1997)
Solutrean Vale Boi 24 | 117 2.3 4.67 | Marreiros (2009)
Rockshelter
Solutrean Vale Boi 5] 1351 0.0 0.97 | Cascalheira
Terrace (2009)
Solutrean Vale Boi Slope 66 | NA 0.0 | 12.84 | Horta (2016)
Magdalenian | Areeiro | 8|4 0.0 1.56 | Bicho (2000)
Magdalenian | Areeiro Il &rea 16 | 2.9 0.0 3.11 | Bicho (2000)
1
Magdalenian | Areeiro Il &rea 10 | 2.9 0.0 1.95 | Bicho (2000)
2
Magdalenian | Areeiro Teste 6|14 0.0 1.17 | Bicho (2000)
Magdalenian | Carneira | 21035 0.0 0.39 | Zilhdo (1997)
Magdalenian | Carneira Il 17 | 9.9 4.3 3.31 | Bicho (2000)
Magdalenian | Cerrado Novo 51093 0.0 0.97 | Bicho (2000)
Magdalenian | CPM I Inferior 1105 0.0 0.19 | Zilhdo (1997)
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Magdalenian | CPM | 18 1.2 0 0.0 3.50 | Bicho (2000)
Superior

Magdalenian | CPM Il Middle 4134 0 0.0 0.78 | Bicho (2000)

Magdalenian | CPM II 2|11 0 0.0 0.39 | Zilhdo (1997)
Superior

Magdalenian | CPM I1IS 5|13 0 0.0 0.97 | Bicho (2000)

Magdalenian | CPM IlI 2|11 0 0.0 0.39 | Bicho (2000)
Superior

Magdalenian | CPM V 2|13 0 0.0 0.39 | Bicho (2000)

Magdalenian | Olival da 3111 0 0.0 0.58 | Zilhdo (1997)
Carneira

Magdalenian | Pinhal da 2|1 0 0.0 0.39 | Bicho (2000)
Carneira

Magdalenian | Quinta da 9 | 10.23 0 0.0 1.75 | Bicho (2000)
Barca

Magdalenian | Quinta da 22 | 4231 0 0.0 4.28 | Bicho (2000)
Barca Sul

Magdalenian | Quinta da 3| 13.04 0 0.0 0.58 | Bicho (2000)
Granja

Magdalenian | Rossio do Cabo 11114 0 0.0 0.19 | Zilh&o (1997)

Magdalenian | Vale da Mata 6| 0.45 0 0.0 1.17 | Zilh&o (1997)

Bipolar technology is quite common in Upper Paleolithic contexts of Western Iberia, but
current interpretations are based on empirical observations, rather than on more solid
analytical evidence. This, of course, stems in part from the lack of dedicated studies on
bipolar technology in the region, an issue that can be also argued to be true for all of the
European Upper Paleolithic. We argue that all factors mentioned in this study must be
considered while interpreting each site in this region. While in Vale Boi there is clear
evidence that the use of these artifacts would not be primarily for bipolar knapping, in

other sites the picture may be different.

As our results show, the low presence of bipolar cores is quite evident in these sites, while
scaled pieces are more often present. It can also be argued that the number of pieces in
the overall picture is also low, although presenting an accurate picture for each site since

most of these sites have been extensively studied.

Higher degrees of representation of scaled pieces in sites can be originated by factors such

as site function, but also by cultural patterns. Regarding site functionality, if we look at
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the loci with higher counts of scaled pieces (Vale Boi’s Terrace and Slope and Fonte
Santa), all are open-air residential sites. One example outside of this region is the
Magdalenian site of Gonnersdorf in Southwestern Germany, where according to Sano
(2012) scaled pieces were the second most frequent tool types within the site’s retouched
tools assemblage (257 from a total of 1501 utensils, corresponding to c. 17,12%). This
frequency is as high as both Vale Boi’s and Fonte Santa’s, and like both of these sites
Gonnersdorf is an open-air residential site. However, these data can be misleading, as
Casal do Felipe (5,91%), Terra do Manuel 1940-42 (1,03%), Terra do Manuel 1988-89
(2,13%) and Vale Comprido — Encosta (0,9%) are also open-air multifunctional sites with

much smaller representations of scaled pieces.

It seems reasonable that scaled pieces should be linked mostly with residential sites since
the activities for which they are applied are conducted in a residential scenario rather than
a hunting station, quarry, workshop or temporary shelter. While we cannot fully discard
the fact that scaled pieces can be used as a single representation of site functionality, they
can be a tool for such ends, as argued by Jeske and Sterner-Miller (2015). We, thus, argue
that in this region, bipolar technology in the Upper Paleolithic may be also linked to
cultural traditions rather than just simply functional ones. By considering that most sites
aforementioned show similarities from a functional, chronological, faunal, floral and
climate standpoints, there is no clear reason for the presence of different relative numbers
of scaled pieces at each site other than a combination of both cultural and functional

patterns.
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Abstract
The strategies that drove Homo sapiens’ successful survival and settlement in Europe

have been a longstanding question in Human Evolution studies. The appearance of the
Aurignacian industry is considered to be one of the first manifestations of these groups’
settlement in Western Europe. One particularity that the Aurignacian shares with all other
Upper Paleolithic industries is the considerable representation of lithic bipolar technology

compared to prior industries in this region.

In this paper we analyze the bipolar technology of the Aurignacian occupations of Abri
Pataud. By exploring the technological, functional and cultural use of bipolar technology
during the Aurignacian occupations of the site, we aim to provide new data on how this

technology contributed to the adaptation and settlement of Homo sapiens in this region.

Our results show that Homo sapiens were flexibly using bipolar methods as means of
resource extraction at the site. While bipolar methods were mostly used for wedging, for
working hard organic materials these were used in different levels of intensity. In the
earliest occupation there is a clear choice and intensive use of wedges until depletion,
with the goal of maximizing both each tool’s potential and resource extraction. On the
other hand, in later occupations, When the shelter used as a short-term camp, bipolar
methods were used as a quick and expedient way of working organic materials or even
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producing flakes. Tools were chosen, used and abandoned early on. While bipolar
methods are often linked to contexts of: (1) raw material conservation, intensive resource
extraction strategies, etc.; (2) or even expedient resource extraction strategies; our results
suggest the understanding of the flexible advantages of these methods was present in
technological traditions of Aurignacian groups. This work presents insights on how the
understanding of the flexibility of the use of bipolar methods played a strategic role on
the adaptation and settlement of Homo sapiens across Western Europe.

4.1. Introduction

The successful dispersal of Homo sapiens across Western Europe is accompanied by the
emergence of the Aurignacian industry (Chu and Richter, 2019). A predecessor to the
Gravettian and a successor to transitional industries like the Chatelperronian and the
Middle Paleolithic Mousterian industries the Aurignacian marks some of the earliest
blade technologies in this region (Bar-Yosef and Zilhdo, 2006; Chu and Richter, 2019).
In addition, this industry is well known for its art, personal ornamentation and bone
technology (e.g. Hahn 1986; White 1995; Conard 2009; Tartar 2012). One particularity
that early upper Paleolithic industries including the Aurignacian share is a considerable
representation of bipolar technology compared to prior industries (e.g. Chiotti 2005;
Tsanova 2006; de la Pefia 2011; Peresani et al. 2016, 2019; Villa et al. 2018; Horta et al.
2019; Haws et al. 2020).

The term bipolar technology refers to two possible activities/techniques these are: bipolar
knapping (meaning core reductions on an anvil) or wedging/chiseling activities (using
stone tools as intermediate tools for working organic materials, such as bone, wood and
antler) (Octobon, 1938; Leaf, 1979; Hayden, 1980; Shott, 1989, 1999; LeBlanc, 1992; de
la Pefia, 2011; Langejans, 2012; Bader et al., 2015; Horta et al., 2019). Both of these
activities due to compression of forces originate damage in two opposite ends of stone
tools, the one that is hammered (active) and the one (passive) that is supported on the
anvil (regardless of which it is a stone anvil or an organic surface) (Paloma de la Pefia,
2015b). While mechanically both activities lead to similar damage on stone tools their
goal is completely distinct. In bipolar knapping the goal is to extract blanks from a core
and in the wedging/chiseling the goal is to work the “anvil” material by controlling its
shape and fracturing (e.g., rib splitting, bone marrow extraction, bone shaping, wood
splitting, etc.(Shott, 1989; LeBlanc, 1992; de la Pefia, 2011; Horta et al., 2019).
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In assemblages, bipolar knapping can be found in the form of bipolar cores and bipolar
blanks, while wedging is often attributed to splintered pieces (also referred to as scaled
pieces or piéces esquillées). However, it has been argued that splintered pieces in addition
to being used as wedges could also have been used as cores for small flakes and bladelets
(Hayden, 1980a; Shott, 1989; LeBlanc, 1992; Paloma de la Pefia, 2015c). Recent studies
and the current body of evidence seems to suggest that either functional attribution can
vary from site to site and should therefore be considered in the context of the site and its
technology (LeBlanc, 1992; Lucas and Hays, 2004; Gilabert et al., 2015; Horta et al.,
2019a; Kolobova et al., 2021).

Bipolar technology can be found in a wide array of chronological and ecological settings,
making it so it’s not considered an Age or industry (de la Pefia and Wadley, 2014b). While
bipolar technology was present in hominin toolkits as early as the Pliocene (Harmand et
al., 2015a), in Europe this technology first emerges in Acheulean occupations (Arzarello
and Peretto, 2010; Garcia et al., 2012; de Lombera-Hermida et al., 2015, 2016; Arzarello
et al., 2016). Despite being present in several Acheulean and late Acheulean industries,
the transition to the Middle Paleolithic is marked by a decline in the use of this
technology. This is evident by the low number of Middle Paleolithic occupations with
bipolar technology(e.g. (Moncel et al., 2005; Moncel and Daujeard, 2012; Méarquez et al.,
2013; Van Kaolfschoten et al., 2015b; Ravon et al., 2016)), compared to the previous
periods and the Upper Paleolithic (Tsanova, 2006; Gibaja and Bicho, 2011; Sano, 2012;
de la Pefia Alonso and Toscano, 2013; Bradtmoller et al., 2016; Peresani et al., 2016;
Kandel et al., 2017; Villa et al., 2018; Horta et al., 2019). However, this data can be
deceiving as per what types of bipolar technologies were present in these three
chronological periods. While the lower and middle paleolithic bipolar technology is
represented solely by bipolar knapping, the Upper Paleolithic combines bipolar knapping

with wedging activities.

It has often been argued that splintered pieces are one of the most common artifact types
found in Upper Paleolithic occupations in Europe (de la Pefia, 2011). This is the case from
the earliest Initial Upper Paleolithic occupations in Eastern Europe (Tsanova, 2006;
Hublin et al., 2020) and across the Upper Paleolithic to the Holocene (Gibaja and Bicho,
2011; Gilabert et al., 2015; Horta et al., 2019). To an extent, bipolar cores are likewise
common in Upper Paleolithic assemblages however in much lesser representation (Horta

etal., 2019). In Western Europe particularly, bipolar technology has been argued to have
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had an important role in Homo sapiens adaptations through the intensification of resource
exploitation strategies (Bicho et al., 2012; Cascalheira et al., 2017; Horta et al., 2019).

The Vézere valley of the Dordogne in southwestern France can be considered an
important region to understand the arrival, settlement, survival and differences and
similarities in adaptation strategies used by Neanderthals and Homo sapiens. Particularly
due to the significant amount of Middle and Upper Paleolithic occupations found in this
region. In this paper we analyze the bipolar technology of the Aurignacian occupations
of Abri Pataud a site well known for its Aurignacian and Gravettian occupations (Movius
Jr, 1966; Movius Jr and David, 1970; Chiotti et al., 2003; Chiotti, 2005; T. Higham et al.,
2011; Douka et al., 2020). In this paper our goal is to explore the technological, functional
and cultural use of bipolar technology during the Aurignacian occupations at the site and
to provide new data on how this technology contributed to the adaptation and settlement
of the first Homo sapiens in this region.

4.1.1 The site

Abri Pataud or the Pataud rock shelter is located in the VVézere valley of the Dordogne in
southwestern France (Fig. 1). Situated in the village of Les Eyzies-de-Tayac, the site can
be found at the base of a thirty-meter-high cliff, along the Vézere river between the
famous Cro-Magnon rock shelter and the town’s medieval castle that currently houses the
National Museum of Prehistory (Chiotti, 1999). The rockshelter is currently at approx.
75m above sea level and 20m from the bottom of the VVézére valley.
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Figure 4.1. Site Location

Abri Pataud was initially discovered in the late ninetieth century, however the first
excavation project would be later undertaken between 1958 and 1964 by Movius (Movius
Jr, 1977). These excavations were carried out in a meticulous manner and uncovered a
complete Upper Paleolithic sequence comprised of Aurignacian, Gravettian and
Solutrean levels. The Aurignacian sequence includes a total of 9 levels ranging from level
14 to level 6. Levels 14 to 9 have been attributed to the Early Aurignacian (EA) or
Aurignacian | dating to c. 40-38 ka cal BP (Chiotti, 2005; T. Higham et al., 2011). Levels
8-6 have been attributed to the Evolved Aurignacian (EvA) or Aurignacian Il with dates
ranging from c. 37.5 to35k cal BP (Chiotti, 2005; T. Higham et al., 2011).
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Figure 4.2. Abri Pataud’s southern section stratigraphy.

The EA initial occupation (Level 14) seems to have occurred during a cold moment in
which reindeer dominate in the faunal spectrum (percentages ranging from 98.7%)
(Chiotti, 2005; Agsous, 2008; T. Higham et al., 2011). Subsequent levels (13-11) and
occupations seem to have occurred during H4 climactic event a period also dominated by
reindeer representation (98.7-71%) (Chiotti, 2005; Agsous, 2008; T. Higham et al.,
2011). The final moments of the EA (10-9) seem to be linked to the GI1S8 with very poor
faunal preservation (Chiotti, 2005; Agsous, 2008; T. Higham et al., 2011).
Technologically, this period is marked by high proportions of flake debitage through a
variety of reduction sequences from locally sourced flint (Chiotti, 1999, 2005). These
range from prismatic, globular, and irregular cores to the less frequent discoidal, non-
typical Levallois and cores-on-flakes (Chiotti, 2002, 2005, 2012). The goal seems to have
been the production of flakes as tool blanks, as this period is marked by a predominance
of carinated scrapers and retouched blades (including Aurignacian blades). Level 14, is
particular due to its high ratio of laminar tools compared to all the levels altough the on-
site debitage is directed towards flake production (Chiotti, 2005). It is hypothesized that
this period is marked initially by a longer occupation in level 14 due to the technological

variety of the occupation containing all the characteristic tool types of the Early
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Aurignacian phase (Chiotti, 2005). However, in the remaining levels there seems to be a
succession of short-term occupations (Chiotti et al., 2003), evident due to isolated finds
of blades produced off-site, low tool laminar indexes and predominant flake production.
Percentages of the presence of bipolar technology in this period range from 8.27-2.3% of

formal tools with an average of 5.4% of representation.

The beginning of the EVA is marked by GIS 8 and a wide variety of species being
represented in the fauna assemblages (T. Higham et al., 2011). Small mammals, birds,
and amphibians, seem to be most common, with a lower representation of large mammals.
When present, these include red deer, reindeer, wild boar, bison and horse (T. Higham et
al., 2011). Technologically, as with the EA the EVA is marked by the predominance of
flake production with representations ranging from 82-70.93% of blanks from locally
sourced flint (Chiotti, 1999, 2005). Core reduction strategies are similar to the EA with
the predominance of prismatic cores. A far as formal tools are concerned level 8 is
dominated by scrappers with the presence of Dufour bladelets of the Roc de Combe
subtype (Chiotti, 2005). Level 7 is comprised by the dominance of burins busqués
(Chiotti, 2005), and level 6 is attributed to the Aurignacian Il and IV technocomplexes
(Chiotti, 2005). Percentages of the presence of bipolar technology in this period range

from 2.5-1% of formal tools with an average of 1.6% of representation.

4.2 Materials and Methods

All lithic artifacts recovered from the Aurignacian levels of Abri Pataud that fit the
definitions of splintered piece and bipolar core (see Horta et al. 2019) were considered
for this study, independent of raw material or technological class. A total of 163 artifacts
were separated and analyzed by adapting Horta et al. (2019) methods. In addition to
splintered pieces, both bipolar cores and blanks (often called bipolar flakes) were also
identified and analyzed. Due to their different nature these three groups were analyzed in

a different matter although with some overlap.

Bipolar cores (Table 4.1) and blanks, were analyzed based on attributes recorded in
traditional lithic studies (Tixier and Inizian, 1983; Andrefsky, 1998). Splintered piece
attribute analysis was carried out adapting Horta et. al, (2019) by splitting variables into
two main groups, each corresponding to two distinct types of features present on the tools:

(1) technological attributes and (3) morpho-functional attributes. Technological attributes
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analyzed were a series of variables traditionally used in lithic studies (Tixier and Inizian,
1983; Andrefsky, 1998). Likewise, for the morpho-functional attributes, a macroscopic
approach was used adapting (de la Pefia, 2011; Horta et al., 2019). For this group
specifically, we added the “fracture” variable due to the constant presence of fractured
artifacts. Despite fragmentation patterns at the site having been previously discussed
(Chiotti, 1999, 2005) we found recurring types of fractures that are only present in these
artifacts. Previous studies have suggested that these fractures represent the final stage of
reduction of wedging activities (Tixier, 1963; Kolobova et al., 2021).

As in Hortaet. al, (2019) in addition to these analyses our approach hoped to find patterns
in the combination of attributes in some artifacts that would point to splintered piece’s
function. Theoretically and following previous authors (de la Pefia, 2011; Paloma de la
Pefia, 2015b) artifacts used as cores would have different combinations of attributes than
artifacts used as wedges. For this they recurred to descriptive and multivariate statistical
analysis. However, due to the extremely high variability in attributes they could not find
such patterns. In similar fashion, in a recent publication Kolobova et al. (Kolobova et al.,
2021), used Shapiro-Wilk tests, Pearson’s correlation coefficient, Spearman’s rank
correlation coefficient (for abnormally distributed samples) in addition to calculating the
coefficient of determination (r2), in order to understand splintered piece reduction
sequences. Likewise, they found high variability and little to no patterning in different
stages of reduction sequences. Their results showed that experimental splintered pieces
who suffered a larger number of blows would be consistently smaller in length and width
than others. This of course, is a pattern that is to be expected and of difficult application
when translated onto the archaeological data where the original size of the blanks is
unknown. For these reasons and the low number of artifacts per occupation we opted not

to pursue statistical approaches and use traditional descriptive analyses.

Overall and following our methodology we expected to identify patterns depending on
the type of artifact. For splintered pieces we expected to find patterns in blank choice,
insights into the type of use and possible reduction sequences. For the bipolar cores and
blanks we expected to find patterns in technological attributes that would point to the

importance or expediency of this type of reduction strategy at the site.
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Table 4.1. Technological attributes used for the analysis of bipolar cores included in this

study.
Variable name in
Variable database Values Observations
Raw Material RawMaterial Flint
Type of blank Blank Nodule

Free-hand Core

Flake

Pebble

Other

Non_ldentifiable

Length of the Technological AxisLength | mm Same as axis of flaking in Debénath and
technological axis Dibble (1994)
Width of the TechnologicalAxisWidth | mm Distance at a mid-point between two
technological axis edges of the artifact, as measured
perpendicularly to the technological
length
Thickness Thickness mm Measured at the intersection of the
typological length and width
Weight g
Percentage of Cortex No_Cortex
cortex
>25%
25-50%
50-95%
>95%
Fire traces Fire Burnt
No_traces
Thermal-
Treatment
Bipolar reduction CoreType Typical Anvil Damage is visible on the main
type scarred faces
Rested on anvil Anvil damage is not visible on the main
scarred face
Number of Core NumberCoreFaces One
Faces
Two
Three
Four
MoreThanFour
Core Platform Type | CorePlatform Plain
Dihedral
Faceted
Cortical
Crushed
Other
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Core Abandonment | CoreAbandon Hinge
Crushed Platform

Natural
Imperfection

Fracture

Angle Loss

No Reason

Type of Byproduct | ByproductType Flakes
extracted

Bladelets
Chips
Mixed

Number of NumberByproduct N Number of blank scars
extracted Blanks

Maximum length of | ByproductMAXLenght mm
extracted Blanks

Maximum width of | ByproductMAXWidth mm
extracted Blanks

4.3 Results

From the combined Aurignacian levels of Abri Pataud, a total of 163 stone tools were
identified as bipolar. Of which, 83.6% come from the EA levels and the remaining 16.4%
from the EVA levels, as shown in Figure 4.3. Regarding artifact type representation in the
EA sample, splintered pieces are the most common artifact type in both periods
representing 78.8% of the assemblage, followed by bipolar blanks (11%), bipolar
fragments (8%) and bipolar cores (2.2%). In the EVA sample only splintered pieces and
bipolar blanks were identified of which the first represents a total of 96.2% of the sample
while the latter is represented by a single artifact corresponding to 3.8% of the total
sample. As seen in Figure 3, artifact representation also fluctuates in each period. During
the EA artifact peaks coincide with the probably longer occupation of level 14 and
subsequently levels 11 and 12, being lower in levels 13, 10 and 9. In the EVA there is a

steady rise in artifact frequency from levels 8 through to level 6.
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Figure 4.3. Frequency of bipolar technology per level

4.3.1 Bipolar Cores

Following Horta et al., (2019), we analyzed the technological data in order to understand
the reduction sequences of bipolar cores and the subsequent attributes of bipolar blanks
extracted from bipolar cores (Fig 4.4). Only 3 cores are present in the assemblage all
recovered from the EA (Level 11, Fig 4.4). Two cores were formerly likely a nodule while
the remaining core was a pebble. All cores are typical bipolar cores with evidence of
being reduced on anvil with a 90° angle with traces of extraction of 4 or more flakes and
some bladelets in the striking faces (Table 4.2). As seen in Table 4.2 two cores have
cortical surfaces covering under 25% of the cores surface in one case and between 25-
50% on the other. In addition, while two cores exhibit plain platform the other presents a
crushed platform. Furthermore, two cores were reduced on only one striking platform,
exhibiting a single core face while the other has two faces. Regarding metrics, the cores
have lengths between 35-50mm (Fig 4.5A), widths between 24-38mm (Fig 4.5A), and
thicknesses ranging between 14-21mm (Fig 4.5A). Regarding the blank scars observed in
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each core, their largest extractions ranged between 25-45mm in length and 14-31mm in
width (Fig 5B). Lastly, the cores weight ranges from 30-44g (Fig 5C).

Figure 4.4. Bipolar cores and blanks from levels (12-9) of the Early Aurignacian. A —
Bipolar cores. B — Bipolar Blanks.

Table 4.2. Bipolar core technological data

Attributes Total
Blank Type

Nodule 2 (67)
Pebble 1(33)
Cortex

<25% 1(33)
25-50% 1(33)
No_Cortex 1(33)
Number of Core faces

One 2 (67)
Two 1(33)
Core Type

Typical 3 (100)
Platform type

Crushed 2 (67)
Plain 1(33)
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Type of blanks
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Figure 4.5. Core Metrics. Full data available in the SOM.

4.3.2 Bipolar Blanks

Regarding bipolar blanks in the assemblage most of them (N=15) come from the EA
levels (level 11, Fig 4.3), with a single blank found in the EVA (level 7). Overall, all
blanks found can be considered flakes. These can be described as small unmodified non-
cortical flakes (Fig 4.6A, 4.6B) with unidirectional parallel-proximal dorsal patterns, no
retouch or fire traces. In the EA flakes, crushed butts (Fig 4.6C) dominate the sample
(66.7%), followed by flat (13.3%), absent (13.3%), and other types of butts (6.7%). Blank
shapes (Fig 4.6D) are typically either parallel (40%) or other types (40%), followed by
irregular, converging and circular shapes (6.7% each). Cross sections (Fig 4.6E) are also
varied, with trapezoidal section being more common (40%), followed by triangular
(26%), other (20%) and rectangular (13.3%). Side sections (Fig 4.6F) show some variance
as well with other types representing (40%) of the sample followed by irregular,
rectangular, trapezoidal and triangular shapes with 13.3% of representation each and

lastly elliptical (6.7%). Blank tips or terminations show the most diversity with even
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representation of feather, hinged and stepped terminations (Fig 4.6G). Regarding metrics,
these flakes’ lengths range from 12-41mm (Fig 4.7A), widths from 7-29mm, thicknesses
range between 2-11mm and their respective weights from 0.1-13g. The EVA flake can
be described as having a flat butt, triangular sections, parallel edges and a hinged

termination (Fig. 4.6), it measures 27.8x31x8.21mm and weighs 6.1g (Fig 4.7).

A Bipolar Blank Types B Cortex Percentage
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Figure 4.6. Bipolar Blank technological attributes. Full data available in the SOM.
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Figure. 4.7 Bipolar Blank metrics. Full data available in the SOM.

4.3.3 Splintered pieces

Technology: Technological analysis was aimed at characterizing the choice of blanks for
splintered pieces. This can suggest a specific type of use (wedge or core), efficiency
evaluation (if there is a preferred choice in the morphology of the original stone tool to
be used), but also expediency in the choice of the blanks for the task at hand. Since
splintered pieces are the only artifact type that is present throughout the entire
Aurignacian sequence, we subdivided the analysis to include the different types of
occupations during the EA into EAL (Early Aurignacian probably longer occupation of

level 14) and EAS (Early Aurignacian short occupations of levels 13-9).

Due to the degree of damage and intensity of use observed in splintered pieces during the
EAL, blanks were only securely identifiable in 45% of cases. Of these, splintered pieces
were chosen from unmodified blades (n=3) and former retouched tools (n=2) (Fig. 4.8
and 8A). None of non-identifiable cases (55%) exhibit any presence of retouch along the
edges, so these were most likely former unmodified flakes or blades (Fig 4.8A).
Splintered pieces in the EAS were chosen from a diverse set of blanks, with former formal
tools (Fig 4.8B) having the largest representation (n=34), followed unmodified flakes
(n=28) and blades (n=14). Still, blanks were identifiable in 80% of cases during this time
period (Fig. 4.9A). Like in the EAS, in most cases (76%), blank choice was identifiable
in the EVA (Fig. 4.9A). In this chronology flakes were the clear preferred choice for
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blanks representing up to 60% of the assemblage (n=15), followed a mixture of retouched

blanks (n=1), blades (n=1) and the remaining types (Fig. 8A).

Figure 4.8. Splintered Pieces. A — Splintered pieces on flakes and blades (left and right)
or unidentifiable (center). B — Splintered pieces on retouched tools.

The remaining technological attributes of splintered pieces reveal an intentional choice in
the morphology of blanks throughout the entire sequence, which suggests the same
functional use. Specifically, and with little variance the blanks used had little to no

cortical surfaces, coinciding axis (the bipolar main axis followed the technological axis),

88



THE ROLE OF LITHIC BIPOLAR TECHNOLOGY IN THE ADAPTATION OF THE FIRST HUMANS IN EUROPE

varied shaped cross and side-sections and straight profiles with parallel edges and no fire
traces (Fig. 4.9).
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Figure 4.9. Splintered Piece technological data. Full data available in the SOM

Morpho-functional traits As previously mentioned, it was our goal with the morpho-

functional analysis to look for morphological changes in each artifact created by its use.

Our main goal was to understand the type of use and the degree to which artifact was

used. As observed in the technological data, similarities can be seen throughout the

89



THE ROLE OF LITHIC BIPOLAR TECHNOLOGY IN THE ADAPTATION OF THE FIRST HUMANS IN EUROPE

sequence. This attests to the fact that splintered pieces were likely used in a very similar

manner.

Throughout the sequence a high degree of fracturing is observable regardless of each
tool’s size. Unlike regular (bipolar) splintering that occurs in the platforms of this type of
artifacts, these are large fractures that cross the tool. This is most likely the reason for the
abandonment these tools, since these fractures makes them virtually unusable. In the
EAL, these large fractures are present in 82% of the cases (n=9), and in the EAS (n=50)
and EVA (n= 13) in 52% of the tools. The pattern of fracture is the same throughout the
sequence, in that these are either large transversal or longitudinal fractures. Most
transversal fractures tend to occur in what appears to be a snaping motion as only portions
of the original tool remain. These fractures tend to happen close to the passive platform
(the one in contact with the “anvil”’) and what remains is either the distal portion
(containing the passive platform, see Fig 4.10A), or most of the tool with that portion
missing (Fig 9B). These types of fractures are the most common throughout the sequence
representing 66% of fractures in the EAL (n=6) and 61.5% in the EAS (n=32) and EVA
(n=8). In a couple of cases, we were able to do some refits (Fig. 4.10C), in which the
fractures occurred as described above. The longitudinal fractures seem to happen akin to
a Siret accident where the tool splits in the middle, or a Burin blow where a portion of the
artifact splits (Fig. 10). This has been previously reported by Tixier (1963), who described
it as being the final part of splintered piece’s reduction sequence, in which the tool shatters
in several longitudinal fragments (see Fig 4.11A for a refit). In some cases, the active

(hammered) platform is missing (Fig. 4.11B). These fractures are less frequent, yet
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represent 33% of all fractures in the EAL (n=3) and 38.5% in the EAS (n=20) and EVA
(n=5).

Figure 4.10. Splintered pieces with transversal fractures (Fractures are in the bottom
portion of the artifact). A — Only a small portion of the artifact is present. B — Most of the
artifact is present. C — Refits of 2 splintered pieces with transversal fractures.
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Figure 4.11. Splintered Pieces with longitudinal fractures. A — Refit of a splintered piece
in a final phase of reduction as described by Tixier (1963). B — Splintered pieces with
longitudinal fractures, where the active (hammered) portion of the artifact is missing (top
and bottom) and a refit where the tool fractured near the middle (center).

With few exceptions, most morpho-functional attributes show a similar degree of
variability (Fig. 4.12). Likewise, to what was registered for the technological attributes,
most differences tend to occur between the EAL and the latter two chronologies.
Throughout the sequence, splintered pieces tend to have 2 damaged opposing platforms,
which means they were used in one single axis (Fig 4.12A). In both the EAS and the EVA
a singular tool has 3 and another has 4 damaged platforms. In these cases, the splintered
pieces with 3 damaged platforms these were used in two axes, sharing one damaged
platform and the pieces with 4 damaged platforms were used in two opposing
perpendicular axes (e.g., see Fig 4.13A). In all chronologies splintered pieces tend to have
different damage degrees in each opposing platform, most commonly high damage in one
and subsequently low or medium damage in the other (Fig 4.13A). Previous research
(Lucas and Hays, 2004; de la Pefia, 2011; Kolobova et al., 2021) has shown that the
hammered platform tends to be the one where most damage occurs, so in cases where the

damage is high in both platforms or even high and medium, the tool was likely rotated
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180° and continued to be used. The remaining attributes show little variance throughout

the sequence: scar extension tends to be marginal, with aligned or overlapped
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dispositions, distributed throughout the entire platform, typically bifacially and one
platform tends to be thicker than the other (Fig 4.12).
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Figure 4.12. Splintered Piece morpho-functional data. Full data available in the SOM.
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Figure 4.13. Splintered Pieces with differing degrees of damage. Reduction axes
represented by white lines that cross the artifact. A — Splintered piece with 4 damaged
platforms and highly damaged platforms; a) platform with high degree of damage, scars
overlapping disposition and distributed across the platform (total). B — Splintered piece
with 2 damaged platforms (one axis of reduction); b) platform with medium damage and
overlapped, invasive scarring. C — Splintered piece with 2 damaged platforms; c) platform
with low damage, marginal scars and scars with aligned disposition, central/lateral
distribution; d) platform with no visible damage (the damaged was formed unifacially, in
the dorsal face.

Regarding metrics, there are slight differences amongst the occupations, most likely due
to the original blank choice and possibility use intensity. EAL splintered pieces tend to
be slightly thinner and narrower than the ones in the subsequent periods (Fig 4.14A,
4.13B). This coincides with the pattern of blank choice, since blade blanks were more
common during this time-period (Chiotti, 1999, 2005). Several studies refer to splintered
pieces also being used as bipolar cores and the difficult distinction between
activities[9,13,23,60-61]. To confirm our hypothesis supported by the previously shown
data, we compared the maximum and average scar extension of splintered pieces against
those of bipolar cores, as well as their weight. As seen in figure 4.14 (C and D), splintered
pieces tend to be lighter and have much smaller scars than the cores. The splinters

removed from splintered pieces are mostly chips or rather small flakes (Figure 13C), even
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if there are other sites where these have been used (Flenniken, 1981). When combining
all our functional data with these data we reaffirm our hypothesis that splintered pieces

were used as wedges and not cores for the extraction of small products.
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Figure 4.14. Splintered Piece metric data. Full data available in the SOM.
Overall, our data suggests that these tools were used in the same manner throughout time
as wedges for working hard organic materials. The thickest platform (coinciding in most
cases with the butt of a blank) was the one being hammered, therefore exhibiting a higher
degree of damage. In some cases, tools were rotated to maximize their efficiency. The
fracture patterns combined with the rest of the data suggest different intensity in the use
of splintered pieces through time. Data suggests that during the EAL splintered pieces
had a more intense use than in the following occupations, due to splintered being
abandoned when the damage made them unusable (due to the occurrence of large
fractures). On the other hand, during the EAS and EVA, splintered pieces were used in a
more expedient manner, being chosen from a wider range of blanks and abandoned in

earlier stages of reduction, being often still usable when discarded.

4.4 Discussion and Conclusions

Bipolar technology has often been described as an expedient answer to problem solving,
namely as a method requiring low levels of cognitive or technological complexity
(Hiscock, 1996; B. Morgan et al., 2015; Duke and Pargeter, 2015; Gurtov et al., 2015,
2015; Pargeter and de la Pefia, 2017). The term itself is quite vague as it encompasses
two differing activities each with its own goal (wedging and knapping). The distinction
between both activities has been a matter of debate for over one century (see the
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discussion in (Horta et al., 2019). Nevertheless, both applications share a mechanical
similarity, that is the use of an anvil as support. For knapping the goal is to extract blanks
from a core, using the anvil as support, whereas for wedging the goal is to crack or shape
the anvil itself (in most cases organic materials). This distinction is important when
discussing the application of these methods because each activity answers a different
problem. Which is especially relevant when discussing their role in adaptive strategies.
The use of bipolar knapping has often been described as an answer to raw material
constraints, including: raw material shortage, of lower quality, higher hardness levels, etc.
Likewise, expediency, as it provides a quick solution for obtaining sharp edges that is
both time and skill efficient (Eren et al., 2013; Duke and Pargeter, 2015; Shea, 2015;
Pargeter and de la Pefia, 2017). Wedging has been linked with diversification and
intensification strategies (Manne, 2014; Cascalheira et al., 2017; Horta et al., 2019),
through its advantages in carcass processing, organic tool production and organic material
shaping (LeBlanc, 1992; Lucas and Hays, 2004; de la Pefia, 2011; Langejans, 2012; Horta
et al., 2019). Unlike other tools wedges do not require any complex retouch, shaping or
preparation in order to be used. In addition to its advantages as quick and expedient
solution, that requires little to no preparation (LeBlanc, 1992; Lucas and Hays, 2004b;
Horta et al., 2019).

Evidence for the use of these methods has been found throughout pre-history in diverse
chronological and ecological settings (Octobon, 1938; Leaf, 1979; Hayden, 1980; Shott,
1989; LeBlanc, 1992; de la Torre et al., 2003; Arzarello and Peretto, 2010; de la Torre,
2011; Langejans, 2012; Bader et al., 2015; Harmand et al., 2015a; Paloma de la Pefia,
2015a; Arzarello et al., 2016; Arroyo and de la Torre, 2017; Pargeter and Tweedie, 2018).
Europe in particular has evidence for the use of bipolar methods ranging from its earliest
occupations through to the Holocene (de la Pefia Alonso and Toscano, 2013; Marquez et
al., 2013; Gilabert et al., 2015; Van Kolfschoten et al., 2015a; de Lombera-Hermida et
al., 2016; Ravon et al., 2016; Horta et al., 2019, 2020; Arrighi et al., 2020). The arrival of
Homo sapiens in Europe is marked by a considerable rise in the use of these methods
when compared to Middle Paleolithic assemblages. Evidence suggests that this rise might
be linked to its importance in adaptational strategies as bipolar technology is constantly
present in the earliest Homo sapiens occupations of Europe (Peresani et al., 2016, 2019;
Villa et al., 2018; Horta et al., 2020; Hublin et al., 2020). Despite this, the number of
dedicated studies to this technology in this region remains scarce (Horta et al., 2019).
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Our results show that Homo sapiens in Abri Pataud were flexibly using bipolar methods
as means of resource extraction during the Aurignacian. Firstly, as far as artifact function
goes our data suggests that splintered pieces were used as wedges for working organic
materials and not cores. These tools represent the bulk of the bipolar technology of the
sequence, nevertheless, we also found evidence for bipolar knapping through the presence
of bipolar cores and blanks. Despite being present in the entire sequence, bipolar
technology played a different role through time.

The earliest occupation of the site (level 14) occurs during a cool moment at around 40k
cal BP (T. Higham et al., 2011). This occupation is marked by an intensive use of wedges
(splintered pieces), not in terms of having a large frequency in the overall assemblage
(around 5%) but the extent of which tool was used. The wedging in this level is connected
with bone tool creation and probably carcass processing activities, as evidence for both
has been found (Chiotti, 1999). The wedges in question were being used until exhaustion.
Nearly all wedges were only abandoned after a major fracture that rendered them
unusable occurred. In addition, in most cases the damage is such that the original blank
used as a wedge could not be identified. In the remaining cases they seem to have been
blades which follows the exact same pattern as the blank choice for the majority of
retouched tools during this occupation (Chiotti, 1999, 2005). Interestingly, this
occupation is marked by a mostly flake production and only occasionally blade
production(Chiotti, 1999). In turn this may suggest that the choice to use blades as wedges
is purely functional, due to these having the desired morphological attributes for the task
(parallel edges, straights profiles, etc.). Since raw material is abundant locally and these
tools are being used to the maximum of their efficiency rather than being easily replaced,
this also suggests that there is preoccupation with maximizing efficiency in both the use
and maintenance of these tools. This suggests the importance these tools may have had
in the adaptive strategies of Homo sapiens as a means to increase efficiency in organic

resource extraction.

In the rest of the sequence, the site seems to have had a succession of short-term
occupations. This includes not only the remainder of the early Aurignacian but the
subsequent evolved Aurignacian, a sequence marked by technological shifts. Levels 13,
12 and 11 are marked by harsh cold and arid climate (~39-38k cal BP (T. Higham et al.,
2011)), where the environments likely to have been steppic with few trees (Chiotti, 2005).

While it is expected that during these harsher environmental conditions a need for organic

98



THE ROLE OF LITHIC BIPOLAR TECHNOLOGY IN THE ADAPTATION OF THE FIRST HUMANS IN EUROPE

resource exploitation would have been great, level 13 is marked by a drop in both carcass
processing activities and wedges. Although it is possible that these activities were
occurring offsite. Despite this the site seems to have had a residential function (Chiotti,

1999) where these activities are expected to be conducted (Horta et al., 2019).

Subsequent levels (12 and 11) on the other hand mark a considerable rise in the use of
bipolar technology, in situ carcass processing activities and bone tool and ornament
production (Chiotti, 1999, 2005; Chiotti et al., 2003). During this time period wedges
played an important role not only in carcass processing, but probably also in ornament
and bone tool production. However, process of use and choice of wedges is different from
the long occupation of level 14. In particular, most wedges were chosen from former tools
(Fig. 7 — B) and in lesser extent unmodified flakes, showing that there was no particular
care for the morphology of the tool as long as it was usable. Interestingly, a care for tool
efficiency is still noted. In most cases the active (hammered) platform of the artifact was
the thickest, coinciding often with the original platform (butt). Despite this, wedges were
discarded earlier on their use life, as most original blanks are still identifiable, and a half
showed no major fractures and therefore were still usable at the time of abandonment.
Evidence seems to suggest that wedges were used in a much more expedient manner than
in level 14 despite appearing in larger frequencies. It can also be noted, that the high
frequency is also directly related to the expediency of use. Wedging is an activity that
tends to create significant damage to the tools as they are violently hammered, and data
suggests that lesser damage is formed in the passive platform (Lucas and Hays, 2004; de
la Pefia, 2011). Still if the tool isn’t intensively used it may still be usable for other
activities such as scrapping or boring. End-scrappers that were used for instance, typically
show low damage in their “scrapper head” and mostly in their ventral face, so they
usability as a core or tool is not compromised. Still in some cases these suffered wedging
fractures, which likely led to their immediate abandonment, also supporting our

hypothesis of expedient usage.

During these occupations we also observed evidence for expedient bipolar knapping. As
shown in our results, a small number of bipolar cores were found and most likely played
a small role in the technological kit of Homo sapiens at the time. These cores were likely
used as an expedient, on the go, method of flake production. This is evident not only by
the small number of cores but also of bipolar blanks present in the assemblage. It is also

of note that none of the bipolar blanks show evidence of being retouched. However, this
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does not exclude their probable use as informal tools. The final moments of the Early
Aurignacian (levels 10 and 9) show very poor faunal preservation (T. Higham et al., 2011)
and a large drop in the number of wedges (3 in total). However, it is important to note
that flint quantity is very low in these levels since only the laterals parts were excavated,
still we hypothesize that their use and care follow the same expedient pattern as the

previous occupation.

The beginning of the Evolved Aurignacian (37,550-36,960 cal BP) occurs during a period
of wooded environment with birch, pine, oak and a variety of herbaceous plants locally
present (Donner, 1975; T. Higham et al., 2011). During this period the faunal diversity
increases with large mammals being rare and the diverse consumption of birds, small
mammals and aquatic species being prevalent at the site (Bouchud, 1975; Sekhr, 1998;
Chiotti, 1999). Likewise, we can observe a large drop in wedge frequency (n=1) as well
as bone tool production (n=4) (Chiotti, 1999), which is likely directly related to drop in
the consumption of large mammals. The subsequent and final occupations of this time-
period (levels 7 and 6) occur in a cooler environment. These occupations are marked by
a rise in the consumption of larger mammals namely reindeer (Bouchud, 1975; Sekhr,
1998). This rise is directly proportional with a rise in the bone industry and bipolar
technology. During this period, we can observe this exact same pattern of use and curation
of tools observed in levels 11 and 12 of the Early Aurignacian. Wedges were being used
in an expedient manner, often abandoned while still usable. The only recorded difference
is in the blank choice as flake blanks were more prevalent in the sequence. Furthermore,
we found evidence for the presence of a single bipolar flake, possibly extracted from a

bipolar core offsite or it simply hasn’t been found yet.

Overall, the functional application of bipolar methods was the same throughout the
sequence. Wedging served as a means of enhancing carcass processing through controlled
fracturing and possibly even bone marrow extraction. Furthermore, it enabled the shaping
of bone and antler for the production of osseous tools and ornaments. The possibility that
these tools may have played a role in the extraction and working of plant and wood
resources is also present, as it has been observed in other cases (LeBlanc, 1992; de la
Pefia, 2011; Langejans, 2012; Igreja and Porraz, 2013). Overall, wedging can be
considered one of the significant lithic technological breakthroughs that is unambiguously
linked with increasing efficiency of faunal resource exploitation, described by Hovers

and Belfer-Cohen (2020). It would have served as a significant advantage in cases where
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there is a need to maximize organic resource extraction. As suggested by the data, we do
find a higher presence of this technique during periods of harsher environmental
conditions, likely due to the need of maximizing organic resources. On the other hand,
bipolar knapping provided a quick, alternative, least cost solution method for obtaining
blanks, when needed. This expedient use of bipolar knapping has been observed in other
regions of western Europe (Horta et al., 2019) and its time-efficient advantages (Shea,
2015; Pargeter and de la Pefia, 2017) were likely the reason for its use at the site as there

is no shortage of high quality raw material.

Our results show that bipolar technology may have played a strategic role in the
settlement of Homo sapiens at the site and subsequently the region. This is shown not
only by: (1) the constant presence of this technology throughout the Aurignacian,
persisting through technological adaptations and changes; (2) the flexibility in its use,
both intensively and expediently; (3) the understanding of how to achieve higher
efficiency in resource extraction; and most importantly (4) the understanding of how the
advantages in the strategical implementation of these methods in different scenarios. Our
data suggests that this technology was used in a per need basis as its peaks in frequency
coincide with periods of harsher environmental conditions, through the need to enhance
carcass processing, enabling peaks in osseous industry, ornamentation or as a quick
solution for problem solving. Future studies should further investigate the connection
between bipolar technology, environmental conditions and the production of bone tools
and ornaments, to understand if this is a large-scale phenomenon. Based on our data and
previous studies on the subject (Cascalheira et al., 2017; Horta et al., 2019, 2020), we do

suspect as such.

It is becoming increasingly clear that the understanding of the technological and
adaptational advantages of the use of bipolar methods played a role in the settlement and
survival of Homo sapiens in Europe. Our work highlights the importance of
understanding the entire spectrum of tool use as a means of resource extraction in
adaptational strategies. By focusing on a technology considered to be of low
technological or cultural value we were able to further expand on this subject. Lastly, we
argue that it is the combined understanding of the strategic meaning being tool production
and use in a larger scale that will help us understand the settlement and survival of Homo

sapiens in the region.
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Chapter V

INTENSIVE RE-USE OF STONE TOOLS AS BIPOLAR
IMPLEMENTS IN THE INITIAL UPPER PALEOLITHIC OF
BACHO KIRO CAVE

5.1 Introduction

The Middle to Upper Paleolithic transition in Europe and the Levant (post 50ka) is
marked by a shift in adaptative strategies (Bar-Yosef, 2002; Hublin, 2015; Mellars, 2005;
Teyssandier, 2008; Zilhdo, 2013). As successive waves of Homo sapiens enter Europe,
Neanderthals adapted to the new competition by innovating their adaptive strategies. The
earliest manifestations of this shift come in the form of new industries such as the
Chatelperronian, the Lincombien-Ranisien-Jerzmanowicien (LRJ), and the so-called
Initial Upper Paleolithic (IUP) (Flas, 2011; Kuhn and Zwyns, 2014; Soressi and Roussel,
2014; Ruebens et al., 2015; Kuhn, 2019). Contacts between Homo sapiens and
Neanderthals are reflected in aDNA sequences (Compton et al., 2021; Hajdinjak et al.,
2021; Lalueza-Fox, 2021; Priifer et al., 2021) but nuanced in the archaeological record.
The general consensus is that the Chatelperronian is a Neanderthal industry that combines
Levallois technology with blade production and emerges in Western Europe at the same
time as Homo sapiens starts settling in Europe (Bar-Yosef and Bordes, 2010). Another
Neanderthal industry that emerged during this period is the LRJ, geographically limited
to northern Europe (Flas, 2011). An industry known for its index fossil the Jerzmanowice

points, which are bifacial points made on large thick blades (Flas 2006, 2015).

The IUP represents dispersal events by Homo sapiens migrating out of Africa and into
Eurasia (Hublin, 2015; Kuhn and Zwyns, 2014; Zwyns et al., 2019). The term IUP was
initially described by Marks and VVolkman (1986) to describe layer 4 of Boker Tachtit in
the Negev Desert, Israel. According to the authors, the technology gradually evolved from
bidirectional Levallois point production to volumetric unidirectional blade production (as
seen in the UP). Several researchers have expanded on the term ever since, resulting in
general knowledge of its most common features (Kuhn, 2004a, 2019; Derevianko et al.,
2007, 2012; Kuhn and Zwyns, 2014, 2018; Morgan et al., 2014; Rybin, 2014). In general
terms, IUP industries combine features from MP Levallois technology, such as direct
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percussion and radial reduction, with UP volumetric unidirectional blade and formal tool
production, some of which would later be common in UP assemblages (e.g., end-
scrappers, pointed blades) (Kuhn and Zwyns, 2014; Niu et al., 2016; Kuhn, 2019;
Slavinsky et al., 2019).

Little to no attention has been paid to the presence or role of bipolar technologies in these
industries (Kuhn, 2004a; Tsanova, 2006, 2013; Kuhn et al., 2009; Niu et al., 2016). This
Is especially relevant considering that bipolar technology appears sporadically in the MP
(Mérquez et al., 2013; Moncel et al., 2005; Van Kolfschoten et al., 2015) but is quite
common across the UP (Kozlowski, 1982; Zilhdo, 1997; Almeida, 2000; Tsanova, 2006,
2013; de la Pefia, 2011; d’Errico et al., 2012; de la Pefia Alonso and Toscano, 2013; Villa
etal., 2018; Horta et al., 2019; Kolobova et al., 2021). Recent works have highlighted the
importance of this type of technology as an adaptive strategy, namely in periods of high
mobility, environmental pressure, and raw material scarcity (Cascalheira et al., 2017;
Horta et al., 2019, 2022; Horta and Chiotti, Submitted). Therefore, the importance of
understanding the role that bipolar technology played in Homo sapiens dispersal and

settlement strategies in Europe cannot be understated.

Bacho Kiro cave’s Layers | and J (IUP) currently stands as the oldest Homo sapiens
occupation in Europe (Fewlass et al., 2020; Hublin et al., 2020). Previous studies have
shown that this occupation contains many bipolar artifacts (Kozlowski, 1982; Tsanova,
2006; Hublin et al., 2020). This paper explores the role that bipolar technology played in
the adaptational strategies of the first Homo sapiens groups in Europe. By identifying
reduction strategies, tool function, and economization strategies in combination with
subsistence patterns, this study sheds light on the importance of bipolar methods for the
settlement and success of early Homo sapiens in Europe.

5.1.1 The site

Bacho Kiro cave stands as a key site to understand the arrival of Homo sapiens in Europe.
Located on the northern slope of the Balkan Mountain range in Bulgaria, the site has a
rich chrono-stratigraphic sequence spanning from the Middle Paleolithic to the Upper
Paleolithic (Kozlowski, 1982; Tsanova, 2006; Hublin et al., 2020). The site was initially
excavated in 1920 by Popov, whose sections were later extended by Garrod in the 1930s,
who described the technology as an “unknown UP industry” (Garrod et al., 1939). Later
excavations, led by Kozlowski and B. Ginter, were conducted between 1971 and 1976
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(Kozlowski, 1982). These focused on expanding previous excavation areas throughout
what is now known as the Main sector (Kozlowski, 1982; Hublin et al., 2020). Kozlowski
would later describe the site’s technology as an Upper Paleolithic industry with an early
date and some morphological traits resembling the Aurignacian, labeling it the
Bachokirian (Kozlowski, 1982, 2004). The Bachokirian, according to Kozlowski, was an

early migration of Homo sapiens into Europe coming from the Levant (Kozlowski, 2004).

Excavations would later resume in 2015 through a joint project by the National
Archaeological Institute with the Museum of the Bulgarian Academy of Sciences
(NAIM-BAS) in Sofia and the Max Planck Institute for Evolutionary Anthropology
(MPI-EVA). These new excavations aimed at refining the site's chronology and
confirming the previously reported stratigraphy. Excavations occurred in two sections of
the cave, the Main Sector and the Niche 1 (Figure 5.1). The new data shows that while
previously excavated deposits separate these two areas, many of the analogous layers
have been correlated (Fewlass et al., 2020). Additionally, the previously reported
stratigraphy of the Main Sector (Koztowski, 1982) was confirmed (Hublin et al., 2020),
and the nomenclature changed (e.g., Layer 11 is now layer I). The archaeological
sequence of the Niche 1 (Figure 5.1C), however, only preserves the lower part of the

sequence, including the IUP (Layers | and J) and MP (Layer K) deposits.
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Figure 5.1. Figure adapted from Martisius et. al, (2022). (a) Site plan with location of
1970-75 excavations and recent excavations (2015-2019), Main Sector (top) and Niche
1 (left). (b) Photograph of cave entrance taken by N. Zahariev. (c) Stratigraphic
sequence of the Niche 1 and Main Sector (d). (). Location of Initial Upper Paleolithic
sites close to Bacho Kiro cave.

Layer I has the largest concentration of lithic and faunal remains at the site (Hublin et al.,
2020). This layer has a distinct dark color that results from a large portion of organic

remains, including charcoal, burned bone, and plant matter (Hublin et al., 2020). Human
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remains belonging to the same individual were found within layer I in the Niche 1 and
the upper part of layer J in the Main Sector, in addition to others. (Hajdinjak et al., 2021,
Hublin et al., 2020). aDNA analysis suggests that one individual had a Neanderthal
ancestor less than six generations away (Hajdinjak et al., 2021). Furthermore, there is no
evidence that these humans were genetically connected to posterior UP humans but are
related to later Asian populations (Hajdinjak et al., 2021). Archaeology in the Niche 1
suggests that Layer J accumulated slowly over a period of low cave occupation intensity
compared to Layer | (Fewlass et al., 2020) and that the same population inhabited the
cave during the formation of Layer J and intensified their stay and use during the
deposition of Layer | (Martisius et al., 2022). Recent C14 dates place the start of the upper
part of Layer J at around 45,990 cal BP and Layer | into the period from 45,040 to 43,280
cal BP (Fewlass et al., 2020; Smith et al., 2021). High resolution oxygen stable isotope
analysis suggests temperatures were 10-15oC below modern-day in Layers J and |
(Pederzani et al., 2021). Still, seasonality indicators illustrate human occupation within

Layer | throughout all seasons of the year despite the cold climate (Smith et al., 2021).

The fauna found in layers | and J is characteristic of Marine Isotope Stage 3 (MIS 3)
throughout southeast Europe. This includes a mix of cold and more temperate adapted
species with a broad range of climatic/ecological tolerances (Hublin et al., 2020; Smith
et al., 2021). The most common species found in these layers are Bos/Bison, cave bear,
and red deer. There is also evidence for other carnivores (cave lion, leopard, cave hyena,
red fox, wolf, and brown bear), medium-sized herbivores (horse, European ass, giant deer,
ibex, chamois), and megafauna (mammoth and rhino) (Smith et al., 2021). While
carnivore modifications are not uncommon, human surface modifications are persistent
across the layers (cut marks, bone marrow extraction, and scrapping). These data also
suggests the selective transport of limb bone elements to the site and subsequent in situ
processing (Hublin et al., 2020; Smith et al., 2021). While these human-made
modifications are constant in Bos/Bison and cervids, they are observed in similar
proportions in cave bear remains. Ursidae remains, in particular, show increased
modifications on cranium and foot portions, indicative of skinning and the first stages of
fur removal (Smith et al., 2021).

In addition, Layer | includes the use of a range of animal carcasses as raw material both
for bone tools (n = 92) and personal ornaments (n = 29) (Smith et al., 2021). Formal tools
(n=19) include awls and lissoirs, while informal bone tool types (n=48) include retouchers
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and intermediate tools (used as wedges) (Smith et al., 2021). Ornaments consist mainly
of teeth pendants and pendant fragments (n = 27) produced mainly on cave bear teeth,
wolf, and fewer herbivore taxa (Hublin et al., 2020).

Lithic technological data from Layer | and the upper part of Layer J shows patterns that
combine MP and UP techno-typological elements (Tsanova, 2008), typical for IUP
assemblages (Marks and Volkman, 1986; Kuhn, 2004a; Kuhn and Zwyns, 2014, 2018;
Niu et al., 2016). Typology in these layers is characterized by retouched blades,
endscrapers, and splintered pieces (Koztowski, 1982; Tsanova, 2008, 2012). In addition
to these tools typical of the Upper Palaeolithic, there is a combination with Levallois
forms, faceted platforms, and hard-hammer percussion and techniques reminiscent of the
preceding Middle Palaeolithic African Middle Stone Age (Kuhn and Zwyns, 2014,
Hublin et al., 2020). Overall the technology found in layers I and J is similar to Ugagizli
Cave in Turkey (Kuhn et al., 2009; Hublin et al., 2020). Raw materials in these layers
consist mostly of different types of flint and residual percentages of other raw materials
(Tsanova, 2006). Preliminary data on raw material sourcing shows that different flint

types were collected from sources 80-150km away from the site (Hublin et al., 2020).

5.2 Methods

All lithic artifacts recovered from layers | and J of the new excavations were screened,
and those which fit the definitions of splintered piece, bipolar core, bipolar blank, and
anvil, were included in this study (see Horta et al. 2019 and Horta and Chiotti, under
review). It is important to note that we only considered the final use of each artifact for
classification purposes. This means that a splintered piece used as a bipolar core (e.g., if
knapping scars overlap the typically much smaller wedging scars), then this splintered
piece was considered a bipolar core and vice versa. Due to the uncertainty in the
boundaries of the layers, artifacts from the contact zones between layers H/I and 1/J were
also included in the sample. This resulted in the inclusion of a total of 260 artifacts.

Avrtifacts were analyzed in different manners according to their typology.

Splintered piece analysis was done adapting Horta et al. (2019), Horta and Chiotti (under
review) and Kolobova et. al, (2021). This methodology separates technological and
functional variables in order to answer different questions. Technological data is
registered to understand general patterns of blank choice for splintered pieces. In turn,
functional data is registered to understand artifact use, possible stages of usage, and cause
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for abandonment. As mentioned by Horta and Chiotti (under review), so far, no studies
have successfully shown statistical approaches in order to answer these questions. This
stems from the fact that the morphology of these artifacts is highly variable because their
shape ultimately results from their use and damage that fall outside of the knapper/user’s
control. Due to the combination of these reasons, in addition to the low number of artifacts
in the sequence that a choice was made not to pursue statistical approaches and to use
already proven to be successful traditional descriptive analyses for these types of artifacts
e (de la Pefia, 2011; Horta et al. 2019; Horta and Chiotti, Under review).

Bipolar core and bipolar blanks were analyzed based on their technological attributes
recorded in traditional lithic studies (Tixier and Inizian, 1983; Andrefsky, 1998). In
addition to these, we added the variables “External Platform Angle” (EPA) and “Damage
Location” to the analysis of bipolar blanks. EPA was recorded to understand patterns of
intention in the prediction of blank shape and size during extraction (Rezek et al., 2018)
and allow for comparison with free-hand blanks. The damage location variable was added
to understand whether the blank crossed the entire surface of the bipolar core when
extracted (therefore exhibiting distal damage due to the contact with an anvil) or if simply
the damage was located in the proximal portion. In the latter case, in combination with
size, this allows for understanding whether the blank came from a regular bipolar core or
a splintered piece (in this case, from wedge splintering). We recorded their raw material

type, metrics, and evidence of further use for split pebbles.

Anvils were analyzed following their surface modifications (Arrighi et al., 2020; Paixao
et al., 2021). In addition to regular metric analysis, type, number, and location of use
features were recorded as possible reasons for their abandonment. Regarding the type of
features, three types of surface modifications were observed and recorded: impact
features, grinding features, traces of residue, and a combination of the previous. This
variable is expected to show the primary type of activity the anvil was used for. The
feature location along the surface of the anvil was also recorded through the following
attributes: central, extremities or a combination. From a stability standpoint, it is expected
that most anvil use would occur in the central portion, where the propagation of force
would not impact its stability. The choice of different zones of use in combination with
the number of features present in the anvil surface may indicate efficiency evaluation by

suggesting expedient or intensive use of the anvil. Lastly, several anvils shown signs of
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large fractures, which were recorded in order to understand whether these may have led

to their abandonment.

5.3 Results

A total of 260 artifacts were analyzed from Layers | and J and their subsequent contact
zones, excavated in the Niche and the site's Main section. All currently identified types
of bipolar artifacts are present in the assemblage (Table 5.1). Most bipolar artifacts were
made on yellow flint, despite all other types of flint being presented in smaller percentages
(Table 5.1). Anvils were made exclusively on sandstone and split pebbles on quartz and
other raw materials (Table 5.1). Most artifacts (74,6%) were found in Layer | in the Niche,
with lesser representation in Layer J and the contact zones between both layers and Layer
H and I (Figure 5.2). Only 14 artifacts were found in the main section of the site, and 7
(50%) of these from Layer | (Figure 5.2). While not included in the analysis for this paper,
it is important to mention that bipolar technology was also found in other layers of the
site, specifically 7 artifacts in layer H of the Niche and 10 artifacts from layer B of the

main section.

Table 5.1. Frequency of bipolar artifacts per raw material type.

Artifact Types

Raw Splintered Bipolar Split Bipolar Fragment Anvil Total
Material Pieces Cores Pebbles Blank

N % N % N % N % N| % | N| % N %
Brown Flint 8 6,2 - - - - 2 3,2 1 4,5 - - 11 | 4,2
Coarse Grey 4 3,1 1 111 - - 1 1,6 1 45 - - 7 2,7
Flint
Grey Flint 2 1,6 - - - - 2 3,2 2 9 - - 6 2,3
Quartz 1 0,8 1 111 2 | 143 - - - - - - 4 15
Sandstone - - - - 2 | 143 - - 1| 45 |28|966 | 31 | 11,9
Spotted Flint 20 155 3 33,3 - - 1 1,6 4 1182 | - - 28 | 10,8
Yellow Flint 92 713 | 3 | 333 | - - 55| 88,7 | 13 | 59,1 | - - | 163 | 62,7
Other 2 1,6 1 111 5| 714 1 1,6 - - 1|34 ) 10 | 38
Total 129 | 100 | 9 | 100 | 9 | 100 | 62 | 100 | 22 | 100 | 29 | 100 | 260 | 100
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Figure 5.2. Artifact frequency per layer.

Bipolar cores in the sequence (n=9) were all made on flint. Three cores (33%) are made
on yellow flint, another 3 on spotted flint, and one core in coarse-grained grey flint (Figure
5.3B). Two cores (28.6%) were made on flakes, 2 (28.6%) were too reduced and damaged
to be able to be identified (Figure 5.3A). The remaining 3 were made on a previous core
(initially reduced with freehand methods and posteriorly on an anvil), a flint nodule, and
the last one on a splintered piece (in this case, the knapping scars overlap the “wedging”
scars). Regarding cortex (Figure 5.3C), 4 cores have no cortical surfaces, 2 have less than
25% of cortical surface and the remaining core has between 25 and 50% of its surface
covered in cortex. All but one core have plain platforms, while the other core has a
crushed platform (Figure 5.3E). Likewise, 6 cores have evidence of striking on a single
face, while the remaining one was reduced in 2 (Figure 5.3D). Overall, all cores are flake
cores. However, 3 cores have a single bladelet-like removal (Figure 5.3F). Previous
studies (Peresani et al., 2019) have proposed that these removals are likely accidental. All
cores seem to have been heavily reduced because only 1 of the 7 cores was made on a
possibly unmodified nodule, but most of these exhibit up to 10 removal scars (Figure
5.3G). Lastly, despite each core's damage and reduction rate, only one core seems to have
been abandoned due to a large fracture occurring during knapping (Figure 5.3H).
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Bipolar cores (pebble cores included) have lengths between 22-40mm, widths between

18-39mm, thicknesses between 8-22mm, and weigh between 8-17g. As seen in Figure
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5.4A, bipolar cores have, on average, similar lengths and widths as free-hand cores, with

only 2 free-hand cores being significantly larger. When it comes to thickness, free-hand

cores are typically thicker than bipolar cores (Figure 5.4C). Interestingly as shown in

figure 5.4D, and likely due to being heavily re-used, bipolar cores are lighter than free-

hand blanks (unfortunately, we currently have no data for the weights of FH cores for

comparison).
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Split pebbles and split pebble cores A total of 11 split pebbles were found in the 1UP

sequence, including two posteriorly used as bipolar cores. These pebbles were most likely

collected as complete pebbles then split on an anvil, and two were used as a core (on
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anvil) to extract flakes. The 2 cores are made on quartz and a quartzite like raw material
whose identification is still under study. These cores have large cortical surfaces (50-
90%), plain or cortical platforms, a single striking face, only 2 removals each and no
apparent reason for abandonment. Interestingly, the blanks extracted from these cores are
not currently present in the assemblage. In addition, no formal tools seem to have been
made in these raw materials, so pebble use may be expedient. The remaining split pebbles
show no evidence of being used after being split. Since we could not refit any of them, it
is possible that the “missing halves” have been used, and these were discarded instead.
Two of these are sandstone pebbles, another two are in quartz, and the remaining are in
other raw materials. All of these have fully cortical dorsal faces. Split pebbles in the
sequence have lengths between 19-61mm, widths between 19-42mm, thicknesses
between 9-20mm, and weigh 10-12g.

Bipolar Blanks A total of 64 blanks extracted from bipolar methods have been identified

in the IUP levels of the sequence. Bipolar blanks share some similarities and some
differences from free-hand blanks. Bipolar blanks are 75% (n=48) flakes, 15,6% (n=10)
elongated products and the remaining 9,4% (6) are flake fragments (Figure 5.5A). In this
case, they are similar to free-hand blanks as the majority of the latter are also flakes
(Figure 5.5A). As shown in Figure 5.5B, most blanks (90%) are made on yellow flint,
with the other types of flint having similar residual representations (1-3%), following a
similar pattern as free-hand blanks. Overall, other similarities between both types of
blanks are the following: no cortex (90%), straight profiles (90%), parallel edges (42%),
and triangular (60%) cross-sections (Figures 5.5C, 5.5E, 5.5F and 5.5G). Regarding their
platforms, the blanks typically have crushed (56%), flat (23%), and smaller percentages
of the remaining types (Figure 5.5D). In this case, they are quite different from free-hand
blanks since these have a majority of flat platforms. In addition, 24 (42%) of the blanks
have stepped tips, 17 (26%) have natural, feather-shaped tips and the remainder have
hinged (14%) or other types of terminations (Figure 5.4H). Regarding their EPA, bipolar
blanks are highly variable, as opposed to free-hand blanks, which have angles between
75 °and 100° as seen in Figure 5.51. Of the bipolar blank group, 24 (37,5%) have EPAs
between 25° and 50°, 18 (28.1%) have between 50° and 75° EPAs, 14 (21.4%) have
between 75° and 100° and with smaller representations less than 25° and over 100°. This
variability is likely due to the lesser degree of control that the knapper has used this
reduction method, resulting in unpredictable EPAs. Lastly, the main diagnostic feature of
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a blank extracted through bipolar methods is its damage. In this manner the damage can
be located in the proximal portion in the form of crushing due to the hammering and in
the distal portion (passive damage caused by the rebound contact with the anvil).
However, distal damage is not always present in these artifacts because the removal does
not often cross the whole face of the core. Following this, of the bipolar blanks present in
the sequence 75% (n=48) have damage only in the proximal end, 20% (n=13) in both the
proximal and distal ends and the remaining 3% (n=2) in the distal end (Figure 5.5J).
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Figure 5.5. Bipolar Blank technological attributes. A: Blank type; B: Raw material type;
C: Cortex percentage; D: Butt type; E: Profile; F: Cross-section shape; G: Blank shape;
H: Blank termination; I: EPA; J: Damage Location. Full data available in the SOM.

Bipolar blanks are typically smaller than free-hand blanks, splintered pieces, and bipolar
cores (Figure 5.4C). Their lengths are between 9-46mm, widths between 6-25mm,
thickness between 3-7mm, and weight between 0.3-15g (Figure 5.9B and 5.9D). They are
both lighter and thinner than free-hand blanks (Figure 5.4C). In order to understand
whether these blanks come from bipolar cores or splintered pieces, we compared their
length to the average scar length of splintered pieces and the maximum scar length of
both bipolar cores and splintered pieces. As shown in figure 5.4E, bipolar blanks fall in
between bipolar core scars and splintered pieces maximum scar lengths. As a result, we

conclude that they come from bipolar cores and, on rare occasions, splintered pieces.

Splintered pieces A total of 129 (49.6% of the total sample) splintered pieces were

analyzed from the IUP levels of Bacho Kiro. Of these, 92 (71.3%) were made in yellow
flint, followed by 20 (15.5%) in spotted flint and minor frequencies of the remaining raw
materials (Figure 5.5A). Due to the high degree of damage and reduction observed, the
original blank is not identifiable in one third of cases. In the remainder of the cases these
artifacts were originally flakes (28.2%), indistinguishable between blade and flakes
(17.7%), former blank fragments (8%), and others. Most splintered pieces exhibit no
cortex, straight profiles, parallel edges, and cross-sections that are quadrangular,

triangular, or trapezoidal (Figure 5.5).
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Figure 5.6. Splintered pieces technological attributes: Blank type; B: Raw material type;
C: Cortex percentage; D: Butt type; E: Profile; F: Cross-section shape; G: Blank shape.
Full data available in the SOM.

Splintered pieces show high fracturing rates, which is typical when these artifacts are used
as wedges (Tixier, 1963; Kolobova et al., 2021; Horta and Chiotti, Submitted).
Specifically, only 64 (49.6%) splintered pieces are complete (Figure 5.6A). The
remaining (n=65) exhibit large fractures that might have led to their abandonment. In
these cases, large transversal fractures (49%) and longitudinal fractures (26%) are more
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frequent (Figure 5.6B). In addition, 6 (9.2%) splintered pieces exhibit oblique, and
another 6 show split fractures (when the tool breaks in half, akin to a Siret accident).

The use of these tools was done following their technological axis (85% of cases), with
most likely the striking platform being used as the active (hammered) platform of the tool
and the distal end as the passive (in contact with the organic or stone anvil). Recent
experimental work has suggested that the damage mainly occurs on the active platform
of each tool (de la Pefia, 2011; Kolobova et al., 2021). Considering this, it is not surprising
that the platform of blanks is used as the active platform since it is usually thicker and
can withstand more blows. Still, up to 89% of these tools were rotated (180°) during use,
perpendicularly to their technological axis, resulting in 2 damaged platforms. Several
other tools (7.8%) were rotated both vertically and at other angles multiple times
(exhibiting 3, 4, or more damaged platforms), and only in 3% of cases these tools were
used unidirectionally (Figure 5.6C). The rotation was likely to maximize each artifact’s
potential as a tool. As a result of this rotation and the intensity of use, most tools have
highly or medium damaged platforms, with little to no traces left of the original platforms
(Figure 5.6E). When it comes to scars, splintered pieces have: aligned (54%) or
aligned/overlapped (32%) scar dispositions (Figure 5.6D); scars are distributed
throughout the entirety of the platforms (28%) (Figure 5.6F); marginal scar extension
(Figure 5.6G); and bifacial scar distribution (Figure 5.6H).
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Figure 5.7. Splintered piece morpho-functional attributes. A: Fracture Presence; B:
Fracture Type; C: Number of damaged platforms; D: Scar Disposition: E: Platform
Damage Degree; F: Scar Distribution; G: Scar extension; H: Scar Facial Distribution.
Full data available in the SOM.

Splintered piece lengths are between 11-41mm, widths between 11-44mm, thickness
between 2-19mm and weight between 2-17g (Figures 5.4B, 5.4C and 5.4D). On average,
they have similar sizes to bipolar cores, except for being lighter and thinner (Figures 5.4C
and 5.4D). Most of them are re-used free-hand blanks, their compared sizes (Figure 5.4B)
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are similar (with splintered pieces being slightly smaller on average). Regarding scar size,
most splintered piece scars have between 1-5mm of length and maximum sizes of 5-
10mm, occasionally having up to 25mm (Figure 5.7). Therefore, the byproducts
splintering from these tools were primarily chips or very small flakes. Previous studies
(Kolobova et al., 2021) have identified reduction sequences using length and width,
namely through an index of reduction. Following these methods, we found that most
splintered pieces (80%) were abandoned either when the length was reduced to the same
size as the width or very close to it (Figure 5.8). When combining this reduction index
with our quantitative and qualitative data, we conclude that complete splintered pieces

were abandoned either at the exhaustion point or close.
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Figure 5.8. Metric data for splintered pieces. Full data available in the SOM.
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Figure 5.9. Splintered piece reduction index. Full data available in the SOM.

Additionally, we found 4 artifacts that had several identifiable stages of use. We
considered them splintered pieces for methodological reasons since this was their last use.
However, these artifacts had up to 3 stages of use, with wedging always being the final
stage (see Figure 5.9). This, due to the highly destructive nature of wedging, is not
surprising. Still, these data reaffirm the intensive nature of reducing and maximizing

efficacy in resource exploitation at the site.

Phase 1 — Free-hand Core: The
Core is unidirectionally
reduced

Phase 2 — Bipolar Core: Due to
angle loss the core is placed on
an anvil and rotated 90° for
further reduction

Phase 3 — Splintered Piece:
Since the core is no longer
usable for blank extraction, it
is in turn used as a wedge for
working hard organic
materials

Figure 5.10. Artifacts with several phases of reduction. White represents the direction of
percussion; blue squares represent the anvil damage; orange squares represent wedging

damage.

Anvils Throughout the sequence, we found 29 stone slabs in which we were able to
identify a range of surface alterations congruent with their use as anvils. Interestingly, all
of the anvils found come from the IUP levels. Anvils were also identified by Kowsloski
(1982) in previous excavations. As observed in the materials collected in the 70s, nearly

all anvils (96%) were “made” on sandstone slabs, with one other in a raw material akin
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to quartzite. Sandstone slabs are quite common around the site and especially on the
plateau above the cave, so these were most likely locally sourced. Three types of features
were identified on the anvils: (1) impact features likely caused by bipolar knapping
(possibly even wedging activities, although this remains to be tested), (2) grinding
features, and (3) traces of residue (Figure 5.10A). In terms of traces, impact features are
most common (51%), and with slightly lesser representation (44.9%), the combination of
impact and grinding features, and less common are anvils with only residue traces (3.4%).
As shown in Figure 5.10B, most anvils have between 1 to 5 impact features present on
the surface, followed by 6 to 10 (24%) and with lesser representation 11 to 15 (7%) and
16 to 20 (10%). Traces are distributed either in the central portion of the anvil (48% of
cases), near the extremities (31%) or a mixture of both (20.7%) (Figure 5.10C). From a
stability standpoint, it is expected that the central area would be preferred for knapping.
Still since impact features are found near the extremities and in some cases in the
extremity itself this may have led to the fracturing of the slab itself. It is important to note
that the slabs are also fragments of larger slabs and whether they are simply collected as
is, purposely broken to be transported, or fractured during use, remains to be tested. Still,
44% of the anvils (n=13) the remaining seem to have been abandoned to a large fracture
that split the anvil, possibly due to use, while the remaining (55%) show no apparent

reason for abandonment (Figure 5.10D).
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Figure 5.10. Anvil attributes. A: Type of Surface Traces; B: Number of Features; C:

Feature Distribution; D: Reason for Abandonment. Full data available in the SOM.

As shown in Figures 5.11 and 5.12, anvils are, as expected, larger and heavier than the
rest of the assemblage. We considered the longest morphological axis as length and the
following as width for these artifacts. Anvils have lengths between 75-154mm, widths

between 62-143mm, thicknesses between 12-57mm, and weights between 200-1000g.
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Figure 5.11. Anvil and split pebble metrics. Full data available in the SOM.

Figure 5.12. Anvil and split pebble weight. Full data available in the SOM.

5.4 Discussion and Conclusions

This paper and the results presented here represent the first in-depth analysis of bipolar
technology in Bacho Kiro cave and IUP contexts. It is important to note that bipolar
technology is present in other IUP occupations, namely in sites in Central Mongolia,
China, and Turkey (Kuhn, 2004a; Rybin, 2014; Niu et al., 2016). In these sites, bipolar
knapping seems relatively expedient, having low representations in their assemblages.
The same can be noted when referring to splintered piece representation. As a result, little
attention has been paid to understanding the effective role this strategy may have had in

these occupations.

Our results show that Bacho Kiro Cave’s IUP is a unique case for the use and
understanding of bipolar techniques. The assemblage includes the current spectrum of
bipolar artifacts types (bipolar cores, bipolar blanks, anvils, splintered pieces, and bipolar
split pebbles). In terms of representation, bipolar cores currently represent 50% of all
cores in the IUP, and splintered pieces present 31% of all tool types. In turn, this
represents some of the highest frequency and representation of this technology in Europe

outside of the Uluzzian (Gambassini and Napoleone, 1997; Kaczanowska et al., 2011; De
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Stefani et al., 2012; Dini and Tozzi, 2012; Peresani, 2012; Peresani et al., 2016, 2019;
Villaet al., 2018).

Our results suggest that several activities were carried out at the site with bipolar methods:
knapping, wedging, and bone grinding. Bipolar knapping is present in the form of bipolar
cores and blanks, splintered pieces were used as wedges for working hard organic
materials, and anvils were used as bases for these activities. Our data aligns with
Kozlowsky’s (1982), who recognized the use of sandstone slabs as anvils through impact
features and indentations caused by grinding. Sandstone slabs would be collected locally
to be used as anvils for these activities. Sandstone slabs are numerous in the Dryanovo
river (less than 200m from the site) and the plateau above the cave in regular rectangular
shapes. These would be the natural choice for anvils as their size and morphology allow
for stable surfaces for indirect percussion. Another advantage is their rugged surface,
which would be optimal for bone grinding (see Martisius et al., 2022) and core stability.
Several of the anvils are fractured, and the reason for this is yet to be explored. These
fractures could have occurred during use due to the constant violent blow they indirectly
received, or these could have happened during the moment of collection. In the latter,
larger slabs could have been purposely split or fractured to make them smaller and more
mobile for transportation to the site. Nevertheless, it is clear that these played an

incremental role by enabling the use of bipolar methods at the site.

In Europe, bipolar knapping is not a rare occurrence in Upper Paleolithic assemblages
(Zilhdo, 1997; Peresani, 2012; de la Pefia Alonso and Toscano, 2013; Peresani et al.,
2016, 2016b; Kandel et al., 2017; Horta et al., 2019; Arrighi et al., 2020; Horta and
Chiotti, Submitted) and to a lesser extent in Middle Paleolithic assemblages (Moncel et
al., 2012; Marquez et al., 2013; Van Kolfschoten et al., 2015; Tillier et al., 2017; Villa et
al., 2018). In the IUP, this technique is noted in the Tolbor sites in Mongolia (Derevianko
etal., 2007; Rybin, 2014) and Ucagizl1 Cave in Turkey (Kuhn, 2004a) as a means of blade
production. However, this does not appear to be the case in Bacho Kiro, where most
bipolar cores are flake cores. Since the cores themselves have a high degree of reuse, it is
possible that bipolar blade production happened in earlier stages of reduction, although
we currently have no evidence to support this hypothesis. Bacho Kiro is similar to
Shuidonggou locality 7 and Northern China (Zhang, 2002; Niu et al., 2016) in this regard,

where both bipolar and free-hand methods are used for flake production. The main
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difference is the higher frequency of this technique in Bacho Kiro compared to any of the
other IUP sites.

Our results show that bipolar knapping seems to have been a recurrent practice in Bacho
Kiro. Interestingly, bipolar reduction seems to happen as a final phase of a reduction
sequence rather than a primary means of reducing unmodified raw material volumes.
Previous studies (Hublin et al., 2020; Tsanova et al., 2020) have suggested that the raw
materials were sourced between 80 and 150km away from the site. Raw material
conservation has often been one of bipolar knapping’s advantages (Gurtov and Eren,
2014a; Hiscock, 2015a; Shea, 2015; Pargeter and de la Pefia, 2017; Pargeter et al., 2019;
Horta et al., Under review). Previous studies (Kozlowski, 1982; Tsanova, 2006) noted a
high degree of re-debitage happening at the site, which our results reaffirm. All but one
flint bipolar core in the assemblage had previous reduction stages, including cores-on-
flakes. Cores (and even large flakes or fragments) would initially be reduced through free-
hand methods and then placed on an anvil for continuous reduction and used as wedges

afterward.

While this is the case for all flint types, the quartz and quartzite cores were primarily
reduced on anvil for blank extraction. These cores were originally pebbles likely sourced
locally from the nearby Dryanovo river. Raw material conservation is likely not a factor
since these cores have a relatively low number of scars, and blanks in these raw materials
are rare. Additionally, we found that small pebbles of variant knapping quality were split
on anvil to be later used for other activities. These mostly have no flaking scars, unlike
the cores, so their use is currently unknown. In Africa, the use of bipolar methods as a
means of splitting and reducing pebbles is a common occurrence in assemblages from the
Early, Middle, and Later Stone Age through to the Holocene (Barham, 1987; de la Torre
et al., 2003; Villa et al., 2010; Barham et al., 2011; de la Torre, 2011; Gurtov and Eren,
2014a; Arroyo and de la Torre, 2017; Pargeter and de la Pefia, 2017). For bipolar
reduction, constraints such as small core sizes, raw material hardness, and quality,
irregular shapes, steep platforms, or the requirement of larger amounts of force are
neglectable since the core is supported on a surface and not hand-held (Hiscock, 2015b,
2015a; Horta et al., Under review). Therefore, it is an efficient method to continuously
reduce cores of any shape or raw material and/or even tools and blanks such as large

flakes or blades.
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Additionally, it offers high productivity of various blank types characterized by different
size, morphology and edge delineation, and rectilinear profiles (Moroni et al., 2018;
Arrighi etal., 2020; Collina et al., 2020). Considering this, it is not surprising that the IUP
Homo sapiens at Bacho Kiro would frequently use bipolar methods. High-quality raw
material was scarce, and there was a clear need to economize and maximize the efficiency
in its use. Bipolar knapping allowed for maximizing blank production as a means of high-
quality (flint) raw material conservation. In addition, it provided a fast, least cost, and

more effective solution for expedient reduction of local pebbles.

Our results conclude that splintered pieces were used as wedges for working organic
materials and therefore are not bipolar cores. Splintered pieces were intensively used as
wedges for working hard organic materials during the IUP in Bacho Kiro. However, we
do not discard the possibility that byproducts removed from splintered pieces during
wedging were not used. In fact, due to the high degree of raw material conservation at the
site, it is a possibility. It is important to remember that there is no control on what
“splinters” from the wedge during use, so blanks cannot be predicted. This high degree
of uncertainty in blank prediction does not match all other technological and economic
traits observed in the assemblage. As shown in Figure 5.9, cores were occasionally re-
used as wedges, but never the other way around. As a result, we find the hypothesis that

splintered pieces could have been used as cores themselves not valid at the site.

Wedging was an important recurrent activity at the site, as there is recurring evidence of
intensive re-use of artifacts as wedges. Flakes, blades, cores, former tools, and fragments
were all used as wedges, turning them into splintered pieces. Any stone tool with usable
morphology (straight edges) was used as a wedge. This activity was intensively
performed until the tool was no longer usable. Over half of the wedges were abandoned
after a large fracture occurred, and the remaining show high degrees of reduction. These
tools were either being used to exhaustion or close to it. Often, one-third of them are so
modified that no traces of the original blank can be found. The maximization of each
tool’s potential was likely a concern as several wedges were rotated at a variety of
different angles in order to be still efficient for use. Our results align with use wear data
that suggests (Marreiros et al., 2019) that splintered pieces have been highly modified and
show intensive development of microwear and were used for bone, wood, and hide
working. In addition to splintered pieces, we found evidence at the site for bone wedges

(Smith et al., 2021; Martisius et al., 2022). These follow the same type and intensity of
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use pattern that we observed in stone wedges. Stone wedges were used for processing
bone, wood, antler, and hide. Being a softer material, bone wedges mainly were used for
processing wood and hide (Martisius et al., 2022). As in stone wedges, these were
intensively used as they seem to have been abandoned only after suffering fractures that
compromised their use as tools. Bone wedges were chosen from long bone diaphyseal
fragments of medium to large mammals, and like stone wedges, are extremely variable
(Martisius et al., 2022). Interestingly, several bone wedges show evidence of being
initially shaped through wedging themselves. Being a rarer raw material, these tools were

likely used as a compliment to stone wedges that were more numerous and “harder”.

Wedging evidence is also widely present at the site, from carcass processing to bone tool
and ornament production (Smith et al.,, 2021; Martisius et al.,, 2022). Carcass
modifications (deliberate impact features (Lyman, 1994; Fisher, 1995) produced by
wedging for bone marrow extraction are persistent in Bos/Bison, cervids, and cave bear
remains (Smith et al., 2021). The link between wedging and carcass processing (including
bone marrow extraction) as resource intensification strategies has been noted in other UP
assemblages (Horta et al., 2019; Manne, 2014, 2010). Likewise, wedging evidence is
commonly found in bone tools, as these were often shaped prior to their use (Martisius et
al., Under review). These modifications include, as previously stated, shaping bone as
wedges. The use of wedges to fracture hard animal tissues allows for more control during
the fracturing process and is a crucial method in developing osseous technologies (Horta
et al., 2019, Under review; LeBlanc, 1992). Wedging also played a role in ornament
production. While this relation is still to be explored in detail, few studies have explored
this possibility, including finding direct evidence in the Uluzzian (di Cesnola, 1993; Horta
et al., Under review; Martisius et al., 2022). Martisius et al. (2022) state that grooving
techniques are most common for pendants and notched pieces. However, there is little

evidence that they grooved bone prior to inserting a wedge for splitting.

Little evidence has been found for wedging in the IUP other than the presence of
splintered pieces in low frequencies (Kuhn, 2004a; Niu et al., 2016). This technique seems
unique to Homo sapiens, with little to no evidence being found in Neanderthal
occupations (Horta et al., 2022). Evidence for splintered pieces has been reported in
Italian Middle Paleolithic occupations (Peresani, 2012; Villa et al., 2018). However, there
IS no evidence that these were used as wedges. Evidence for wedging activities has been

reported in late MSA occupations in Southern Africa and is common in LSA and Upper
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Paleolithic assemblages (Langejans, 2012; de la Pefia Alonso and Toscano, 2013; Igreja
and Porraz, 2013; Bader et al., 2015; Kandel et al., 2017; Horta et al., 2019, Under review;
Kolobova et al., 2021; Horta and Chiotti, Submitted).

Overall, our results show that the Bacho Kiro assemblage and the use of bipolar methods
make it stand out as a unique case during the ITUP. Homo sapiens were strategically using
bipolar methods to maximize their adaptability to the environment. High-quality raw
material sources were far from the site, so bipolar knapping was recurrently used as a
means of raw material conservation. This was done by continuously reducing former
cores, blanks, and tools to keep producing blanks. In addition, local pebbles of coarser
raw materials were also efficiently reduced with bipolar methods. In these cases, bipolar
methods provided a more efficient way of reduction for maximizing high-quality raw
material conservation and a fast, least-cost solution for expediently obtaining sharp edges
by reducing coarser raw materials (Hayden, 1980; Duke and Pargeter, 2015; Hiscock,
2015b, 2015a). The cave occupation during the IUP, happened during a very cold moment
(Pederzani et al., 2021). Wedging was turned to in order to combat economic scarcity by
enhancing carcass processing activities. This, in turn, allowed for efficient limb splitting
and bone marrow extraction (which provided important caloric value). Wedging further
enabled efficient bone tool and ornament manufacture, turning carcasses into raw material

and enhancing wood and hide processing.

Bipolar methods were used as a means to enhance resource extraction strategies, allowing
Homo sapiens to be able to survive during adverse environmental pressures. While Bacho
Kiro currently represents the oldest Homo sapiens in Europe, it represents a unique case
of adaptation strategies through bipolar methods. Primarily through the level to which
efficacy was considered in every adaptation aspect. The use of bipolar methods as an
answer to maximize adaptability shows a clear and deep understanding of the advantages
of these methods. Homo sapiens combined IUP technology with recurring use of bipolar
technology akin to Uluzzian or LSA occupations, resulting in a unigue technology catered
to maximize adaptability to hostile environments. Whether these methods are a latent
solution (Tennie et al., 2016, 2017) for problem-solving remains to be confirmed.
However, the adaptive advantages of using these methods cannot be underestimated.
Lastly, as the differences and similarities between Neanderthals and Homo sapiens

continue to be debated, it is imperative to understand how both groups evaluated and

130



THE ROLE OF LITHIC BIPOLAR TECHNOLOGY IN THE ADAPTATION OF THE FIRST HUMANS IN EUROPE

achieved efficiency by using stone resources for mediating environmental pressure and

the use of bipolar methods provides such comparison.
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Chapter VI

RESULTS — SITE COMPARISON

In combination, all four papers included in this thesis provide a unique insight into how
the different early Homo sapiens groups adapted across Europe to different ecological
settings. The first paper (chapter 2) explores questions related to hominin mobility and
survival, proving vital for understanding bipolar technology beyond its technological
aspects in each site. Chapters 3-5 provided unique case studies to explore how humans
used bipolar methods to adapt across Europe. Based on the data previously shown, it is
safe to say that bipolar technology was an essential part of adaptive strategies during the
onset of the Upper Paleolithic. In order to understand how different variables (e.g.,
distance to raw material sources, bipolar tool function, and blank production) impacted
the way bipolar methods were used, this chapter combines aspects from these previous

chapters by comparing the data extracted from the three sites.

Bacho Kiro (BK), Abri Pataud (AP), and Vale Boi (VB) represent the earliest human
occupations containing bipolar technology in each respective region (T. Higham et al.,
2011; Bicho et al., 2012; Fewlass et al., 2020). Despite this, there is a clear chronological,
populational, and technological gap between each site. Bacho Kiro Cave’s earliest human
occupation occurs between c. 45-43ka cal BP (Fewlass et al., 2020). Abri Pataud’s earliest
occupation is dated to c. 40-38k cal BP and the subsequent from c. 37.5 to 35ka cal BP
(T. Higham et al., 2011). Vale Boi’s earliest occupation is dated to c. 32 ka cal BP and
the site was continuously occupied throughout the Upper Paleolithic. Technologically,
Bacho Kiro’s analyzed assemblage is attributed to the IUP industry (Tsanova, 2006;
Hublin et al., 2020), Abri Pataud’s to the Aurignacian industry (Chiotti, 2005), and Vale
Boi’s to the Gravettian, Solutrean, Proto-Solutrean and Magdalenian industries. All of
these industries have differences among them; however, the presence of bipolar
technology is a connecting factor. While there is currently no data available for aDNA on
either VVale Boi or Abri Pataud, the first humans who occupied Europe and, therefore,
Bacho Kiro cave are not genetically connected to either the Aurignacian people who
settled across Europe (Hajdinjak et al., 2021) or (hypothetically) the Gravettian
population who occupied Vale Boi (Fu et al., 2016). So not only were these sites spread

chronologically, technologically, and culturally, but they also had different (genetic)
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populations occupying them. Still, since bipolar technology was used in each site and

they all encompass episodes of early human adaptation, comparisons can still be made.

As shown in previous chapters, all three sites have different frequencies and types of
bipolar artifacts. As a result, only splintered pieces and bipolar cores are found in all three
assemblages. Therefore, split pebbles and anvils will not be considered. For direct
comparison purposes, all Vale Boi’s splintered pieces will be considered because they
have no functional or technological differences throughout the sequence. In Abri Pataud,
each single occupation will be considered because splintered pieces had differences in
their frequency and use degree. Because both Abri Pataud and Bacho Kiro’s assemblages
are made on flint, only the flint Vale Boi’s splintered pieces will be considered for direct
comparison. A single exception is made when calculating splintered piece frequency
amongst the tools in Vale Boi, in which case the quartz splintered pieces are also
considered. Since access to an Uluzzian occupation was not possible, data from Riparo
Broin (RB) and Grotta di Fumane (GF) (Peresani et al., 2016, 2019) was adapted and
included for comparison providing comparable data from Italy during this timeframe

(particularly, between c. 45-40ka BP).

According to the data from Chapter 2 (Horta et al., 2022), during the Final Late
Pleistocene (after 50ka BP), occupations across the globe tended to have either splintered
pieces or a mixture of splintered pieces and bipolar cores, as observed in the sites
mentioned above. Table 6.1 shows the frequencies of bipolar technology in each site.
Regarding splintered pieces frequency, Riparo Broin (RB) has the highest frequency of
all occupations with this morphotype, representing 75.58% of the tools in the assemblage,
followed by BK with 31% and GF with 29.51%. Vale Boi has the fourth-highest
frequency with 19%, and then Abri Pataud’s Early Aurignacian short occupations
(APEAS) with 6.2%. Abri Pataud’s Early Aurignacian long occupation (APEAI) and the
Evolved Aurignacian occupations also have low representation of 7% and 1.6%,

respectively.

Regarding the presence of bipolar cores, BK has the highest representation with 51% of
bipolar cores. To a lesser extent, bipolar cores represent 2.5% of cores in VB and 2%
APEAs. Notably, bipolar cores are not present in either of Uluzzian occupations (Peresani
etal., 2016, 2019), neither in APEAI nor APEVA. However, it is important to note that in
both Uluzzian occupations, splintered pieces have been interpreted as cores (Peresani et
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al., 2016, 2019), while in the APEAI and APEVA, there are simply no bipolar cores. If
one considers the splintered pieces in the Ulluzian occupations as bipolar cores, then RB
would have the highest representation of 97.35% and GF 38.75% being lower than BK

and following the same trend seen in splintered pieces frequency.

In terms of representation, all sites have more splintered pieces than bipolar cores, which
is not surprising considering cores are less common than tools in most assemblages. Still,
as shown in Table 6.1, BK has the closest splintered piece to core ratio (16:1) followed
by APEAs and VB. Neither of the Uluzzian occupations was considered since it would
be a 1:1 ratio as splintered pieces were all considered as cores. BK has the highest bipolar
blank to core ratio (8:1) when compared to APEAs (5:1) or (if including the Ulluzian
data) GF (~3:1) and RB (~11:6).

Table 6.1. Frequency of bipolar artifacts per raw material type. Tl — Typological Index;
VB’s TI was calculated based on chapter 3’s frequency table (Cascalheira 2013,
Marreiros 2013). It does not include the data presented in the rest of the chapter because
the site area has no data on the retouched tools’ frequency. Meanwhile, the N does

include the analyzed splintered pieces.

Splintered Bipolar Cores Bipolar Blanks SPtoBC | Blank
pieces (SP) (BC) Ratio to BC
ratio

N TI N % N %
APEAI 14 7 - - - - - -
APEAs 98 6,22 3 2 15 0,2 ~33:1 5:1
APEVA 25 1,6 - - 1 0,03 - -
BK 129 31 8 51 62 6,6 16:1 ~8:1
VB 182 19 5 2.5 - - ~37:1 -
RB 294 75,58 | 294* | 97.35* 544 89 - ~116
GF 31 29,52 31* 38.75* 91 11,14 - ~3:1

*SPs were interpreted as BC and no pure typologically BCs were identified at the

sites.
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Regarding the analyzed bipolar cores, as shown in Figures 6.1, 6.2, and 6.3 APEASs cores
are generally larger, wider, thicker, and heavier than BK’s or VB’s, which are relatively
similar when it comes to metrics. The main difference being VB’s are typically smaller
and lighter. Regarding the number of extracted blanks (Figure 6.4), BK’s cores have more
scars than the other two occupations. Still, VB has the largest blank scars (Figure 6.5),
despite being the smallest cores. Interestingly, APEAs’ cores have the smallest scars
while being the largest, most likely linked to core reduction intensity. Considering the
combination of number of blank scars and size, BK’s cores show the most intensive

reduction, followed by VB and finally APEAs.
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Figure 6.1. Core metric comparison.
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Figure 6.4. Comparison of number of scars in cores.
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Figure 6.5. Comparison of maximum scar length in cores.
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Splintered pieces are the most typical artifact type in all occupations. According to the
results of the previous chapters, they were used as wedges for working organic materials
and not bipolar cores as in they were interpreted in the Uluzzian occupations (Peresani et
al., 2016, 2019). As shown in Figure 6.6, splintered pieces from AP’s occupations are
larger than the rest. Still, APEAs splintered pieces are quite variable in size. BK’s are

typically smaller than AP’s and larger than VB’s.

Interestingly, there seems to be an almost directly proportional relation between length
and width. Most of these differences most likely come from the original size of available
blanks. For comparison, RB’s splintered pieces have between 10-40mm lengths, 5-30mm
widths, and thicknesses between 3-15mm, while GF’s have means of 36.6, 28.3, and 8.6

mm and maximums of 60, 41, and 14 mm respectively.
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Figure 6.6. Comparison of splintered piece metrics.

There are differences amongst occupations regarding the blanks for splintered pieces as
shown in Figure 6.7. In APEVA, Bacho Kiro and Vale Boi most splintered pieces were
originally a flake or a blade. In APEAs and APEAI this is also the case but with higher
use of retouched tools which tend to be less used in other occupations. In the Ulluzian

occupations, the authors consider that most splintered pieces were originally flakes and
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in RB 12% were formerly retouched tools (similar to BK or APEAI). Bacho Kiro and
APEAs are unique in that cores were reused as splintered pieces, however, in mostly rare
cases. Especially in later stages of use/reduction (Tixier, 1963), splintered pieces’ original
blank is no longer recognizable, often to a point where a dorsal and ventral face cannot
be distinguished. In this sense, APEAI shows the highest percentage of these tools (55%),
followed by Bacho Kiro (31%), VB and APEVA (25 and 45%) and finally APEAs.
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Figure 6.7. Comparison of splintered piece original blanks. Data from the Uluzzian

sites were not included due to lacking information.

Similarly, and in the final stages of use (Tixier, 1963; Kolobova et al., 2021), splintered
pieces tend to fracture, making them unusable (see the results section in Chapter 4). As
shown in Figure 6.8, the pattern of use/reduction is similar. APEAI shows by far the
highest percentage of broken splintered pieces (80%), followed by BK, the remaining AP
occupations (51 and 50% respectively) and finally VB (20%). Despite the authors’
interpretation of splintered pieces in the Uluzzian occupations as cores, RB splintered
pieces in this stage of use or reduction represent 16.3% of the total (Peresani et al., 2019).
Despite this value being lower than any of the other occupations, it is of note that the
authors refer that the majority of splintered pieces in RB were discarded when they were

no longer usable (Peresani et al., 2019).
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Figure.6.8. Comparison of splintered pieces’ fracture frequency (percentage).

One of the essential questions revealed and highlighted in chapter 2 (Horta et al., 2022)
was “expediency Vs. intensity” in bipolar methods. According to the previously presented
results, BK and APEAI would be occupations where the use of bipolar methods was more
intensive and in APEAS, APEVA and, to a lesser extent, VB, the use would be more used
expedient.

Table 6.2 exhibits the values for each variable related to use intensity in both bipolar cores
and splintered pieces and variables related to the raw material sources (distance, quality,
and size). As explored in chapter 2, raw material conservation is often one of the main
reasons to use bipolar methods, notably in cases where raw materials are small, scarce,
and of variant quality. For this reason, the following attributes were considered: distance
to the nearest raw material source (RMsd); the size of the nodules, pebbles at the raw
material source (RMsi); and the knapping quality of the raw material. Regarding the
RMsd, the values were included in the original references (Kozlowski, 1982; Chiotti,
1999, 2005; Bicho et al., 2012; Peresani et al., 2016, 2019; Hublin et al., 2020). RMsi and
Rmq are nuanced categories, as explained in Chapter 2, since no actual metric or
guantitative data is available. Still, and based on the preceding chapters' information,
RMsi was split into three attributes: large, medium, and small (based on the original
authors' interpretation). Likewise, the quality of raw material has been split between low,
medium, and high based on the grain size (e.g., coarse grain raw materials are considered

low, and fine grain raw materials are considered high).
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Table 6.2. Data regarding the use of bipolar methods in relation to raw material

variables per occupation

Core freq | Core Size* | SP freq | SPb | SPf|[RMsd |RMsi |RMq
APEAI 0 Smaller 7 50 | 80 | <5km |Large | High
APEAs 2 Smaller 6 20 | 50 | <5km |Large | High
APEVA 0 Smaller 0,1 20 | 50 | <5km |Large | High
VB 3 Smaller 20 25 | 25 | >15km |Small | Low
BK 50 Smaller 30 33 | 51 [>100km | Large | High
RB 97.35** - 75 - | 16 | 5-40km - -
GF 38.75** - 29 - - | 5-10km | - -

*Core Size compared to Free-hand Cores

**|f the splintered pieces are considered cores as hypothesized by the authors

The presence of bipolar blanks, anvils, or split pebbles was not considered because these
were not yet identified in all occupations. Regarding bipolar cores, only their frequency
(Core freq) amongst all core types within each occupation and their size (Core size)
compared to the rest of the cores in each assemblage was considered. Several extracted
blanks were not added because this variable is somewhat subjective as it only regards the
number of scars at the point of abandonment. For instance, a core could have 6 scars, and
a final extraction removes traces of the previous, leaving only 1 large scar and vice versa.
In this case, both cores have had the exact same reduction rate, but the one with the most
scars would be mistakenly considered to have a higher reduction rate. For the same

reason, the size of the scars was not considered.

For splintered pieces, the following attributes were considered: their frequency amongst
all tool types (SPfreq), the frequency of tools that were reduced to a point where the
original blanks are not identifiable (SPb), and lastly, the percentage of tools that were
used until exhaustion and therefore, abandoned due to large fractures (SPf). These
attributes are consistently present in all occupations and are directly linked to the extent
that these tools were used. As explained before, the remaining functional attributes of

splintered pieces are too variable to be considered.

Data reaffirm the preexisting hypothesis that BK had a higher frequency of use of bipolar

methods than the other occupations due to having higher frequencies of both cores and
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splintered pieces and high degrees of intensive use of splintered pieces. Additionally, and
despite raw materials at the source being large and of high quality, the source is the
furthest away from any occupation. This is most likely why bipolar methods are
intensively used at the site. Comparatively, RB raw materials can be found closer to the
site, but in terms of frequency, bipolar methods dominate the assemblage and according
to the authors, splintered pieces were often used to exhaustion (Peresani et al., 2019).
APEAI was also considered an occupation where the use of bipolar methods was intense
despite no cores, low frequency of splintered pieces, and raw materials being local, large,
and of high quality.

Interestingly, most splintered pieces were intensively used until they broke. APEA is an
occupation that shows a more expedient use of bipolar methods. Frequencies are low and

similar to APEAI, however, there seems to be less intensive use of splintered pieces.

VB seems to have a more expedient use of bipolar methods. Cores are rare, and splintered
pieces are occasionally (ca. 25%) intensively used. Raw materials are not as close to the
site as in AP or the Ulluzzian occupations. They are small, and of low quality, so it would
be expected for there to be more intensive use of bipolar methods related to raw material
conservation. However, it is still of note that many splintered pieces used in VB were
made in locally sourced quartz and used more expediently than the ones in flint. APEVA
had the most expedient use of bipolar methods as bipolar frequencies are very low and
splintered pieces were less intensively explored compared to APEAI. Not much data is
available from GF to hypothesize whether the use of bipolar methods was either expedient

or intensive. Still, it is of note that it is similar frequency-wise to BK.

Overall, the data presented in this chapter illustrate differences in bipolar methods in each
occupation and support previously suggested hypotheses. Bipolar methods were used on
a per-need basis with different degrees of intensity but for similar functions. Bipolar
knapping allowed for the continuous reduction of small and large raw material volumes
for blank production. In BK (and theoretically RB), it allowed for maximizing raw
material conservation, while at VB and APEAs it provided an expedient fast solution for
obtaining flakes. Splintered pieces were used in all occupations to process organic
materials, however, with different degrees of intensity. In BK and APEAI they were
intensively used either to or close to exhaustion. In VB, APEAs and APEVA were often
discarded in earlier stages of use while still being usable. As a result, and despite
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differences in chronological, climate, and ecological settings, bipolar methods provided
a means of efficient resource exploitation as a means of adaptation throughout these

occupations.
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Chapter VII

DISCUSSION: THE ROLE OF BIPOLAR TECHNOLOGY IN
THE ADAPTATION OF THE FIRST HUMANS IN EUROPE

7.1 Bipolar technology in Human Evolution

The presence and occurrence of bipolar methods throughout Human evolution were, to
an extent, explored in Chapter 2 (Horta et al., 2022), in which the take-away message was
that bipolar technology played the role of an adaptive strategy. Here some of the questions
and results that were not included or were briefly presented in that section are discussed.
One of these questions is the origin of bipolar methods, a question that is understandably
often avoided by researchers. Like most things in the archaeological record pinpointing
the origin of a technique, method and/or culture is virtually impossible. In the case of
bipolar methods, these are present in the archaeological record since at least 3.3 million
years ago in the oldest known stone tool assemblage, now referred to as the Lomekwian
(Harmand et al., 2015a; Lombard et al., 2019). Similarly, bipolar methods have also been
identified around 2.1 million years ago in Shangchen, central China (Zhu et al., 2018),
the oldest evidence of hominin occupation outside Africa.

Like these, many examples can be made for the presence of bipolar technology during
the Late Pliocene and Early Pleistocene, a critical period in Human Evolution prior to the
emergence of the genus Homo. Mechanically, the use of bipolar methods, as in supporting
something on an anvil and applying a direct force through pressure or percussion, is likely
even older. For instance, the mechanics of chewing (Osborn, 1987; Williams et al., 2009)
operate similarly as two opposing forces are applied to the “object” that is being chewed.
In nature, several species use bipolar methods for problem-solving. For instance, otters
often support shells on their torso and hit them with a pebble to open them (Mann and
Patterson, 2013). Famously and of greater importance to this topic, both monkeys and
apes often resort to using anvils and hard hammers in nut-cracking activities (Sakura and
Matsuzawa, 1991b; Bril et al., 2012, 2015; Coelho et al., 2015). When chimpanzees use
bipolar methods for cracking large nuts, they occasionally produce flakes (Mercader et
al., 2002), even if inadvertently. Even if chimpanzees end up discarding and not using
these flakes, hominins may have seen this as an opportunity to obtain tools with sharp
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edges. Hayden (2015) pointed out that due to the probable nut-cracking abilities of early
hominins bipolar reduction would have the easiest reduction technique to master. In fact,
Hayden (2015) hypothesizes that several of the Dikika bones that contain the oldest
known cutmarks (McPherron et al., 2010) may have originated from bipolar flakes, since
there is extensive evidence of this in the ethnographic record. Combining this theory with
the data from Chapter 2, it can be hypothesized that bipolar methods may be intrinsically
linked with the origins of stone flaking. Of course, much more data is required in order

to explore these avenues, but these questions should be heavily considered in the future.

Apart from the innovation of the wedging method and unlike free-hand methods, the
evolution of bipolar methods is practically invisible in the archaeological record. It can
be argued that since bipolar methods are simple and effective, there was simply no need
to innovate. Bipolar knapping in the Late Pliocene follows the same mechanical and
cognitive principles as in the Holocene. As a result, activities observed in Ethnography
and the Paleolithic record look identical regarding the resulting artifact shape. This is
another reason bipolar technology has never been perceived as a marker of evolution.
However, the opposite view is firmly defended throughout this work, as the data discussed
here point to the significance of this technology as a marker of hominin adaptation.
Arguably, it is relatively safe to speculate that these methods likely also evolved through
time, and this is where the question of efficiency evaluation comes into play (Horta et
al., 2022). Bipolar methods have been considered an efficient answer in the following
scenarios: raw material stress (Gurtov and Eren, 2014), expediency (Horta et al., 2019),
time efficiency (Eren et al., 2013), small raw material size and lithic miniaturization
(Hiscock, 2015b; Pargeter and de la Pefia, 2017), resource intensification strategies (Horta
et al., 2019; Pargeter et al., 2019), lower knapping skill levels (Duke and Pargeter, 2015),
core to blank conversion ratios (B. Morgan et al., 2015; Pargeter and de la Pefia, 2017;
Pargeter and Eren, 2017), and mobility patterns (Eren, 2010).

The evolution of bipolar methods, per se, may have come in the realization of what is
more efficient and in which circumstances. In order words the “how” it operates and
“what it is used for” likely remained the same since there is no evolution in the technique
nor the resulting artifact shape and the major difference would come in the “why” and
“when”. Bipolar technology might have been used as an answer to raw material
restrictions, lower cognition and knapping skill in early stages in human evolution, and

later with developments in hominin cognition and technological skill it became
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multipurpose way of achieving higher efficiency in tasks, whether in the aforementioned
cases of skill and raw materials restrictions, in cases of severe environmental pressure, in
scenarios on high mobility, time constraints, as means of enabling and supplementing
other technologies, etc. As a result, as the Pleistocene progressed homnins may have
perceived a new array of avantages provided by this technology, increasing the sceneraios
in which they applied. For this reason, it is important to build an understanding of how
bipolar technology was used on a chronological and regional basis. This ultimately allows
us as researchers to better understand its constant presence and importance in each stage

of Human Evolution.

Bipolar reduction may have been a familiar (like nut-cracking) low-cost solution for
obtaining flakes with sharp edges (Diez-Martin et al., 2011) for early hominins. Its
evolution would later come to realize its advantages (circumventing skill, for instance)
for reducing hard raw materials such as quartz and quartzite (de la Torre, 2011; Gurtov
and Eren, 2014a; Arroyo and de la Torre, 2017). In subsequent stages of the Early
Pleistocene, it would be applied to different types of varying quality raw materials
volumes that would come in the shape of nodules or pebbles (de la Torre, 2011). Later in
the Acheulean, it would be used for reducing small and large volumes of varying quality
raw materials across the Old World that were too small or too large to hand-hold
effectively (Arzarello and Peretto, 2010; Gallotti and Peretto, 2015; Arzarello et al., 2016;
Li, 2016; Li et al., 2017).

Following this train of thought and speculation based on the available data with the
emergence of Mode 3 (500-100 ka) technologies across the Old World, there seems to be
a drop in the use of bipolar in Africa (Horta et al., 2022). For some reason, Middle Stone
Age Homo sapiens groups seem to have opted not to use this technology as it was only
identified in Mumba, Sibudu, and possibly Diekploof during this period (Igreja and
Porraz, 2013; Marks and Conard, 2008; Tabrett, 2016)(Marks and Conard, 2008). At the
same time, in Europe, only a handful of Neanderthal sites have evidence of bipolar
methods during this period (Byrne, 2004; Garcia, 2015; Ravon et al., 2016; Mathias et
al., 2020). This may be simply a technological choice as in these assemblages bipolar
technology has a small representation. However, the hypothesis that these methods are
present in more assemblages and were simply not identified in the archaeological record
cannot be discarded. Moore (1997) argued that archaeologists can fail to recognize up to

90% of bipolar products. At the same time, it can be argued that this results from the fact
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that the number of early dated Homo sapiens sites (500-100 ka) in Africa is not
exceptionally high compared to other periods. However, the same cannot be said for
Neanderthal sites in Eurasia or Homo erectus sites in Asia, which were extensively
studied for more than a century. Regardless there is not enough data at this point to draw
conclusions. Still, the inverse proportion between Levallois reduction and bipolar
methods should be considered in future studies. Hominins during this period would have
been exposed to the same scenarios of adaptation as in previous (Early Stone age and
Lower Paleolithic) or posterior periods (Later Stone Age, Upper Paleolithic, and the
Holocene) where bipolar methods were consistently used. Again, this may have been a
question of technological choice since the know-how was very likely present in the
technological kits of these hominins. It is this difference in representation that is evident
in Europe during the Middle to Upper Paleolithic transition, as one species (Homo
sapiens) often used bipolar methods and the other (Neanderthals) rarely did (See the

dedicated section in Chapter 1).

Overall, the evolution of bipolar technology likely came with the realization and
understanding of its advantages and disadvantages in multiple scenarios throughout
Human Evolution. If we are to understand its evolution and role in adaptive strategies of
hominins through time, we need to combine dedicated studies in specific regional and
chronological settings such as the one explored in this work. Below is one such discussion

in the arrival and settlement of Homo sapiens in Europe.

7.2. The Role of Bipolar technology in the adaptation of the first humans in Europe

Between 45 and 30ka, several waves of human groups came into Europe from the East
and competed for resources amongst themselves and the local Neanderthals. These
populations came with different adaptive strategies, giving them an upper hand in an ever-
changing climatic and environmental landscape. Temperatures fluctuated between
extremely cold and warm, while environments often switched from open forest biomes to
dry steppe or tundra biomes and vice-versa, which in turn implied changes in flora and
fauna (Gofii et al., 2000; van Andel, 2002; Cadwell et al., 2003; Van Andel et al., 2003;
Miller et al., 2011; Cacho et al., 2012). While climacteric adversity was ultimately not a
deterrent for human migrations (see Chapter 1.1.2-3), employing efficient adaptive
strategies was crucial for these populations' persistence. As previously noted, one of the

differences between Neanderthals’ and Homo sapiens’ adaptive strategies regards the use
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of bipolar methods, which has remained unexplored in the literature. While Neanderthals
only occasionally used these methods, they are a staple in Homo sapiens occupations
throughout the world (see Chapter 1). Therefore, understanding the role of this technology
in Homo sapiens’ expansions during this period (45-30ka) in Europe may help shed light

on what made them thrive over Neanderthals.

This dissertation aimed to provide a step forward by approaching this topic in a novel
manner. Exploring concepts such as expediency and intensity as a proxy for efficiency
evaluation in different environmental, ecological, and cultural scenarios suggests that
efficiency played a significant role in the choice of when to apply bipolar methods for
resource exploitation. Additionally, its results reinforce a growing realization of the
importance of understanding bipolar technology in all its aspects (Duke and Pargeter,
2015; Paloma de la Pefia, 2015a; Horta et al., 2019, 2022; Arrighi et al., 2020),
particularly in hominin survival and expansion strategies (Horta et al., 2022). The meta-
analysis of bipolar technology through space and time (Chapter 2) provided for the first
time insight into how this technology impacted hominin adaptation strategies. Analyzing
three European early Homo sapiens occupations (Chapters 3,4, and 5) and their
comparison (Chapter 6) allowed for the direct application of the hypothesis explored in
Chapter 2. This approach revealed differences and similarities in bipolar methods
between the analyzed sites and occupations. These are particularly important because
each site and occupation have significant differences that range from environmental and
ecological to the culture and genetics of its settlers. Differences were found in the

frequency and the degree to which bipolar methods were used.

The oldest human occupation of Europe (Bacho Kiro cave) occurred during a very cold
moment (Fewlass et al., 2020; Pederzani et al., 2021). Raw materials were scarce and
sourced from 80-150km away from the site (Hublin et al., 2020). As a result, resources
were not widely available, and there was a clear need to economize and exploit what was
available efficiently. Bipolar methods played an important role in answering the harsh
environment pressure. Bipolar knapping was used to conserve raw material by enabling
the continuous reduction of raw materials by using flakes, blades, and tools and reusing
cores as volumes for flake production. Likewise, wedging enabled efficient organic
material processing. Wedges were likely used to extract bone marrow and split limbs of
carcasses; produce a wide array of bone tools; produce ornaments; and processing wood
and hide (Horta et al., 2020; Smith et al., 2021; Martisius et al., 2022). Both of these
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activities (bipolar knapping and wedging) were recurrent and intensive as bipolar artifacts
were often re-used until exhaustion to maximize their potential. Overall, in Bacho Kiro,
bipolar methods were intensively used to maximize abiotic (raw material) and biotic
(organic) resource exploitation. Therefore, playing an integral role in the adaptation
strategy allowed these humans to survive and settle in a new territory full of

environmental adversity.

In Abri Pataud, the use and frequency of bipolar methods were different as time went on.
Unlike in Bacho Kiro and Vale Boi, high-quality raw material is locally available (Chiotti,
1999), so raw material quality and availability are not an issue. This is particularly evident
in how much larger the bipolar artifacts found in all levels are compared to Bacho Kiro’s
or Vale Boi’s. The rock shelter was likely occupied in different manners throughout the
Aurignacian. The first occupation is hypothesized to be a long-term residential
occupation, while the following tend to be short-term logistic occupations (Chiotti, 2002,
2005, 2012). Overall, the frequency of bipolar artifacts is also low compared to Bacho
Kiro and Vale Boi, with a maximum of 7% representation. Still, bipolar technology is
present throughout the sequence. The first occupation of the site attributed to the Early
Aurignacian occurred during c. 40-38 ka cal BP is a particularly cold moment (Chiotti,
2005; T. Higham et al., 2011). During this occupation, wedging activities occurred at the
site to process organic materials, most likely for carcass processing and bone tool
production. Despite the very low frequency (7%), wedges were used intensively until
exhaustion. This pattern would change as time went on and the function of the rock shelter

changed.

In the following short-term occupations, wedging and bipolar knapping occurred at the
site. These, however, come in a much more expedient manner, with both lower
frequencies and artifacts exhibiting lower degrees of use. In these occupations, bipolar
knapping likely served as a means of fast and expedient blank production. Likewise,
wedges were chosen from various blanks and were often abandoned while still usable.
Interestingly, peaks in bipolar technology coincide with both colder moments and peaks
in bone tool and ornamentation across the Aurignacian sequence at the site. Therefore,
bipolar methods played a much more expedient role in Abri Pataud during the
Aurignacian than in the IUP of Bacho Kiro. Despite not having a high representation,
bipolar technology played a role in efficiency maximization for organic resource

exploitation during the first occupation of the site, enabling efficient and controlled
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carcass processing and likely bone tool and ornament production. In the subsequent short-
term occupations, it played a lesser role as a means to produce blanks or process organic
resources expediently. However, since the site changed functionality during these periods
(Late Early Aurignacian and Evolved Aurignacian), there is the possibility that the

activities that involved bipolar methods were conducted off-site.

In Vale Boi, the use and frequency of bipolar technology were similar across time. Vale
Boi is particular in regards to raw material availability. Flint is available approximately
15km away from the site, yet nodules are typically small and fractured (Marreiros, 2009;
Cascalheira, 2010, 2013; Bicho et al., 2012; Marreiros and Bicho, 2013; Cascalheira et
al., 2017). However, quartz is readily available around the site (Cascalheira, 2013;
Marreiros and Bicho, 2013; Horta et al., 2019). Bipolar knapping, which served as an
essential means of raw material conservation in Bacho Kiro, has little expression in Vale
Boi, as shown in Chapter 3 (Horta et al., 2019). The same seems to be the case for most
of western lberia during this period. This is likely due to the local quartz's high
availability, which provides a fast and low-cost solution for obtaining sharp edges
(Cascalheira, 2013; Marreiros and Bicho, 2013; Horta et al., 2019). Wedging, however,
was a recurrent practice at the site. Wedges were used for bone tool production and
resource intensification through bone marrow exploitation and grease rendering (Manne
and Bicho, 2009; Manne, 2010; Evora, 2016; Horta et al., 2019). Interestingly, wedging
may not be connected with ornament production at the site. Most ornaments found in
Vale Boi are made from shells (Téata et al., 2014), so any pointed object could have been
used for piercing the shells. Furthermore, the use of wedges was likely not intensive, as
observed in Bacho Kiro and the first occupation of Abri Pataud, as only 25% of wedges
were used to or close to exhaustion. Overall, bipolar methods played an essential role in
Vale Boi (and western Iberia) as a means of resource intensification for the processing of

organic materials and a minor role in technological traditions and raw material reduction.

Whether the use was expedient or intensive, bipolar methods provided a means of
efficient resource exploitation. The understanding of the adaptational advantages of using
these methods was present early on in Homo sapiens’ adaptive strategies. In scenarios
where there were significant environmental pressure and resource scarcity, bipolar
methods were used to enhance resource exploitation. On the other hand, in high mobility

scenarios and abundant resources, bipolar methods served as a fast and expedient way of
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producing sharp edges or processing organic materials. Both points have been observed

to an extent in the ethnographical record.

In ethnography, the use of bipolar methods related to achieving higher efficiency in
resource exploitation has been observed in Papua New Guinea, Australia, Africa, and
North America (MacCalman and Grobbelaar, 1965; White, 1968; Hayden, 1980; Shott,
1989; Hiscock, 2015a). Australian Aboriginals’ most efficient manner for removing slabs
of wood for creating shields or spear throwers was through wedging. They would insert
large thin pieces of stone into cuts in trees and hammer them to create splits in the wood
in order to extract large portions of bark (Hayden, 2015), producing inadvertedly,
splintered pieces. Bipolar knapping is prevalent in these contexts due to the small size of
quartz nodules and pebbles. In these cases, bipolar reduction allows for the continuous
reduction of very small cores, and the products have very sharp cutting edges (Hayden,
2015; Hiscock, 2015b). Similarly, the Ova Tjimba in Southwest Africa often resorts to
bipolar methods to obtain sharp flakes for butchering activities (MacCalman and
Grobbelaar, 1965). In North America, bipolar reduction served as an expedient manner
of obtaining sharp edges for organic resource processing, including butchering and hide
extraction (Binford, 1978). While a one-to-one comparison cannot be made, it can be
argued that similar scenarios of thought processes in picking “a more efficient method for
X activity” led to the recurrent use of bipolar methods by early Homo sapiens settlers in

Europe.

One relatively unexplored point is how bipolar methods vary during this period. In the
earliest occupations (Bacho Kiro and the Uluzzian), bipolar knapping seems to have a
more important expression when compared to later occupations where it is residual (see
Chapter 6). On the other hand, wedging remains a significant activity throughout the
Upper Paleolithic in Europe (see Chapters 2-6 for discussions). This may be related to
several factors, including the different cultural and technological contexts of the various
groups of humans that came into Europe. Still, the high prevalence of wedging and the
inversely proportional decline of bipolar knapping may be a regional pattern.
Unfortunately, the current literature does not allow for head-to-head comparisons with
other regions except for South Africa during this time frame. In South Africa in this period
(post 50ka), bipolar knapping seems to have been the dominant bipolar activity compared
to wedging (Barham, 1987; Paloma de la Pefia, 2015a; Bousman and Brink, 2017;

Pargeter and de la Pefia, 2017). One reason for this may be as simple as the availability
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of raw material coupled with the popular lithic miniaturization strategies observed in this
region (Paloma de la Pefia, 2015a; Pargeter and de la Pefia, 2017). Overall, no accurate
concrete conclusions can be drawn from this data. However, it does open an interesting
avenue to be explored in the future: the inter-regional variations and adaptations of the
use of bipolar methods by the same species. If anything, this further solidifies the

hypothesis that the versatility of bipolar methods provides in adaptation scenarios.

In Chapter 2 the question of the occurrence of bipolar methods was explored (Horta et
al., 2022). As for bipolar knapping, it has been hypothesized that it reappears throughout
the Paleolithic record through evolutionary convergence (Duke and Pargeter, 2015; Horta
et al., 2022), whereas for wedging, there simply is not enough data (Horta et al., 2022).
During this period (45-30ka BP), both bipolar knapping and wedging can be observed in
Europe. Both activities reappear with diverging representation and possibly also through
evolutionary convergence as a latent solution for resource exploitation problems (Tennie
et al., 2016, 2017). Bipolar methods can be transmitted in short periods through low-
fidelity social learning (Shea, 2015), where “the behavior is latently present in the
individual and is expressed in the context of specific stimuli or when one recognizes the
behavior (or its effects on the environment) expressed by others” (Tennie et al., 2016). At
the same this, this advantage in transmission would also facilitate scenarios of dispersal
of cultural diffusion (Whiten et al., 2009, 2016).

Interestingly, this knowledge may not have been passed through the contact and
assimilation between humans and Neanderthals. This is particularly interesting as the
Neanderthal transitional industries show little to no evidence of bipolar use (Flas, 2006,
2011; Soressi and Roussel, 2014). Notably, the fact that these methods were recurrently
used by the different waves of human populations is evidence of the successful
adaptational advantages that they provide. Especially as this use persisted throughout all
of the Upper Paleolithic, long after the Neanderthals demise, and into the Holocene. The
data suggest that this understanding helped Homo sapiens time and time again to adapt to
the shifting climate, the unstable environment, the availability of resources, and their
competition. And this nuance may have been another factor that tipped the scales in favor
of our species against all other hominins, especially the Neanderthals. As the differences
between Homo sapiens and Neanderthals become murkier in the archaeological record, it
Is imperative to look at their adaptive strategies if we are to understand what made Homo

sapiens thrive. Understanding how they evaluated and achieved efficiency in the use of
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stone resources for mediating environmental pressure through techniques like bipolar,
support the notion of the human adaptive specialist (Wells and Stock, 2007; Roberts and
Stewart, 2018). Through the understanding of each species’ adaptive strategies, we will
be able to understand what made humans successful in settling all over the Old World,

when no other species did so.

Overall, this thesis and the papers included here significantly contribute to the literature
regarding the perception of bipolar technology. This work invalidates the long-lasting
idea that bipolar methods had little cognitive, technological and cultural significance. It
is a behavioral response regarding the use of stone tools for problem-solving and
mediating environmental pressure. Importantly, it constitutes a marker of how hominins
evaluated efficiency in resource mediation. Bipolar technology, in all its different
applications, should be regarded as a latent solution in stone tool technologies (Tennie et
al., 2016). Whether it was used as a more efficient knapping technique in specific
circumstances or for processing organic resources with different intensities, it is an
interesting marker for the evolution of stone tool use and efficiency evaluation by
hominins. However, it is clear that we still require more comprehensive perspectives to
evaluate its role as a cultural and cognitive marker in the definition of technological
traditions. Understanding its role in hominin expansion and survival strategies will allow

us to understand better how this technology helped shape Human Evolution.
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Chapter VIlI

CONCLUSIONS AND FUTURE RESEARCH

8.1 General Conclusions

The hybrid nature of this dissertation made it, so the main conclusions were presented

throughout each section of this work. This section aims to compile the main conclusions

of this research, expand upon its limitations and explore avenues for future work. The

results of this research brought a combination of answers and questions that are relevant

to: the broad scope of Human Evolution; providing methodological advances into how to

analyze and interpret bipolar technology; and its main goal of understanding how bipolar

technology impacted the arrival and settlement of Homo sapiens across Europe.

Regarding the main objective of this thesis, the following conclusions can be made:

1.

The presence and use of bipolar methods is one technological feature that was
not shared (in general) between Homo sapiens and Neanderthals;

Bipolar technology played an important role in the adaptation of early Homo
sapiens across Europe by providing them with a versatile and efficient
mechanism to exploit both biotic and abiotic resources;

Through bipolar knapping, these groups were able to efficiently conserve and
maximize raw material by continuously being able to reduce raw material
volumes too small or too irregular to be held in hand,

Bipolar knapping further allowed for them to expediently produce blanks with
sharp edges in short periods regardless of the knapper’s skill level,

Wedging allowed for these groups to increase their efficiency in exploiting
organic materials, including carcass processing, bone shaping, bone tool
production, ornament production, and wood and antler shaping and processing;
Its adaptive advantages and knowhow could be transmitted in short periods
through low-fidelity social learning;

This technology’s adaptive advantages are reflected in its continuous use
throughout the Upper Paleolithic regardless of cultural, technological, or even

environmental context;
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8. The understanding of all of the aforementioned advantages may have been one
of many reasons that tipped the scales into our species over the Neanderthals

when it came to mediating environmental pressure;

Beyond these conclusions, the results of this work led to further advancements in
understanding bipolar technology in Human Evolution and in how to analyze it. The

following conclusions were drawn:

1. Bipolar methods have been present in hominin technological kits since the earliest
stone tools assemblages, and their use was re-occurring throughout Human
Evolution;

2. Bipolar technology played the role of an adaptive strategy that shaped hominin’s
ability to adapt, survive and migrate by providing an often more efficient manner
to explore biotic and abiotic resources;

3. Its recurrent use can be considered an essential indicator of how hominins were
able to evaluate different types of efficiency through time;

4. Bipolar knapping reoccurred as a latent solution through evolutionary
convergence;

5. More data is required in order to link the spread of the wedging technique with
either cultural diffusion or evolutionary convergence;

6. Wedging seems to be an activity only used by Homo sapiens;

7. The use of meta-analytics was invaluable for exploring macroscale patterns in
bipolar methods through time. Several questions raised by the use of this
methodology proved essential for the discussion and understanding of the results;

8. The macroscopic approach to analyzing bipolar technology proved to be
successful in answering questions of artifact typology, function, reduction, and
use sequences;

9. More work needs to be done in accurately assessing specific types of use for each
artifact. Namely, the methods developed throughout this work were only able to
assess whether artifacts were used as cores or wedges generally and not for a

particular use (e.g., soft or hard organic material processing);

In conclusion, this work provided new perspectives on how to regard bipolar methods as

a tool for understanding how our ancestors adapted to different environmental pressures
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throughout time. It is clear that a lot more work still needs to be done in this field. Still,
the presented work provided a step forward for studies on human adaptation and bipolar
technology. Lastly, what role did bipolar technology play in the adaptation of the first
humans in Europe? That of an adaptive strategy that was simple, complicated, and
versatile, used to enhance biotic and abiotic resource exploitation. While its use is likely
not a critical factor that led to the assimilation and replacement of Neanderthals, it is clear
that its use helped shape the success of the expansion and adaptation of humans in Europe.

8.2 Research limitations and future research

Despite over one century of research, the understanding of the role of bipolar methods in
Stone Age contexts is still not clear (see, e.g., Barham, 1987; de la Pefia, 2015; Duke and
Pargeter, 2015; Hayden, 1980; Horta et al., 2022; LeBlanc, 1992; Shott, 1999, 1989; Toth,
1985). Several of these issues have been mentioned and addressed (e.g., classification,
function, ubiquity). Still, one of the most significant barriers to overcome is
understanding what is bipolar, what is not, and what answers it can give us about the
archaeological record. As keenly pointed out by Moore (Moore, 1997) and Hayden
(Hayden, 2015), lithic analysts cannot recognize up to 85-90% of bipolar products. Of
course, this is an issue that cannot be easily fixed. Still, the definitions of bipolar core and
splintered provided in Chapter 3 (Horta et al., 2019) and methods of macroscopic analysis
devolved throughout this work are a step forward in standardizing bipolar analysis

moving forward.

As all scientific studies, this dissertation has its fair share of issues and limitations. These
issues and limitations affected the results presented here. However, they do not demean
the overarching success of this work. As in every aspect of life, things do not always go
according to plan. The original plan was to conduct mechanically assisted experiments
(Dibble and Rezek, 2009; Rezek et al., 2011; Magnani et al., 2014; Lin et al., 2018) and
apply it to an archaeological assemblage. This experimental program would differ from
previous works which were manually conducted and lack statistic verification (de la Pefia,
2011; Kolobova et al., 2021; Lucas and Hays, 2004; Morgan et al., 2015). Through
precise variable control through the use of a machine (Dibble and Rezek, 2009; Lin et al.,
2018; Rezek et al., 2011) and its application in bipolar scenarios (knapping and wedging),
it would be possible to assert the physical modification of stone tools through their

use/reduction sequence. These results would later be compared through statistical and
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morphological verification (Archer and Braun, 2010; Buchanan and Collard, 2010;
Cardillo, 2010; Caruana et al., 2014; Herzlinger et al., 2017) in order to establish whether
reduction sequences and types of use could be macroscopically diagnosed. Ultimately,
the data would be compared to the previously mentioned manual experimentations,

reassessing the validity of each approach.

Several issues made this approach unviable. Firstly, full access to a knapping machine
would be required, as it is possible that the experiment had to be run several times, and
currently, only two of these machines exist (one in Pennsylvania and another in
Wollongong); secondly, in order to collect accurately reproducible data, it would be
required to use standardized forms (replacing cores and wedges), which posed many
economic and travel restraints. Randomized blanks were another choice; however, this
would introduce a degree of variability that goes against the experiment's controlled
nature. There is also the case that the final morphology of each artifact is highly variable
and therefore is not means of statistically diagnosing function with precision (as argued
in chapters 3,4, and 5). Overall, this would mean that if the experiment were successful
and proved that no function could be accurately diagnosed, these results would not be of
much use when applied to an archaeological assemblage. Combining these factors made
it clear that the decision to pursue this approach would be risky and viable for a

publication but not a thesis.

From this point onwards, a decision was made to pursue a different approach. This would
be made building upon previous work by the author (Horta et al., 2015, 2017; Horta,
2016). The goal was to correct the previously found shortcomings and expand on their
successes. As a result, a decision was made to build upon these methods and apply them
to several archaeological contexts. Two approaches were possible to take from this point
onwards, either to opt for a regional study (Clark, 1988; Daujeard and Moncel, 2010;
Montoya et al., 2013; Calvo et al., 2016; Ruebens, 2013) or a macro approach where sites
were chosen in different geographical areas. Since the goal of this thesis was to
understand the adaptive nature of the use of bipolar methods, a decision was made to go
for the latter while still incorporating elements of regional studies. In essence, this became

this work’s main strength and weakness.

The combined results of Chapters 3-6 allowed for a general understanding of the
variability of bipolar methods in different contexts. The data came from 3 sites across a
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whole continent and with completely distinct cultural, ecological, and chronological
contexts. Arguably, the only way of understanding the role of bipolar methods for the
first humans in Europe would be to access a large sample of sites, which is not feasible
in a Ph.D. dissertation context. One of the workarounds that were tested was to use
comparable data from other sites, which proved a major challenge. As shown in Chapter
2, the data are far from homogenous across the literature, which means any attempt to
compare the data on a macro-scale automatically involves a process of “homogenization,”
which inserts a bias into the study. Likewise, as tested in Chapter 2, the sampling process
will exclude data that is simply outside the sampling scope, ultimately affecting the

outcome of the research.

Additionally, in Chapter 3, data from sites across a large region (in this case, several
regions of Portugal) were included to compare bipolar methods on a regional scale. The
same was not possible in Chapters 4 and 5. In Chapter 4, for instance, despite Abri Pataud
being located in a region well studied, there is very little data on the use of bipolar
methods with the addition that are no dedicated papers on bipolar technology for the
Aurignacian. Chapter 5 and Bacho Kiro are similar in that while there are no dedicated
studies on bipolar methods for the IUP, there is very little regional data. Remarkably,
there are mentions of bipolar methods in Temnata cave (Tsanova, 2006), but these need

to be reassessed.

Future studies should focus on the following methods of analysis that provide comparable
data. Likewise, one cannot emphasize enough the need for open science if we are to
continue to unravel the puzzle that is human evolution. More dedicated studies are needed
regarding bipolar technology, especially at a regional level. This is especially the case
regarding hominin expansion events as most studies often only refer to elements of
bipolar technology (e.g., one bipolar core) and provide no empirical data on the artifacts
themselves or often the context. Furthermore, there is a clear need for both manual and
controlled experimentation. Together these approaches can provide data that can directly
be compared to the archaeological record while incorporating macro and microscopic
analysis. One of the limitations of the methods explored in this work is the inability to
accurately assert a use for an artifact (e.g., woodworking). Of course, these use-wear
approaches come with their share of problems. One of them, mainly when applied to
splintered pieces, is the concept that one tool was one for one purpose. Despite this, a

good combination of manual and controlled experimental work with micro and

158



THE ROLE OF LITHIC BIPOLAR TECHNOLOGY IN THE ADAPTATION OF THE FIRST HUMANS IN EUROPE

macroscopic analysis can direct research on what methods to apply to archaeological
material. With this data combined with metanalytic approaches, it will allow us to
understand how bipolar technology shaped the several stages of human evolution.
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APPENDIX I - Supplementary Materials for Chapter Il “Lithic bipolar methods as an
adaptive strategy through space and time”

Artifact Raw Blank
Site Chronology Function Type Material | Size Reference
Late Pliocene and Blank Bipolar Goldman-Neuman and Hovers,
A.L.666 (Hadar) | Early Pleistocene | production Cores Quartz | Small | 2012
Scaled .
Abri Blanchard | Late Pleistocene NA Pieces Chert - Bourrillon etal., 2018
Scaled Chiotti, 1999 Douka et al., 2020;
Abri Pataud Late Pleistocene Wedging pieces Chert - Higham et al., 2011
Scaled
Aghitu-3 Cave Late Pleistocene NA pieces Obsidian - Kandel etal., 2017
Middle to Mid- Blank Bipolar Terradillos-Bernal and Rodriguez,
Ambrona Late Pleistocene production Cores - - 2012
Blank Bipolar Bousman and Brink, 2017;
Apollo 11 Late Pleistocene production Cores Quartz | Small | Vogelsang et al., 2010
Middle to Mid- Blank Bipolar
Arago cave Late Pleistocene production Cores Quartz - Byrne, 2004
Middle to Mid- Blank Bipolar . .
Arbo Late Pleistocene production Cgres Quartz - Méndez-Quintas et al., 2019
Scaled . .
Armifia cave Late Pleistocene NA pieces Chert - Rios-Garaizar et al., 2020
Scaled Sirakov et. al, 2017 Hublin et. al
Bacho Kiro Late Pleistocene NA pieces Chert - 2020 Tsanova, 2006
Late Pliocene and Blank Bipolar
Bailong Cave Early Pleistocene | production Cores Quartz - Lietal, 2014
Middle to Mid- Scaled . .
Bairaki Late Pleistocene NA Pieces Chert - Anissutkine et al., 2019
Large
Late Pliocene and Blank Bipolar | Chertand | and | Moyano etal., 2011
Barranco Leon* | Early Pleistocene | production Cores Other | Small
Blank Bipolar Lewis et al., 2014; Perera et al.,
Batadomba-lena | Late Pleistocene production Cores Quartz | Small | 2011
Benzu Middle to Mid- Blank Bipolar
Rockshelter Late Pleistocene production Cgres Other - Ramos-Munoz et al., 2016
Late Pliocene and Blank Bipolar
Bizat Ruhama Early Pleistocene | production Cores Chert | Small | Zaidner, 2013
Scaled
Bois Laiterie Late Pleistocene Wedging pieces Chert - Sano etal.,, 2011
Bipolar Iriarte-Chiapusso and
Bolinkoba Late Pleistocene NA Cores Chert - Arrizabalaga, 2015, 2011
Blank Bipolar
Bone Cave Late Pleistocene production Cores - Small | Cosgrove, 1999
Bipolar
Cores and Bousman and Brink, 2017;
Blank Scaled Pargeter et al., 2018
Boomplaas Late Pleistocene production pieces Quartz | Small
Blank Bipolar
production | Cores and Bousman and Brink, 2017; Villa
and Scaled etal., 2012
Border Cave Late Pleistocene Wedging pieces Quartz -
Bipolar
Cores and
Bordes-Fitte Blank Bipolar Aubry etal., 2014
rockshelter Late Pleistocene production Blanks - -
Buiryokbastau- Scaled Kunitake and Taimagambetov,
Bulak-1 Late Pleistocene NA Pieces Chert - 2021
Bushman Rock | Middle to Mid- Blank Bipolar Porraz et al.. 2018
Shelter* Late Pleistocene production Blanks Quartz - !
Ca Belvedere di | Late Pliocene and Blank Bipolar Arzarello et al.. 2016
Monte Poggiolo | Early Pleistocene | production Cores Chert Small "
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Quartz
Blank Bipolar and Nightingale et al., 2019
Chaminade | Late Pleistocene production Cores Quartzite -
Middle to Mid- Blank Bipolar .
Combe Brune 2 | Late Pleistocene production Cores Chert - Mathias et al., 2020
Bipolar
Blanks and .
Cova de les Scaled Villaverde et al., 2021
Malladetes Late Pleistocene NA pieces Chert -
Middle to Mid- Blank Bipolar
Cretone Basin Late Pleistocene production Cores - - Ceruleo etal., 2015
Blank Bipolar q
Crvena Stijena Late Pleistocene production Cores Chert Small Mihailovi¢ and Whallon, 2017
Cuesta de la Middle to Mid- Blank Bipolar Santonia et al 2014
Bajada Late Pleistocene production Cores - - ) !
Blank Bipolar
production | Cores and Maillo-Fernandez and de Quirds,
and Scaled 2010
Cueva el Castillo | Late Pleistocene Wedging pieces Chert -
Blanlg Bipolar Bradtmoller et al., 2016; Maillo
production | Cores and . o
Ferndndez, 2003; Maillo-
and Scaled Fernandez and de Quirés, 2010
Cueva Morin Late Pleistocene Wedging pieces Chert - '
Late Pliocene and Blank Bipolar
Cueva Negra Early Pleistocene | production Cores Chert Small Walker et al., 2020
Danjiangkou
Reservoir Middle to Mid- Blank Bipolar
Region Late Pleistocene production Cores Quartz | Large | Lietal., 2017
Blank Bipolar
production | Cores and Quartz, .
Diepkloof Rock | Middle to Mid- and Scaled Quartzite Igreja and Porraz, 2013
Shelter Late Pleistocene Wedging pieces and Other -
Bipolar
Cores and
Dingcun - Lushi | Middle to Mid- Blank Bipolar
Basin Late Pleistocene production Blanks Quartz | Small | Luetal, 2011
Late Pliocene and Blank Bipolar
Dmanisi Early Pleistocene | production Cores Basalt - Mgeladze et al., 2011
Late Pliocene and Blank Bipolar
Donggutuo Early Pleistocene | production Cores Chert Small | Liuetal, 2013
Late Pliocene and Blank Bipolar
Dursunlu Early Pleistocene | production Cores Quartz | Small | Slimak et al., 2008
Scaled .
Egerbakta Late Pleistocene NA Pieces Other - Koztowski et al., 2009
Scaled Chert and < .
El Cierro Late Pleistocene NA Pieces Quartzite - Alvarez-Fernandez et al., 2016
Scaled
El Horno Cave | Late Pleistocene NA pieces Chert - Fano etal., 2020
Blank Bipolar
production | Cores and de la Pefia Alonso and Toscano,
and Scaled 2013; de la Pefia, 2013
El Palomar Late Pleistocene Wedging pieces Chert -
Blank Bipolar Bousman and Brink, 2017; Porraz
Elands Bay Late Pleistocene production Cores Quartz | Small | Guillaume et al., 2016
Esquicho- Scaled .
Grapaou Late Pleistocene NA pieces - - Barshay-Szmidt et al., 2020
Bipolar
Cores and Quartz | Large
Late Pliocene and Blank Bipolar and and Wang etal., 2014
Fengshudao Early Pleistocene | production Blanks Quartzite | Small
Scaled
Fonte Santa Late Pleistocene Wedging pieces Chert - Zilhdo, 1997
Scaled
Foz Coa Late Pleistocene Wedging pieces Chert - Aubry, 1998
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Large
Late Pliocene and Blank Bipolar Chertand | and
Fuente Nueva 3 | Early Pleistocene | production Cores Other | Small | Moyano et al., 2011
Late Pliocene and Blank Bipolar Basalt de la Torre. 2011
Gadeb Early Pleistocene | production Cores and Other | Small '
Blank Bipolar Chert and
Garm Roud 2 Late Pleistocene production Blanks Quartzite | Small | Berillon et al., 2007
Middle to Mid- Blank Bipolar .
Givat Rabi Late Pleistocene production Cores Chert - Yaroshevich etal., 2018
Blank Bipolar
Gorham's Cave | Late Pleistocene production Cores Chert - Pacheco etal., 2012
Grotta di Blank Bipolar i
Castelcivita Late Pleistocene production Cores - - Arighi et al., 2020
Grotta di Blank Scaled Peresani et al.. 2016
Fumane Late Pleistocene production pieces Chert - B
Grotta di Sant’ Middle to Mid- Blank Bipolar
Agostino Late Pleistocene production Cores Chert - Kuhn, 1991
Blank Bipolar .
Heuningneskrans | Late Pleistocene production Cores - - Bousman and Brink, 2017
Middle to Mid- Blank Bipolar
Hoedjiespunt 1 | Late Pleistocene production Cores Quartz - Will et al., 2013
Middle to Mid- Blank Bipolar
Houfang Late Pleistocene production Cores Quartz - Lietal., 2014
Howieson's Middle to Mid- Blank Bipolar
Poort Shelter Late Pleistocene production Cores Other - Tabrett, 2017
Quartz
Middle to Mid- Blank Bipolar and Li et al., 2014; Shen et al., 2016
Huanglong Cave | Late Pleistocene production Cores Quartzite -
Scaled
Huayang Late Pleistocene NA pieces Other | Small | Yueetal., 2020
Bipolar
Cores and
Middle to Mid- Blank Bipolar Arzarello and Peretto, 2010
Isernia la Pineta | Late Pleistocene production Blanks Chert -
Scaled .
Isturitz Late Pleistocene NA pieces - - Barshay-Szmidt et al., 2018
Jarama VI rock | Middle to Mid- Blank Bipolar
shelter Late Pleistocene production Cores Quartzite - Ruiz et al., 2020
Bipolar
Cores and . .
Middle to Mid- Blank Scaled Spinapolice and Garcea, 2014
Jebel Gharbi Late Pleistocene production pieces Chert -
Blank Bipolar .
Jerimalai Late Pleistocene production Cores Chert Small Marwick et al., 2016
Bipolar
Cores and
Scaled Montoya et al., 2013
Kalavan 1 Late Pleistocene NA pieces Obsidian -
Late Pliocene and Blank Bipolar Lemorini et al.. 2014
Kanjera South Early Pleistocene | production Cores Quartzite - "
Middle to Mid- Blank Bipolar .
Karungu Late Pleistocene production Cores - - Faith etal., 2015
Kashafrud Middle to Mid- Blank Bipolar I .
Basin* Late Pleistocene production Cores Quartz | Small Biglari and Shidrang, 2006
Bipolar
Cores and .
Middle to Mid- Blank Scaled Chert and Beyin and Ryano, 2020
Kilwa Late Pleistocene production pieces Quartz | Large
Klasies River Middle to Mid- Scaled
Cave 1A Late Pleistocene NA Pieces - - Villaetal., 2010
Middle to Mid- Blank Bipolar .
Klipdrift Shelter | Late Pleistocene production Cores Quartz - Henshilwood et al., 2014
Blank Bipolar
Klipfonteinrand | Late Pleistocene production Cores Quartz - Mackay etal., 2020
Middle to Mid- Scaled
Klissoura Late Pleistocene NA Pieces Chert - Darlas, 2007; Starkovich, 2017
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Late Pliocene and Blank Bipolar
Koobi Fora Early Pleistocene | production Cores Basalt - delaTorre etal., 2004
Scaled L
Kostenki 1 Late Pleistocene NA pieces - - Dinnis et al., 2021
Middle to Mid- Blank Bipolar -
Kozarnika Cave | Late Pleistocene production Cores Chert Small Tillier etal., 2017
Late Pliocene and Blank Bipolar Mosauera et al.. 2016
La Boella Early Pleistocene | production Cores Quartz | Small d !
Middle to Mid- Blank Bipolar . <
La Cansaladeta | Late Pleistocene production Cores Quartz - Rodriguez-Alvarez, 2016
Middle to Mid- Blank Bipolar
La Noira Late Pleistocene production Cores Chert Small Moncel etal., 2020
Scaled
Lagar Velho Late Pleistocene NA pieces Chert - Carvalho, 2011
Le Grand Abri Middle to Mid- Blank Bipolar Slimak et al.. 2010
aux Puces Late Pleistocene production Cores Chert - "
Blank Bipolar
production | Cores and .
Middle to Mid- and Scaled de Matos and Pereira, 2020
Leba Cave Late Pleistocene Wedging pieces Quartz | small
Middle to Mid- Blank Bipolar Faivre et al.. 2017
Les Fieux Late Pleistocene production Cores Quartz - B
Middle to Mid- Blank Bipolar
Liang Bua Late Pleistocene production Cores Chert - Moore et al., 2009
Blank Bipolar
Liang Bua Late Pleistocene production Cores Chert -
Middle to Mid- Blank Bipolar Quartz
Liangshan* Late Pleistocene production Cores and Other | Small | Lietal., 2014
Middle to Mid- Blank Bipolar
Lingjing Late Pleistocene production Cores Quartz_ | Small | Lietal., 2019
Middle to Mid- Scaled :
Llonin Cave Late Pleistocene NA Pieces Chert Sanchis et al., 2019
Late Pliocene and Blank Bipolar Basalt Harmand et al. 2015
Lomekwi 3 Early Pleistocene | production Cores and Other | Large '
Late Pliocene and
Longgupo Early Pleistocene Wedging Other Quartz - Wei et. al, 2014 Wei et al., 2014
Late Pliocene and
Manzi River Early Pleistocene NA Other Quartz - Barham et al., 2011
Blank Bipolar .
Matupi Late Pleistocene production Cores - - Comelissen, 2002
Blank Bipolar
production | Cores and
Melikane and Scaled Mackay etal., 2014
Rockshelter* Late Pleistocene Wedging pieces Quartz | Small
Late Pliocene and Blank Bipolar
Melka Kunture | Early Pleistocene | production Cores Basalt - Gallotti, 2013
Middle to Mid- Blank Bipolar Ravon et al.. 2016
Menez-Dregan | | Late Pleistocene production Cores Chert Small B
Mochena Borago Blank Bipolar
Rockshelter Late Pleistocene production Cores Obsidian | Small Brandt et al., 2012
Mohelno- Scaled Chert and . .
Plevovce site Late Pleistocene Wedging Pieces Quartz - Rios-Garaizar et al,, 2019
Middle to Mid- Scaled Demavumba. 2021
Mpila Late Pleistocene NA Pieces Quartzite - Y '
Mugharet el- Middle to Mid- Blank Bipolar . :
Zuttiyeh Late Pleistocene production Cores Chert - Malinsky-Buller, 2016
Bipolar
Cores and
Mughr el- Scaled Stutz et al., 2015
Hamamah Late Pleistocene NA pieces - -
Blank Bipolar
production | - Cores and Marks and Conard, 2008
Mumba and Scaled '
Rockshelter Late Pleistocene Wedging pieces Quartz -
Middle to Mid- Blank Bipolar Chert and
Nasera Late Pleistocene production Cores Quartz - Clark, 1988
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Middle to Mid- Blank Bipolar
Ngalue Cave Late Pleistocene production Cores Quartzite - Mercader et al., 2009
Blank Bipolar
Ngalue Cave Late Pleistocene production Cores Quartzite - Mercader et al., 2009
Chert,
Middle to Mid- Blank Bipolar Quartz Santagata et al., 2020
Notarchirico Late Pleistocene production Cores and Other -
Scaled AT
Oelknitz 3 Late Pleistocene NA pieces - - Gaudzinski-Windheuser, 2015
Late Pliocene and Blank Bipolar Arroyo and de la Torre, 2017;
Olduvai Gorge | Early Pleistocene | production Cores Quartz - Diez-Martin, 2010
Late Pliocene and Blank Bipolar Diez-Martin, 2010; Ludwig et al.,
Omo Shungura | Early Pleistocene | production Cores - - 1998
Middle to Mid- Blank Bipolar
Orgnac 3 Late Pleistocene production Cores Chert - Moncel et al., 2012, 2005
Middle to Mid- Blank Bipolar .
Pech-de-I’Az¢ 11 | Late Pleistocene production Cores Chert - Mathias et al., 2020
Basalt
Late Pliocene and Blank Bipolar and de la Torre et al., 2003
Peninj Early Pleistocene | production Cores Quartz -
Scaled .
Petersfels Late Pleistocene NA pieces - - Maier etal., 2020
Middle to Mid- Blank Bipolar .
Petit-Bost Late Pleistocene production Cores Chert - Mathias et al., 2020
Middle to Mid- Blank Bipolar .
Pinilla de Valle | Late Pleistocene production Cores Quartz | Small Marquez etal., 2013
Late Pliocene and Blank Bipolar
Pirro Nord Early Pleistocene | production Cores Chert Small | Arzarello etal., 2016
Blank Bipolar .
Pockenbank Late Pleistocene production Cores - - Bousman and Brink, 2017
Late Pliocene and Blank Bipolar .
Pont de Lavaud | Early Pleistocene | production Cores Quartz | Small de Lombera-Hermida et al., 2016
Chert,
Middle to Mid- Blank Bipolar Quartzite Rossoni-Notter et al., 2016
Prince Cave Late Pleistocene production Cores and Other -
Middle to Mid- Blank Bipolar . <
Puig d'en Roca | Late Pleistocene production Cores Quartz - Rodriguez-Alvarez, 2016
Blank Bipolar
production | Cores and Bousman and Brink, 2017;
Middle to Mid- and Scaled Mackay et al., 2015
Putslaagte 8 Late Pleistocene Wedging pieces - -
Middle to Mid- Blank Bipolar
Late Pleistocene production | Cores and Bousman and Brink, 2017;
and Late and Scaled Mackay et al., 2015
Putslaagte 8 Pleistocene Wedging pieces - -
Middle to Mid- Blank Bipolar
Qiaojiayao Late Pleistocene production Cores Quartz | Small | Luetal,, 2011
Scaled
Radomyshl | Late Pleistocene NA Pieces Chert - Kononenko, 2021
Reception Blank Bipolar Bousman and Brink, 2017; Orton
Rockshelter Late Pleistocene production Cores Quartz - Jayson etal., 2011
Remetea Somos Scaled
[ Late Pleistocene NA Pieces Obsidian - Dobrescu et al,, 2018
Middle to Mid- Blank Bipolar .
Revadim Late Pleistocene production Cores Chert - Malinsky-Buller, 2016
Middle to Mid- Blank Bipolar .
Rhone Valley Late Pleistocene production Cores - - Daujeard and Moncel, 2010
Late Pliocene and Blank Bipolar Quartz .
Rietputs 15 Early Pleistocene | production Cores and Other - Kuman and Gibbon, 2017
Bipolar
Cores and .
Blank Scaled Peresani et al., 2019
Riparo Broion Late Pleistocene production pieces Chert -
Rose Cottage Blank Bipolar Bousman and Brink, 2017; Lewis
Cave Late Pleistocene production Cores Quartz - etal., 2014
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Middle to Mid- Blank Bipolar
Schéningen Late Pleistocene production Cores Chert Small Van Kolfschoten et al., 2015
Blank Bipolar .
Sehonghong Late Pleistocene production Cores Quartz | Small Bousman and Brink, 2017
Late Pliocene and Blank Bipolar Diez-Martin et al., 2011; Ludwig
Senga Early Pleistocene | production Cores - - etal., 1998
Late Pliocene and Blank
Shangchen Early Pleistocene | production Other - - Zhuetal., 2018
Blank Bipolar
Shlyakh Late Pleistocene production Cores Chert - Hoffecker et al., 2019
Bipolar
Cores and
Blank Scaled
Shuidonggou 2 | Late Pleistocene production pieces Chert - Niu et al., 2016
Shuidonggou Blank Bipolar Chert and .
locality 7 Late Pleistocene production Cores Quartzite - Niu etal., 2016
Sima del
Elefante Late Pliocene and Blank Bipolar de Lombera-Hermida et al., 2015
Atapuerca Early Pleistocene | production Cores Quartz | Small
Son valley —
Rampur and Bipolar Jones and Pal, 2009
Patpara Late Pleistocene NA Blanks - -
Large
Late Pliocene and Blank Bipolar and | McNabb and Kuman, 2015
Sterkfontein Early Pleistocene | production Cores Quartz | Small
Middle to Mid- Blank Bipolar .
Tabun Cave Late Pleistocene production Cores Chert - Malinsky-Buller, 2016
Blank Bipolar .
Teixoneres Cave | Late Pleistocene production Cores Quartz - Picin etal., 2020
Middle to Mid- Blank Bipolar
Ter River basin | Late Pleistocene production Cores - - Garcia, 2015
Thomas Quarry | Middle to Mid- Blank Bipolar
Hominid Cave Late Pleistocene production Cores Quartzite | Small Raynal etal., 2010
Tian Shan Scaled Chert and
Mountains Late Pleistocene Wedging pieces Quartzite - Kolobova etal., 2021
Middle to Mid- Blank Bipolar
Toka Late Pleistocene production Cores - Small | Chauhan, 2007
Transbaikal Blank Bipolar Chert and Terrv et al.. 2016
Region Sites Late Pleistocene production Cores Quartzite - y B
Blank Bipolar
production | Cores and Chert, .
and Scaled Quartz Bicho et al, 2018
Txina Txina Late Pleistocene Wedging pieces and Other | Small
Bipolar
Cores and Kuhn, 2004; Kuhn et al., 2009
Scaled
Ucagizli Cave Late Pleistocene NA pieces Chert -
Blank Bipolar
production | Cores and
Umbeli Belli | Middle to Mid- and Scaled Bader et al., 2016
Rock Shelter Late Pleistocene Wedging pieces Quartz | Small
Scaled .
Umhlatuzana Late Pleistocene NA pieces - - Bousman and Brink, 2017
Late Pliocene and Blank Bipolar
Untermassfeld Early Pleistocene | production Cores chert Small Roebroeks et al., 2018
Bipolar
Cores and
Scaled
Urtiaga cave Late Pleistocene NA pieces Chert - Fontes 2016 Fontes, 2016
Scaled
Ushboulak Late Pleistocene NA Pieces Chert - Shunkov et al., 2017
Blank Bipolar
production | Cores and
and Scaled Chert and Horta etal., 2019
Vale Boi Late Pleistocene Wedging pieces Quartz | Small
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Late Pliocene and Blank Bipolar Garcia et al 2012
Vallparadis Early Pleistocene | production Cores Quartz | Small "
Warwasi Blank Bipolar
Rockshelter Late Pleistocene production Cores Chert Small | Tsanova, 2013
Late Pliocene and Blank Bipolar
Xiaochangliang | Early Pleistocene | production Cgres Chert Small Magetal., 2020; Yang et al., 2016
Blank Bipolar
Xuchang Man Late Pleistocene production Cores Chert Small | Liand Ma, 2016
Scaled
Yafteh Cave Late Pleistocene NA Pieces Chert - Tsanova 2013
Yarimburgaz Middle to Mid- Blank Bipolar
Cave Late Pleistocene production Cores Quartz | Small | Slimack, 2008
Scaled
Yenisey Valley | Late Pleistocene Wedging pieces Chert - Kolobova et. al, 2021
Blank Bipolar
production | Cores and
and Scaled
Yujiagou Late Pleistocene Wedging pieces Chert Small | Liuetal, 2013
Scaled
Zaozer’e Late Pleistocene NA Pieces Chert - Pavlov, 2002
Blank Bipolar
production | Cores and
and Scaled
Zhiyu Late Pleistocene Wedging pieces Chert | Small | Liu et. al 2013
Middle to Mid- Blank Bipolar . .
Zhoukoudian 1 | Late Pleistocene production Cores Quartz | Small Li, 2016; Shen et al., 2016
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APPENDIX 11 - Supplementary Materials for Chapter 3 ‘The role of lithic bipolar
technology in Western Iberia’s Upper Paleolithic: the case of Vale Boi (southern

Portugal)”

Technological attributes used for the analysis of scaled pieces included in this study

Variables

Attributes

Raw Material

Quartz

Chert

Greywacke

Chalcedony

Others

Blank

Blade

Blade Fragment

Bladelet

Bladelet Fragment

Core

Flake

Fragment

Nodule

Coinciding Axis

Coinciding

Non-Coinciding

Unidentifiable

Retouch

Absent

Present

Cortex %

No Cortex

>25%

25-50%

50-95%

>95%

Cortex Location

Distal

Lateral

Lateral Distal

Lateral Mesial

Lateral Proximal

Mesial

Proximal

Butt

Absent

Cortical

Dihedral

Faceted

Pointed

Flat

Profile

Straight
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Curved

Irregular

Twisted

Transversal Section Shape

Other

Irregular

Rectangular

Trapezoidal

Triangular

Longitudinal Section Shape

Elliptical

Irregular

Other

Rectangular

Semicircular

Trapezoidal

Triangular

Edge Shape

Biconvex

Circular

Converging

Diverging

Irregular

Others

Parallel

Dorsal Pattern

Bidirectional Alternating

Bidirectional Parallel

Bidirectional Perpendicular

Unidentifiable

Parallel Distal

Parallel Proximal

Parallel one side

Radial

Termination

Stepped

Natural

Hinged

Transversal

Fire Traces

Burnt

No traces

Thermal Treatment
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APPENDIX Il - Figures

Appendix I11.1. Splintered pieces from Abri Pataud (A), Vale Boi (B) and Bacho Kiro
(©).
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Phase 1 — Scars are formed with
marginal extensions and the damage has
a minor impact on the platform
morphology

Phase 2 — Scars overlap and extended
throughout the platform and throughout
the length of the tool

Phase 3a — Scars overlap and extend to
the point where both passive and active
platforms nearly merge; Damage changes
the morphology of the original platform;
Tools is continuously used until
abandoned

Phase 3b — Tool suffers a large
transversal or horizontal fracture,
severely reducing the viability of
continuous of the of the tool
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Appendix I11.3. Splintered Piece reduction sequence. Note: these data were not
analytically used in this thesis as they are purely based on observed patterms and
currently represent a hypothesis to be tested in the future.
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