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2 ABSTRACT

The transition from foraging to farming is one of the most drastic shifts visible in the
archaeological record. In Europe, the so-called ‘Meso-Neolithic transition follows a
chronological gradient from the origin in the Near East to Western Europe, following two main
routes: the Danubian inland route and the Mediterranean route. In this sense, the Iberian
Peninsula, located in the southwestern part of Europe is a key region to study the transition
from foraging to farming in the most distant end of the expansion. Previous studies have pointed
out that the previous local hunter-gatherers were genetically very distinct from the newly
arriving farmers. Mitochondrial DNA analysis showed an almost complete replacement of the
hunter-gatherer mitochondrial haplogroups at the beginning of the Neolithic. Analysis of
autosomal genome-wide data confirms that most of the genetic ancestry of farmers is derived
directly from Anatolian Neolithic groups with a limited admixture of hunter-gatherer ancestry
along the routes of expansion.

In terms of subsistence, it is also possible to track a substantial change in the lifestyle of the
first Neolithic communities in comparison with previous hunter-gatherer groups. The new food
producing economy caused a decrease in dietary diversity. We observe a systematic
abandonment/negligence/disregard of marine resources albeit a persistence of hunting, and
usually combined with management of domestic livestock and crops. Farming also included a
variety of husbandry strategies, such as feeding animals with special fodder or human waste
products, the use of enclosures for animal keeping, transhumance and the use of natural
fertilizers on crops. The analysis of stable isotope analysis (carbon and nitrogen) in bone
collagen from faunal and human remains is the most common used technique to study the new
farming strategies as well as human diet. In addition, strontium isotopes, which are able to
provide insights about the provenance of individuals, can help to correlate dietary shifts in

specific individuals, and are also useful to explore the demographic structure of a community.

The aim of this thesis is to study the impact of the Neolithic arrival to the Iberian Peninsula on
autochthonous hunter-gatherers and their lifestyle and the evolution of the following Neolithic
communities. Here, I applied the most advanced methods currently used in paleogenomic
research, such as Next Generation Sequencing (NGS) and the capture of 1240K informative
SNPs of the human genome. Thanks to these methods we have been able to recover genome-
wide data from eleven individuals ranging from ~ 13000 cal BP to 5000 cal BP. Moreover, we

have produced more than 200 carbon (8"C) and nitrogen (8"°N) isotopic collagen values,
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increasing considerably the dataset available for the Iberian Peninsula at this period, and even
more so for the isotopic collagen data available on Early Neolithic fauna remains. In addition,
we have generated the first big published data set of more than 80 strontium values (*’Sr/*Sr)
of human enamel and created a preliminary bioavailable strontium map of the Pre-Pyrenean

landscape with more than 100 samples.

The genetic results showed a unique genetic structure in Iberian HG, resulting from admixture
of individuals related to Goyet Q-2 (Magdalenians) and Villabruna (Western Hunter-Gatherers)
genetic clusters. This suggests a survival of two lineages of Late Pleistocene ancestry in
Holocene western Europe, in particular the Iberian Peninsula, whereas HG ancestry in most
other regions was largely replaced by Villabruna-like ancestry. Traces of the dual hunter-
gatherer lineages (Goyet Q-2 and Villabruna) were also found in Iberian Early Neolithic
individuals, arguing for admixture with local Iberian hunter-gatherers. Early Neolithic
individuals with higher amounts of Goyet Q-2 like ancestry were located in Southern Iberia,
possibly reflecting the previous hunter-gatherer structure in that territory. During Middle
Neolithic times this signal start to be more homogenized but the Iberian sites continued having

a higher Goyet-2-like ancestry.

The results of the stable isotope analysis suggest a higher importance of animal husbandry than
agriculture/crop farming/plant cultivation, although the domestic species studied did not show
a special feeding signal compared to the wild ones. Besides, the large data set available now for
humans from the Late Neolithic and the Chalcolithic period allows to test the presence of two
different eco-geographic regions with statistics significance in isotopic values. The use of
strontium isotopes with the radiocarbon dates has allowed us to distinguish different burial

phases despite a common terrestrial diet.

16



3 INTRODUCTION

The main issue that this thesis aims to address is the impact that the Neolithic arrival to the
Iberian Peninsula had on the autochthonous hunter-gatherer groups and their lifestyle. Previous
thesis defended in the ‘Departamento de Ciencias de la Antigiiedad, Area de Prehistoria’ have
focused on the same transitional time period albeit from different perspectives, such as
environmental transformations (Alcolea, 2017) and the analysis of timing vs. cultural traits
(Laborda, 2018). Following this line, the broader question has here specifically been addressed
from a biomolecular point of view and focused on the analysis of human remains. The main
biomolecular technics performed in this thesis have been isotopic (carbon, nitrogen and

strontium) and ancient DNA (aDNA) genomic analysis.

Carbon and Nitrogen stable isotopes have been performed with the aim to answer the impact
that plant and animal husbandry had on the diet of the first farmer societies compared to the
hunter-gatherer ones, and their potential transformation through time. Traditionally, the
reconstruction of subsistence patterns was addressed by indirect evidences like the study of
faunal and plant remains (e.g. Castafios 2004; Zapata et al. 2004), and lithic assemblages and
pottery styles recovered from the archaeological context (e.g. Mazzucco and Gibaja 2018). On
the other hand, strontium isotope analysis has been performed to study the mobility of these
societies, considered mostly sedentary during the Neolithic times. Along the archaeological
record it is also possible to identify the presence of exotic objects which provides indirect
evidences of individual mobility and cultural shifts (e.g. Garcia Sanjuan et al. 2013). In this
sense, aDNA is the main technical approach used to identify large population movements in
the past (migration patterns) commonly associated with major cultural changes (e.g. Haak et al.
2015; Olalde et al. 2018).  This set of biomolecular techniques applied directly on human
remains allows a direct and quantifiable analysis from which we are able to individualize the
results in an individual, spatial and/or temporal scale, providing more accurate and reliable past

reconstructions.
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The Neolithic is the time period on which this thesis is focusing most. Nevertheless, to
understand the transition and the evolution of the Neolithic it is necessary to explore backwards
and forwards in time. This neccesitated essential the addition of other chronological periods,
basically the Mesolithic and Chalcolithic, to the research plan of this Doctoral Thesis. A
specific geographical delimitation of this thesis has not been possible because of the variety of
techniques. Some of them, like aDNA analysis, require bigger sampling areas and time periods
to cover the real genetic heterogeneity of the period studied and its changes over time. Unlike
the isotopes, which do not allow the direct comparison among different territories or
chronological periods. The individuals analyzed in this thesis were recovered from sites
distributed along the Iberian Peninsula, although most of them coming from the North-eastern
Iberia (where the isotope studies were focused on). Along the discussion chapter as well as in
the published papers included in this thesis, the discussion of the data has been addressed from
a Peninsular perspective. As mentioned before, in the case of the discussion of the isotopic
results, sometimes it was mandatory to reduce the scale to smaller regions due to the
environmental effect (see Chapter 9.1.4). On the contrary, in the discussion of the aDNA results,

the discussion has a broader scale including also nearby countries.

This thesis was done in a compendium article modality and consist on four accepted articles
with a thematic unity. Moreover, data from another article which is in the review processing
form has been included in this manuscript. The thesis has been structured in four main blocks.
The first one is the “Background” where is explainded the archaeological background in the
knowledge of the Neolithic and briefly their pre- and post- Neolithic societies focusing mainly
on Iberia Peninsula, as well as an overview of isotope and aDNA techniques to approach the
archaeological questions about this time period in the region. Secondly, I developed a chapter
about “Isotope principles” in which I describe the technique: chemical description of isotopes,
biogeochemical cycle of each one, methodological aspects and limitations. The third chapter is
a homologous of the second one but describing “DNA principles”: the discovery of aDNA
preservation in old biological samples, the characteristics of ancient DNA, and new advances
in the field. The fourth is the “Article compendium”. Fifth is the “Discussion” of the articles in
two main subchapters, one for isotopic analysis and the other for aDNA analysis and, finally,

there is a “Conclusion and future perspectives” chapter.
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4 BACKGROUND

4.1 The Neolithic: Origins and Diffusion

The so-called Neolithic revolution has been considered one of the most important outcomes in
humankind. A vast number of studies from different disciplines suggest the Fertile Crescent as
the place for the origin of the European Neolithic lifestyle. The transition to a more sedentary
live-style seems to have its main explanation on the warmer weather condition at the end of the
Pleistocene, during the Belling/Allerad period (Shennan, 2018; Wright et al., 2003). The
climatic amelioration made the habitat richer in resources, which resulted on a more sedentary
lifestyle already present during the Natufian period, where first food storage and production has
been attested around 12,000-13,000 cal BP (Arranz-Otaegui, et al., 2018; Bar-Yosef, 1983;
Boyd, 2006; Valla, 1981).

The first clear evidences of Neolithisation (food producer societies) appear during the Early
Holocene Levant PPNA (Pre-Pottery Neolithic A) in the Fertile Crescent, with plant
domestication represented by wheat, barley, rye lentils and peas (Flannery 1973; Willcox et al.,
2009) followed shortly after by animal domestication represented by goat and sheep firstly and
cattle and pig later (Larson et al., 2007; Zeder, 2008). This change in the economy and lifestyle
boosted the population size (Shennan, 2018) in that area and spread fast from the Levant to
Western Anatolia and Cyprus, where the Neolithic arrives as a ‘package’ (Peltenburg et al.,
2000). After that, the so-called Neolithic package, normally defined by an increase of material
culture including first pottery and polished stone together with domestic plants and animals
spreads towards the Balkans where it developed the Starcevo culture (Biagi and Spataro, 2005).
It was there where the Neolithic started to accumulated cultural changes along the main two
geographical routes. One of these groups followed the Danube river and resulted in the LBK
ware culture (Linearbandkeramik), which eventually spread throughout Central Europe
between 5500 and 4900 cal BC (Manning et al., 2014). The other group spread faster through
Western Europe by the Mediterranean coast and led to the Impressa (between 5800 and 5400
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cal BC) and Cardial ware cultures (between 5500 and 4900 cal BC) (Binder and Sénépart,

2010).

4.1.1 Theories about the Neolithic diffusion

Probably the main debate about the transition from foraging and gathering to farming and

herding is the way in which it happened. Conceptually, there are two extreme models to explain

the spread of early farming:

Cultural Diffusion where farming, animal husbandry and the technological changes that
conform the Neolithic package were transmitted within Europe from one group to the
next one without people displacement. The model assumed that the Hunter Gatherers
(HG) in Europe adopted the new technology and husbandry strategies from Early
Farmers from the Near East, without none or negligible admixture between both groups

(Tilley, 1994; Whittle, 1996).

Demic Diffusion where the human displacement was the major source of Neolithic
spread. This migration hypothesis was firstly proposed by Gordon Childe and his
Theory of the Oasis (Childe 2013) where he noticed a space-temporal spread of pottery
from Levant into Europe. Later, Childe also proposed that this population movement
was driven by demographic pressure (Childe 1964). Finally, Ammerman and Cavalli-
Sforza (Ammerman, 1973; Ammerman and Cavalli-Sforza, 1971) introduced the Wave
of advance model. They also noticed that both models Cultural and Demic diffusion are
not mutually exclusive and some of them could play different roles in different

territories (Ammerman and Cavalli-Sforza, 2014).

Nowadays, we know that Neolithic expansion was a more complicated process which involved

not only the mobility of people, but also domestic species and ideas. Researchers from different

disciplines give more support to the Demic model (e.g Brandt et al. 2015; Isern et al. 2017;

Lemmen et al. 2011; Zeder 2008). On the other hand, the migration process did not have to

affect equally different parts of Europe, and HG could play a role in the acculturation process

of some territories. Moreover, the differences in time of Neolithic arrival could also influence

the potential relation with the local Hunter-Gatherers. This intermediate model is known as
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Dual Model and suggest that population substitution and acculturation process were part of the

Europe Neolithisation (e.g Juan-Cabanilles and Marti Oliver 2017; Sampietro et al. 2007).

4.1.2 The origin of the Neolithic in the Iberian Peninsula and the
Mesolithic substrate

The Mediterranean expansion route represented by Impressa and Cardial ware spread faster
than the central Europe route represented by the LBK and seems to reach the Iberian Peninsula
first (Zilhao, 2001) (Figure 1). This differences in Neolithic times arrival could have an
influence in the potential relation with the local Hunter-Gatherers. In Iberia, we can distinguish
three main chrono-cultural contexts during the Early Neolithic: Pre-Cardial phase which is only
restricted to the Mediterranean fagade (Bernabeu et al., 2009; 2011); the Cardial ware
commonly spread in Mediterranean and South-Atlantic coastal areas (Martins et al., 2015); and
the so-called Epicardial ware, the latest but the most extended Early Neolithic assemblage
(Rojo-Guerra et al. 2006). Additionally, in Andalucia there is a specific Early Neolithic group
represented by the characteristic style of the Almagra ware (Garcia Borja et al. 2014; Pellicer
Catalan and Acosta Martinez 1997).
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Figure 1: European map with the Early Neolithic expansion from Western Anatolia into
Europe, following two main routes: the LBK ware-related group and the Impresso-Cardial
ware-related group. Map adapted from Haak et al. 2015

In this chapter, we will describe the main characteristics of all these Early Neolithic groups and
the archaeological context about the previous Hunter Gatherers groups located in the same

arcas.

4.1.2.1 Pre-Cardial phase: Impressa horizon (5800 to 5500 cal BC)

The Impressa ware spreads from the West of the Balkan and Italian Peninsulas to France
(Provence and Languedoc) around 5900 cal BC. It is in Italy and Southwestern France where
most of the sites associated with /mpressa ware are concentrated (Binder and Sénépart 2010;
Guilaine and Manen 2007). This pre-cardial phase probably arrives up to the Iberian Peninsula
from France at 5600 cal BC (Bernabeu et al., 2009, 2011; Binder and Sénépart, 2010). The
Impressa ware is very diverse but nevertheless, the most common characteristic decoration is
composed by the so-called sillon d’impresion and vertical cardial impressions (Manen, 2007).
Only some vestiges of pottery recovered from Iberian sites like Mas d’Is, El Barranquet and

Cova d’en Pardo (all located in Alicante), are potentially attributed to the /mpressa ware. For
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all those site, the radiocarbon dates were older than 5500 BC (Bernabeu et al., 2009, 2011)
(Figure 2). It is possible that other sites with old radiocarbon dates as Guixeres de Vilobi or El
Cavet with radiocarbon dates around 5,600 cal BC (Martins et al., 2015) had some Impressa-
like influences but not as clearly detectable due to the heterogeneity of the Impressa group

(Manen, 2007) (Figure 2).

The register of the Pre-Cardial phase is very scarce for the moment and their potential relation
with local HG is still unknown. Based on the oldest radiocarbon dates for Iberian Pre-Cardial
groups, it is still not possible to confirm the direct contact with the local Geometric Mesolithic
groups. But, in Southern France (Languedoc) where the Impressa groups and their chronology
is very-well-known, the temporal hiatus is shorter, with the last Castelnovian Mesolithic
ranging between 6300-5600 cal BC (Perrin and Defranould, 2016) and first /mpressa around
5500 cal BC (Perrin and Binder, 2011; Perrin et al., 2018).

Figure 2: Pottery fragments with potential Impressa decoration technique from Barranquet
and Mas d’Is sites, Alicante (Spain). Picture taken from Bernabeu et al., 2011.

4.1.2.2 The Cardial world (5500 to 4900 cal BC)

Cardial was defined by the sequence found in Arene Candide in Savona (Ligury, Italy) (Brea,
1949). This phenomenon spreads homogenously in Iberia (Martins et al., 2015), Southwestern
France (Perrin et al., 2018) and Northern Africa (Manen, 2007) from 5600 to 4900 cal BC.

Cardial phenomenon appear more or less at the same time in all these territories, which would
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be compatible with a maritime pioneering colonization via leap-frop sailing (Isern et al., 2017;
Zilhdo, 2001) (Figure 1). Nevertheless, most of the oldest radiocarbon dates associated to
Cardial vestiges appear in Iberia (including Portugal) (Davis and Simdes, 2016; Martins et al.,
2015). This has been interpreted the Cardial as the evolution of the Impressa ware with reflux

into France (Guilaine, 2018).

Cardial vestiges are located in open-air-settlements, rock shelters and cave sites but always link
to coastal, estuarine or big basin river areas, with a lesser impact on inland ones. Inside Iberia,
most of the Early Neolithic sites with Cardial pottery are distributed along the Mediterranean
coastline (Oms, 2017) and the half-south of the Atlantic coastline (Carvalho, 2011) (Figure 3).
The Ebro Valley is the best well-known natural corridor where the Cardial ware was spread
from coastal to inland Peninsula (Laborda, 2018). There is a gradient along the corridor, with
older and high-density number of Cardial sites in the Middle Ebro Valley (Baldellou 2011;
Laborda 2018; Villalba-Mouco et al. 2018) than in the Upper Ebro Valley, where the Cardial

ware is very scarce (Fernandez Eraso et al. 1997; Rojo-Guerra et al. 2018) (Figure 1).

The potential relation of first Cardial groups with the local HG seems to be not well supported
based on the radiocarbon dates in the Mediterranean areas. This chronological gap is even
higher in the area of Catalonia, where there is a chrono-cultural hiatus between the Notch and
Denticulate Mesolithic groups (7000-6500 cal BC) and the first Cardial ware groups (5500 cal
BC), with the absence of Geometric Mesolithic. This chronological gap matches with the 8.2
K climatic event (8200 cal BP) and is also observed in the lower-southern Ebro Basin
(Gonzalez-Sampériz et al., 2009). Meanwhile, in more southern Mediterranean areas and the
rest of the Ebro Valley this gap does not exist and the presence of Geometric Mesolithic has
been attested between 6200 and 5900 cal BC (Garcia-Puchol et al. 2018; Garcia-Puchol et al.
2017). Despite the chronological information still showing a gap between the Geometric
Mesolithic (6200-5900 cal BC) and the oldest pottery evidences (5600 cal BC) (Bernabeu et
al., 2009), the enduring of Geometric traditions in the first Early Neolithic groups point out

possible contact in an unknown area.

Exceptionally, the Late Mesolithic Muge and Sado shell midden sites located in the Tagus
estuary (Portugal) were occupied for a longer period: from 6100 to 5600 cal BC in Moita do
Sebastido and from 6200 to 5500 cal BC in Cabeco da Arruda (Zilhao, 1993). These Late

Mesolithic sites have been interpreted as complex HG groups due to the evidences of some
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cultural characteristics that suggest permanence at the site, like the presence of post holes
associated with hut building and big burial spaces (Jackes and Alvim, 1999). These features
have been interpreted as a systematic occupation of the estuarine areas, which is also reflected
in the shell midden conformations. Their latest radiocarbon dates are similar to the first Cardial

sites in the area (Davis and Simdes, 2016), pointing out this region as a possible contact area.

Figure 3: Cardial ware from the Early Neolithic sites Cova de I’Or and Cova de les Cendres
(Alicante). Picture taken from Garcia Borja 2017.

4.1.2.3 Epi-Cardial assemblage (5460 to 4800 cal BC)

The so-called Epicardial assemblage corresponds with an aggregate of decorative techniques
dated between 5460-4800 cal BC despite the highest density of sites dating between 5300 and
4800 cal BC (Laborda, 2018; Oms, 2017) (Figure 4). Stratigraphically it was defined as a new
Early Neolithic phase after the Cardial horizon but nowadays, is also defined in sites where the

Cardial phase is absent (Rojo-Guerra et al. 2006). Inside these extensive sets of decorative
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techniques which involved the epicardial assemblage, some are already present in the Cardial

ware and others as the Boquique are exclusive but not always present (Laborda, 2018).

Despite their presence in Catalonia, Portugal, Cantabria and Andalucia (closer to coastal areas),
the two big clusters of Epicardial sites are located in the Central Plateau (e.g. Rodilla, Fuente
Celada, Pancorbo, La Lampara, etc.) and the Prepyrenean area (e.g. Trocs, Olvena, Torrollon,
Colomera, etc.) (Rojo-Guerra et al. 2013, 2018; Laborda 2018; Oms et al. 2013). In this last
area where the ‘Epicardial’ coexist with a Late Cardial phase around 5200 cal BC. Moreover,
Cueva de Chaves located in the Middle Ebro Valley, represents the only example where Cardial
and Boquique have been found together (level Ia), pointing out a possible coexistence of both
or the presence of intrusive elements inside the archaeological level (Utrilla and Laborda 2018).
The areas where the Neolithic arrived with certain delay, like North or Northwest of Iberia

(5000 cal BC), only the incised-impressed group has been attested (Arias, 2007) (Figure 4).

The densest Mesolithic area where the Epicardial assemblage is settled down later is the
Cantabrian region. By the fifth millennium cal BC, in this region it is possible to distinguish
between fully Neolithic sites with evidences of farming and others without disruption in the
economic patterns since the Mesolithic (Arias, 2007). These two kind of sites can be related to
the presence of Neolithic and HG populations at the same time in the same area, but also with
the different function of each site (Barandiaran and Cava 2000). Moreover, despite the Early
Neolithic starting later in the Cantabrian region than in the Upper Ebro Valley, the Cantabrian
Mesolithic groups could have some connections with the Mediterranean Early Neolithic groups,

possibly via the Ebro Valley (Arias, 2007).

During the end of the sixth millennium cal BC, Geometric Mesolithic from the Upper Ebro
Valley present diverse characteristics that have been suggested as a sign of acculturation
process: 1) the presence of Columbella rustica from the Mediterranean sea in sites (Alvarez-
Fernandez, 2011), 2) the presence of Late Mesolithic and Early Neolithic levels recorded in the
same site (Cava 1994) or; 3) the endure of the geometric lithic technology traditions since the
Mesolithic in the Upper Ebro Valley and Neolithic groups located close to the Mediterranean
coastline (Montes et al. 2016).
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Figure 4: Epi-Cardial ware with incised and impressed techniques from Cova de Els Trocs
(Rojo-Guerra et al., 2013).

In the North Central Plateau, the information about the previous Mesolithic groups is very
scarce, and the Neolithic arrival has been interpreted as the colonization of an empty territory
(Delibes and Manzano 2000). This situation contrasts with what was proposed for the French
territory, where the presence of the Epicardial has been interpreted as the acculturation process
of the local HG (Van Willigen, 2004). Other authors infer some parallels between ‘Epicardial’

assemblage and the LBK-like war