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A personal rendition of Auguries of Innocence, by William Blake

To see a World in a Grain of Wheat
And a Field in a Wild Flower,
Write Prehistory through its Crops and Meat,
And a Thesis in an Hour!

A sampled site without an Age
Puts all Heaven in a Rage.
A flot with no descriptions
Shudders Hell thro’ all its regions.
Wheat farming in the Iron Gates
Predicts the ruin of the States.
Millet, Spelt or the New Type
Cause the Academics to Fight.
Each Student outcry: It's not Fair!
A fibre from the Brain does tear.

A Graph that’s shown with Bad intent
Beats all the Lies you can invent.
1t is right it should be so;
Stats were made for Joy and Woe;
And when this we rightly know
Thro’ Data we safely go.

Every Night and every Morn
Few then many words were born.
Every Morn and every Night
Chapters finished in Delight.
Chapters finished in Delight,
And a Thesis came in Sight.

(original phrases are shown in italics)
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ABSTRACT

This doctoral thesis explores the origins and development of Neolithic crop agriculture in the
western Balkans from ¢.6100 to 4500 cal. BC, through archaeobotanical data. The western Balkans
is a geographical area comprising of Montenegro, Croatia, Bosnia and Herzegovina, Serbia and the
Former Yugoslavian Republic of Macedonia. The western Balkans is the first area in the westward
spread of agriculture into Europe where different maritime and inland routes can be observed to
progress simultaneously whilst retaining distinctive cultural signatures. The aim of this thesis is to
identify and describe the crop packages, gathered edible plants and cultivation practices between the
two streams of neolithisation, and to place them within their wider geographical and chronological
contexts. As such, archaeobotanical records from Adriatic Italy, Hungary, Romania, Bulgaria and
Greece were also used. Data for this thesis is thus composed of samples from ten sites analysed by
the author, in addition to a dataset of 244 archaeobotanical records from published and unpublished
Neolithic sites. The ten sites are analysed individually before being added to the larger dataset,
allowing for site-specific interpretations to be made. This thesis demonstrates that the suite of crops
cultivated by the first farmers to reach Europe was not as restricted as was previously suggested by
other meta-analysis approaches. Through statistical methods, spatial and diachronic differences
within the crop packages are illustrated, and ecological characteristics of the possible weed flora are
used to define past agricultural systems. Both environmental and cultural explanatory frameworks
are sought to explain the patterns in agricultural practices, which appear to have been variably
influenced by both parameters. Although domesticated fauna are not the focus of this thesis,
information on animal husbandry regimes is included wherever possible, with a view to present a
more accurate image of the agricultural foundations that defined the Neolithic in the western

Balkans.
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CHAPTER 1

Introduction
This thesis uses archaeobotanical data to describe the origins and developments of arable
agriculture during the Neolithic in the western Balkans (c.6100-4500 cal. BC). The research stems
from the ERC funded project entitled Transmission of innovations: comparison and modelling of
early farming and associated technologies in Europe (EUROFARM), directed by Dr M. Vander
Linden (University College London). The aim of EUROFARM is to explore the first inland and
coastal spread of farming in the western Balkans through four main technological innovations:
farming practices, landscape use, pottery and lithics (Vander Linden et al. 2013). The western
Balkans is composed of the Former Yugoslavian Republic of Macedonia (hereafter FYROM),
Montenegro, Croatia, Serbia and Bosnia and Herzegovina (hereafter BiH). It is a group of countries
that connect Greece and Bulgaria to the rest of Europe, and is a key geographical area where both
inland and maritime routes of neolithisation co-developed within very different environmental
settings, and potentially coalesced. By exploring what crop packages were used within the two
routes, and assessing adaptational shifts in the use of edible plants, this thesis aims to bridge the gap
between the first westward migration of farmers out of the Near East and the Early Neolithic

communities of central Europe and the Mediterranean coast.

Archaeobotanical samples were retrieved from ten sites across Serbia, Croatia, BiH and Romania,
and further records of plant macro-remains were obtained from 244 sites. These include Neolithic
sites from Bulgaria, Greece, Adriatic Italy, Hungary and eastern and southern Romania, not only to
contextualise the research area but also to include all sites attributed to the Early Neolithic coastal
and inland cultural entities characterised by Impressed Ware and Starcevo-Koros-Cris (hereafter

SKC) respectively.

Plant macro-remains (excluding charcoal) are used to describe, compare and contrast crop
cultivation and the use of wild edible plants between the two streams of neolithisation. Within this
overarching theme, further questions pertinent to the Early Neolithic (¢.6100-5400 cal. BC) and the
Middle/Late Neolithic (c.5400-4500 cal. BC) are addressed. Plant remains from the Early Neolithic
are used to explore the origins of the two crop packages, and their development into that of the
Cardial and Linear-Bandkeramik (hereafter LBK) groups. By 5400 cal. BC the cultural landscape of
the research area began to diversify and a greater range of geographical and ecological zones were
occupied. Thus, the Middle/Late Neolithic plant remains are used to describe developments in the

plant diet as well as cultivation regimes, and evaluate the effects of environmental and cultural
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conditions at both regional and local scales.

The following nine hypotheses concerning arable farming and the consumption of wild plants are

tested:
1.

that differences in the quantity of charred crop remains between the Early and Middle/Late
Neolithic do not represent a shift in the importance of cultivation (contra, for example,
Greenfield et al. 2014), but rather differing levels of preservation and archaeological
interests;

that during the initial phase, differences between the two streams, firstly seen in the pottery,
are also evident in the crop packages (e.g. Bocquet-Appel et al. 2009; Forenbaher et al.
2013; Vander Linden 2011);

that during the initial phase, there was a drop in diversity in the crop packages of both
streams, compared to earlier packages from Greece and Bulgaria (cf. Bogaard et al. 2007a:
434-36; Bogaard & Halstead 2015: 391; Colledge et al. 2005: 150; Coward et al. 2008);

that in the subsequent phase there was both an increase in the range of cultivated crops, and
in the diversity of exploitation practices (of both crops and wild edible plants) within the
two streams of neolithisation;

that adaptations to new environments are visible in the use of cultivated and wild plants, but
that the cultivation of particular species was not purely dictated by environmental/climatic
conditions (cf. Colledge et al. 2004; Coward et al. 2008; Stevens et al. 2016);

that adaptations to increasingly northerly latitudes can be explored through reconstructed
climatic parameters and the temperature thresholds of modern crop varieties;

that adaptations to more northerly latitudes included a shift from autumn- to spring-sowing
of cereal crops;

that, as has been demonstrated for sites in Greece, Bulgaria and central Europe, farmers
practised an intensive form of cultivation, dedicating high inputs of time and energy on
creating fertile, weed-free and watered conditions (Bogaard 2002a,b, 2004b, 2005; Bogaard
& Halstead 2014; Halstead 1987, 1989; Marinova 2006);

that fixed-plot as opposed to shifting cultivation was prevalent (contra, for example, Whittle

1996: 160-62, 1997).

Despite an early interest in plant remains from Neolithic sites in the research area (e.g. Evett &

Renfrew 1971; Hopf 1967, 1974; Renfrew 1974, 1976, 1979; van Zeist 1975), the value of

archaeobotanical data to explicate Neolithic lifestyles is, though increasingly recognised, still in its

infancy (Filipovi¢ & Obradovi¢ 2013; Reed 2015, 2016). Initial attempts to describe the first
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agricultural communities seldom included archaeobotanical data. Most famously, Gordon Childe
(1929, 1957) described how an expanding population of Neolithic farmers spread across Europe,
and in particular along the Danube, replacing the 'simple’ hunter-gatherers with a 'civilised',
complex and agriculturally dependant, sedentary civilisation. Incoming farmers were argued to have
spread quickly relying on slash-and-burn agriculture to cultivate the virgin forests of Europe
(Childe 1929: 45-46; Clark 1952: 92-98). Farmers were also assumed to have cultivated the fertile
river floodplains, with very little effort, presumably sowing their crops in the spring after the winter
floods (Sherratt 1980: 315; Bogucki 1996: 244). More recent research on individual sites has sought
to describe cultivation practices through the ecological requirements of wild/weed seed
assemblages. Nevertheless, most of these assemblages are very small, and only one site has
produced robust results (the Hungarian site Ecsegfalva: Bogaard et al. 2007a, 2008). This research
project not only presents new findings from recently excavated Neolithic sites, but also pools all
existing records of plant macro-remains, enabling the data to be examined from a new perspective

and at different scales.

The research area, whose environmental and climatic conditions during the Holocene are defined in
Chapter 2, is comprised of several ecological and climatic zones. Some cultural groups inhabited
more than one zone and some zones were home to more than one cultural group. The defining
cultural and economic traits of the various Neolithic groups are presented in Chapter 3, which also
reviews the mode and tempo of the coastal and inland routes, as well as possible encounters with
Late Mesolithic populations. Exploring the plant diet and arable farming strategies vis a vis cultural
and environmental parameters has illustrated the interplay between culture and nature, and resulted
in more nuanced explanations for the cultivation of particular crops and the use of wild resources

(cf. Colledge et al. 2005; Fuller & Lucas 2017).

The archaeobotanical records used in this thesis are presented by country in Chapter 4, where the
current state of archaeobotanical research for the Neolithic is outlined. Before the data can be
analysed to extract new interpretations, the pre- and post-depositional factors that shape
archaeobotanical assemblages must be considered. Chapter 5 explores how archaeobotanical
assemblages are formed, recovered, analysed and interpreted. Emphasis is placed upon the
theoretical framework and taphonomical considerations relevant to the analyses of samples and
published data. The methodology employed, including the use statistical techniques, is defined in
Chapter 6. Results from the samples I sorted are presented and interpreted in Chapter 7, where

questions relating to crop processing and the functions of features/structures are addressed.



Additionally, grain measurements are plotted against other known sizes to explore the possible
evolution of landraces. The newly acquired data are added to other published and unpublished
archaeobotanical records in Chapter 8, where trends in the gathering and cultivation of plant taxa
during the Neolithic are illustrated. The Early Neolithic data is split between the two coastal and
inland areas, demonstrating the need to recognise these two streams when considering how crops
first spread into Europe. For the Middle/Late Neolithic common trends and diversity in farming
practices across geographical, ecological and cultural boundaries are demonstrated. In order to
cover the geographical and temporal extent of the project, and to search for trends pertinent to
different groups rather than individual sites, records of plant macro-remains were reduced to a
format of presence/absence. Such an approach was the only way to amalgamate and compare
records written over seven decades in five different languages and under shifting archaeological

traditions.

This thesis is the first to present a thorough review and analysis of Neolithic grains, seeds, fruits and
nuts from the western Balkans, Adriatic Italy and Hungary. It brings to light the arable economies of
the first farmers to cross into Europe by two very different routes, and thereby fills a gap in our
understanding of how farming initially spread and developed. Reasons for the preference of certain
crops over others are explored, and the (re)discovery of taxa such as spelt, 'new' glume wheat, rye
and opium poppy, offer new perspectives on their somewhat enigmatic history of domestication and
cultivation. Evidence for the continued importance of wild plant foods is evaluated, and
comparisons are made between geographical, environmental and cultural zones. The ecology of
wild/weed seeds is used to extrapolate the conditions and levels of intensity under which crops were
cultivated, and efforts are made to combine results with information on animal husbandry regimes

in order to present a holistic view of the agricultural economy.



CHAPTER 2

Geographical and Environmental Setting

The research area encompasses the Balkan peninsula, Hungary, western Romania and eastern Italy
(Figure 2.1). Its northern extent covers the Pannonian Basin and is bordered by the Alps (the most
northerly site lies at N 48.4, E 21.3 in north-eastern Hungary). In the West the boundary is stretched
to include Adriatic Italy, from Apulia to the Po Plain (the most westerly site lies at N 45.22, E 10.25
in the Po Plain). The research area therefore consists of a vast and varied topographical area,
offering a range of ecological and geographical zones. This chapter begins by describing the
geology and physical geography of the study area. Modern soil distributions are also described, and
their potential suitability for cultivation. Section 2.3 focuses on the palaeoclimate and
palaeovegetation of the area during the Early and Middle Holocene (c.11,700-5700 cal. BP). After
available proxies for regional vegetation and climatic reconstructions are discussed, broad-scale
parameters for temperature and precipitation are obtained from a recent article (Mauri et al. 2015).
The chapter concludes with a presentation of the bioregions used to define broad ecological

conditions across the study area.
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Figure 2.1: The research area (outlined in red) with its major political boundaries and mountain ranges.
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2.1 Geology and physical geography

The Balkan Peninsula is composed of various tectonic zones (Gealey 1988; Robertson et al. 2009:
fig.2), consisting of five main mountain ranges and several major river systems. About 60% of the
land rises to 1000m or more above sea level (Willis 1994: 770). It has an extensive coastline, that at
the height of the Last Glacial Maximum (hereafter LGM) would have been about 100 metres below
current levels (Briickner et al. 2010: 162-65; Lambeck et al. 2004). At the onset of the sixth
millennium BC Adriatic sea levels were still about ¢.16 to 20 metres lower than today's, only
reaching current coastlines during the Roman period (Lambeck et al. 2004: 1592, Fig.12; see also
Zecchin et al. 2015 on the possible uneven rates in sea level rise). Black Sea levels also rose during
the Early Holocene, though timing, speed and flooding effects upon local human populations are

still heavily debated (e.g. Briickner et al. 2010; Peev 2009; Yanko-Hombach et al. 2007).

In the South-East corner of the Balkan Peninsula lie the Rhodope mountains. They are formed of
marbles, schists and gneiss, and stretch from the Thracian plain into southern Serbia. These
mountains separate Greece from Bulgaria, and border the high plateaux of the FYROM. The
Thracian plain, or lowlands of Bulgaria through which runs the Maritza river, is flanked on its
northern side by the Balkan mountains, or Stara Planina. These and the Rhodopes converge north of
Sofia creating a mountainous border between the Serbian, Bulgarian and Romanian plains. To the
West of the mountains, in Serbia, lies the Morava Valley. The latter is part of the Morava-Vardar
corridor: a natural passage of extensive alluvial plains that connects the eastern Mediterranean with
the Danube Basin further North. The Carpathian mountains begin in Slovakia and arch across
Romania encircling its western zone into the Pannonian Basin (Jordan-Bychkov & Bychkova-
Jordan 2001: 34). They are severed from the Balkan mountains by the Danube Gorges, which create
a natural border between Serbia and Romania. The Danube Gorges, or Iron Gates is a 130km long
pass through the Alpine ranges where about 30 Palaeolithic and Mesolithic sites have been
discovered (Bonsall et al. 1997: 51-52; Chapter 3.2.4). It separates the Pannonian Plain to the West
from the Wallachian plain to the East.

The northern part of the research area contains most of the lowland territories of the northern
Balkans. It is known as the Pannonian Plain and encompasses Slavonia (northern territory of
Croatia), Serbia north of the Sava and Danube rivers, western Romania and Hungary (Figure 2.2). It
is composed of a flat landscape no higher than 100m above sea level, dissected by the Sava,
Danube, Tisza and their tributaries (Bridges 1990: 226). Though today rivers are canalised, the lack

of gradient would have resulted in large meandering rivers and high water-tables.



Geoarchaeological investigations in Hungary and northern BiH describe the plain during the Early
Holocene as a hydrologically active and extensively flat landscape of braided river systems, oxbow
lakes, bogs, gravel islands and raised levees (Magyari et al. 2010; Magyari et al. 2012: 12-15;
Marriner et al. 2011; Marriner et al. 2015; Siimegi et al. 2002; Siimegi & Molnar 2007: 67-69).

N AN,

Figure 2.2: The extent of the Pannonian Plain (outlined in red).

The western side of the Peninsula is lined by the Pindus Mountains across Greece and Albania, and

[13

by the Dinaric Alps, or Dinarides from Albania to the Croatian coastline; “...the Dinarides and
Pindus tend to rise very steeply from the coastal strip, and the boundary between the northern
Dinarides and the Pannonian Plain is clearly defined.” (Reed et al. 2004: 14). The Dinarides expand
eastwards into much of central BiH where they are known as the Bosnian Mountains. Together with
southern and central Italy (covering the Apulia and Marche regions), the Adriatic zone of the Balkan
Peninsula is rich in limestone, being formed on a carbonate platform (Bridges 1990: 234; Robertson
et al. 2009: 4). Dalmatia is considered a 'high karst zone' where soils are generally thin, springs are
scarce and limestone outcrops are frequent (Bridges 1990: 234; Reed et al. 2004: 14). Only the

Ravni Kotari region (from Zadar to Split) offers a fertile plain with abundant fresh water resources

between the Adriatic and Dinaric Alps some 40km inland (Korona et al. 2009: 222).



The Apennines run down the centre of Italy, separating the broad Adriatic coastal plain from the
western side of Italy (Figure 2.1). Southern Italy, here equated to Apulia, stretches from the tip of
the 'heel' to the northern side of the Gargano Promontory (Figure 2.3). The 'heel' is covered in the
low Salento hills interspersed with flat, wide valleys (Fiorentino et al. 2013: 1299). Between the
hills and the Plateau of the Murge lies the small Brindisi plain, about 150m above sea level and
which contains many streams (Fiorentino et al. 2013: 1299). The Murge Plateau is the largest
section of Apulia; it is a wide calcareous ridge that, in certain areas, sits at over 600m above sea
level, and is characterised by a series of terraces dissected by short karst canyons from which
freshwater springs (Caldara et al. 2011: 183; Fiorentino et al. 2013: 1299). Between c.5900-4400
BC the Plateau also hosted small coastal lakes and fen-like fresh water marshes, offering resources
from both wet and dry biomes (Caldara et al. 2011: 185). Between the Murge Plateau and the
Gargano Promontory lies the Tavoliere Plain: a large alluvial plain that slopes gently towards the
Adriatic. During the sixth millennium BC, when sea-levels were lower, rivers of the Tavoliere Plain
drained into a large coastal lagoon with predictable marine resources (Caldara et al. 2011: 188). The
Gargano at the northern tip of Apulia is a mountainous headland of deep valleys and caves that

protrudes into the Adriatic.
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Figure 2.3: Geological map of Apulia (modified from Fiorentino et al. 2013: Fig.1). A- Gargano Promontory; B-
Tavoliere Plain; C & E- Murge Plateau; D-Brindisi Plain; F- Salento Hills.



The Adriatic coast of central Italy covers three modern regions: Molise, Abruzzo and Marche. The
first two are more mountainous, whereas Marche has a wider coastal plain of clay and sandstones
deposited over a micritic and marly limestone bedrock (Coltorti 1997: 313). By the Early Holocene
the plain was mostly covered in fluvial deposits that were cut by low-energy meandering rivers
(Coltorti 1997: 317, 322; Coltorti & Farabollini 2008: 41). Large sandy bays formed between the
receding coastal cliffs where rivers met the transgressive sea (Coltorti 1997: 324; Coltorti &

Farabollini 2008: 41).

The eastern side of northern Italy consists of the Po plain. It lies on the same limestone platform as
southern and central Italy but, being a natural trough, it has accumulated rich colluvial and alluvial
soils from the bordering Alps and Apennines (Bridges 1990: 240; Campo et al. 2016: 266; Jordan-
Bychkov & Bychkova-Jordan 2001: 41). The Po river is primarily fed by snowmelt in the spring
and runoff in the autumn, and is the main contributor of fresh water into the Adriatic (Combourieu-
Nebout et al. 2013: 2025). At the foothills of the Alps large lakes created by the deposition of
moraines during the LGM would have provided fresh water and a rich ecosystem within a sub-
alpine ecozone (Bychkova-Jordan 2001: 41). Between the lakes and the fertile coastal plain lies a
rocky outwash area where the bedrock protrudes above the Po-Veneto plain, resulting in the
elevation of the water-table and an east-west line of natural springs known as the fontanilii
(Bychkova-Jordan 2001: 41). Due to rising sea levels and global warming after the LGM, Late
Pleistocene fluvial sands were covered by mud-dominated Holocene deposits (Campo et al. 2016:
270-72). During the sixth and fifth millennium BC the plain and its surroundings would have been
the most ecologically diverse of the Adriatic regions, hosting various environments: alpine and sub-
alpine, low-energy systems of meandering rivers, more hydrologically active zones of braided-river

systems, fresh water swamps and a transgressive coastline (Campo et al. 2016: 267-70).

2.2 Soils

Soils are formed through the physical and chemical weathering of the geological substrate, or
bedrock. They are composed of inorganic (sand, silt and clay) and organic materials (mainly carbon,
hydrogen and oxygen compounds from decaying organisms). Soils are classified according to the
proportion of these materials, the type of bedrock they overlie and their moisture content. They are
active and host dynamic ecosystems that will change or develop under topographical, hydrological,

ecological and anthropogenic influences (French 2003: 35-43; Limbrey 1975).

Modern soil maps indicate that the Balkan Peninsula can be broadly divided into the littoral and



inland zones (FAO & UNESCO 1981: 27-72). Cambisols (brown soils) and chernozems (heavy,
fertile soils) dominate inland, as well as in northern Italy and at the very tip of the Italian 'heel'. The
littoral zones of the Balkan Peninsula and Apulia are interspersed by lithosols in which bare rock
outcrops are frequent, and stony chromic luvisols, or terra rossa. Calcaric regosols are found along
the middle section of the Italian Adriatic coastline. Overall the research area currently contains
“...a highly diversified variety of soils, offering considerable possibilities for suitable
agricultural use. By and large, farming is impossible only in the mountainous regions. In
some areas, salinity or the dry climate, or both, also impose strict limitations. On
balance, it can certainly be said that, all in all, Europe is one of the most privileged
regions of the world from the standpoint of the agricultural potential of its soils” (FAO

& UNESCO 1981: viii).

Although general soil classifications may be useful for locating settlements, natural phenomena and
anthropogenic activities have greatly altered both chemical and physical conditions of soils since
farming began (e.g. Jarman et al. 1982: 132; Kalis et al. 2003; Marinova et al. 2012). The structure
and fertility of soils cultivated during the Neolithic should therefore be investigated through

geoarchaeology and environmental proxies (Chapter 3.3.2).

2.3 Climate and vegetation

2.3.1 Regional scales

The Neolithic expansion through the Balkans and along the Mediterranean occurred during the start
of the Middle Holocene (i.e. around 8.2ka BP according to the tripartite division of the Holocene by
Walker and colleagues (2012)). By then temperatures and available humidity had increased since
the LGM, enabling woodland to expand over Europe. Pollen records from Bulgaria, Greece and
lakes on both sides of the Adriatic all indicate a high presence of deciduous oak (Quercus robur
Type), with a prevalence of birch (Betula) at higher altitudes (Connor et al. 2013: 208; Favaretto et
al. 2008: 97; Willis 1994: 778). A rise in elm (Ulmus) and birch dominated woodland was seen in
Slovenia, and in Hungary and Romania, where it was apparently colder, conifers, birch and alder
(Alnus) prevailed (Eastwood 2004: 38; Feurdean et al. 2014: 220; Willis 1994: 778). In Vojvodina
(northern territory of Serbia), abundant pine (Pinus) and beach (Fagus) pollen indicate colder
environmental conditions similar to those of western Romania (Filipovi¢ et al. 2017: 18). Mixed
temperate deciduous forests spread across the Pannonian plain, with a more open distribution in the
lowlands (Feurdean et al. 2014: 218). Other tree species within the mixed woodlands included those

indicative of rising levels of precipitation (Alnus, Salix and Fagus) and average temperatures (Acer,
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Carpinus, Tilia, Corylus, Ulmus) (Favaretto et al. 2008: 98). The latter four species are indicative of
cool temperate summers and tolerate a minimum (winter) temperature range of -15°C to +10°C
(Prentice et al. 1996: 189). During the Early and Middle Holocene woodland phases were
interrupted by peaks of juniper (Juniperus), wormwoods (Artemisia), Ephedra and Chenopodiaceae
pollen, suggestive of cooler and drier climatic oscillations, such as the so-called Pre-Boreal
oscillation, or the 11.4ka event (Favaretto et al. 2008: 97-99). Early Holocene sediments and
environmental proxies from the Cepi¢ plain in Istria (Balbo et al. 2006), Edera cave north of Istria
(Voytek 2011: 196), Lake Maliq in Albania (Bordon et al. 2009: 27) and Lake Sedmo in Bulgaria
(Bozilova & Tonkov 2000: 323) confirm that mixed temperate deciduous woodlands spread
throughout the Balkans (Eastwood 2004: 38; Willis 1994: 774-80). These mixed deciduous
woodlands, particularly prevalent inland, would have required annual precipitation levels of 800-
1200mm, with minor seasonal contrasts (Rossignol-Strick 1999: 525). Along the coast there is
evidence from Lake Vrana on the Ilse of Cres (Croatia) to suggest an overall rise in temperature and
increased seasonality (Schmidt et al. 2000: 125). Increased differences between warm/wet winters
and hot/dry summers is also evident from pollen sampled at Lake Accesa (Italy) and Lake Tenaghi-
Philippon (Greece) (Peyron et al. 2011: 136-40). In the Adriatic, Ionian and Aegean seas warm
conditions similar to those of today were evident from ¢.9000 BP, but with higher overall
precipitation (Peyron et al. 2011: 136-40; Rossignol-Strick 1999: 525-28; Connor et al. 2013: 208).
Evidence from Lake Maliq confirms that modern littoral climatic parameters were reached by the

Middle Holocene (see below) (Bordon et al. 2009: 27).

The 8.2ka BP is the most pronounced cooling episode during the first half of the Holocene in the
northern hemisphere, and its effects are clearly recorded in Greenland ice cores (Alley &
Agiistsdéttir 2005; Walker et al. 2012: 651). It lasted ¢.300 years and resulted in an overall colder
climate (in the northern hemisphere) with more accentuated seasonal variations and more extreme,
locally variable hydrological systems (Alley & Agtistsdéttir 2005; Berger & Guilaine 2009; Magny
et al. 2003; Weninger et al. 2006). Magny and colleagues (2003) describe a zonation of
hydrological regimes over Europe, with increased aridity south of the Valencia-Napoli-Athens line
(see also Berger & Guilaine 2009). Most of the research area falls within the 'fresh and humid' zone
where rainfall was intensified, causing sudden and intensive floods (Berger & Guilaine 2009: 38-
40). In northern Italy unusually high levels are recorded for Lake Ledro whose records suggest most
of the rain fell in the winter (Magny et al. 2012: 393-95). High precipitation would have magnified
the discharge of the Po river, which may explain the decrease in salinity recorded for the Adriatic

sea during that period (Zanchetta et al. 2013: 2). Greece, where farming was already practised



(Chapter 3.3), was in another hydrological zone of more extreme seasonal variation (Berger &
Guilaine 2009: 40). Evidence from Lake Tenaghi-Philippon suggests a reduction in the annual level
of precipitation by 100-150mm/yr, and a reversal of seasons, with colder, drier winters and milder,
wetter summers (Peyron et al. 2011: 141). Colder and drier conditions, particularly in winter time,
is also attested by evidence from Lake Maliq (Bordon et al. 2009: 27). Oak was replaced by pine in
the western Balkans and wormwoods in Greece, both more tolerant of cold and dry conditions
(Berger & Guilaine 2009: 38). The sub-alpine regions of Italy witnessed a significant increase in
spruces (Picea) and a rise in the number of fir trees (Abies) (Magny et al. 2012: 393). A further two
periods of intensified rainfall during the Holocene are noted for the Adriatic: around 7.7ka BP,
combined with lower summer and winter temperatures, and at 7ka BP though this signal appears
localised to the central Italian coast (Combourieu-Nebout et al. 2013: 2036-37). Indeed Apulia
suffers a dry phase around the same time, which has been associated with a sharp population
decrease towards the end of the Middle Neolithic (Caldara et al. 2011: 188; Fiorentino et al. 2013:
1310).

After the 8.2ka cooling event the climate continued to warm up. Along the coast conditions appear
to have grown progressively drier, reaching present-day Mediterranean conditions of hot arid
summers by ¢.5000 cal. BP (Balbo et al. 2006: 119; Peyron et al. 2011: 142). Pollen records from
Greece and Italy indicate that aridification began ¢.7800 cal. BP, characterised by drier winters and
slightly wetter summers in comparison to present day levels (Peyron et al. 2011: 142; Wu et al.
2007: 218). Compared to modern parameters, winter temperatures in the eastern Mediterranean are
thought to have been lower by 2-4°C in the winter, and by 1-3°C in the summer (Wu et al. 2007:
218; Mauri et al. 2015: Fig.4 & 5). More precisely, pistachio (Pistacia) pollen from Greece and the
Dalmatian coastline suggest that winter temperatures did not fall below 5°C (Eastwood 2004: 38;
Prentice et al. 1996: 189). The presence of deciduous oak reduces along the coast and, similarly to
the inland signal, is first replaced by hazel and then hornbeam (Willis 1994: 780-82). Pollen from
the Malo and Veliko craters on the island of Mljet (Croatia) indicate that the deciduous oak forests
of the Early Holocene developed into an open woodland dominated by juniper (Juniperus) and
Phillyrea (Jahns & Bogaard 1998: 225-7). Around c.6500 BP open forests of the Mediterranean
evergreen oak (Q. ilex), that currently dominate the Dalmatian coastline, replaced the Juniperus-

Phillyrea vegetation (Jahns & Bogaard 1998: 227-29; Willis 1994: 782).

Mild and wet conditions are attested inland by pollen records from Lake Vrana, Lake Sedmo and

other locations within Bulgaria: deciduous forests migrated further up the mountain ranges in Istria



and the Dinarids (Schmidt et al. 2000: 126), and across Bulgaria birch, pine and fir trees reach a
maximum altitude at ¢.5000 BP (Bozilova & Tonkov 2000: 323; Connor et al. 2013: 209-10;
Marinova et al. 2012: 420). The composition of woodlands changed with an overall increase in
hazel (Corylus) across the entire Balkans between ¢.8000-7000 BP, followed by a marked increase
in hornbeam varieties (Carpinus) (Connor et al. 2013: 209-10; Filipovic¢ et al. 2017: 19; Willis
1994: 780-82).

Palaeoenvironmental data from the Pannonian plain has provided evidence for four climatic zones
within the Basin from the Pleistocene to the present day: a cool and relatively wet oceanic climate
to the west; a sub-Mediterranean climate to the south, with warmer winters and wetter springs and
autumns; a central continental climate, extending east of the Basin, and a submontane climate
within the surrounding mountain ranges (Rudner & Siimegi 2001; Siimegi 2004, 2007; Siimegi &
Kertész 1998; Siimegi et al. 2002). The effect of the four overlapping climatic zones is further
complicated by topographical and hydrological conditions. As a result of geological shifts during
the Quaternary Period, loess covered Pleistocene alluvial zones in river valleys became isolated,
forming island-like, meadow-covered, dry surfaces within wet, marshy floodplains; “the
development of both vegetation and soils followed this mosaic pattern characteristic of the
landscape” (Siimegi 2007: 49). Thus, by the Middle Holocene a mosaic-like pattern of alternating
environmental conditions could be found in the Great Hungarian plain, and particularly within the
Carpathian Basin (Raczky et al. 2010: 148-50; Stimegi et al. 2002: 175; Siimegi 2004: 122, 2007:
49). Adaptations to such conditions, so different to those under which farming originally developed,
may have resulted in one of several pauses during the expansion of farming into Europe (Chapter
3.1). Pollen data from the Sarl6-hat meander, NE Hungary suggest a pattern of hazel-oak-elm
woodland alternating with continental steppe vegetation (Magyari et al. 2012: 8). The herbaceous
pollen is dominated by grasses, wormwoods and chenopods (Chenopodiaceae), whilst gallery
forests rich in willow (Salix), ash (Fraxinus) and deciduous oak were prevalent along the water-
ways (Magyari et al. 2012: 8). In the Danube-Tisza interfluve a similar vegetation has been

described, with the addition of lime (Linden), ash and alder but without hazel (Siimegi et al. 2013).

2.3.2 European scale

The most comprehensive pollen based climatic reconstruction for the whole research area is the
recent article by Mauri and colleagues (2015). Based on the work published by Davis and
colleagues (2003), the authors present a new gridded climatic reconstruction for Europe for the last

12,000 years, obtained from 879 pollen sites.
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Figure 2.4: Spatial distribution of pollen samples (Mauri et al. 2015: Fig.1). The temporal distribution of samples is not
given.

Pollen data was subject to rigorous selection criteria, and Plant Functional Types, as defined by
Peyron and colleagues (1998), were used to reconstruct palaeoclimate values from individual
samples (Mauri et al. 2015: 110-11). Taxon presence and relative abundance were used to
extrapolate temperature, precipitation and growing degree days above 5°C (GDD5), relative to a
late pre-industrial baseline (1850 AD). Using such a baseline is argued to be more appropriate given
the recent level of climate warming (Mauri et al. 2015: 112; Davis et al. 2003: 1706). The climatic
reconstructions are presented in the form of a series of gridded data with coarse geographical
resolution (each tile covering a degree of latitude and longitude), spanning each millennium for the
entire duration of the Holocene. The climatic parameters were interpolated over a 500km limit to
cover areas with no data points, including Serbia and BiH (Figure 2.4). Local results will therefore
reflect the interpolation technique, which at present offers the most accurate readings. The authors
note that winter precipitation levels were the most difficult parameter to reconstruct at the European
scale, and that sub-millenial scale events are not clearly represented. The 8ka map may therefore be
biased by the 8.2ka event. (see Mauri et al. 2015: 111-12, see pg.110-114 and Davis et al. 2003:
1702-06 for further details on the methodology). Figures 2.5a and b are adapted from Mauri and
colleagues' (2015) article and illustrate summer and winter temperature and precipitation values for
the Early and Middle Holocene. Whilst the overall trend is one of decreasing temperature and
increasing precipitation over the western Balkans between 9000 and 6000 cal. BP, comparisons

within the research area are difficult as the pre-industrial baseline is neither uniform nor published.
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Figure 2.5a: Reconstructed summer (top) and winter temperature anomalies relative to pre-industrial values (1850 AD), from 9000 to 6000 BP. (Modified from Mauri et al. 2015:
Fig.4&5).
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Figure 2.5b: Reconstructed summer (top) and winter precipitation anomalies relative to pre-industrial values (1850 AD), from 9000 to 6000 BP.
(Modified from Mauri et al. 2015: Fig.6&7)



2.4 Bioregions

Bioregions are land areas defined by geography and ecology. As such they unite areas of similar
climatic conditions and ecological characteristics. The bioregions used in this thesis are those
defined by the Bern Convention for the Conservation of European Wildlife and Natural Habitats
(European Environment Agency, 2016), (Figure 2.6). Although ecological conditions have changed
significantly since the Early Holocene, mainly due to anthropogenic effects, the broad geographical
determinants that define bioregions (such as altitude, latitude, effects of oceanic drift and mountain
ranges) have not. Consequently, modern bioregions probably have comparable boundaries to those

of the Early Holocene, even though their detailed ecological characteristics would have differed.

Bioregions
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Figure 2.6: The bioregions in the research area. The red and yellow zones on the right side of the map are the Steppic
and Black Sea bioregions respectively. The former falls outside of the research area and no Neolithic sites were
discovered in the latter.



CHAPTER 3

Chronology and Cultural Frameworks

This chapter describes the chronological and cultural frameworks within which crop agriculture
developed in the western Balkans. It is organised into four sections: section 3.1 explores the routes
and the rates of neolithisation into the Balkans; section 3.2 reviews the evidence for Neolithic
encounters with local Late Mesolithic populations, and what effect such confrontations may have
had, and section 3.3 broadly illustrates the various spatial and diachronic cultural attributions,

settlement patterns and uses of animals. Finally, the whole is summarised in section 3.4.

3.1 Modes and rates of neolithisation

The first half of the 20th century AD saw an interest in the mode and tempo of the neolithisation of
Europe from its Near Eastern origins. It was argued that incoming farmers spread quickly along the
Danube, relying on slash-and-burn agriculture to cultivate the virgin forests of Europe (e.g. Childe
1929; Clark 1952). Based on the then available radiocarbon dates Ammerman and Cavalli-Sforza
suggested a hypothetical advance of farming across Europe at an estimated rate of 1.08km/year
(1971: 684). Despite the authors' acknowledgements that the Wave of Advance took no account of
geographical and socio-cultural barriers, some researchers were keen to co-opt it as conclusive
evidence for a fast, diffusionist view of the neolithisation of Europe (e.g. recently Robb & Miracle
2007). In 1982 a coastal spread, different in mode and tempo to the Wave of Advance, was
described by Arnaud in his 'leap-frog' colonisation model (cited in Zilhdo 1993: 37). This model has
been successfully used to describe the spread of farming along both the western Mediterranean and
Adriatic coasts, where radiocarbon dates and cultural entities followed a different course to those
inland (Forenbaher & Miracle 2005; Forenbaher et al. 2013; Legge & Moore 2011; Zilhdo 1993). In
1995 van Andels and Runnels argued that the farming frontier was far more punctuated than was
implied by the smooth Wave of Advance. Using the example of Neolithic settlement patterns in the
Balkans (with an emphasis on Greece), the authors describe how farmers 'leapt' between areas with
suitable soils and available water sources, namely river and lake floodplains (van Andels & Runnels
1995: 497). The neolithisation process has since been further discussed in combination with
additional influences, all capable of accelerating or decelerating rates of migrations; such as climate
change, availability of resources, population increase, water-ways and mountains (Bocquet-Appel

2005; Krauss et al. 2017; Shennan et al. 2013; Vander Linden 2011).

The more recent surge in radiocarbon dates has permitted increasingly precise descriptions of the
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rate of the European Neolithisation (e.g. Gkiasta et al. 2003; Pinhasi et al. 2005). Nevertheless, the
radiocarbon record for the western Balkans is relatively sparse and patchy (Vander Linden et al.
2014a; Vander Linden et al. submitted), limiting the precision with which local trajectories have
been described. Guilaine's (2001) modéle arythmique developed from a realisation that, unlike the
Wave of Advance, neolithisation is not a chronologically uninterrupted process. The model thus
focuses on the periods of stasis as key moments when archaeological cultures are established and
re-defined before moving on again. Bocquet-Appel et al.'s (2009) geostatistical interpolation of
3027 AMS "C dates from 940 sites mirrors Guilaine's (2001) intuition in establishing centres of
stasis from where the diffusion of early farming then resumed, and confirms the different rates of
neolithisation between inland and coastal routes (Bocquet-Appel et al. 2009, 2012; Vander Linden
2011).

Seeking to find the best fit between the archaeological data and the mathematical predictions Fort et
al. (2012) based their model on an initial expansion of the Neolithic during the Pre Pottery
Neolithic B/C. They found that mountains smaller than 1750m should not be considered barriers
and that sea travels between sites could be around 150km, predicting that farming reached the
western Balkans about one thousand years after it had spread out of the Near East (Fort et al. 2012:
215-7). Recent projects all reinforce the importance of waterways and note a discrepancy between
migrations along rivers and seas (Biagi et al. 2005; Bocquet-Appel et al. 2009, 2012; Davison et al.
2006; Fort et al. 2012; Henderson et al. 2014). The initial expansion along the Adriatic was slower
and more sporadic than the inland spread, which rapidly reached the Pannonian Plain before
experiencing a c.4/500 year period of stasis (Biagi et al. 2005: 45-8; Krauss 2016: 214; Vander
Linden et al. submitted). Along the Croatian coast it took ¢.300 years for a farming lifestyle to
spread 400km, and 1000 years to cover 700km of the Italian Adriatic coast (Biagi et al. 2005: 45).
Once in the Mediterranean however, the rate of Neolithisation increased significantly in comparison
to both the early Adriatic spread and that of the LBK phenomenon (Henderson et al. 2014: 1297-8;
Zilhdao 2001, 2003). Inland of the western Balkans 500km were covered in c.150 years following
the Danube and its tributaries (Biagi et al. 2005: 45). The ever expanding front of the SKC is argued
to have been halted by the Central European—Balkanic Agroecological Barrier (CEB AEB), beyond
which the combination of climate and soils were unsuitable to productive societies whose economy
was based upon Mediterranean-adapted plants and animals (Raczky et al. 2005; Siimegi & Kertész
1998; Siimegi 2007; see also Jarman et al. 1982: 168-180, 227-232). The CEB AEB was not a linear
one but rather shaped by the mosaic-like distribution of ecological conditions (Chapter 2.3.1).

Another pause of similar duration and possible causes is noted prior to the expansion of agriculture



into the western Balkans (Krauss et al. 2017). A ¢.500 year period of stasis is seen in the Sub-
Mediterranean-Aegean biogeographic region, comprising of the northern Aegean and the Vardar,
Struma and Vesta valleys (Krauss et al. 2017: 6-7). The pause is argued to represent a necessary
period of crop-adaptation during a time of Rapid Climate Change (RCC: 6550-6050 cal. BC),
before farmers could continue their northerly migrations (Krauss et al. 2017). The resumed
expansion coincides with the end of the 8.2Ka cooling event, after which a climate more favourable
to the cultivation of Neolithic crops prevailed (Berger & Guilaine 2009; Krauss et al. 2017: 2;
Pilaar Birch & Vander Linden 2018: 186; Chapter 2.3.1).

Beyond the modes of neolithisation (sea, land or rivers), the geographical provenances of the first
Neolithic cultures in the western Balkans remain more problematic. Models of routes into Thrace
suggest that the spread of farming came from north-western Anatolia, through Bulgaria and into the
rest of south-east Europe (Demoule 1993; Ozdogan 2000, 2011; Thissen 2000a; 2000b), with a
possible separate migration from Bulgaria to Romania following the Black Sea coast (Peev 2009).
Contrary to Demoule (1993) and Thissen (2000b), Perlés (2005) argues for a separate migration to
Greece, directly from the eastern Mediterranean. By comparing differences in material culture,
Perles (2005) suggests that the first farmers in Greece and the Aegean basin came along maritime
routes from the Levant (see also Perles 2001: 303-4; Perles 2003: 107-9; Perles 2010: 274-8). This
hypothesis is corroborated by two large-scale archaeobotanical studies on the first spread of
Neolithic crops into Europe, which both highlight the difference between the Bulgarian plant
spectrum (crops and associated weeds) and those from Greece and Former Yugoslavia (Colledge et

al. 2004; Coward et al. 2008; Chapter 4.2).

The distribution of Impressed Ware suggests that the first farmers in Greece continued their
maritime route along the Adriatic (section 3.3). Based on a limited range of radiocarbon dates
Chapman and Miiller (1990) argued for a gradual, directional trend from western Greece to Istria.
Fifteen years later and with additional dates, Forenbaher and Miracle (2005) suggested a staggered,
two-phase model of colonisation. The initial, or 'pioneer’, colonisation phase lasted around a century
and consisted of exploratory visits by incoming farmers who created short-term camps along the
coast, perhaps even as far north as on the island of LoSinj (at the site of Vela Spilja) (Forenbaher &
Miracle 2005: 524, Forenbaher et al. 2013: 596). Farmers became established during the second
phase and continued to spread along the coast as well as further inland, reaching Istria by ¢.5600
cal. BC (Forenbaher & Miracle 2005: 524). The staggered model is influenced by the authors'

inclusion of Late Mesolithic hunter-gatherers and their inevitable interactions with farmers, despite
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the lack of well dated evidence for the presence of foragers (Forenbaher & Miracle 2005, 2006; see

section 3.2).

3.2 A virgin landscape? Late Mesolithic presence across the Balkans and Adriatic Italy

Identifying and defining interactions between late foragers and early farmers in the Balkans and
adjacent countries remains a problematic issue to this day. Most famously, Gordon Childe (1929,
1957) described how an expanding population of Neolithic farmers spread across Europe, and in
particular along the Danube, replacing the 'simple' hunter-gatherers with a 'civilised', complex and
agriculturally dependant sedentary civilisation. Within more recent socio-political views,
perspectives changed and arguments grew for a more complex process of interaction between late
foragers and early farmers, with varying levels of mental and technological adaptations by both
groups (e.g. Barker 1985; Bogucki 1996; Cauvin 1994; Price 2000; Robb 2013; Whittle 1996, 2007;
Zvelebil & Lillie 2000). Various authors have described how incoming farmers may have spread
inland up to Transylvania and along the Adriatic coast, acculturating some foragers whilst gradually
pushing others to marginal areas unsuitable for agriculture (e.g. Banffy 2008; Dennell 1992;
Forenbaher & Miracle 2005; Mihailovi¢ 2007a; Tringham 2000). In reality, however, few Late
Mesolithic sites have been discovered, and even fewer have provided us with indisputable
radiocarbon dates from clearly defined stratigraphies (Banffy et al. 2007; Bonsall et al. 2013;
Forenbaher et al. 2013; Franco 2011; Gatsov & Nedelcheva 2016; Koztowski 2016; Krauss 2016;
Pilaar Birch & Vander Linden 2018). Nevertheless, there are a few rare sites where 'Mesolithic' and
'Neolithic' material culture appear mixed within the same archaeological horizon, suggesting some
form of contact. The evidence for such contacts is examined by geographical region; starting with
Greece and the Aegean Basin, following the coast to Montenegro, Croatia and Italy, and then

turning inland to the Iron Gates and finally the Carpathian Basin.

3.2.1 Greece, Crete and the Aegean islands

These areas represent a zone where contacts between Late Mesolithic and Early Neolithic
populations are tangible, though the nature of these interactions remains contentious. In the Aegean
islands evidence for Neolithic traditions are found in some Mesolithic levels of the 9" millennium
BC which suggest a more sedentary, 'Neolithic-like' existence: round stone houses, crouched burials
under pavements and pigs (which, whether domesticated or not, were evidently imported onto the
island) at Maroulas (Kythnos), and goats at Cyclope cave (Gioura) (Koztowski 2016: 54-59). The
locations of sites and of sources of raw materials suggest Mesolithic populations relied upon a well

developed network of marine contacts, not only between islands but more broadly across the
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Aegean (Broodbank 2006; Horejs et al. 2015; Koztowski 2016; Perles 2003; Reingruber 2011).
Their mobile existence and sea-faring abilities may have led to contacts, new migrations or trade
with more sedentary communities further East. Late Mesolithic sites are fewer and sparsely
distributed, a phenomenon which is arguably real rather than the result of preservation or research
biases; “Greece is a well-surveyed country, and many inner basins have been intensely field-
walked. In several areas, including Thessaly, the natural sections along the rivers have also been
systematically explored” (Perlés 2003: 101, see also Hansen 1999: 163). The possibility of coastal
sites lost to sea-level rise remains problematic (Koztowski 2016: 54), though one would expect
Mesolithic groups to relocate further inland (Hansen 1999: 163). Of the handful of Late Mesolithic
sites within continental Greece and the Aegean Basin, three have an undisputed a-ceramic or initial
Neolithic horizon: Sidari, Franchthi cave level X, and Knossos Level X (Koztowski 2016: 60;
Perles 2001: 86, though see Berger et al. 2014 for Sidari; Perles et al. 2013 for Franchthi cave, and
Douka et al. 2017; Evans 1994; Efstratiou 2005; Efstratiou et al. 2004 for Knossos). Level X at
Franchthi lies above Late Mesolithic layers and separate to 'true' Neolithic (ceramic) levels found at
the neighbouring site of Paralia (Koztowski 2016: 60). The material culture is a mix of Mesolithic
lithic industries, domesticated ovicaprids and infrequent finds of domesticated emmer (Triticum
dicoccum), einkorn (T. monoccocum), two-row barley (Hordeum vulgare ssp. distichum) and lentil
(Lens culinaris) (Hansen 1999; Koztowski 2016: 60; Renfrew 1979: 246; Valamoti & Kotsakis
2007: 80). At Sidari cereal grains have only been recovered from the later Impress Ware levels
(Berger et al. 2014: 220). At Knossos a wider range of domesticates is evident, including pig, cow,
ovicaprid, pea (Pisum sp.), lentil (Lens sp.) as well as hulled and naked barley (H. vulgare sl.),
emmer, einkorn and free-threshing wheat (T. aestivum sl.) (Colledge 2016; Koztowski 2016: 60;
Renfrew 1979: 246; Valamoti & Kotsakis 2007: 80).

The initial Neolithic stratum at Sidari is synchronous with that of Franchthi, and is characterised by
ceramics of incised, or monochrome traditions (Berger et al. 2014). As at Franchthi, the stone tools
seem to show continuity with older traditions (Perles 2001: 86). However, a more recent
geoarchaeological assessment of the Sidari stratigraphy has demonstrated that admixture of
Mesolithic and 'first' Neolithic artefacts can be explained through natural geomorphological
processes, and the authors emphasize the need for the re-evaluation of post-depositional processes
at sites where Mesolithic and Early Neolithic artefacts appear simultaneously (Berger et al. 2014).
The initial phase of Knossos may be slightly older, at most 200 years, and its occupants are argued
to have been migrants of farming traditions, well practised in agricultural techniques (Douka et al.

2017; Perles 2001, 2003, 2010). Despite possible contacts between Mesolithic and first Neolithic
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groups, a hiatus in the stratigraphy between the 'initial' Neolithic and Impressed Ware levels is seen
at all three sites, suggesting an absence of indigenous continuity into the 'true' Neolithic (Berger et

al. 2014; Douka et al. 2017: 315; Hansen 1999, Koztowski 2016: 60; Perles et al. 2013: 1011).

3.2.2 Montenegro

The Late Mesolithic of Montenegro begins around the mid-7th millennium BC and ends during the
first quarter of the 6th millennium BC (Mihailovi¢ 2007a: 21). Occupation levels have been
discovered at four caves: Odmut, Crvena Stijena, Vru¢a Pe¢ina and Medena Stijena (Mihailovi¢
2007a; Mihailovi¢ & Dimitrijevi¢ 1999). Impressed Ware at Odmut and Crvena Stijena have been
assigned to the Late Mesolithic horizon and interpreted to indicate contact between local foragers
and sea-faring farmers leap-frogging along the Eastern Adriatic (Forenbaher & Miracle 2005: 517-
19; Miiller 1988: 114), though the stratigraphical integrity of the sites has been questioned
(Mihailovi¢ 2007b). Recently, research on material from layer 1b at Odmut cave and excavations at
Vruc¢a Pecina have revealed unusual assemblages of Mesolithic tools (bone harpoons) with
domesticated cows, pigs and ovicaprids (Cristiani & Bori¢ 2016; Vander Linden pers. comm.
14/10/16). The mix of Mesolithic tools with a full range of domesticated animals, as well as wild
ones, remains to be conclusively interpreted: either herders/farmers adopted a Mesolithic
technology and also hunted, or foragers adopted a full suite of farm animals along with their
required associated technologies. There is currently no other evidence for direct forager-farmer
interactions in Montenegro, though this may partly reflect the current poor state of research (Franco

2011; Mihailovi¢ 2007b; Mihailovi¢ & Dimitrijevic 1999).

3.2.3 Western Croatia and eastern Italy

Following the eastern and western Adriatic coast we observe a similar paucity of Late Mesolithic
sites (Pilaar Birch & Vander Linden 2018: Fig.3), although it is possible many were engulfed by the
rapid Adriatic transgression (Lambeck et al. 2004). Nevertheless, known sites all show a hiatus
between the youngest Mesolithic and oldest Neolithic dates (Biagi 2003; Biagi & Spataro 2001;
Forenbaher & Miracle 2005; Forenbaher et al. 2013; Franco 2011). The suggestion that the first
farmers travelled along the coast, “establishing contacts with indigenous hunter-gatherer groups in
the hinterland” (Forenbaher & Miracle 2005: 524), is based on pot sherds and/or occasional
domesticated animal remains in cave sites traditionally assigned to forager populations, and remains
speculative. In Italy the hypothesis of a neolithisation of Late Mesolithic groups was questioned
back in 1987 by D. Evett and J. Renfrew, who noted the absence of domesticated plants and animals

in Mesolithic deposits (Evett & Renfrew 1987: 404). More recently, Franco's (2011) extensive



research into the Italian Late Mesolithic has demonstrated that the hunter-gatherer tool sources and

technologies are not evidenced at early Impressed Ware sites.

3.2.4 The Iron Gates

The Iron Gates or Danube Gorges, as described in Chapter 2.1, is the inland area with the highest
concentration of late Mesolithic sites, some of whose excavations have revealed tantalising
evidence for the interaction between local foragers and migrating farmers. Spondylus shells and
discoid beads in Mesolithic burials at Vlassac and Schela Cladovei (Boric et al. 2014; Boroneant et
al. 1999), plastered floors in trapezoidal buildings at Lepenski Vir (but see Bonsall 2008: 273 for a
possible independent invention of lime plaster pyrotechnology), and domesticated animals (other
than dog) at three sites, Icoana, Padina and Hajducka Vodenica (Greenfield 2008), all point to
regular interactions - possibly trade? - with neighbouring farmers. The absence of charred cereal
grains is not altogether surprising. The only sites to have been extensively sieved and floated for
plant macro-remains are Vlasac (though the contexts were mainly from graves) and Schela
Cladovei, where the few plant remains recovered were all wild (Bonsall et al. 1997: 57-58; Boric et
al. 2014: 13-15). Despite the absence of any cereal remains, and no isotopic signatures to suggest a
cereal-based diet (see below), a recent claim has been made for the consumption of domesticated
cereals by the Mesolithic inhabitants of Vlasac. Cristiani and colleagues (2016) claim to have
identified cereal starch grains found embedded in the dental calculus of ¢.6600 cal. BC skeletons to
the Triticeae tribe, and concluded that domesticated wheat and barley had been consumed. Their
conclusion rests on the reassurance that wild members of the Triticeae, namely species of Aegilops,
were not native to the area (Cristiani et al. 2016: 10301), despite the limited knowledge of past and
present distributions of wild members of the Triticeae tribe within the central Balkans (indeed
charred wild barley varieties have been identified at Neolithic sites in Serbia: Table 2.8, Appendix
II). The “extraordinary state of preservation” of starch grains is surprising and explained to be a
consequence of “inhalation or ingestion during processing rather than ingestion after cooking”
(Cristiani et al. 2016: 10299). Starch grains transformed by temperature, mixing, grinding and
mastication are usually badly preserved and unrecognisable (Wesolowski et al. 2010: 1332). If
starch had been inhaled during the grinding of cereals one might also expect micro-remains of
chaff, such as phytoliths, to be present in the dental calculus. Unfortunately, samples for starch and
phytoliths were not taken from other locations, such as the grinding stones. Our understanding of
post-depositional movement of starch grains and “how starch is transformed [...], including within
biofilms that become calculus, is still extremely limited.” (Barton & Torrence 2015: 198; see also

Crowthers et al. 2014). Cristiani and colleagues (2016: 10301) use the purported presence of



Cerealia pollen in human coprolites as supporting evidence for the consumption, and presumably
cultivation (though they do not explicitly say so), of domesticated cereals. Carciumaru (1973, 1978)
recorded the presence of Cerealia pollen in coprolites from Vlasac and Icoana, though his claims
have since been questioned as his identifications were based solely on the size of pollen grains (all
those with diameters of 38.5pm or larger were noted as Cerealia). Differentiating between pollen
from domesticated and wild grasses is notoriously difficult, and using size alone may be deceptive
(e.g. Behre 2007; Wilkinson & Stevens 2008: 83-85). Additional problems include the lack of
secure chronological contexts, or indeed direct radiocarbon dates; the overall quantity of 'large’
pollen grains (no more than 1% of the total at Icoana), and the absence of such grains in the
stratigraphic sequence that contained the coprolites (Filipovi¢ forthcoming; Kozlowski &

Koztowski 1986: 97).

A significant forager subsistence change during the initial phase of contact with farmers is unlikely
(cf. Zvelebil & Rowley-Conwy 1986), especially when their surroundings appear to have provided
enough food (Bailey 2000; Bonsall 2008; Bori¢ et al. 2014; Boroneant et al. 1999). The Danube
environment offered plentiful aquatic and terrestrial resources, suggesting that a change to farming
(more labour intensive and possibly less predictable) would have been neither necessary nor desired
(Bonsall et al. 1997, 2015). Isotopic signatures from human skeletons at Vlasac, Schela Cladovei
and Lepenski Vir show a clear dominance of riverine fish in the Late Mesolithic diet (Bonsall et al.
1997: 72-79; Bonsall et al. 2015: 695-6). Only at Lepenski Vir does the signal change to indicate an
increased terrestrial protein source during the transformation, or transitional period (Bonsall et al.
1997: 72-79; Bonsall et al. 2015: 695-6; Bori¢ & Price 2013: 3300), which is in concordance with
the noted increase in migrants (see below). Pottery is argued to have been found associated with
trapezoidal buildings at Lepenski Vir, but these have been dated to ¢.5950-5700 BC (Bonsall 2008:
270), by which time the Neolithic was firmly established there and elsewhere in the Balkans. At
Vlasac pottery discovered in the excavations of the 1970s has never been adequately dated (Bori¢ et
al. 2014: 10). Recent excavations, however, found that ceramics were never included in the
Mesolithic burials, and that all pots recovered date to 6000 BC or later, “suggesting that even if
during this [transformation] period ceramics were obtained through contacts with farming groups,
similar to ornaments, [...], they were in no way abundant or common.” (Bori¢ et al. 2014: 27).
Strontium isotopes provide another line of evidence for human mobility and potential contacts. A
recent study mapped the strontium isotope signature of Epipalaeolithic to Early/Middle Neolithic
skeletons from sites along the Danube Gorges (Bori¢ & Price 2013). It notes a temporal increase in

the number of people, particularly from the transformation period of Lepenski Vir and Ajmana, who

42



were born and grew up beyond the Danube Gorges (Bori¢ & Price 2013: 3300-2). Mobility and
long distance trade was clearly practised in the Late Mesolithic, as is evidenced by “marine
gastropods Columbella rustica and Cyclope neritea which must have come from coastal regions
more than 400 km away from the Danube Gorge” (Bori¢ & Price 2013: 3298). Outliers are also
recorded for the Epipalaeolithic (one individual) and Mesolithic periods (one individual) (Bori¢ &
Price 2013: Fig.2). Importantly, the strontium isotopes demonstrate mobility but do not in
themselves indicate either the origins or the cultural affinities of migrants. Mesolithic traditions
continue in the Iron Gates after 6000 BC, but with ever increasing components of Neolithic material
culture (Bailey 2000; Bonsall 2008; Bori¢ 2007, 2011). These include ceramics, domesticated
animals, architecture and tool technologies, and indeed contemporary Neolithic sites are known in

the vicinity of the Iron Gates (Bori¢ 2007: Fig.3.3).

Notwithstanding the well preserved Mesolithic presence in the Iron Gates during the transformation
period, these sites remain unique in an inland area, stretching from Slovenia to Bulgaria, which are
otherwise almost completely devoid of Late Mesolithic occupation (Gatsov & Nedelcheva 2016;
Pilaar Birch & Vander Linden 2018: 182-86). The lack of evidence could be partly explained by the
increase in extreme weather during the 8.2ka BP event, leading to the destruction of sites (Berger &
Guilaine 2009: 42-43), or by possible research biases (Pilaar Birch & Vander Linden 2018: 186).
Whatever the arguments, interpretations of forager-farmer interactions in the Iron Gates should not
be expanded to explain the neolithisation for the whole of the Balkans, but must remain the focus of

one particular point in space and time.

3.2.5 Hungary

Mesolithic populations in Transdanubia, the Danube-Tisza interfluve and the Upper Tisza Basin
have always been given a central role in the development of the earliest LBK, which is thought to
have developed from the interactions between Late Mesolithic and Late Starcevo groups (Banffy
2000, 2004b, 2008, 2013a; Banffy & Oross 2010; Banffy et al. 2007; Chapman 1994; 2003;
Koztowski & Nowak 2007; Krauss 2016; Siimegi 2004; Zvelebil et al. 2010). Nevertheless,
scholars agree that direct evidence for a Mesolithic presence is extremely limited, particularly in
Transdanubia, and that there is a lack of continuity between Late Mesolithic and Neolithic horizons
(Banffy 2004a: 21-25; Banffy & Oross 2010: 255; Chapman 2003: 102; Eichmann et al. 2010: 223,;
Koztowski & Nowak 2007: 81; Krauss 2016: 197, 200). Furthermore, the situation is not helped by
the nature of StarCevo sites, which are smaller than those known further south and mainly consist of

haphazardly distributed pits (Banffy 2004b: 66; Eichmann et al. 2010: 227). The Starcevo site of



Alsényék, with over 500 features and 25 graves, is an exception to this trend and is a clear example
that large Starcevo villages did exist in Transdanubia (Oross et al. 2016: 94-100). The situation
changes when 'transitional' or sites of the earliest LBK are included: two long houses were
discovered at Szentgyorgyvolgy-Pityerdomb, where the pottery assemblage is a mix of Late
StarCevo and earliest LBK ware (Banffy 2004b: 58). The assignation of sites to Late StarCevo or
earliest LBK remains problematic, demonstrating the similarities in material cultures (e.g. Banffy
2008: 154). To the east of the Danube Koros sites are far more prolific, possibly as a result of longer
archaeological interest in the Upper Tisza region (see Raczky 2012 for a comprehensive review of

twentieth and twenty-first century Koros culture research history).

Sites assigned to the Mesolithic are scarce in the Carpathian Basin and, with the exception of the
excavated site of Regdly (Eichmann et al. 2010: 233-228), consist of ground scatters of stone tools
(Banffy 2008: 153). These have often been inadequately published so that re-evaluation and dating
of the finds has been difficult (Banffy et al. 2007: 54-56; Krauss 2016: 197). The re-examination of
finds and more recent surveys have located only a handful of Mesolithic sites, assigned on lithic
typologies and the absence of pottery, but lack reliable phasing and radiocarbon dating (Banffy et
al. 2007: 54-56; Eichmann et al. 2010: 213-16; Krauss 2016: 197). Arguments for contacts between
local foragers and incoming farmers have predominantly been based on the presence of so-called
Mesolithic stone tool technologies found on Late Star¢evo-Koros and Early Linear sites (Banffy et
al. 2007: 59; Eichmann et al. 2010: 211; Mateicuicova 2004: 99-101). However, Koztowski and
Nowak, based on the rich lithic assemblage from Méhtelek argue that the Koros lithics retain
traditional features of the Balkan macro-blade tradition whilst also incorporating new tools,
“relating most probably to the growing role of hunting in the north-east part of the Carpathian
Basin” (2007: 92). These authors agree that the small presence of backed bladelets at some Early
Linear sites do indicate contacts with foragers, but suggest that these interactions occurred north of
the Basin towards Slovakia and the Ukraine where Mesolithic groups were more common
(Koztowski & Nowak 2007: 82-84; Dolukhanov 2008: 289-92; though see Valde-Nowak 2010 who
questions the evidence for Late Mesolithic populations in Northern Slovakia and the Polish
Carpathians). Another popular argument for a Mesolithic influence on the formation of the LBK is
the SKC's occupation of 'Mesolithic-type' landscapes, and their apparent increased use of wild
resources (Banffy 2000, 2004b: 51-54, 2008: 154, 2013a,b,c; Banffy & Oross 2010: 257; Banffy et
al. 2007: 59; Banffy & Siimegi 2011; Chapman 2003: 95-97; Stimegi 2004). The SKC expansion
paused for about 500 years in southern Hungary (e.g. Krauss 2016: 214; section 3.1). This period of

stasis is seen as a time of adaptation to climatic and ecological conditions very different to those



experienced further south. The involvement of Mesolithic peoples during this period of adaptation
is both hypothetical and unnecessary, resulting in confused and often circular arguments.
“The general appearance of the Pre-Neolithic population of the region is not known;
nonetheless, the oldest Neolithic settlements in the Banat region are no longer
comparable to those in the Balkan area. Thus, a Mesolithic tradition of settlement could
indeed be evident here, a tradition that becomes all the more visible only through
neolithisation” (Krauss 2016: 218).
To give another example, pollen evidence from the Little Balaton area suggests an increase in
domesticated cereals which Banffy has associated with 'transitional’ sites on the shores of Lake
Balaton (2008: 154). Pottery from these sites show varying degrees of SKC influence and imitations
of cult baked clay objects, such as the head of an altar with a wheat grain eye from Kéthely (Banffy
2008: 154). These “water bound settlements”, the rise in cereal pollen and the rudimentary
imitations of StarCevo ceramics have led Banffy to conclude that Late Mesolithic foragers were
“living amidst their traditional biotope, making contacts with the newcomer StarCevo people, and
adopting some of the latter group's major innovations.” (2008: 154). The latter argument, however,
rests upon ambiguous evidence from poorly preserved sites and overlooks the adaptability of early

farmers who settled in a diverse range of landscapes (McClure 2013: 59-61).

3.2.6 Discussion

Traces of Late Mesolithic foragers have been found within the Aegean Basin, Montenegro, by the
rich fishing grounds along the Danube, in the forested lake-side of Lake Balaton and further east in
the Alféld region. Hunter-fisher-gatherers do, at a limited number of sites mentioned above, appear
to have come into contact with farmers, and may have indeed contributed to their knowledge of
resources and terrain. There are no Early Neolithic defensive structures or skeletal pathologies to
suggest that relations between locals and migrants were not amicable (e.g. Bonsall 2008: 276).
Established contacts between farmers and foragers in specific areas may have facilitated a migration
into new lands. Nevertheless, the more traditional views of an independent development, or local
adoption of agriculture can no longer be substantiated in the western Balkans (contra Carciumaru
1996; Chapman 1994; Dennell 1992: 91; Tringham 2000; Whittle 1996; Zvelebil 2001). Current
evidence shows a very scarce presence of Late Mesolithic populations, suggesting that any
interactions the latter may have had with farming groups remained a local phenomena, and
insignificant to the general expansion of new migrants. Even the Mesolithic 'hot-spot' of the Iron
Gates is calculated to have held no more than 15 to 20 people per site (Porci¢ & Nikoli¢ 2016: 183),

a population number unlikely to have had much of an influence over a rapidly expanding farming
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lifestyle (see section 3.1). Similarly, recent genetic evidence from mitochondrial DNA as well the
whole genome points to very little, if any, intermarriage between Mesolithic and incoming Neolithic
populations. Research on both mtDNA and whole-genome aDNA has traced the ancestors of
European farmers to the Near East (via the Aegean and Anatolia), and document a very low level of
admixture between Mesolithic and Early Neolithic populations (mtDNA: Gamba et al. 2014;
Hervella et al. 2015; Hofmann et al. 2014; whole genome: Broushaki et al. 2016; Hofmanova et al.
2016; Lazaridis et al. 2016; Lipson et al. 2017; Mathieson et al. 2015). This is particularly true for
Hungary where levels of admixture with local Mesolithic groups (identified from the whole
genome) are seen to have been lower than in Germany and Spain (Lipson et al. 2017: 369-70). To
date, only one individual from a Koros culture cemetery, at Tiszasz6l6s-Domahaza (Hungary), has
been found with a Mesolithic genetic signature (Gamba et al. 2014: 3). To conclude, Late
Mesolithic presence appears to have been minimal to non-existent in the Balkans and adjacent areas
at the dawn of the Neolithic. Farming was not a local development, as is seen in the Near East, but
arrived from the South East and spread along the Adriatic coast, and inland through the western
Balkans with no clear Mesolithic interruptions or admixtures. After the establishment of farming in
the Aegean and southern Bulgaria during the seventh millennium BC, a pause in the neolithisation
process is evident until after the 8.2ka climatic event. The expansion of farming then resumed, quite
suddenly and intensively, adopting two main routes: along the Adriatic coast and inland following
the main river channels. The inland spread was a little faster than that along the Adriatic, but once in
Hungary another period of stasis, also related to climatic/environmental adaptations, is evident.
During this period the SKC developed into a new cultural entity, the LBK, through which

agriculture then continued to expand throughout Europe.
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3.3 Neolithic cultures — description and chronology

The start of the sixth millennium BC marks the onset of the Neolithic in the western Balkans,
during which two new streams of diffusion spread across the region. The coastal route along the
Adriatic corresponds to the Impressed Ware, Danilo and Hvar cultures, with additional groups
appearing in Italy during the later Neolithic. In the Danube catchment area the SKC complex
represents the first expanse of Neolithic farmers, which then develops into various localised cultures
during the Middle-Late Neolithic (Table 3.1). Variations in sites and material culture are found not
only between but also within the coastal and inland streams. In this section the chronology and
ceramic typologies are described for the western Balkans and Adriatic Italy (and very briefly for
Hungary, Romania, Greece and Bulgaria), followed by a general overview of settlement patterns

and the economic role of animals during the Neolithic of the western Balkans.

Period Date range (cal. BC) | Coastal cultural groupings | Inland cultural groupings
Early ¢.6100-5500/5400 Impressed Ware (Croatia, Starcevo-Koros-Cris (SKC - along
Neolithic Adriatic Italy and Greece) the Danube, Sava and Tisza)
Earliest LBK (Transdanubia)
Anzabegovo-Vrsnik (FYROM)
Karanovo I & IT (Bulgaria)
Middle ¢.5500/5400-5000 Danilo (Croatia, South Early Vinca (A-B) (Serbia)
Neolithic Adriatic Italy) Early Sopot (Slavonia, Vojvodina)
Fiorano (North Adriatic Italy) |Early Butmir and Kakanj (BiH)
Sesklo and others (Greece) Lengyel and Tiszapolgar (Hungary)
Anzabegovo-Vrsnik (FYROM)
Vinca-Turdas (Romania)
Karanovo III/IV (Bulgaria)
Late ¢.5000-4500/3500 Danilo-Hvar (Dalmatia, South | Late Vinca (C-D) (Serbia, Slavonia)
Neolithic Adriatic Italy) Sopot (Slavonia, Vojvodina)
Danilo-Vlaska (Istria and Butmir (BiH and SE Croatia)
Trieste Karst) Lengyel and Tiszapolgar (Hungary)
Square-Mouthed Pottery Dudesti-Boian (Romania)
(VBQ - North Adriatic Italy) |Karanovo V/VI (Bulgaria)
mainly Dimini (Greece)

Table 3.1: Simplified groupings of cultural phenomena by Neolithic phase. See text for further descriptions and

references.

3.3.1 Pottery and chronology

The increased use of AMS radiocarbon dates in the last two decades has enabled the arrival, spread
and diversification of the Neolithic to be recorded with greater precision. Traditional ceramic
typologies have been refined, demonstrating that the linear attribution of ceramic style to
archaeological culture is not as transparent as was commonly assumed. Nevertheless, changes in
material culture do purport a rudimentary split of the Neolithic into three sub-phases: Early, Middle

and Late.
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3.3.1.1 The Early Neolithic
- Along the coast
The earliest Balkan farming traditions, dating back to ¢.6500 cal. BC, are located in Greece and
characterised by monochrome and Impressed Wares (Perlés 2001: 98-111). The latter are found on
coastal and inland sites, such as at Sidari, Corfu (Perles 2003: 102) and at Mavropigi-Filotsairi in
western Macedonia (Karamitrou-Mentessidi 2013), as well as in Albania (Bonsall et al. 2013: 145).
Along the Croatian coast the earliest Neolithic sites Pokrovnik and RaSinovac date to ¢.6000 cal.
BC (McClure et al. 2014: 1028), and are recognised by Impressed Wares (Forenbaher & Miracle
2005; Forenbaher et al. 2013; McClure et al. 2014). This facies is observed in both Italy and Croatia
along the entire Adriatic coast and, slightly later, a little within its hinterland (Forenbaher & Miracle
2005; Forenbaher et al. 2013; McClure et al. 2014; Spataro 2002; Vander Linden et al. 2014a: 19-
20). The Impressed Ware culture varied in style within its geographical expanse and various
typological sequences have been proposed (e.g. McClure et al. 2014: 1022; Spataro 2002: 24-28).
Perhaps the most popular sequence marks the division between an earlier A and later B style
(Forenbaher et al. 2013: 598). Impressed A consists of ceramics heavily impressed by small objects,
including the Cardium marine shell, whilst zigzag impressions characterize Impress B, which
developed about half a century later (Forenbaher et al. 2013: 598; Cauwe et al. 2007: 99).
Differences have also been noted between ceramic assemblages on open-air sites and those from
caves and rock-shelters, likely to reflect differences in site use rather than cultural separations
(McClure et al. 2014: 1035). Although the same ceramic traditions are seen on both sides of the
Adriatic, raw materials were sourced locally and there is no evidence for the movement of pottery
(McClure et al. 2014: 1035; Spataro 2002: 194-5, 2009: 69-70). Conversely, there is clear evidence
for contacts through the obsidian and flint trade routes across the Adriatic (Forenbaher & Perhoc

2015: 66; Tykot 1996: 69 cited in Spataro 2002: 201).

- Inland
Inland the earliest Neolithic presence comes from the Sumadija region of central Serbia, where
SKC sites have been dated to the late 7th millennium BC (Whittle et al. 2002: 66-73). This area is
part of the Morava-Vardar corridor which seems to have been one of the main inland routes from
the southern Balkans (Chapter 2.1). Indeed, at least 84 Early and later Neolithic sites are now
known from the 2475km? area of the Middle Morava Valley alone (Peri¢ et al. 2015: 34). The SKC
complex expanded through Serbia and BiH relatively quickly, reaching Romania and Hungary in
the early 6th millennium BC (Whittle et al. 2002: 93). Technically, the inland portion of the western

Balkans falls within the Starevo group (after the eponymous site near Belgrade) whilst Kéros-Cris



(the Hungarian and Romanian name for the same river) is used to denote populations further east
and north/east (Cauwe et al. 2007: 89; Tringham 2000a: 24). The earliest ceramics, according to
Manson's (1995) Starcevo phase I, spanning the end of the seventh and start of the sixth millennium
BC, were mostly coarse and plain but occasionally painted black-on-red and white and decorated
with incised, impressed and plastic decorations (Bailey 2000: 86-9; Cauwe et al. 2007: 89-93;
Manson 1995: 65-9; Tringham 1971: 79-80). Unique to the StarCevo contexts were “barbotine’
decorated ware in which vessel surfaces were coated with a rough application of clay which was
streaked with a finger or a stick so that ridges were raised.” (Bailey 2000: 87). In phase II, during
the first half of the sixth millennium BC, the production of fine wares began to increase and
'barbotine’ continued to be the preferred coating on coarse-ware (Bailey 2000: 87; Manson 1995:
65-9). During the second half of the sixth millennium BC, or phase III, plain white ceramics were
no longer made, 'barbotine' was still used on coarse-ware and the production of fine wares
continued to increase (Bailey 2000: 87; Manson 1995: 65-9). There was also an increase in pots
with bi-conical shapes and high pedestals (Manson 1995: 65-9). Manson's (1995) analysis of
StarCevo pottery demonstrated that potting technology was refined and standardized through time.
He also noted a change from the use of organic (namely cereal chaff) to mineral tempers, and
suggested the latter was an indication of sedentary communities increasingly reliant upon
agriculture, as mineral tempered pots can better withstand the high temperatures required to cook
starchy foods (Manson 1995: 72-4). In the Former Yugoslavian Republic of Macedonia (FYROM)
the Early to Middle Neolithic is attributed to phases of the Anzabegovo-Vrsnik culture which differs
slightly in architecture and subsistence strategies (see below). However their pottery is comparable

to that of the SKC (Biagi & Spataro 2005).

The SKC complex in Romania (Cris group) is first represented at Gura Baciului, Ocna Sibiului and
Miercurea Sibiului dated to 6100-6000 cal. BC (Luca et al. 2011: 7). Further north, the SKC (Koros
group) is recorded in the Great Hungarian Plain around 5800/5700 cal. BC (Koztowski & Nowak
2007: 77; Whittle et al. 2002: 73-75). Their ceramics are decorated in a slightly different manner to
those attributed to the Late Starcevo groups around lake Balaton in Transdanubia, whose arrival has
been dated to 5600/5500 cal. BC (Banffy 2004a: 299-309; Banffy & Oross 2010: 255). Although
variations in typology are present within the SKC, the ceramic technology remains the same
(Spataro 2010: 97), suggesting a common cultural origin. Indeed, the SKC is considered part of the
monochrome Neolithic period, as is the Karanovo I in Bulgaria (¢.6200-5750 cal. BC) from which
it is thought to originate (Boyadzhiev 2009; Thissen 2000a; see Krauss 2008 for a detailed

description and chronology of the Karanovo). Once in Transdanubia, the StarCevo-Kords was



instrumental in the development of the LBK. Late Starcevo or Spiraloid B phase includes linear
motifs reminiscent of LBK pottery (Biagi & Spataro 2005: 37). As is mentioned in section 3.2, such
typological characters also occur at transitional Star¢evo/LBK sites, making it difficult to separate

one cultural group from another (Banffy 2008: 154).

3.3.1.2 The Middle/Late Neolithic

- Along the coast
Along the eastern Adriatic the Danilo culture developed from that of the Impressed Wares and is
used to describe the Middle Neolithic groups along the coast (Forenbaher et al. 2013: 598-9;
McClure et al. 2014: 1021). Danilo pottery was decorated with painted and impressed, often red
circular and zig-zag patterns. The type-site Danilo-Bintij is dated to span 5300—-4900 BC (McClure
et al. 2014: 1029), and recent dates suggest that the Danilo complex “may have originated in Istria
and the Trieste Karst around 5600 cal. BC, and that there it lasted almost until the end of the fifth
millennium cal. BC” (Forenbaher et al. 2013: 601). Hvar style pottery is associated with the Late
Neolithic in Dalmatia and is dated to ¢.4800/4900-4000 cal. BC (Forenbaher et al. 2013: 601;
McClure et al. 2014: 1021). Hvar wares are thought to have been a natural continuation of the
Danilo ones and incisions continued to be the most popular decorative technique (Spataro 2002:
31). Motifs, however, tend to be more geometric, and fine wares are painted red (McClure et al.
2014: 1022). In Istria and the Trieste Karst the Danilo-VlaSka variant develops from the Danilo
complex and is used until ¢.4300 cal. BC (Forenbaher et al. 2013: 604). The Danilo culture is also
found in Italy but its chronological sequence with Impressed Ware is less clear as both styles
coincide for longer than in Dalmatia, until ¢.5200 cal. BC (McClure et al. 2014: 1035; Spataro
2002: 32).

- Inland
After the initial spread of farming along the Danube catchment area geographical variations in
ceramic styles develop almost simultaneously within the western Balkans. Towards the middle of
the 6th millennium BC, new pottery traditions develop inland, marking the Middle Neolithic (Orton
2012: 7; Vander Linden et al. 2014a: 19-21). Within Serbia and Romania the SKC, with possible
outside influences (see below), developed into the Vinca culture (phases A-B), whilst so-called
Kakanj and Butmir I wares are found in BiH (Orton 2012; Vander Linden et al. 2014a; Spataro
2014). The Sopot culture in Slavonia and eastern Vojvodina is first seen towards the end of the
Middle Neolithic and continues into the 5" millennium BC (Obeli¢ et al. 2004: 252-253). A final

change in pottery traditions occurs towards the start of the 5th millennium, i.e. the Late Neolithic,



with Butmir II and III cultures in BiH and Vinca C-D in Serbia and into south-eastern Hungary

(Orton 2008: 10; Vander Linden et al. 2014a: 21).

Named after the eponymous tell site Vinc¢a-Belo Brdo in the Vinca suburb of Belgrade, the Vinca
culture used a different potting technology and new forms of decorations to the previous SKC. Pots
were fired in reducing conditions which produced dark wares (Cauwe et al. 2007: 93-5). These had
glossy surfaces with incised and/or fluted decorations (Cauwe et al. 2007: 93-5). The change in
typology during the Vinca period has been used to divide the culture into several phases, most
notably by Milojci¢ (1949) (phases A-D) and GaraSanin (1973) (Vinca-Turdas I & II, Vinca-Plo¢nik
I, ITa & IIb) (cited in Cauwe et al. 2007: 93). Additional radiocarbon dates obtained in the last ten
years, not only from the type-site but also from others within the Vinca cultural sphere, have been
used to date the Vinc¢a phenomenon to ¢.5400/5300-4500/4600 cal. BC (Bori¢ 2009; Orton 2012;
Whittle et al. 2016). The original typological phases A-D assigned by Milojc¢i¢ (1949) have been
retained, but are now thought to have spanned similar durations of ¢.200/300 years (Bori¢ 2009:
234; Whittle et al. 2016: 8). The origins of the Vinca culture remain a debated topic, with some
authors suggesting an indigenous development of the SKC culture, whilst others argue for an
influence from new migrants (e.g. Cauwe et al. 2007: 93, Chapman 1981: 33-9; Lekovic 1990;
Orton 2008: 8-16; Whittle et al. 2016: 35). A recent analysis of the chronological and spatial
distribution of ceramic types indicates that Vinca A began in northern Serbia and southern Hungary
(Whittle et al. 2016: 41). Conversely, aDNA research suggests an influx of new genes from Anatolia
during the Middle Neolithic, with which new pottery styles and technologies may have been
introduced (Hervella et al. 2015: 13). The Vinc¢a phenomenon was at its most extensive during
phase C, when it spanned from Uivar (western Romania) in the North and across southern Hungary,
cutting through central BiH to the southern extent of northern FYROM (Orton 2012: 6; Whittle et
al. 2016: 2, 42).

Butmir ceramics belong to the later Neolithic of central BiH. Hofmann's (2012) paper on the 2.4
tons of pottery from OkoliSte provide a detailed description, analysis and interpretation of the
Butmir typology. The earliest forms were mostly coarse-ware decorated with appliqué and filet or
barbotine, and some fine pots painted with red on grey linear motifs. These styles show a strong
influence of both Kakanj and SKC wares. However, this initial phase was soon replaced by thicker
and completely black burnished wares with geometrical design patterns. Although contacts with
other geographical regions are still evident in the pottery, Butmir became a distinct and unique

pottery style. Another development in the Butmir style is seen towards the end of the period: coarse-
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ware became thinner, fine-ware decreased in production and new vessel forms were adopted. The
new linear, zoned-laminar and channelling decorations demonstrate a strong link with Sopot
communities to the north, the Hvar culture to the west and Vinca groups to the east (Hofmann 2012:

193-4).

The Sopot culture developed in the Slavonian region of eastern Croatia, starting ¢.5000/5500 cal.
BC and spanning into the Late Neolithic (Obeli¢ et al. 2004: 252-3; Balen 1997: 18-19). Contrary
to previous descriptions, Sopot was not a direct development of Vinca groups pushing Starcevo
populations northwards, but instead preceded Vinca by about 160 years (Obeli¢ et al. 2004: 254).
Sopot ceramics have a high concentration of sand and are mostly dark monochrome with highly
polished surfaces. StarCevo-like painted pottery and biconic fine-ware were also made, sometimes
decorated with animal head appliqués. Other forms of decorations included incisions, impressions

and Vinca traditions such as channelling and pressing. (Obelig et al. 2004: 246; Markovic 2012).

The Karanovo culture in Bulgaria is seen to change from the early periods of I and II through
periods III/IV (5500-5000/4900 cal. BC) and V/VI (5000/4900-4200 cal. BC, considered as the
Chalcolithic) (Krauss 2008). During the later Neolithic in Hungary the Sopot culture overlaps with
that of the Lengyel in the West and North-West, whilst the Tisza cultures developed in the East and
North-East (Hertelendi & Horvath 1992: 863-5). The same period is characterised by the Vinca-

Turdas and Dudesti-Boian cultures in Romania (Carciumaru 1996).

3.3.2 Settlement patterns and economic animals

- Settlement location, types and architecture
The first farmers of former Yugoslavia have been described as settlers of fertile alluvial plains and
light soils that would have been easy to cultivate without animal-drawn ards/ploughs (Barker 1975;
Bogucki 1996: 245; Chapman 1981: 86-92). It has also been suggested that the development of
large Late Neolithic settlements was a direct consequence of cultivating heavy but fertile chernozem
soils, which “necessitated ard or plough technology” (Chapman 1981: 92). No evidence
(artefactual, osteological or geoarchaeological) has been confirmed for the use of ards in the
western Balkans prior to the Bronze Age (Borojevi¢ 2006: 127; Filipovi¢ et al. 2017: 20), though
ethnographic records reveal that heavier soils can be worked with a variety of digging sticks (Kreuz
& Schafer 2011: 334). A recent study on the distribution of sites across modern soil types in the
middle Morava Valley (Serbia) does indeed suggest that Starcevo sites are more frequently located

upon (modern) light brown forest soils (Obradovi¢ & Bajc¢ev 2016). Nevertheless, the surveys to



locate sites across the valley were not systematic and, as the authors point out, the statistically
significant correlation between Early Neolithic sites and brown forest soils may simply be
confirming that more sites are known upon these soils (Obradovi¢ & Bajcev 2016: 66). Fifteen
percent of sites were found on heavy clay-rich soils and skeletoid soils unsuitable for crop
cultivation, and only 6% were located on alluvium (Obradovi¢ & Bajcev 2016: 67). Barker's (1975)
hypothesis that sites on soils less suitable for cultivation were seasonal camps, perhaps for grazing,
could not be tested due to the lack of site descriptions and precise radiocarbon dating (Obradovi¢ &
Bajcev 2016: 72). Importantly, the study shows that several soils types could be found within a 5km
radius of most sites, and that, contra Chapman (1981), no correlation could be found between Vinca
sites and chernozem soils (though results may be affected by the small Vinca sample of 21 sites)

(Obradovi¢ & Bajcev 2016: 69-70).

The pattern of SKC settlements on the Great Hungarian Plain reflects the ecological mosaic
conditions (Chapter 2.3.1), showing an “indubitable preference for loess-covered, residual islands in
the alluvium” (Raczky et al. 2005). Only these islands would have remained habitable during times
of high water, for both humans and livestock, though excellent pastures would have been available
on the floodplains in the summer (Raczky et al. 2005; Siimegi 2007). In the Kerka valley of western
Transdanubia settlements have been found on soils that were apparently unsuitable for cultivation
(Banffy & Siimegi 2011: 235). In northern Serbia (Vojvodina), although the main soil coverage is
an organically-rich chernozem, the landscape is patched with a “mosaic of soils of diverse physical
structure and chemical content (e.g. chernozem, alluvial sediments, sands, loess, saline soils)”
(Filipovi¢ et al. 2017: 14). Another example can be drawn from the Neolithic colonisation of the
Gargano Promontory at the northern tip of Apulia, which coincides with the mining of chert
(Fiorentino et al. 2013: 1298). Indeed, many soils can be cultivated, depending on agricultural tools
and practices (such as water management and manuring), and the distribution of Early Neolithic
sites on particular soils may be more coincidental than intentional (not to mention the uncertainty of
equating modern soil types with prehistoric ones; Chapter 2.2). Critical variables such as relief,
aspect and angle of slope, hydrography and vegetation cover must have also influenced the choice
of arable field and settlement location (cf. Obradovi¢ & Bajcev 2016: 69). Other considerations may
have included access to other resources such as fresh water, raw materials and wild foods, as well as

developed technologies and the proximity to neighbours (Jarman et al. 1982: 39-40, 133).

Settlement types vary enormously throughout the Neolithic in the Balkans. The early periods are

characterised by cave and open-air flat sites. The former are common along the Adriatic whilst the
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latter tend to follow the floodplains and lower terraces of major rivers (e.g. Forenbaher & Miracle
2005; van Andel & Runnels 1995). Sites were occupied to various degrees, from short-lived 'camps'
to permanent settlements, and are commonly represented by clusters of pits, though the
interpretation of the latter as semi-subterranean pit-buildings, or pit-huts, is now mostly dismissed
(Bailey 2000: 57; Barker 2006: 352-56; Chapman 2008: 69-72; Orton 2008: 163-4; Tringham
2000a: 40-1; but see Greenfield et al. 2014: 27-28). Remains of buildings are rarer, as have been
found at Divostin Ic (Orton 2012: 7) and at a dozen Koros sites (Oross et al. 2016: 99). Settlements
at Anza and VrSnik (FYROM) were small but more permanent, with rectilinear architecture (Orton
2012: 7). With time settlements were abandoned, some grew larger but remained flat, whilst others,
such as OkoliSte, built up into large tells supporting hundreds of residents and protected by
encircling moats (Barker 2006: 356-57; Chapman 1981: 40-51; 2008: 75-8; Hofmann 2012: 181,
2013: 39-49, 2015; Orton 2012: 8). Architecture also changed and varied as the Neolithic developed
(Chapman 1981: 60-8; Tripkovi¢ 2003). Dwellings became more linear with increasing internal
divisions as populations became more sedentary (Bailey 2000: 55-7; Cauwe et al. 2007: 95;
Tringham 1971: 180-85; Tripkovi¢ 2003: 450-55). Clay and straw or wattle daubed with clay were
used as building materials (Cauwe et al. 2007: 95). Sometimes the clay was tempered with straw
and chaff, as has been found in Sopot houses (Obeli¢ et al. 2004: 247). Burnt house horizons are
ubiquitous across the Balkans and much has been written on the intentionality and meaning of such

practices (e.g. Porci¢ 2012; Stevanovic¢ 1997; Tringham 2000b: 121-6; 2005).

- The economic role of animals
Neolithic subsistence strategies in the Balkans relied on plants and animals domesticated in South
West Asia (see Conolly et al. 2011 for animals, Zohary et al. 2012 for plants). Nevertheless, farmed
animals were not strictly isolated from wild populations and gene flow between wild and
domesticates was frequent, particularly in pigs (Larson et al. 2007; Larson & Fuller 2014).
Differences between the two streams of neolithisation can be seen in the choices of domesticates
(Bogaard & Halstead 2015). Overall, the Early period is characterised by a preferential use of
ovicaprids along the Adriatic and the Pannonian Plain, and cattle within the Danube catchment area.
This general pattern continues into the later Neolithic with an increased importance of cattle and pig
on inland sites (Bartosiewicz 2005; Bonsall et al. 2013; Hoekman-Sites & Giblin 2012; McClure
2013; Manning et al. 2013a: 240-244; Orton 2008, 2012: 27-29; Orton et al. 2016). Our
understanding of how herds were managed, i.e. their associations with particular sites and/or
landscapes, and their degree of mobility within a transhumance or nomadic system, remains

uncertain (Bartosiewicz 2005: 56; Bonsall et al. 2013: 153-6; Hoekman-Sites & Giblin 2012;
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McClure 2013: 61-3; Manning et al. 2013a; Orton 2008: 292-304, 2012; Orton et al. 2016).
Hunting and the consumption of wild animals increases through time, especially during the first half
of the fifth millennium BC (Bartosiewicz 2005; Conolly et al. 2011; Hoekman-Sites & Giblin 2012;
McClure 2013; Orton 2008, 2012; Orton et al. 2016). Nevertheless, region and site-specific
observations demonstrate that the choice of farm animals and the balance between herding and

hunting was far more intricate and diverse (see below).

Along the Adriatic low hunting and a dominance of ovicaprids is seen during the Early Neolithic,
with a slightly higher emphasis on hunting in the cave than the open-air sites (Bogaard & Halstead
2015: 397; Bonsall et al. 2013; 152-8; Maning et al. 2013: 239; McClure 2013: 61-2; Orton et al.
2016: 6). Although ovicaprids remained dominant, the use of cattle and pig increases during the
later Neolithic (Legge & Moore 2011: 182-88; Orton et al. 2016: 9). Hunting also increases, though
the overall picture may be partially biased by cave sites in the Trieste Karst where up to 50% of the
faunal remains are from wild animals (Orton et al. 2016: 9). Exceptions exists, such as at the open-
air site of SmilCi¢ (northern Dalmatia) which has an abundance of cattle and so an ‘'inland’, or

perhaps simply 'open-air’, signature (McClure 2013: 62; Orton et al. 2016: 9).

Greater variation in the use of animals is seen along the inland route of Neolithisation. Similarly to
sites along the Adriatic, those on the high altitude plateaux of FYROM preferred ovicaprids, though
a slight rise in pig and particularly cattle is seen in the Middle Neolithic (there is no evidence for the
Late Neolithic) (McClure 2013: 62; Orton 2012: 25-6; Orton et al. 2016: 11). Within Serbia and
BiH the earliest sites show variation in the composition of domestic taxa, though cattle very quickly
become the preferred species (Maning et al. 2013: 239; McClure 2013: 62; Orton 2012: 25; Orton
et al. 2016: 6). This pattern is in slight contrast to that of the Pannonian Plain, where the preference
for ovicaprids endures for longer (Bartosiewicz 2005: 60; Hoekman-Sites & Giblin 2012: 516;
Orton et al. 2016: 18). During the Middle Neolithic contributions from hunting are variable between
inland sites but generally tend to decrease (Bartosiewicz 2005: 60; Maning et al. 2013: 239;
McClure 2013: 62; Orton 2012: 25; Orton et al. 2016: 6). Overall, the inland signal (excluding
FYROM) sees a reduction in the variability of domestic fauna with a cattle-focused later Neolithic.
The surge in hunting towards the very end of the Neolithic is only seen at specific sites in the
Kolubara valley (western Serbia), within the Iron Gates and in the southern Pannonian Plain, and as
such “appears to be a specific regional phenomenon coterminous neither with cultural nor

topographical groupings” (Orton et al. 2016: 10).



3.4 Summary

Farming was introduced to the western Balkans at the turn of the seventh and sixth millennia BC.
The Neolithic package which defined the first farming communities included domesticated plants
and animals, pottery and sedentary to semi-sedentary lifestyles. The initial expansion was defined
by two routes: a coastal one originating from Greece, defined by the Impressed Ware culture, and an
inland spread by the SKC culture following the river channels from Bulgaria, possibly inland
Greece and the FYROM. Farmers spread at different rates, reaching the Pannonian Plain by ¢.5800
cal. BC, Istria by ¢.5600 cal. BC and the Po Plain by ¢.5400 cal. BC. The rates of advance and
retardation are recognised to be dependent upon geographical, ecological and socio-cultural
conditions, not all of which can be measured let alone predicted. Whether the slower coastal and
more rapid inland spreads were associated with different agricultural regimes, practised in very
different ecological settings, remains to be clarified. These questions are further addressed in the

final chapters of this thesis.

The putative presence of Late Mesolithic populations did little to hinder the newcomers. Though
foragers were present in particular areas, such as the Danube Gorges, the Aegean Basin,
Montenegro and possibly the Carpathian Basin, the archaeological and genetic evidence does not
indicate that either lifestyle was particularly influential or dominant over the other. The first farmers
did supplement their diets by hunting, but the overall pattern is one of a decrease in hunting before a
renewed increase in the final Neolithic, over a thousand years after the initial spread of farming.
Settlers along the Adriatic and on the high plateau of the FYROM mostly kept ovicaprids. The same
can be said for other inland sites, though preference of ovicaprids to cattle varied between sites and
regions. Whilst ovicaprids may be seen as an adaptation to drier, harsher environments along the
Adriatic, the same cannot be said for the delayed persistence of ovicaprid herding on the Pannonian
Plain. By the end of the Early Neolithic, an increase in pig and a clearly cattle-focused economy is

first witnessed within Serbia and BiH, and only slightly later on the Pannonian Plain.

During the Middle and Late Neolithic there is evidence for increasing sedentism and changing
social complexities within and between varying site types (Bailey 2000; Chapman 2008; Tringham
1971, 2000). The second half of the sixth millennium saw regional diversifications of ceramic
cultures, and the development of densely populated tells alongside both small and large flat sites.
Settlements were established beyond the initial river valleys showing a nuanced understanding of,
and adaptation to, diverse landscapes (e.g. McClure 2013). The rise in hunting towards the end of

the Neolithic is often linked with the collapse of larger tell sites into smaller settlements. However,



the increased rise in hunting is more localised than was previously thought (Orton et al. 2016: 10),
and whilst the abandonment of tell sites certainly indicates a change in the socio-political system, it

does not necessarily signify a population bust (Vander Linden et al. submitted).



CHAPTER 4

Archaeobotanical Research in the Study Area

More than three decades ago, Dame J. Renfrew published a review of the archaeobotanical data
from Greece and former Yugoslavia (Renfrew 1979). The article was the first of its kind to include
current thoughts on the appearance of agriculture in SE Europe based upon local archaeobotanical
finds, which she included in the form of presence/absence of taxa per site. The late M. Hopf, W. van
Zeist and R. Dennell, along with J. Renfrew, all worked on plant macro-remains from Neolithic
sites in the Balkans and Bulgaria, keen to understand how agriculture developed and spread through
former Yugoslavia. Archaeological projects were interrupted by political conflicts in the late 1980s
and 1990s. Old interests were slow to resume and systematic sampling for plant remains during
excavations remains uncommon in the western Balkans. Fortunately, a renewed interest in using
archaeobotanical data to understand Neolithic lifeways, and to explore the diffusion of crops from
their Near Eastern origins, through the Balkans and into Europe has led to increased sampling

during larger excavation projects.

This chapter is divided into two sections: section 4.1 presents a critical review of the
archaeobotanical research undertaken at Neolithic sites in the study area, with particular emphasis
on Adriatic Italy, the western Balkans and Hungary. It provides an overview of the range of crops
and wild plants identified from an area, focusing on regional reviews (where these exist) rather than
individual site reports/publications. The section is organised by country (modern geographical
boundaries) and phase (Early and Middle/Late Neolithic). Italy is further divided into its southern
and northern parts, and Croatia into its coastal and inland regions. Section 4.2 describes and
discusses recent studies that have used the archaeobotanical data in large-scale analyses aimed at
exploring the first spread of crops into Europe. Descriptions of agricultural regimes are critically

assessed, raising questions which are more fully addressed in Chapters 8 and 9.
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4.1 Archaeobotanical research on Neolithic sites in the study area

4.1.1 Italy

The first review of Neolithic archaeobotanical research in Italy was published in 1971 (Evett &
Renfrew 1971). It presents cereal impressions identified by J. Renfrew from 22 sites, ten of which
had casts of grains whilst the remainder only had evidence for marks of straw (Evett & Renfrew
1971: 406, 408-09). The authors, although acknowledging that the assemblages could only be a
poor representation of Neolithic agriculture, suggested that emmer (Triticum dicoccum), einkorn (T.
monococcum) and barley (Hordeum sp.) were introduced into southern Italy as a package, with a
slightly later introduction of free-threshing wheat (T. aestivum sensu lato) (Evett & Renfrew 1971:
405-07). Their findings also suggested that einkorn was restricted to the south whilst emmer and
barley seemed ubiquitous (Evett & Renfrew 1971: 405-07). In 1987 Follieri's review of the first
agricultural communities in Italy included a few additional archaeobotanical findings, though none
that enabled her to further develop Evett and Renfrew's original work. The same conclusion was
drawn by Costantini and Stancanelli in 1994, despite the inclusion of many new sites in their review
of southern and central Italy. They stated that, 25 years after Evett and Renfrew's pioneering article
(1971), the practice and development of Neolithic agriculture was still poorly understood, and
explained this lacuna by the lack of adequate interest in, and sampling for, archaeobotanical remains
(Costantini & Stancanelli 1994: 231-32). The inadequate number and type of samples for plant
remains is still listed as a major limiting factor in more recent descriptions of Neolithic agricultural
practices (Costantini 2002; Fiorentino et al. 2013; Mercuri et al. 2015; Rottoli 2006; Rottoli &
Castiglioni 2009; Rottoli & Pessina 2007).

For southern and central Italy the cereal package described by Evett and Renfrew (1971) has been
confirmed (though einkorn is no longer restricted to the south), with the possible addition of spelt
(T. spelta) although identifications were only based on grains (Rottoli & Pessina 2007: 146).
Although rarely recovered, a broad range of pulses are represented (Table 4.1a). Flax (Linum
usitatissimum) and opium poppy (Papaver somniferum) have only been found at the waterlogged
site of La Marmotta, near Rome, where the abundant (quantity unknown) opium poppy seeds
“exhibit characteristics that are half-way between the wild and domesticated forms” (Rottoli &
Pessina 2007: 147). This crop 'package' continued into the Late Neolithic, with a notable increase in
the use of free-threshing wheat (Costantini 2002; Rottoli & Pessina 2007: 149). The range of
gathered fruits/nuts includes berries (Rubus sp.), wild grape (Vitis sylvestris), olive (Olea europaea),
fig (Ficus carica), elder (Sambucus sp.) and plum (Prunus domestica), with the last three only found

at San Marco Gubbio (site 205, Table 8.3) (Costantini & Stancanelli 1994: Tables 20&21;



Fiorentino et al. 2013: Table 3). The range of 'weed' seeds remained low, with only four identified
to species. In an attempt to correlate climatic and archaeobotanical data from Apulia, Fiorentino and
colleagues (2013) found that changes in the importance of cereal types were associated with
changes in climatic trends. Although the quality, quantity and chronological resolution between the
two sets of data were not easily matched, the authors suggest that the increase in barley and
decrease in emmer evidenced between 5000-4300 cal. BC (not discussed by other authors
mentioned above) correlates with a drier period, and conclude that the development of farming in
Apulia was “significantly correlated to 'minor' Holocene climate oscillations” (Fiorentino et al.
2013: 1313). However, their data does not support their statement as variations in the proportions of
wheat and barley are extremely slight, with wheat always constituting over 50% of the ratio in the

phases they define (Fiorentino et al. 2013: Fig.7).

Archaeobotanically, the first farmers to settle in northern Italy are best represented by two heavily
sampled sites: Sammardenchia and Lugo di Romagna (sites 219 and 215 respectively, Table 8.3)
(Rottoli 2006; Rottoli & Castiglioni 2009: 94-97; Rottoli & Pessina 2007: 143-44). Occasional
finds of millets (Panicum/Setaria), spelt and rye (Secale cereale) have been interpreted as cereal
weeds, whilst frequent finds of Bromus sp. suggest that it may have been cultivated (Rottoli &
Castiglioni 2009: 94-97; Rottoli & Pessina 2007: 143-44). There is some evidence that Bromus
arvensis/hordeaceus/secalinus was also a gathered food or possibly even cultivated during the LBK
(Bakels 2009: 32; Bogaard 2002: 145, and references therein). Gathered wild fruits and nuts were
numerous but arable weeds were scarce (13 taxa) (Rottoli 2006: 249; Rottoli & Castiglioni 2009:
94-97; Rottoli & Pessina 2007: 143-44). Archaeobotanical evidence from the Middle/Late Neolithic
is even more limited but suggests a continued use of the same cereals and an increase in the use of
flax, opium poppy and gathered fruits (Rottoli 2006: 249; Rottoli & Castiglioni 2009: 97; Rottoli &
Pessina 2007: 149). The rise in flax has been associated with an increase in loom weights and the
possible development of a textile industry (Rottoli & Pessina 2007: 149). The presence of millets
(Panicum milliaceum, Setaria italica) and spelt remains uncertain, and broad bean (Vicia faba) was
only recorded from one site (Valgrana-Tetto Chiappello, North-Western Italy) (Rottoli & Castiglioni
2009: 98). Arable weed seeds continue to be under-represented. The diverse range of crops
evidenced during all phases of the Italian Neolithic has been compared to the restricted range of
LBK crops, to conclude that it was more similar to the Greek and Bulgarian 'packages' (Rottoli &

Castiglioni 2009: 101).



South and North Italy | Adriatic Croatia Slavonia
Central Italy

Phase Early |M/Late| Early |M/Late| Early |M/Late| Early | M/Late
Emmer v I VS S S
Einkorn v I VS S S
Barley v I VS S S
Free-threshing wheat| v v N v v v
Spelt RV IV I S R I BV v v
mew' glume wheat v v v v v
Rye v v
Broomcorn millet PV 2V ? Vv ? Vv
Lentil v N v | S v | S v | S
Pea v v v N v v v | S
Grass pea v v v v v
Common vetch v v v v
Bitter vetch v v v v v
Broad bean v v v v
Flax v v v v v v v v
Opium poppy v v v
Taxa of fruits & nuts 3 7 13 14 5 11 4 8

Table 4.1a: The presence of crop types and the number of edible fruits and nut taxa in the research area. Key: "'
indicates questionable identifications and/or date. Smaller ticks indicate infrequent finds. Latin binomials can be found
in the text or Table 6.4. The taxa of fruits and nuts account for the groups described in Table 6.4.

4.1.2 Croatia (Table 4.1a)
4.1.2.1 The coastal zone (Dalmatia and the Trieste Karst)

Early Neolithic plant remains have been obtained from four open settlements and one cave site
(Table 8.1; Reed 2016). Grapceva cave was also sampled but only small quantities of charcoal were
recovered (Borojevi¢ et al. 2008). Archaeobotanical data from Kréina cave, Crno Vrilo and
Kargadur-LiZnjan are minimal, with only the presence of taxa noted, namely emmer, einkorn and
barley (sites 38, 41 and 42, Table 8.1). The most robust Impressed Ware plant data from Croatia
therefore comes from only two sites: Pokrovnic (Reed & Colledge 2016) and Tinj-Podlivade
(Huntley 1996). Emmer was the predominant crop at Pokrovnic, followed by similar proportions of
hulled barley and einkorn (Reed & Colledge 2016: 3). At Tinj Podlivade an unspecified hulled
wheat dominated the assemblage in which an additional cereal, spelt, was also identified from

glume bases (Huntley 1996: 188). The range of 12 weed taxa is broader than that seen along the
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Italian coast, though most seeds could not be identified to species (Reed & Colledge 2016: Table 4).
The Middle/Late Neolithic archaeobotanical evidence is also restricted to five sites, though all five
were sampled for flotation (Table 8.3; Reed 2016). Emmer, einkorn and hulled barley continued to
dominate. Free-threshing wheat was infrequent and the mew' glume wheat has been identified at
Cista Mala Velistak (Reed & Podrug 2016: Table 2). The importance of gathered fruits and nuts
appears to increase into the later Neolithic, as does the representation of weed seeds (Reed 2015:
Table 5; Reed & Colledge 2016: Table 4). The best represented weed/gathered taxa is fat-hen
(Chenopodium album), found as 4,732 seeds in three samples at Turska Pécina (Reed 2015: Table
5). Its presence, along with a higher range of wild plant seeds compared to other Croatian sites, may
have resulted from the burning of dung that accumulated in the cave (Reed 2015: 615; Wallace &
Charles 2013; see Chapter 9.2).

4.1.2.2 The inland zone (Slavonia)
The Early Neolithic archaeobotanical assemblage is only known from two sites: Sopot and
TomaSanci Palaca (sites 6 and 7, Table 8.1; Reed 2016). Although remains of the hulled wheats
were more numerous than barley, the latter was found in as many, if not more, samples (Reed 2015:
Table 3). Sixteen weed taxa were found, of which only Agrostemma githago and Galium aparine

were identified to species (Reed 2015: Tables 4&5).

Nine Middle/Late Neolithic sites have been sampled for plant remains (Table 8.3; Reed 2016).
Naked barley (H. vulgare var. nudum) seems to have been the most common variety of barley,
though hulled was also present (Reed 2015: 607). The rare finds of rye, broomcorn millet and spelt
are not thought to have been cultivated (Reed 2015: 614). The earliest findings of 2-grained einkorn
in the area come from SlavCa (3 grains) and Sopot (1 grain) (Reed 2015: Table 3). Three flint
sickles found at TomasSanci suggest that sickle harvesting was practised. Lentils (Lens culinaris) and
peas (Pisum sativum) became more common, and grass pea (Lathyrus sativus), vetches and broad
bean have also been found, but only as one or two specimens (Reed 2015: Table 4). Flax also
increased, as did the number and range of weed seeds (Reed 2015: Tables 4&5), and opium poppy
was found for the first time (Chapter 7.7). Edible fruits and nuts seem to have been more important

at Slavca, Sopot and Hermanov Vinograd (Reed 2015: Table 4; Chapter 7.7).



Bosnia and Serbia Hungary

Herzegovina
Phase Early |M/Late| Early |M/Late| Early | M/Late
Emmer N N

Barley

Einkorn N
v
v

NA N
NESENANNEN

v“
v“
v

Free-threshing wheat

NENN

Spelt

'new' glume wheat

NANANESENENEN RN NN

Rye v
Broomcorn millet ? (IR B IRV B IRV i RV
Lentil v v N v N
Pea v v N v N
Grass pea v v
Common vetch v v
Bitter vetch v o 2V v v
Broad bean v v
Flax v v N N
Opium poppy ? Vv

Taxa of fruits & nuts 1 11 6 11 8 10

Table 4.1b: The presence of crop types and the number of edible fruits and nut taxa in the research area. Key: ? indicate
questionable identifications and/or date. Smaller ticks indicate infrequent finds. Latin binomials can be found in the text
or Table 6.4. The taxa of fruits and nuts account for the groups described in Table 6.4.

4.1.3 Bosnia and Herzegovina (Table 4.1b)
There are no reviews of archaeobotanical research specifically for this area. A total of 15 sites have

been sampled, four of which were sampled for this thesis (Chapter 7). The two Early Neolithic sites,
Kakanj and Obre I, were some of the first sites in the western Balkans to be sampled (Renfrew
1974: 47-50). Although infrequent compared to emmer and einkorn, Renfrew notes that the
presence of hexaploid free-threshing wheat is of interest as it is also observed on the early farming
sites in the Near East and Knossos, but not in Greece (Renfrew 1974: 49, 1979: 252). Barley was
only present at Kakanj and in very low quantities. Only two 'weed' seeds were found, but as no
information is given on the method of flotation used, the absence of smaller seeds may simply be a
result of the mesh size used. Only Triticum sp. impressions were identified on SKC ceramics from

Gornja Tuzla (site 3, Table 8.1) (Hopf 1967).

63



Middle/Late Neolithic plant macro-remains have been retrieved from 12 sites (Table 8.3). The types
and relative importance of cereals is similar to that found in Slavonia: emmer, einkorn and barley
(both naked and hulled) were the main cereals, followed by free-threshing wheat. Both hexaploid
and tetraploid types of free-threshing wheat were identified at Okoliste (Kroll 2013a; In press.).
Two-grained einkorn was identified at Obre II (Renfrew 1979: 254) and Kori¢a Han, which also
contained a few rye grains (Chapter 7.5). Possible spelt was found as a single grain from Jagnilo
(Kroll unpublished), and only two finds of the 'new' glume wheat have been noted to date (two
grains from OkoliSte; Kroll in press.). The large concentration of millet seeds at Donje Mostre (a
satellite site of OkoliSte), though recovered from a Neolithic level, have been dated to the Medieval
period (Kroll pers. comm. 5/08/14). Flax, lentil and pea were common; other rarer pulses included
grass pea and bitter vetch (Vicia ervilia). The range of gathered fruits and nuts is larger than in
Slavonia, and some form of management of fruit trees (such as opening woodland and protection
against grazing animals) has been suggested on the basis of numerous crab apple pips found at
Okoliste (Kirleis & Kroll unpublished). A broad range of weed seeds is evident, particularly from
the lager sites of OkoliSte, Donje MosStre and Jagnilo (Kroll 2013b; unpublished). Kroll (in press.)
observes that many of the weeds are edible and could in fact represent gathered vegetables. He
interprets common finds of Solanum nigrum, Lapsana communis and Echinochloa crus-galli, which
seem to become rarer in the Bronze Age, as having economic rather than ecological importance.
Weed seeds from OkoliSte House 38 suggest that both winter and summer-sowing were possible

(Kroll 2013a: 119).

4.1.4 Serbia (Table 4.1b)

In 2006 K. Borojevi¢ included a review of archaeobotanical findings from Neolithic sites in Serbia
in her book on the Late Neolithic site of Opovo (Borojevi¢ 2006). More recently, two other reviews
were published which highlight the lack of consistency in sampling and analysis of Neolithic plant
remains across Serbia (Filipovi¢ 2014; Filipovi¢ & Obradovi¢ 2013). Ten Early Neolithic sites have
been sampled, although only single samples were obtained from four of these sites (Table 8.1).
Emmer and einkorn were equally represented whereas barley, although often present, was never
found in large quantities, and “it is questionable whether barley should be considered a crop in its
own right” (Filipovi¢ 2014: 201). A few finds of broomcorn millet have been made, at StarCevo and
Nossa Biserna Obala', though those from Nossa were never confirmed by an archaeobotanist

(Bogaard et al. 2007a: 434; Borojevi¢ 2006: 63). Pulses consisted of lentil and pea, with bitter vetch

1 Acorns, beech-nuts, millet seeds and 'charred crops', were reported from Nossa by Garasanin in 1961 (Borojevi¢
2006: 63, Filipovi¢ & Obradovi¢ 2013: 40, 43). These findings have never been confirmed by a specialist and so are
not included in the overall analyses of plant remains in Chapter 8.



identified from JariciSte 1 Mali Borak, though its context is dubious (Chapter 8.2.1.2). The latter
site is the only SKC site in Serbia to contain any flax seeds (Filipovi¢ 2014: 202). Edible fruits and
nuts were found at all sites sampled more than once; the most common taxa were elder (Sambucus
sp.) and cornelian cherry (Cornus mas). By including charcoal in their study of Bulgarian and
Serbian Late Mesolithic and Early Neolithic wild plant resources around the middle Danube,
Marinova and colleagues (2013) concluded that a rich array of wild plant foods was available, such
as oak (Quercus sp.), sloe (Prunus spinosa), grape (Vitis sp.), hazelnut and hornbeam (Carpinus
sp.). Interestingly, species identified through charcoal were far more common as seeds/fruits on
Bulgarian Early Neolithic sites which lie in the same ecology as the Serbian ones (Marinova et al.
2013: 472-3). The only similarly rich Serbian site is Late Mesolithic Vlasac which was
systematically sampled over two excavation seasons (Marinova et al. 2013: 471; Boric et al. 2014).
The discrepancy between the Neolithic Serbian and Bulgarian sites may, to a large extent, reflect
differences in sampling and analyses (Marinova et al. 2013: 471). 'Weed' seeds were not numerous,
the most ubiquitous taxa was fat-hen though its numbers are not suggestive of intentional gathering

(Filipovi¢ & Obradovic 2013: 46).

Fourteen Middle/Late Neolithic sites have been sampled for plant-macro remains, and one
(Divostin) has had cereal grains identified from a pollen core (Table 8.3). The overall picture,
compared to the Early Neolithic, is one of an increase in both the quantity and range of crops and
gathered foods (Filipovi¢ 2014: Fig.1). Emmer and einkorn continued to predominate, and 2-
grained einkorn has been identified from one site (Seleva¢: Hopf 1974: 4-5). Barley continued to be
less frequent, and although free-threshing wheat became more common, it is still considered a weed
rather than a cultivar (Borojevi¢ 2006: 62; Filipovi¢ 2014: 201; Filipovi¢ & Obradovic¢ 2013: 43).
At Gomolova however, it was found in 59% of Vinc¢a samples, occurring in greater numbers and
frequency than barley (van Zeist 2001: Table 2). Broomcorn millet was only found at two sites
(Vinca-Belo Brdo: Filipovi¢ & Tasi¢ 2012: 11, and Gomolova van Zeist 2001: Table 2), although
finds of 648 seeds across 56% of Vinca samples at Gomolova led van Zeist to conclude that, like
hulled barley, “millet had a modest role in Vinca times” (van Zeist 2001: 109; see also van Zeist
1975: 320). Conversely, radiocarbon dates on a suite of millets from across Eurasia suggest seeds
from Neolithic contexts are most likely intrusive, as the crop was not cultivated in Europe before
the Bronze Age (Hunt et al. 2008; Motuzaite-Matuzeviciute et al. 2013, see also Stevens et al.
2016: 1544-45). At Vinca-Belo Brdo a large concentration of bitter vetch seeds was found in a
deposit from a burnt house, mixed with emmer grains and flax seeds (Borojevi¢ 2010, cited in

Filipovi¢ 2014: 201). Flax seeds were found at seven sites, and, as in northern Italy, their increased
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presence during the Late Neolithic has been associated with the production of linen as well as oil;
linen textile and cord from Opovo (Borojevi¢ 2006: 65), textile impressions on Vinca pottery sherds
and a large concentration of burnt seeds at Vinca-Belo Brdo (Filipovi¢ & Tasi¢ 2012: 11) all attest
to such practices. Possible arable weeds were poorly represented and are rarely used as ecological
indicators (this may change with additional material from Drenova¢ and Pavlovac-Gumniste,
currently being analysed by D. Obradovic¢ for her doctoral thesis; Obradovi¢ pers. comm. 4/07/16).
At the flat/open site of Opovo small plots on rich chernozem soils could have been cultivated as
part of a crop-rotation system, within a three kilometre radius around the settlement (Borojevic¢
2006: 133-136). The author further suggests that fields were not weeded or manured as this would
have been too labour intensive (Borojevi¢ 2006: 130). However, these interpretations are not drawn
from the arable weeds but from the modern distribution of soils and ethnographic examples of
emmer and einkorn cultivation. During the successive occupational phases of Selevac it is thought
that shifting garden plots were gradually replaced by larger permanent fields located further afield
on the outskirts of the tell (Chapman 1990: 37-39). Again, however, these ideas stem from
calculating settlement size and population density rather than an ecological study of the arable weed
flora. A predominance of black-bindweed (Polygonum convolvulus) and Vicia (both climbing
species) at Gomolova led van Zeist to suggests that ear-plucking was a common method of

harvesting during the Vinca phase (2001: 112-14).

4.1.5 Hungary (Table 4.1b)

In his most recent review of the archaeobotanical data from Koros sites, Gyulai concludes that “the
most important cereal of the Koros culture was barley, followed by emmer and einkorn” (Gyulai
2012: 226). It is difficult to understand how that conclusion was reached (Figure 4.1). If one
compares all the barley varieties to all the wheat ones barley is less frequent. If one compares the
12.61% of barley to any of the individual wheat varieties, one erroneously ignores the 14.77% of
indeterminate wheat. In addition, this does not include the fact that seven of the 13 sites only had

plant remains from ceramic impressions, none of which were of barley (Gyulai 2010a: 72).
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Figure 4.1: Distribution of cereals in Kords culture sites (Gyulai 2012: Fig.3)

Barley does have the highest ubiquity score in the Pannonian Basin (which includes northern Serbia
and north-eastern Croatia — Figure 8.5), and seems to have been used more frequently in Hungary
than in Serbia. Gyulai mentions the significance of the two grains of Early Neolithic tetraploid free-
threshing wheat (T. parvicoccum — probably a form of compact durum) from Ibrany-Nagyerd6 and
Tiszasz6l6s-Domahéaza (sites 21 and 24, Table 8.1), as the species originates from the Anatolian
crop package (Gyulai 2010b: 235). Currently, the 'new' glume wheat has only been identified at one
site: Ecsegfalva, whose glume bases were found in similar quantities to those of emmer and einkorn
(Bogaard et al. 2007a: Table 23.I). Other possible crops include flax and hemp (Cannabis sativa).
Imprints of linen and hemp fibres were found on the underside of a ceramic vessel at Gyomaendréd
(Gyulai 2010b: 225; 2012: 224), though no seeds have yet been recovered from Early Neolithic
levels. A single, charred possible fragment of an opium poppy seed was found at Ibrany-Nagyerdd
(Gyulai 2010b: Fig.1, Table 1), which could be significant for the earliest domestication and/or
distribution of opium poppy (Carolan et al. 2006; Salavert 2010), but identification criterion are not

provided.

Pulses were rare on Early Neolithic Hungarian sites: only four lentils and one pea have been



recorded to date (Gyulai 2010b: Table 2). The lentils tend to be small and are described as the
microsperma subspecies. A single broad bean, recorded as V. faba var. minor, was found at
Tiszasz6l6s-Domahaza (Gyulai 2010a: Appendix table). Edible wild fruits and nuts were much
better represented, in both their range and absolute numbers; “for example a finger-thick layer of
hazelnut shells was found in one of the pits at the Méhtelek—Nadas” (Gyulai 2007: 131). Cornelian
cherry, various bramble berries (Rubus sp.), water-chestnuts (Trapa natans), crab apple (Malus
sylvestris), elder berries and oak (Quercus robur), to mention but a few, offer evidence for a varied

diet of wild plants (Gyulai 2007: 131; 2012: 227).

Based on enriched anthropogenic soils, Halstead suggested that the distribution of K6rds material
on river levées reflected the spreading of midden material to fertilise plots, indicating small-scale
intensive agriculture (Halstead 1989: 32-33; see also Bogaard 2004a). To date, this claim has only
been investigated, and corroborated, through archaeobotanical material at one site. The assemblage
from Ecsegfalva 23, Békés county, is probably the most famous of the studied Starcevo-Koros
archaeobotanical assemblages. The site was systematically sampled, revealing a low density but
steady presence of charred plant-macro remains. The greatest density of plant remains by feature
(excluding charcoal) was found in pit complex 23A and it is from those that Bogaard and colleagues
(2007a) based their main interpretations of the cultivation regime. To measure the intensity of
cultivation the wild seed assemblage was compared to modern weed floras from intensively hand-
cultivated plots and extensively ard-cultivated plots in Evvia, Greece (Jones et al. 1999, Jones et al.
2000b). A discriminant analysis based on the presence/absence of taxa, resulted in a greater than
99% probability that the weed assemblage derived from intensively cultivated plots; 90% of the
wild seeds were annuals, pointing to fixed plot as opposed to shifting cultivation. Indeed,
experimental shifting cultivation in woodland zones in Germany have shown that weeds will be
predominantly perennial (Bogaard 2002, 2004: 88; Rosch et al. 2002: Table 4). Although the area
around Ecsegfalva was not densely wooded (Willis 2007), grassland perennials associated with the
plant communities cleared to make way for temporary cultivation would be more frequent. The
presence of autumn-germinating weeds (e.g. Bromus sterilis) suggests at least some autumn-sown
crops. These crops would not, therefore, have been sown on the naturally fertile floodplain, as was
often previously assumed (cf. Sherratt 1980). Instead, higher ground less prone to flooding would
have been cultivated during a time traditionally considered to be one of gathering. The
archaeobotanical data from Ecsegfalva therefore resembles those from LBK sites by pointing to
fixed cereal plots intensively managed through manuring or middening, tillage and weeding, with at

least some crops being sown in the autumn (cf. Bogaard 2004; see below). Of note within the wild



taxa is hairy vetch (Vicia hirsuta), an introduced LBK weed which was previously unknown outside

the LBK area (Bogaard et al. 2007a; Bogaard et al. 2008).

During the Middle/Late Neolithic barley, particularly naked barley, continues to be better
represented whilst emmer and einkorn appear to be equally abundant (Gyulai 2007: Table 8.2).
Two-grained einkorn has been identified at one site: Szentgyorgyvolgy-Pityerdomb (Berzsényi &
Dalnoki 2005). Free-threshing wheat remains a minor crop/contaminant as supposedly does spelt.
Broomcorn millet, though only present as charred seeds at five sites, has been found in counts of 20
to ¢.100 seeds (Gyulai 2010a: Appendix table). Impressions of millet seeds in ceramics from two
sites (sites 153 and 155, Table 8.3) suggest Panicum milliaceum was present in the Late Neolithic
(contra Hunt et al. 2008). Wild fruits and nuts continued to be well represented into the
Middle/Late Neolithic, and the range of arable weeds increased. The most frequent were grasses,
such as Bromus sp. and Avena fatua, and twinning plants, such as black-bindweed and Galium sp.
The substantial increase in plant macro-remains between the Early and Late Neolithic is thought to
be related to the increased number and size of settlements, which, unlike those of the Early phase,

are considered 'truly' sedentary and 'fully' agricultural (Gyulai 2007: 135; 2010: 71-72).

4.1.6 A note on the archaeobotanical evidence from Early Neolithic LBK, Bulgarian and Greek sites
4.1.6.1 Linear-Bandkeramik

Crop agriculture during the Early LBK was focused on einkorn, emmer, lentil, pea, flax (for both its
fibre and oil) and to a much lesser extent hulled and naked barley (Bogaard 2004b: 14-15; 2011: 37;
Colledge et al. 2005: 143-145; Kreuz et al. 2005: 243; 2007: 269-70). A study of 30 sites
demonstrated that einkorn had been found in higher quantities than emmer, suggesting it was more
commonly grown (Kreuz et al. 2005: 244). Flax and peas are less likely to become charred than
glume wheat chaff and so their economic importance may be underestimated (Bogaard 2011: 92).
The 'new' glume wheat was also present, and occasional finds of rye and oat suggest they were crop
weeds (Bogaard 2004b: 15; 2011: 37-8). The same is debated for opium poppy, which is only found
in high concentrations in waterlogged deposits (Bogaard 2011: 38). Its scarcity may therefore be
due to preservation conditions rather than infrequent cultivation (see Chapter 9.3 for further
discussion on the distribution of poppy). Millet occurs from the earliest LBK but remained rare, in
both counts and presence (Bogaard 2011: 37). The narrow spectrum of ubiquitous and abundant
crops is considered to be a very restricted version of the original Near Eastern crop package, and
both cultural and climatic reasons have been put forward to explain such a reduction in diversity (cf.

Colledge & Conolly 2007; Colledge et al. 2005; Kreuz et al. 2005: 243-46).



In 1989 Halstead noted that the absence of intensive stock breeding and the composition of the
arable weed flora (an abundance of Chenopodiaceae species), both conformed with an agricultural
system based upon intensive, small-scale garden cultivation (Halstead 1989: 33-34). More recently,
the analysis of ecological traits of the LBK weed flora has demonstrated that cultivation was indeed
practised on a small, intensive scale that involved fertilising and weeding (Bogaard 2004a; 2004b,
2005; Bogaard et al. 2008). These results are corroborated by elevated nitrogen isotope values
(6"N) of cereal grains, demonstrating the use of animal and/or other manure as fertiliser (Bogaard
et al. 2013; Chapter 5.4.2). Assessments of the cereal crop sowing season have differed in opinion.
Studies in Germany on the ecological characteristics of modern varieties of Neolithic weeds suggest
LBK cereals were mostly sown in the spring/summer (Kreuz et al. 2005; Kreuz & Schéfer 2011).
Conversely, the measurement of functional and morphological attributes of the main weed species,
and comparisons with weed floras from known cultivation regimes indicate a predominance of
autumn-sowing for emmer and einkorn (Bogaard 2004b; 2011). The majority of the LBK weeds
were anthropochores (weeds brought in from a different environment as opposed to apophyte, or
native species) (Kreuz et al. 2005: Fig.6; Kreuz & Schéifer 2011: Fig.1). Interestingly, their
frequency increased with the development of the LBK, suggesting a continued long-distance
movement and distribution of crops. A predominance of tall weeds (>80cm high) during the first
half of the LBK suggests that crops were harvested at the base of the ear, separately to the straw
(Kreuz & Schéfer 2011: 334).

4.1.6.2 Bulgaria
Einkorn was the dominant crop during the Early Neolithic, followed closely by emmer and barley
(both naked and hulled) (Dennell 1972, 1978; Marinova 2007: 96-99). Stores of hulled barley have
been found at some sites (Kapitan Dimitrievo, Brezani, Vaksevo and Rakitovo), “that speak clearly
for its cultivation” (Marinova & Krauss 2014: 185). Lentil, pea and grass pea (L. sativus/cicera)
were present at most sites and were evidently an important part of the diet (Marinova 2007: 96-99;
2009: 59; Marinova & Krauss 2014: 186). Flax and chickpea (Cicer arietinum) were rarer, having
been found at four and two sites respectively (Marinova 2007: Table 6.3). About ten wild taxa are
thought to have been regularly gathered as wild foods, particularly cornelian cherry and Prunus, and
a limited range of other wild taxa (possible weeds) are known (Marinova 2007: Table 6.3; 2009: 60;
Marinova & Krauss 2014: 186-87). An ecological study of the weed flora concluded that summer
and winter crops were equally common in Bulgaria, and that the small number of low growing
species (<40cm) suggests ear-plucking was common (Kreuz et al. 2005). The combination of

'root/row-crop weeds' and 'cereal weeds' (Jones et al. 1999) indicate that cultivation was small-scale
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and intensive (Bogaard & Halstead 2015: 391).

4.1.6.3 Greece
Domesticated plants and animals were ubiquitous during the Greek Neolithic, and, from the Early
Neolithic onwards, it is thought that the management of plants and animals was inextricably linked,
resulting in the practice of intensive, small-scale cultivation associated with fully sedentary long-
term villages (Bogaard 2004a: 53-54; 2005: 182; Bogaard & Halstead 2015; Colledge & Conolly
2007: 29; Demoule & Perles 1993: 362-64; Halstead 1989: 28-32; 1996; 2006; 2011: 132-37). A
broad spectrum of cereals and pulses was used: emmer, einkorn, barley (hulled and naked), the
mew' type, free-threshing wheat, lentil, pea, grass pea (L. sativus/cicera), bitter vetch and chickpea.
Nevertheless, in their review of the evidence, M. Valamoti and K. Kotsakis point out that sites are
often poorly sampled and/or remains are not adequately analysed to investigate “the co-occurrence
and dominance of different species at each site or the full range of people-plant relationships”
(Valamoti & Kotsakis 2007: 79). The authors warn against envisaging one homogeneous
agricultural regime and give the example of chickpea, a pulse included in the crop package despite
having only been found at two sites (Valamoti & Kotsakis 2007: 84). In addition to the crops, a

range of about 11 wild fruits and nuts have been found.

4.2 Large-scale studies on the spread of crops into Europe

The most extensive studies are based on a comprehensive database (Colledge 2016) in which Dr. S.
Colledge recorded pre- and Early Neolithic finds of plant macro-remains from SW Asia and Europe
available to her at the time (Colledge et al. 2004; 2005; Colledge & Conolly 2007; Conolly et al.
2008; Coward et al. 2008; Manning et al. 2015). The database was compiled between 2001 and
2015, under the auspices of two research project: The origin and spread of plant economies in the
Near East and Europe (funded by the AHRB), and EUROEVOL: The role of farming in
transforming early European societies, c. 6000-2000 calBC (funded by the ERC). Archaeobotanical
data were sought from site monographs, articles and online resources, and by contacting
authors/specialists for unpublished reports. Taxa were recorded following a coding system (Chapter
6.3), along with qualitative and quantitative details. All pre- and Early Neolithic reports were
included, irrespective of sampling procedures, recovery methods and preservation types. No
judgements were made on the accuracy of identifications, but records were standardised to include
all synonyms under the same code. Relevant information on the site, samples and preservation

status were also included (Colledge 2016).
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The EUROEVOL database registers nine sites from Hungary and former Yugoslavia (including two
sites from Macedonia), demonstrating the lack and difficulty of access to archaeobotanical
information from my research area. Seven crops are recorded (compared to 11 from Greece and 13
from Bulgaria), with over 80% of sites containing no more than four crops, creating a mean average
of 2.44 crops per site (Colledge & Conolly 2007: Fig 4, Table 4). The paucity of results led
Colledge and Conolly (2007) to conclude that fewer crops were used in former Yugoslavia and
Hungary than in Greece and Bulgaria, and that the “the reduction in crop diversity is not entirely
due to taphonomic factors” (2007: 34). However, it is worth noting that the Bulgarian data came
from ten sites, 50% of which contained 28 or more taxa from bulk soil sampling (Manning et al.
2015). None of the seven sites from the western Balkans and Hungary were properly sampled: three
contained data from clay impressions and four from in situ collections of visible plant remains
without any further information on how the latter were collected (Manning et al. 2015). Although
taphonomy may not have been the single reason for the reduction in crop diversity, it seems to have
had a more important role in biasing the data than has been suggested by Colledge and Conolly
(2007) (Chapter 8.1).

If taphonomy cannot be solely responsible for the reduction in domestic crops from the S/SE to the
NW Balkans, three other possible variables remain: neutral drift, cultural preferences, climate and
crop yields:

1) Neutral drift - The transmission of agricultural practices and their associated crops from one
generation of farmers to the next was achieved through social learning within an inheritance system
(Richerson & Boyd 2005; Hodder 2012: 142-46). However, the effects of neutral drift must be
accounted for before patterns of transmission (vertical or horizontal) can be discerned. Neutral, or
random drift, whereby “who or what one copies [is] simply a random choice dependent on who or
what one meets” (Shennan 2008: 77), would explain the absence of plant taxa by a purely random
chance of events, including innovation and genetic mutations. The effect of neutral drift on pre-
LBK crop packages was tested using an agent-based model to track changes in diversity over time,
which demonstrated that drift alone could not account for the loss of so many crops (Conolly et al.
2008). The authors therefore concluded “that the observed reduction of diversity between the pre-
LBK and LBK is not likely to have occurred by neutral drift processes alone” (Conolly et al. 2008:
2802). Another mathematical simulation performed on the same dataset (with the addition of three
pre-LBK records of millet), included spatial, as well as temporal dimensions, to take into account
where drift may have occurred within the advancing population (Pérez-Losada & Fort 2011). If a

species is lost at the edge of the front where the population is smaller, it is more likely to have a



long-term effect than if it was lost from a site within a densely populated zone (Pérez-Losada &
Fort 2011: 1296). Contrary to the agent-based model, results from the spatio-temporal simulation
suggest that “drift can explain the decrease of cultural diversity in the LBK culture in Neolithic

Europe” (Pérez-Losada & Fort 2011: 1298).

2) Cultural preferences - Conolly and colleagues' (2008) study also tested the possibility of cultural
selection on the Neolithic crop package by excluding rare species and those found in pre-LBK sites
that could have been removed through climatic pressures alone (such as the chickpea and lentil).
Their results suggest that the full range of crops potentially available was not fully utilised and that
cultural preferences were clearly a considerable selective mechanism (Conolly et al. 2008: 2800;

Colledge & Conolly 2007; Colledge et al. 2005).

3) Climate and crop yields - Climatic and environmental conditions must have affected the growth
of crops moving north (Colledge et al. 2005: 149; Bogucki 1996: 245; Fuller et al. 2014b; Jones et
al. 2012). The founder crops of Neolithic agriculture evolved in SW Asia (Zohary et al. 2012).
Emmer, einkorn, hulled barley, pea, lentil, chickpea and bitter vetch were domesticated in a
Mediterranean climate (Zohary et al. 2012). The crops evolved in a zone of long, hot, dry summers
and relatively mild winters where the quantity and timing of annual precipitation were crucial for
the germination and development of crops. As farming moved northwards crops encountered a more
temperate climate with less pronounced seasonal yet more accentuated daily variations in
temperature, milder summers and colder winters and an altogether different pattern in annual
rainfall. It is suggested that bread wheat (free-threshing hexaploid wheat) would have been the best
adapted cereal to conditions in the northern Balkans and Hungary (Zohary et al. 2012: 48-49),
though little is known regarding genetic mutations and adaptations to changing patterns in
temperature and day length (cf. Brown et al. 2015; see below for research on barley). Of the pulses
pea was the best adapted to continental Europe. Lentil and chickpea need longer summers and drier
autumns to mature and may thus have struggled to tolerate the increasingly northerly latitudes
(Zohary et al. 2012: 77-89). Indeed, as Bogucki states: “In the early agricultural settlements of the
Balkans, there are clear signs of an adaptation to temperate conditions. At most sites, cattle and pigs
become more important than sheep and goats, while wheat and barley became summer (rather than
winter) crops” (1996: 245), although he does not explain what the latter statement is based on.
Recent genetic studies on barley landraces have demonstrated how the crop adapted to colder
temperatures (cold tolerance and vernalisation) and shorter day light hours (photoperiodicity) as its

cultivation spread northwards (Jones et al. 2012; 2013; Jones et al. 2016; Lister & Jones 2013). As



the most common former Yugoslavian crops of emmer, einkorn, hulled barley, pea and lentil
(Colledge & Conolly 2007: Fig.2) became harder to grow in ever higher latitudes, yields may have
reduced until varieties and/or agricultural practices had adapted. Under such a scenario one might
expect some SKC sites to have had lower crop yields than contemporary sites further south. In the
absence of archaeological evidence with which to test the hypothesis of a cultural selection,
Colledge and Conolly concluded “that the variation in the crop packages observed between the
southern and northern Balkans can most parsimoniously be accounted for by the differences in
climatic conditions (i.e. the increasingly temperate climate in the north) that reduced the

effectiveness of some crop species” (2007: 35; see also Colledge & Conolly 2005).

Coward et al. (2008) argue that since crop farming in Europe stemmed from a broadly single origin
in the Near East (the exact location of domestication events in the Levant being irrelevant at this
scale of analysis), and developed with the genetic descendants of the ancestral species a
phylogenetic signal should be present in the distribution of Neolithic crop packages and their
associated weeds across Europe. Consequently, c¢.7500 records of domestic crops and their
associated weeds from 250 pre- and early Neolithic sites were used to draw a phylogenetic tree with
the least evolutionary steps. In order to avoid 'noise' created by sampling methods and preservation
effects, sites were not included individually but grouped into larger units equivalent to 22
geographical regions. The parameters by which these regions were defined seem arbitrary, as
regions respect neither cultural nor geographical boundaries. Region 8 is comprised of Hungary and
former Yugoslavia, and region 7 of Bulgaria and FYROM. The resulting tree shows that, on the
whole, archaeobotanical assemblages from regions nearest to the original source are less derived
than those further away. The study demonstrates that a crop-farming system is in part determined by
its ancestral system, independently of modes and rates of transmission, thereby justifying other
comparative studies which seek to explain the origins of crop-farming systems by comparing them
to earlier, adjacent ones. The authors recognise that several factors could have distorted the
phylogenetic signal, such as the possible secondary spreads of crops and associated weeds, as well

as the representativeness of the data. (Coward et al. 2008)

Coward and colleagues' work also reveals that region 8 contained a restricted plant spectrum that
had undergone few evolutionary changes. The SKC assemblage therefore appears to have derived
from those of central Anatolia, Cyprus and Greece, and suggests an initial spread of farmers from
the Near East (Coward et al. 2008: 54; see also Colledge et al. 2004, 2005). The data within region

8 were not adequate to establish any possible differences between the inland and coastal signatures.



Compared to region 8, the package from region 7 contained a broader range of species and was
more derived from the central Anatolian assemblage (Coward et al. 2008: 53). Such differences
between regions 7 and 8 are unexpected since the early Neolithic culture of Bulgaria (the Karanovo)
shares many similarities with the Starcevo-Koroés complex (on material culture see for example
Krauss 2008). However Perles (2005), based on the presence of Anatolian cultural traits present in
Bulgaria but not in Greece, has postulated a separate migration from NW Anatolia into the Balkans
(Chapter 3.1). Little is currently known about the subsistence practices in NW Turkey, but both
Perles' arguments and the phylogenetic study suggest “the highly derived Bulgarian plant spectrum
cannot be considered ancestral to the Kérds and StarCevo assemblages [...], which look much more
like descendants of the Greek/East Mediterranean line” (Coward et al. 2008: 54). The phylogenetic
study also concludes that, above and beyond obvious geographical connections, the small range of
crops and the underived nature of the crop assemblages from region 8 make them plausible
ancestors to the LBK complex (Coward et al. 2008: 53). These results are corroborated by Colledge
and colleagues' (2004) detailed correspondence analyses of archaeobotanical data (using the same
dataset) across the Near East and Europe, which describes two distinct 'vegetational signatures': one
defined by Greece, Crete, Cyprus and the southern Levant, the other by Anatolia and the northern
Levant (Colledge et al. 2004: S44-6).



4.3 Summary

The fragmentary Early Neolithic archaeobotanical data has been interpreted as evidence for short-
lived sites, and/or societies that used, but did not depend upon cultivated crops (Barker 1975, 2006:
353-54; Greenfield et al. 2014: 28; Greenfield & Jongsma 2008: 124-54; Jezik 1998: 164; Gyulai
2012: 226). This interpretation seems fitting with the nature of Early Neolithic settlements, often
characterised by a cluster of shallow pits with no obvious storage devices or sturdy, 'permanent’
structures (Chapter 3.3.2). It does not, however, “take the lack of suitable recovery techniques into
account and makes the unfounded assumption of a relationship between grain yield and
preservation” (Bogaard et al. 2007a: 434). Plant remains suggestive of a well-developed cultivation
regime have been recovered from some sites (such as Ecsegfalva, Tiszasz6l6s-Domahaza and
Magura-Buduiasca), and evidence for possible stores of cereals and pulses is present at other sites
(Filipovi¢ 2014: 196; Tripkovi¢ 2011: Fig.2). Indeed, a vessel full of burnt peas and lentils found at
Drenovac is supporting evidence that these pulses were important crops (Peri¢ & Obradovi¢ 2012;
Stojanovi¢ & Obradovi¢ 2016: 88-9). Poor preservation and the fact that many of these early sites
have not been systematically sampled for plant remains (Table 8.1), make it impossible to provide
an overarching explanation for the relatively low plant-spectrum evident in the research area.
Comparisons with Greece and Bulgaria have led to suggestions that a reduced range of crops was
used in the western Balkans, probably as an outcome of having to adapt to changing climatic
conditions (Colledge et al. 2005; Colledge & Conolly 2007; Bogaard et al. 2007a: 434-36). Indeed
changes in vegetational zones between southern and northern latitudes within the Balkans are
known have affected agricultural practices (Halstead 1994, 2014: 36-38; Krauss et al. 2017). Large-
scale statistical analyses suggest that the plant-spectrum associated with the SKC is more likely to

have originated from Greece than Bulgaria (Coward et al. 2008).

A greater number of plant remains and a broader range of crops during the Middle/Late Neolithic
suggests that crop farming was well established, in accordance with the increased population size
and permanency indicated by large tell sites. Sites are often discussed individually and general
overviews on the type or intensity of cereal farming by region or cultural entity are not given.
Interestingly, the range in gathered wild plants does not diminish during this period, indicating that
their presence in early sites should not be used as supporting evidence for a 'casual' approach to

cultivation, or indeed an ancestry to hunter-gatherers (contra Greenfield et al. 2014).

The archaeobotanical data and its current interpretations raise a number of concerns, listed below.

These are formally addressed in Chapters 8 and 9 where the data is collated, analysed and re-
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evaluated.

1.

the apparent lack of evidence for a well developed agricultural economy during the Early
Neolithic should be re-evaluated in light of preservation and sampling strategies;

similarly, the reduced range of crops in the Early Neolithic should be re-assessed in light of
additional archaeobotanical data;

the relative importance of particular crops (such as the apparent near absence of barley)
should also be re-evaluated in light of preservation and sampling strategies;

the use of edible fruits and nuts may reflect adaptations to local environmental conditions
and/or a diversification in the management of food resources, rather than a return to more
'hunter-gatherer' practices;

the presence of broomcorn millet in Neolithic contexts needs to be explained in light of
dating programmes that suggest it was not cultivated in Europe prior to the Bronze Age
(Hunt et al. 2008; Motuzaite-Matuzeviciute et al. 2013);

the identification of spelt before the formal description of the 'new' glume wheat should be
viewed with caution as the two species can look very similar (Jones et al. 2000a; Kohler-
Schneider 2003);

the increased presence of flax seeds and impressions of fibres during the Neolithic add to
current knowledge on its history of cultivation and development into both oil- and fibre-
producing varieties (cf. Allaby et al. 2005; Fu 2011);

likewise, finds of poppy should be evaluated and assessed in light of evidence for its
distribution and cultivation during the Neolithic (Antolin 2013; Salavert 2010, 2011);
descriptions of arable farming should be defined from the ecological requirements of arable
weeds rather than on estimates of population densities, modern soil distributions and

ethnographic literature.



CHAPTER 5

The Formation of Archaeobotanical Assemblages, their Recovery and Interpretation

Before the archaeobotanical data described in the previous chapter can be combined and analysed, it
is essential to understand how assemblages were formed and retrieved. This chapter begins by
exploring the natural and human processes involved in the creation and recovery of
archaeobotanical remains. The crop-processing stages for hulled and free-threshing cereals are
explained. The effects of sampling procedures on eventual interpretations are then discussed, and
identification procedures are described. Approaches to the interpretation of weed assemblages for
understanding ancient husbandry regimes are reviewed, including their strengths and weaknesses.
The information gained from arable weed seeds is explored in finer detail in section 5.4, in which

the biological and ecological traits pertinent to this thesis are defined.

5.1 Pre-Excavation: the formation of archaeobotanical assemblages

“How seeds enter into the seed record is a more complicated issue than identifying the

seeds themselves.” (Pennington & Weber 2004: 14).
Prehistoric plant macro-remains have survived to the present day through two main channels: either
as a result of being buried in conditions unfavourable to organic decay (e.g. freezing, desiccation,
waterlogging), or by being transformed into mineral components (e.g. mineralisation, carbonisation,
imprints - where the shape of the plant part is left in mineral form). It is only through the latter
channel that Neolithic plant macro-remains have been preserved in the western Balkans. Whilst
carbonisation is by far the most common form of preservation, there is a longer archaeological
tradition of noting and recording imprints of plant parts, in ceramics and structural plaster (see
previous chapter). Mineralised seeds are rare and have only been found as the occasional specimen
within otherwise charred assemblages. The three modes of preservation will not only relate to
different uses of fresh plants, but will also have exerted different selective pressures on the original
plant assemblages (cf. Gallagher 2014). These varying formation processes must therefore be

understood to justify the analyses and interpretations of the archaeobotanical data.

5.1.1 Mineralisation

The mineralized plant macro-remains are all seeds from non-domesticated plants, preserved through
calcium phosphate replacement of the organic matter. They are orangey-brown, harder than charred
seeds and present varying levels of cellular detail. Whilst in most cases only the overall shape of the

seed is preserved, detailed patterning of the seed coat is visible in others. Calcium phosphate
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mineralisation occurs when dissolved calcium percolates through a phosphate rich medium
(Gallagher 2014: 25; Green 1979; McCobb et al. 2003). Depending on the permeability of the seed
coat, calcium phosphate will infiltrate into decaying seeds, replacing organic structures by a mineral
pseudomorph (McCobb et al. 2003). Seeds with thin seed coats low in lignin are more likely to
decay and be affected by phosphatisation than those with hard, lignin-rich seed coats (McCobb et
al. 2003: 1278). Consequently the former will often retain seed coat patterns whilst the latter
survive as indeterminate embryos as their hard seed coats tend to decay before mineralisation can
ensue (McCobb et al. 2003: 1278). Phosphatisation is usually attributed to manure or cess-rich
contexts such as latrines, in which mineralized seeds are taken as direct evidence of diet (e.g. Green
1979; Carruthers 1986, 2005). However, conditions favourable to calcium phosphate replacement
can also be attained through the decomposition of animal protein and/or vegetative matter (Green
1979; McCobb et al. 2003). Therefore, although the mineralized seeds in this study indicate primary

phosphate-rich contexts, they were not necessarily part of the human and/or farm animal diet.

5.1.2 Plant impressions

The Early Neolithic pottery in the western Balkans was sometimes tempered with cereal chaff and
grains, leaving some clear, identifiable imprints (Manson 1995). Imprints have often been used to
study ancient agricultural systems (e.g. Costantini 1983; Gyulai 2010a, 2010b; Helbaek 1952, 1959;
Hopf 1958, 1967). However, recent comparative studies on Bronze Age Irish and prehistoric
African data have shown that cereals used in pottery production represent a very specific and
narrow selection of the range of crops found as charred remains (Fuller et al. 2014a: 199-205;
McClatchie & Fuller 2014). When examined alongside charred remains imprints can provide
additional information on past arable economies by preserving cereals, or parts of cereals, which
may be under-represented in the charred assemblage (Dennell 1972: 150; Fuller et al. 2014a: 199-
205; McClatchie & Fuller 2014). Nevertheless, marks of other seeds are seldom recorded, either as
a result of preservation, the difficulty of spotting and identifying smaller imprints and/or the
selective use of plants and plant parts in the clay temper. Consequently, the range of information on
past agricultural systems usually available from carbonised plant macro-remains is much narrower
within the record of imprints. Since imprints are directly associated with the pottery or plaster
production, and have a very different taphonomical pathway to charred remains, their inclusion into
an analysis of all archaeobotanical data, be it from a site or region, must be carried out with caution

and only to address specific questions.



5.1.3 Carbonisation

5.1.3.1 How do plants burn?

When plants are exposed to extreme heat their volatile constituents react with oxygen and combust,
releasing energy (Scott & Damblon 2010: 2). Any remaining organic materials are transformed into
inert carbon in the absence of oxygen (Scott & Damblon 2010: 2). The resulting carbon structure
will therefore depend upon the physical and chemical make-up of the plant part (including its
moisture content), as well as the length of firing, its temperature and degree of available oxygen (cf.
Wright 2003). Experiments focused on cereal grains and chaff have tested how they react to
different firing conditions (Boardman & Jones 1990; Braadbaart 2008; Braadbaart et al. 2004,
2005; Hillman et al. 1993; Mérkle & Rosch 2008; Nitsch et al. 2005; Valamoti 2002). These studies
demonstrate that during carbonisation dense storage organs rich in carbohydrates, such as grains
and pulses, retain more integrity than lighter chaff. Straw and leaves are the first to be destroyed,
followed by the cereal ear chaff and finally caryopses, creating an obvious bias in the
archaeobotanical record (Boardman & Jones 1990). As grains and pulses are altered during
combustion their key identifiable features can be deformed or destroyed; indeed Braadbart's
experiments of charring de-husked emmer (Triticum dicoccum) under different firing conditions
produced an extraordinary - and a somewhat worrying - range of results in which some grains took
on free-threshing characteristics (2008: 163). The epidermis of pulses rarely survives and their
cotyledons tend to separate, damaging the diagnostic hilum (Colledge 2001: 66; Valamoti 2002).
They are consequently difficult to identify and often ascribed low preservation indices. Seeds of
non-cultivated plants tend to be smaller, more fragile and more easily incinerated than caryopses.
Experiments show that no more than fifty percent of wild/weed seeds survive controlled charring
conditions, and that seeds of oil plants are quickly damaged beyond recognition (Mérkle & Rosch
2008; Wilson 1984; Wright 2003). It is remarkable that seeds and grains survive at all; perhaps,
being denser and heavier than chaff, they “drop quickly through the flames and into the ashes
without being burnt to ash themselves” (Hillman 1981: 140). A comparison with desiccated and
waterlogged plant remains, whose preservation is more dependant upon natural than human
conditions, exemplifies the extent of sub-sampling expressed through carbonisation (e.g. Bouby &
Billaud 2005; Colledge & Conolly 2014; Jacomet 2004; van der Veen 2007). When whole sites are
submerged in water with low oxygen content, or exposed to extreme droughts, all the plants are
exposed to the same preservation conditions. Finer plant parts such as leaves and stems often
survive, along with a broad and diverse range of wild plant seeds, which would either never be
exposed to fires or simply not survive charring (Bouby & Billaud 2005; Colledge & Conolly 2014;
Gallagher 2014: 22-25; Jacomet 2004; van der Veen 2007). Taphonomic filtration and preservation,
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therefore, have significant effects on the survival of wild plants (cf. Antolin et al. 2017; Steiner et
al. 2017); it has been estimated that only 35% of the range of wild plants found in waterlogged
samples are also recovered charred (Colledge & Conolly 2014: 199).

5.1.3.2 When are plants burnt?

Plants were burnt in fires constructed for heat and/or cooking, as well as in larger conflagrations. In
the majority of cases, plants recovered from archaeological sites are burnt through human action,
intentionally and unintentionally, so that the assemblage of charred plant remains reflects specific
human behaviours. The most frequent activities on any settlement involving fire and plants are the
daily routines involved in the preparation and consumption of food (Gallagher 2014: 30; Jones
1985a; Knorzer 1971 cited in Stevens 2003: 61; Stevens 2003: 71-74).

“Thus, with charred assemblages we are concerned with a relatively limited range of

plant species: mostly cereals and cereal by-products and, to a lesser extent, pulses and

the shells of nuts and stones of fruits. Most other food plants tend to be represented

through chance accidents only. This highlights a significant aspect of charred

assemblages, namely that they are remarkably similar in composition across

chronological periods and geographical regions” (van der Veen 2007: 978).

The provenance of most carbonised plants/plant parts can be split into four broad categories:
1. fuel, such as wood, dung and specific plants for a particular type of fire (e.g. the use of
Cladium mariscus in Late Medieval Cambridge bakeries; Rowell 1986: 143);
2. burnt food stores and storage pits;
3. burnt residues/waste from crop processing and food preparation, and possibly from the
manufacture of other plant-based products;
4. accidental burning of foods, namely grains and occasionally pulses, during food preparation

and consumption.

1. Remains from this category will be mostly charcoal which is not analysed in this thesis. Some
seeds are possible, particularly from dung, which may also contain crop remains if animals were fed
cereals and/or crop-processing waste. The use of dung as a fuel has been identified at prehistoric
sites in Greece and South-West Asia (Charles 1998; Charles & Bogaard 2001, 2005, 2010; Filipovi¢
2014; Miller 1984; Valamoti 2007; Valamoti & Jones 2003: 26), but not from LBK sites (Bogaard
2002b: 145; 2004b: 66; 2011: 162). Dung-derived archaeobotanical material has only been

suggested at one site from the research area. At the Late Neolithic cave site of Turska Pec¢ina in



Dalmatia large concentrations of wild seeds found in 'grey layers' were interpreted to represent the
cyclical burning of accumulated dung (Reed 2015: 615; see also Bonsall et al. 2013: 152).
Chenopodium album (which in large quantities is toxic to livestock; Grime et al. 1998: 188) made
up 94% of the seed assemblage. This assemblage differed to those retrieved from other areas within
the cave, which contained cereal remains and fewer wild seeds (Reed 2015: 615). Whilst the grey
layers may represent burnt dung the plant remains from Turska Pec¢ina do not suggest that dung was
used as a fuel. The composition of dung-cakes will vary depending on what the animal(s) eat and
what other materials (such as cereal processing waste) were added during their preparation (Charles
1998: 112; Shahack-Gross 2011). Waterlogged dung from Neolithic Lake-shore dwellings in the
Alps indicate that domestic herds were fed twigs, budding branches and leaves, as well as cereals
and cereal processing waste (Bogaard 2004a: 52; 2011: 236; Jacomet 2009: 55). At Catalhoyiik
herds grazed on wetland vegetation and on the stubble of arable fields (Filipovi¢ 2014: 94).
Ethnographic and experimental studies carried out to investigate the effects of herbivore digestion
on plant remains revealed that cereal chaff and particularly grains are rarely recovered as
identifiable items (though hulled barley tends to 'survive' better than free-threshing and glume
wheat grains) (Anderson & Ertug-Yaras 1998; Charles 1998; Valamoti & Charles 2005; Valamoti
2013; Wallace & Charles 2013). Conversely, many small wild/weed seeds 'survive' digestion,
especially those with hard, lignin-rich testa (Anderson & Ertug-Yaras 1998; Charles 1998; Miller
1984; Miller & Smart 1984; Valamoti & Charles 2005). Based on criteria developed by Miller
(1984) and Miller and Smart (1984), Charles (1998) described four analytical criteria through which

dung-derived material may be recognised:

1 — the presence of burnt pellets of dung. Such remains are undeniable evidence that dung had, for
one reason or another, been burnt. Sheep/goat pellets have a distinctive surface texture and are

readily identifiable (Charles 1998: 113);

2 — the biology and ecology of plants. Some plants are unlikely to have grown on arable fields,
and/or are unlikely to have been fruiting at the time of harvest. The difficulty with this criterion is
that the time of harvest and the ecological conditions of ancient arable fields are not always known.
Certain taxa that may not normally be classified as arable weeds, such as sedges, may in fact have
grown amongst the crops (see section 5.4.3). The palatability and toxicity of taxa should also be

considered;

3 — the behaviour of wild seeds in relation to crop processing. An assemblage of dung-derived seeds



is not expected to represent a product or by-product of a specific processing stage when the seeds
are classified by their physical attributes relevant to crop processing (see below). Dung-derived
assemblages from Abu Salabikh (southern Iraq), Jeitun (Turkmenistan), and Catalhdyiik formed
distinctive groups in the discriminant analyses when compared to the ethnographic samples of
known processing stages from Amorgos, indicating that they were not formed by a cereal
processing stage (Charles 1998: Charles & Bogaard 2010: 156; 115; Filipovi¢ 2014; 92; Jones
1984; 1987a);

4 — the association of crop varieties and plant parts. This criterion takes into account the likelihood
of maslins and the expected proportion of plant parts at particular stages of the processing sequence
(Tables 5.1 and 5.2). For example, hulled and free-threshing crops are unlikely to have been fully
processed together, and processing waste from one crop would not be added to the product of
another. The 'unusual' association of crop types and plant parts may therefore be suggestive of
animal feed and/or additions to dung cakes. However, it is possible that such assemblages represent

deliberate mixes of processing waste and infected products to be burnt.

There is no clear evidence to suggest that dung was burnt as fuel during the Neolithic in the
research area. Burnt dung pellets and/or fragments were not found in any of the flots analysed for
this thesis (Chapter 7), and none are mentioned in the archaeobotanical records included in this
thesis (dung pellets associated with mineralised seeds were found in Slatina and Kapitan
Dimitrievo; Marinova 2006: 38-9). Wild taxa that are unlikely to have been crop weeds consist of
edible species gathered for their fruits/nuts and the aquatic Utricularia vulgaris found at Anza (site
1, Table 8.1) (Renfrew 1976). Wetland species are included within the 'weed' assemblages for
reasons discussed in section 5.4.3. Although assemblages in Chapter 7 are not compared to those
from Amorgos using discriminant analysis, the physical attributes of individual seeds within
assemblages all point to the same crop processing stages, in accordance with the type and relative
proportions of cereal remains. Assemblages in Chapter 7 are predominantly composed of emmer
and/or einkorn chaff and/or grains, indicative of crop processing stages. Consequently, with the
possible exemption of a sample from Tasnad Sere (Chapter 7.1.3), dung is not thought to have been

a source of wild/weed seeds analysed in this thesis.

2. Remains from this category are rare and usually identified when found in situ. They are difficult
to interpret — why would anyone burn their food reserves? Reasons include the sterilization from

infestations of pests or fungi, and destruction during the common practice of house burning



(Stevanovi¢ 1997; Tringham 2005). Another possibility is the spontaneous combustion of stored
grains as heat is released from fermentation. Indeed modern silos are kept well-ventilated to avoid,
amongst other problems, such catastrophes (cf. Sigaut 1988: 8-10). Burnt grain and/or pulse stores
are readily noticeable during excavations and may be collected even if other forms of
archaeobotanical sampling are not planned. Of the samples examined for this thesis two are from
such stores, and both are from sites where other deposits were not sampled (Kori¢a Han and

Bapska, Chapter 7.5 and 7.6).

3. Cereal processing — the stages through which cereal plants are processed in order to obtain clean,
edible grain — acts as a series of filters through which plant parts are separated or grouped according
to size and weight (Tables 5.1 and 5.2). Consequently, every stage will have a signature product and
by product, which if burnt and recovered as an archaeobotanical assemblage, should be informative
as to the cereal processing sequence (Dennell 1972, 1974, 1976). As is alluded to above, arable
weeds, chaff, grains and pulses removed during crop-processing and food preparation constitute the

[

most commonly recovered charred archaeobotanical finds; “...charred plant material is 365 times
more likely to relate to waste from routine processing activities conducted day-in, day-out than to
the once-in-a-year or occasional burning event” (Fuller & Stevens 2009: 40). Heat is often required
during crop-processing, in stages such as drying for malting, hardening for grinding and drying for
dehusking (Nesbitt & Samuel 1996: 42). Burnt crops may also originate from roasting for beer and
other forms of cooking. Although parching (heating spikelets to 150°C or above, Nesbitt & Samuel
1996: 42) to facilitate dehusking is often suggested to explain the presence of burnt grain and chaff,
ethnographic studies have shown that the exposure of hulled grains to facilitate dehusking is not an
a priori but in fact depends upon several environmental, technological and cultural factors
(D'Andrea & Haile 2002: 204; Hillman 1984a: Fig.3; Nesbitt & Samuel 1996; Nesbitt et al. 1996:
237; Pefia-Chocarro 1996: 139-40; Pefia-Chocarro 1999: 41; Pefia-Chocarro et al. 2009: 107). In
areas with short, wet summers fires/ovens may be used to dry, but not necessarily parch, spikelets
that are harvested early and/or cannot be dried under the sun (Hillman 1981: 138-40; Meurers-Balke
& Liining 1999: 241; Monk & Kelleher 2009; Nesbitt & Samuel 1996: 46). Pefia-Chocarro notes
the use of raw flames during the processing of emmer and spelt in Asturias; “the final result is a
quick burning of the awns and partial parching of some glumes” (1996: 139). Hillman (1984b: 141-
3) describes the burning of glume wheat sheaves in Turkey: sheaves are laid out on the threshing
floor and fired to remove the straw, though weed seeds and spikelets may also become burnt. The
absence of charred straw culm nodes in samples from the research area suggest that if this practice

did occur it was performed outside the settlements. Ethnographic observations of non-mechanised
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farming communities and experimental research have helped to tease out the various stages of crop
processing, where these are likely to have taken place and the resulting products and by-products
(e.g. D'Andrea & Haile 2002; Hillman 1981, 1984a, 1984b; 1985; Jones 1984, 1987; Meurers-Balke
& Liining 1999; Palmer 1998a; Pefia-Chocarro 1996; Pefia-Chocarro 1999; Pefia-Chocarro &
Zapata Pefia 2003; Pefia-Chocarro et al. 2009). The most obvious and pertinent conclusion from
these studies is that there are only a limited number of ways by which clean, edible grains and
pulses can be obtained from their plants. Crop-processing clearly follows a logical sequence with
slight variations adapted to the crop type and climatic conditions (Tables 5.1 and 5.2). Threshing
and winnowing, for example, are commonly thought to have been done outside and away from the
habitation zones, but Sigaut (1989: 119-121) notes that in northern Hungary where rains were likely
after harvest, horses were used to thresh wheat indoors. With the latter in mind, G. Hillman (1981,
1984a; 1984b; 1985) and G. Jones (1984) described and illustrated the crop-processing stages of
hulled and free-threshing cereals, as well as pulses, observed during ethnographic studies in Turkey
and Greece. The stages are divided into those that probably required a greater input of labour and
occurred on the periphery of a habitation zone, such as winnowing and threshing of the whole crop,
and those that could be done within households on a more piecemeal basis, such as pounding,
sieving, hand sorting and grinding. Consequently, products and by-products from the more
'domestic’ stages are more likely to have come into contact with fire, possibly the same fire, and be
preserved in the archaeological record (Fuller & Stevens 2009; Fuller et al. 2014a; Jones 1987a;
Stevens 2003, 2014). For example, the bias between free-threshing and hulled cereal chaff may be
due to the fact that the former is removed during the first threshing and winnowing, whilst hulled
grains are often stored in their glumes which are later removed (along with any remaining weed
seeds) before cooking. Hillman (1981) and Jones' (1984) models are described in Tables 5.1 and
5.2. Additionally, hulled wheat processing stages, their products and by-products are illustrated in
Figure 5.1.
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Figure 5.1: Processing stages for hulled wheats. (1) threshing (2) raking (3) 1* winnowing — light weed seeds, some
awns removed (4) coarse sieving — weed seed heads, unbroken ears, straw fragments removed (5) 1* fine sieving —
small weed seeds and awns removed (6) pounding (7) 2™ winnowing — paleas, lemmas and some awns removed (8)
sieving with medium-coarse sieve (9) 2™ fine sieving — glume bases, awns, remaining small weed seeds and tail grains
removed (10) hand sorting — removal of grain-sized weeds by hand (Stevens 2003: Fig.1).



EVENT METHOD PURPOSE RESULTS COMMENTS
Harvesting | By reaping (sickle, If by sickle some straw nodes may be removed, less with May be stored in sheaves and
scythe), or scything, whilst uprooting will lead to some basal culm ears plucked off daily
uprooting nodes within the assemblage
Drying In fields, barns and To reduce moisture content to All the weeds, weed | Drying by fire is unlikely to be
rarely kilns or facilitate threshing heads, straw and grain practised at this stage, so
ovens in ears are still present charring is less likely
Threshing By flailing, To separate the spikelets from the | Straw and broken ears, | Sweepings from threshing floor
lashing, trampling ears and main chaff consisting of rachises, high in rachis nodes, weed
or sledging awns and spikelets seeds, awns and some spikelets
Raking With rake To remove coarser components: Straw and coarser Straw may be burnt as tinder
straw and weed plants weeds separated from but is more likely used for
spikelets, free weed animals or as temper for daub
seeds and rachises
Winnowing | Outside or in large To remove lighter components: | Removes chaff and SFL | Fragile by-product is unlikely
barns straw, chaff and light seeds seeds from spikelets to be collected; may be burnt
and heavier seeds
1* Sieving With medium to To remove larger components: Spikelets, smaller weed | By-product in sieve may be
) coarse riddle headed seeds, seed-heads and seeds and rachis burnt
straw nodes fragments fall through
the sieve
1* Sieving | With 'wheat-sieve'. To remove finer components: Spikelets, spikelet-sized By-product may be burnt:
(ID) Sometimes omitted weeds, awns and loose rachis weed seeds and maybe | smaller seeds, rachises, straw
especially segments some straw are retained and freed grain
seed grain
Hand Picking out of To remove contaminants the same size as spikelets before | By-product may be burnt: larger
Sorting large weed they are broken up seeds, seed-heads, straw, stones,
seeds/heads etc.
Drying In ovens or kilns | To reduce the moisture content of To prevent loss to Accidental burning of spikelets
prior to storage spikelets fungi/bacteria during | and large seeds if no prior hand
storage sorting
Parching In ovens or kilns. | To ease the removal of grains from | Spikelet forks become As above. Parching may be
May be omitted | glumes if their moisture content is | brittle & easily removed | omitted in warmer climates
high during pounding
Pounding With pestle and To release grains from glumes, Grain, empty spikelet | Some freed grain and chaff may
mortar or widely paleas, etc. forks, glumes, awns, spill over the edge and later
set quern etc. (unless parched) swept into fires
2nd Outside or covered | To remove the lighter chaff: awns, | Free grain and heavier | If waste is burnt it is unlikely to
Winnowing | area in light breeze paleas, lemnas chaff are retained survive as macro-remains

2" Sieving

With medium-
coarse riddle

To remove unbroken spikelets,
spikelet forks, larger glume bases
and spikelet-sized seeds

Grain, glume bases and
small spikelet forks fall
through as a product

Retained spikelets may be re-
pounded until most of the grain
has been collected

3“and 4" | With 'wheat sieve' | To remove SFH seeds and chaff. | Free grain, larger seeds By-product may be burnt
Sieving Light chaff brought to the surface | and chaff are retained
by agitation
Hand Removal of any To remove any remaining This stage may be By-product may be burnt:
Sorting remaining large contaminants, namely BFH seeds omitted but will grain-sized weed seeds and any
weed seeds guarantee clean grain remaining heavier chaff
Preparation By boiling, Preparation of grain for immediate | Chaff may be present | These products, as ingredients
of Groats, | cracking, roasting, consumption or brewing, bread | depending on efficiency | and prepared food, are the least
Milling milling with saddle making, etc. of sorting and milling. likely to become charred

Malting, etc.

Or rotary quern,
germinating the
grains, etc.

Malting: germinated
grain and some spikelet
forks

Table 5.1: Crop-processing stages for hulled wheats, after Hillman 1981: Fig.5 (modified from Stevens 1996: Table
5.1). See below for explanations of SFL, SFH and BFH seeds.




EVENT METHOD PRODUCT BY-PRODUCT COMMENTS
Harvesting By reaping Uprooting: ears, Reaping: culm bases, | By-products usually of use
(sickle, scythe), | straw, weeds, culm depending on and so not burnt
or uprooting bases, root nodes harvesting height
Drying In fields, barns As above Uprooting: roots and | Drying by fire is unlikely to
and rarely kilns culm bases removed | be practised at this stage, so
or ovens charring is less likely
Threshing By trampling, | Grains, awns, weeds Rachises, coarse
beating or and chaff weeds and
sledging undamaged straw
Raking With rake Free grain, fine chaff, Coarser straw
rachises and weed fragments, some
seeds rachises and awns
Winnowing With a fork. Grain, heavy chaff, Lighter weeds, Used for fodder, fuel and
outside or in rachis fragments and | lighter chaff and most| temper. Less likely to be
large barns heavier weed seeds awns preserved as charred macro-

remains if burnt

Coarse sieving

With a medium-
coarse riddle
(mesh > grain)

Grain, weed seeds,
some rachises and
awns

Straw, weed heads,
large weed seeds and
some rachises

Sometimes omitted, possible
fodder or fuel

Grain storage

In pits, granaries,
baskets, etc.

As above

As above

Stored as food or fodder.
Perhaps charred when
storage is sterilized?

Fine sieving

Mesh < grain

Grain, grain-sized
weed seeds and few
rachis fragments

Most small weed
seeds (including tail
grains), remaining
rachis fragments and
awns

Often used as chicken feed,
though could be used as fuel

Grain storage

(Hillman 1984:

fig.2)

In wet areas
dried in
kilns/ovens

As above

As above

Possible charring during
drying or cleaning of storage
areas

Hand Sorting

To remove final
contaminants

Clean grain ready for
milling, roasting, etc.

Grain-sized seeds,
larger rachises and

straw nodes

Either burnt or mixed with
fine sieving by-products

Table 5.2: Crop-processing stages for free-threshing cereals, after Jones 1984: Fig.1 (modified from Stevens 1996:

Table 5.2)

At every stage described above weed seeds are retained with or removed from the crop depending
on their physical characteristics. Based on three physical characteristics, Jones (1984; 1987a)
defined six groups by which weed seeds could be classified, and demonstrated that the association
between these groups and the by-product of cereal processing stages are statistically significant:
1. SFL (small, free, light - possibly with aerodynamic appendages like wings or hairs). These
seeds will be removed during winnowing;
2. SHL (small, headed, light), SHH (small, headed heavy) and BHH (big, headed, heavy);
These will be removed during coarse-sieving. The 'headedness' of a seed refers to its

allocation in a seed head or cluster, or attachment to an adherent fruit (that may not survive



charring), making it larger than the individual charred seed;
3. SFH (small, free, heavy). These will be removed with a fine sieve;
4. BFH (Big, free, heavy) seeds that remain in the fine sieve (with cereal grains) are removed

by hand.

When using the above models to interpret archaeobotanical remains it is important to consider four
main points:
1. Carbonisation and other taphonomical factors will affect assemblages so that original ratios
of grains, chaff and weeds in products and by-products are unlikely to be retained;
2. a headed seed may not remain so during processing. Coarse sieving may loosen seeds from
ripe seed-heads;
3. the mesh size of sieves will determine the size categories of seeds. Although these artefacts
are not usually recovered, mesh size can be estimated from the cereal grain sizes, since these
tools are used to let spikelets through, retain spikelets and finally grains, (Dennell 1974:
276). D'Andrea and Haile (2002: 200-2) describe how in Ethiopia different grain varieties
and plant parts were separated through the skilled handling of flat baskets, suggesting that
the sequential use of coarse and fine sieves (separation by size) is not the only way to
remove impurities;
4. burnt waste usually ends up mixed together so that by-products (and possibly products) of

several stages, even from different crops, may be found amalgamated.

5.1.4 After carbonisation

The plant parts that survive carbonisation are then subject to cultural and natural processes that can
further transform the composition and preservation of charred assemblages (Schiffer 1972, 1976,
1983, 1987). Many authors have devised models showing the life history of archaeological artefacts
in order to more accurately define formation processes and human behaviours (e.g. Binford 1964,
1983, 2001; Flannery 1976). Between charring and their archaeological recovery the preservation
and location of plant macro-remains will be affected by the way in which they are discarded (from
being thrown onto a more or less trampled surface to being directly discarded into a pit or ditch);
buried and possibly re-buried; the weather before and after burial (effects of wind, rain, freeze-thaw,
desiccation of the soil matrix); bioturbation; ploughing and other physical and chemical disruptions
of contexts (Binford 1964, 1983, 2001; Brantingham et al. 2007; Gallagher 2014: 28-33; Pearsall
2015: 34-44; Flannery 1976; Hillman 1991; Hilton 2003; Needham & Spencer 1997).



In the Balkans the concentration and ubiquity of charred plant macro-remains varies between
flat/open and tell sites (Bogaard & Halstead 2015: 391; Valamoti 2004: 132, 2005); indeed the
difference in the quantity and range of taxa between the tell and small flat sites included in this
research is clear (Table 8.6). The necessity to burn waste may have been dictated by the relative
lack of living space within tell sites compared to flat sites. In open settlements waste from food
preparation may easily have been discarded uncharred or beyond the habitation zone, or more
readily kept as animal feed. Plant foods at tell sites may also have been more regularly burnt
through the wide-spread social practice of house burning (Stevanovi¢ 1997; Tringham 2005). Once
burnt, plant remains are more likely to have been buried in growing tell sites than at ephemeral open

sites.

Hubbard and Clapham (1992) devised a tripartite classification of archaeobotanical samples to
describe their contextual integrity. 'Class A' encompasses samples whose provenance can be clearly
defined and whose wider archaeological contexts is also unambiguous. Such samples are invariably
from category two described above and include such examples as the in situ bowl of burnt peas at
Drenovac (Peri¢ & Obradovi¢ 2012: 18). 'Class B' incorporates samples whose origins are as clear
as those from Class A but that have then undergone a degree of mixing, “that can be dis-entangled
(at least partially) with a high degree of confidence” (Hubbard & Clapham 1992: 118). Samples in
this class could originate from categories one, two and three if the association between burnt
assemblage and context is clear. 'Class C' represents the majority of samples: those of ambiguous
origins and/or with a high and obscure degree of mixing. More recently Fuller and Weber (2005:
103-7) devised another classification that places samples into one of four grades, depending not
only upon their context and taphonomical histories, but also upon the detail of their
recording/reporting. 'Grade 1/Grab Samples' include samples from unknown or poorly described
contexts and chronology, and whose provenances (in terms of human behaviour) are ambiguous.
Samples that have been combined, regardless of context or phase also belong to this grade. 'Grade
2/Presence Samples' include samples of known contextual provenance but whose descriptions lack
the detail required to enable quantification. Only the presence/absence of plant remains is obtained.
'Grade 3/Diffuse Samples' include samples with quantified plant remains of known contextual
provenance, but for which the correlation between the plant assemblage and the behaviour(s) that
created it is unclear. 'Grade 4/Behavioural Samples' are those representing primary or de facto
refuse from well-defined contexts, and from which quantified remains can be more confidently
interpreted. Grades 1 to 3 are equivalent to Class C samples but enable further separation according

to the level of their analyses/descriptions and interpretations. Grade 4 is equivalent to Class A, and
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Class B samples could be assigned to any of the grades depending upon the level of sample
description and interpretation. Since the majority of archaeobotanical data used in this thesis were
obtained from literary sources with varying methods of recording, Fuller and Weber's (2005) system

was deemed more appropriate to define the interpretative value of assemblages (Tables 8.1 and 8.2).

5.2 Excavation: the recovery of archaeobotanical assemblages

5.2.1 Retrieving samples

The sampling strategy will define both the analyses and interpretation of the plant remains, and so
should be adapted to the research questions as well as to the type of plant preservation (D'Alpoim
Guedes & Spendler 2014; Jones, M.K. 1991: 64-67; O'Connor & Evans 2005: Part IV; Wilkinson &
Stevens 2008: 149-59). Summarised below are the sampling approaches described by M. Jones
(1991: 54-5), and the possible biases created upon the plant records. Haphazard or grab-sampling
does not follow a structured pattern or reasoning but tends to result from chance finds, such as
'charcoal-rich' contexts. As a result spurious patterning may be seen in the data. Judgement
sampling assumes an a priori knowledge as to where plant macro-remains are likely to be found, an
assumption which is then reinforced by the recovery of expected assemblages. Interval sampling
relies upon a fixed grid or approach, such as ten litres every other square metre, over a defined area.
Problems arise when possible patterning in the data is confused with that of the sampling. Total (or
blanket sampling) and random sampling lend themselves best to subsequent statistical manipulation
of the data as the patterning in the sampling should not affect the distribution of plant remains.
Random sampling is best combined with an additional form of sampling to avoid missing 'rich’
contexts or those relevant to research questions. Once contexts have been chosen for sampling, a
composite or pinch approach should be taken in which the sample is composed of soil from across
the context rather than from a single point (Pearsall 2015: 76). When sampling a feature it is useful
to also sample around it for comparison. The majority of the site reports used in this thesis do not
describe the sampling strategy, their contextual provenance or how many of the features/layers were
sampled. At the site level therefore, it is mostly impossible to evaluate how representative the plant

remains are, or to gain any understanding of their economic importance (cf. Dennell 1976).

5.2.2 Processing samples

As carbon floats water is usually used to separate charred plant macro-remains from the soil matrix
(Pearsall 2015: 46-74; White & Shelton 2014: 99-105). Separation by size through wet or dry
sieving does not isolate carbonised plant parts from other mineral and organic items as efficiently.

There are various, slightly differing ways of doing flotation though all rely on differences in density

91



between the mineral and organic constituents of bulk soil samples (Pearsall 2015: 46-74;
Pennington & Weber 2004: 15-16; White & Shelton 2014: 99-105). The two main techniques are
bucket and machine flotation. Personal experience has shown that the former tends to be less
efficient, requiring more labour and time to process larger samples. It is also more difficult to avoid
fine minerals being washed into the flot, making post-excavation laboratory work lengthier.
Machine flotation allows for many more and much larger samples to be processed in a given time.
Processing time is directly affected by soil type. Although seeds may be better protected in dense,
cushioning clay than rough, scabrous sand, clay-rich samples will take more time and energy to
process. Loosening of the soil is helped by a constant input of pressurised water below the sample,
and its constant flow facilitates lighter components to drain into the flot mesh. The size of the latter
is paramount and should be recorded; the absence of small seeds in assemblages can simply be due
to the use of too large a sieve (cf. White & Shelton 2014: 101). Contamination between samples is
more problematic in machine than bucket flotation as buckets are easily cleaned between samples.
Small buoyant seeds, carbonised or not, can remain adhered to the surface of the flotation tank until
the next sample is processed (cf. Keepax 1977). Not all plant macro-remains will float however.
Dense charcoal with low porosity, carbon structures covered in fine clay and mineralised seeds tend
to remain in the heavy fraction. Froth flotation (the Cambridge machine) was developed in the late
1960s to avoid problems arising from inefficient buoyancy and the risk of losing materials through
the mesh retaining the heavy fraction (Dennell 1978; Pearsall 2015: 51-52). Unfortunately, its
reliance upon a frothing agent (terpineol) and a paraffin (often kerosene) make for obvious
complications. Though painstaking and slow, it is therefore important to manually sort through the
heavy fraction, not only for plant remains but also for small bones and other artefacts. Carbon
structures can burst if dried too quickly so light and heavy fractions are best left to dry naturally in a

shady and well ventilated area.

5.3 Post-Excavation: the identification, quantification and interpretation of archaeobotanical
assemblages

5.3.1 Identification

As noted above, the size and shape of plant macro-remains can be greatly altered before, during and
after their inclusion into the archaeological record, making identifications more or less possible (cf.
Fritz & Nesbitt 2014). Correct identification relies upon a low-powered microscope and a modern
seed reference collection. Seed manuals with photographs and/or drawings are helpful but should
not replace the necessity to compare ancient specimens with modern ones (Fritz & Nesbitt 2014:

130). Reference collections vary in the array and provenance of their taxa so that the use of a



particular collection may be more appropriate than another (Hillman et al. 1993: 98-99). The
collections and manuals used should be noted, along with the state of preservation of the
archaeobotanical remains. Defined parameters by which to describe the state of burnt plant remains
create a useful scale by which descriptions can be standardised between samples and sites. Such
scales are used for cereal grains and are often created by the analyst as a common scale has yet to be
universally accepted and used (e.g. Hubbard & al Azm 1990). Archaeobotanists at the 1992 London
workshop on the identification of wheat concluded that: chaff is more identifiable than grain;
identifications of charred caryopses are not absolute as their morphology changes over time and
space (not to mention the effects of preservation conditions), and that the identification to ploidy
level can be reached but the use of terms such as einkorn, emmer and spelt are not directly
equivalent to modern taxa (Hillman et al. 1996: 206-7). They concluded that “adequate explanation
of how specimens have been identified, and suitable illustrations should be a routine part of
publication.” (Hillman et al. 1996: 206). Nevertheless, and thanks to detailed descriptions and
illustrations, it is possible to confidently identify cereals and to separate the glume wheats,
including emmer and the 'mew' type (Bogaard et al. 2013a; Charles & Bogaard 2010; Fritz &
Nesbitt 2014: 135-36; Jones 1998; Jones et al. 2000a; Kohler-Schneider 2003).

5.3.2 Quantification

“The purpose of quantification is accurate description, and the purpose of description is
comparison” (Hubbard & Clapham 1992: 117). Hubbard and Clapham (1992) have argued that
quantifying remains from Class C samples is simply a waste of time. Scales of abundance however,
are problematic and prone to subjectivity. Class C samples tend to represent routine, daily activities
which can be understood through relative proportions in adequate samples (Fuller & Weber 2005:
104-5; Fuller & Stevens 2009: 40; Fuller et al. 2014A: 206; Stevens 2003: 71-2). Other reasons to
quantify remains in Class C samples would be to explore taphonomical histories within and
between sites. It is only through quantification that archaeobotanical data lends itself to statistical
analyses, enabling robust, measurable and repeatable descriptions and comparisons (Jones, G. 1991;

Lange 1990; Marston 2014).

5.3.3 Interpretation

Interpretation can begin once the taphonomical history, context and composition of a sample (both
in terms of quantity and quality) have been described and understood. One must remember that
although it is the ancient use of plants that archaeobotanists may try to decipher, it is mostly that

which was discarded that is discovered, making it necessary to work 'backwards', from the waste to



the wanted. As is described above, ethnographic and experimental models provide useful
comparative schemes by which the proportion of plant parts and their physical characteristics may
be interpreted (grain vs chaff, light vs dense, large vs small, smooth vs rough, etc.) (Hillman 1981,

1984a; Jones 1984, 1987a; Stevens 2003: 63; Wilkinson & Stevens 2008: 74-5).

5.3.3.1 Cereal grains
As grains are the desired product of cereal farming, samples rich in grain are problematic and have
been interpreted in various ways (e.g. van der Veen & Jones 2006: Table 1). Large quantities of
carbonised grains have been used to indicate both producer and consumer sites (Hillman 1981;
Jones 1985a). Hillman (1981) argued that clean grain would be more frequent on consumer sites,
especially in comparison to waste from the early stages of crop processing performed on producer
sites. Conversely, Jones (1985a) suggested that clean grain would be more frequently burnt at
producer sites where it was more common. Such approaches, however, have been critiqued for
being over simplistic, masking more complex roles and relationships between sites (Fuller et al.
2014a: 182-86; Stevens 2003; van der Veen 1992: 91-99; van der Veen & Jones 2006). Furthermore,
research now indicates that concentrations of burnt grain are more likely to reflect the frequency
and scale of handling grain be it on producer or consumer sites (Fuller et al. 2014a; Stevens 2003;

van der Veen 1992: 91-99; van der Veen & Jones 2006).

5.3.3.2 Edible wild plants
The consumption of wild plants can be difficult to prove and the full array of wild foods utilized in
prehistory surely remains unknown (cf. Jacomet 2009: 53; Tolar et al. 2011: 212). Ethnographic and
literary studies describe a broad spectrum of plants that remain important nutritional supplements to
a crop based diet (e.g. Bharucha & Pretty 2010; RedZi¢ 2006; Selleger 2014; Tardio & Pardo-de-
Santayana 2006). Few of the gathered edible plant parts will be retrieved from carbonised
assemblages. Whilst heat may have been required to process some wild plants, it is reasonable to
suggest that many leaves, seeds, bulbs, young stems, etc. were eaten raw or boiled. Even if burnt,
only seeds and parenchymous tissue are likely to have survived. The latter is a useful source of
evidence for the consumption of roots and tubers (Hather 2000). Most vegetative parts would have
been collected young before the production of seeds, so that the latter cannot always be direct
evidence that a plant was eaten. Nutshells and fruit stones are the clearest evidence for gathered
edible plants, partly because they are still considered food today and partly because they generally
retain their shapes during carbonisation. Evidence for the gathering of plants in the Early Neolithic

is often used to infer connections with hunter-gatherers, either through ancestry or local
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interactions, though such arguments are clearly invalid (Colledge & Conolly 2014: 202). It is for
instance, estimated that gathered wild plants represented 40% to 50% of the diet at the Neolithic
Alpine lake shore settlements (Arbogast et al. 2006: 410; Jacomet 2006b: 81; 2009: 54).

5.3.3.3 Arable weed seeds
'Weed' seeds growing amongst crops are of great interpretative value, revealing information on the
habitat conditions and husbandry regimes under which crops were grown (Bogaard 2004b; Fuller et
al. 2014a: 182 and references therein; Jones 1988a, 1988b; Palmer 1998b; Stevens 1996; and see
below). Weed management, irrigation, fertilization, sowing times, fallowing and crop-rotation are
just some of the crop husbandry practices that can be elucidated through the study of 'weed' seeds.
Such studies are based on four main approaches: 1- Ellenberg numbers; 2- modern
phytosociological groupings of wild taxa; 3- modern ecological traits of individual taxa; 4-
functional attributes of modern taxa and their ecological significances: FIBS — Functional

Interpretation of Botanical Surveys.

1. Ellenberg numbers, or 'indicator values', are a series of scales that subjectively measure a species'
tolerance to major environmental variables (Ellenberg 1988). These values are used to create groups
of taxa, or units, which can then be associated with particular growing conditions and agricultural
regimes. Ellenberg numbers were created from field observations for a large number of central
European plant species (Ellenberg 1988: 675). However, equating these groups to specific
agricultural practices can be ambiguous as 'indicator values' do not explain what attribute(s)
enable(s) a particular plant to be present in a particular habitat (Charles et al. 1997: 1151-2). An
additional concern is the applicability of these values to ancient arable weeds growing in different
climatic and geographical milieus (Behre & Jacomet 1991: 83-4; Hillman 1991; Jones 1992: 103-4;
Kiister 1991). 'Ellenberg indices' must be used with caution, bearing in mind that plant
phytosociological groupings are sensitive to anthropogenic changes and that many plants have a
broad ecological amplitude; “the farther one reaches back in time, the higher will be the hierarchical

level in plant sociology that can serve for comparison.” (Behre & Jacomet 1991: 83).

2. The science of phytosociology began in the late 19" century with the Swiss botanist and ecologist
Josias Braun-Blanquet (van der Maarel 1975: 213; Westhoff & van der Maarel 1978: 290-92).
Phytosociology describes plant communities, or syntaxa, by the presence and dominance of species;
each syntaxon is thereby defined by particular character species (Braun-Blanquet 1932; van der

Maarel 1975: 214-15; Westhoff & van der Maarel 197: 293-99). These are constructed from field
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observations and although they can be a valuable tool for reconstructing past ecologies, their use in
archaeobotany relies upon finding a reliable group of associated taxa (cf. Braun-Blanquet 1932:
336-340). Prehistoric agricultural regimes were certainly different to those of today and, as noted
above in connection with Ellenberg numbers, the assumption that phytosociological groups have
remained unchanged is questionable. Two commonly encountered phytosociological classes in
archaeobotany are the Secalietea and the Chenopodiatea (Braun-Blanquet 1932: Table 42). They
represent the weed communities of winter cereal and summer root/row crops, respectively
(Oberdorfer 1979, cited in Ellenberg 1988: 627). Weeds of the Chenopodiatea class are nutrient-
demanding species, need higher temperatures to germinate and tend to have short life cycles (c.6
months) (Ellenberg 1988: 628). Conversely, those of the Secalietea have longer life cycles and are
not as demanding for light, warmth and temperature (Ellenberg 1988: 628). They are therefore at a
competitive advantage in winter crops. The classification of weeds into these two classes is based
on observations in fields of winter rye and summer oats and beets grown in central Europe during
the first half of the 20" century (van der Veen 1992: 106). Such crops were not grown during the
Neolithic in the western Balkans (Chapter 8), and rye is not a good example of a winter cereal; “It
develops more quickly than the other cereals, casts more shade than the others earlier on in the
growing season, [and was] not normally harrowed and hoed in spring.” (van der Veen 1992: 107).
Winter rye and summer oat represent extreme arable conditions, whilst intermediate conditions
existed with winter and summer wheat (Ellenberg 1950, cited in van der Veen 1992: 107). In fact, as
husbandry practices (particularly intensive ones) change natural conditions, habitats of the two
classes can become increasingly similar, to the extent that some authors place all arable weed
communities into a single class: Stellarietea mediae (Richard & Tiixen 1973, cited in Ellenberg
1998: 629). Nevertheless, a study on the weed flora of pulse crops in Evvia (Greece) demonstrated
that plants of the Chenopodiatea and Secalietea classes are associated with particular husbandry
regimes (Jones et al. 1999). Weeds of the root/row-crops were found within the small, intensively
managed plots, whilst the 'winter' weeds were restricted to larger plots where pulses were grown

less intensively.

3. Biological and ecological traits of taxa can be used to explore certain aspects of husbandry
regimes. Kreuz and colleagues (2005, 2011) used modern data on the life forms, life span and
reproductive methods of modern taxa in Germany (available from the BIOFLOR database) to assess
the LBK weed assemblages. By grouping and comparing the weeds by ecological characteristics,
Kreuz and colleagues were able to argue for certain agricultural practices, mostly in opposition to

those suggested by other authors using other analytical approaches, as, for example, sowing times
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and intensity of disturbance of LBK cereals: autumn-sowing with high disturbance through weeding
(Bogaard 2004b: 164-65) versus spring-sowing with low disturbance (Kreuz et al. 2005: 251; Kreuz
& Schéfer 2011: 341-42, 346). The latter conclusion is drawn from the relative proportion of
competitors (said to be indicators of stable, undisturbed habitats) and ruderals, rather than on a
FIBS approach and comparisons to weed floras of known cultivation regimes from Germany

(Bogaard et al. 2005: 508).

4. The application of FIBS in archaeobotany is based on a plant's measurable physical
characteristics developed in response to specific ecological factors (such as leaf thickness, stomatal
density and canopy height) (Bogaard 2002a; Bogaard et al. 1998, 2016a,b; Charles et al. 1997;
Charles et al. 2002; Jones 2002; Jones et al. 2000b, 2005, 2010). It should therefore be possible to
understand the past land management practices of agricultural systems (representing the ecological
conditions under which arable weeds grew), from the functional attributes recorded in modern
species. “FIBS provides a means of relating the behaviour of individual plant species to specific
ecological variables, thus overcoming the limitations of previous approaches based on field
observations” (Bogaard 2004b: 7). Functional attributes have been recorded from modern weed
floras across NW Europe, the Mediterranean and the Near East (Bogaard et al. 1999, 2001; Charles
et al. 1997; Charles et al. 2002; Charles & Hoppé 2003; Charles et al. 2003; Jones et al. 1995,
1999, 2000b; Palmer 1998). Apart from flowering data which is best sourced from local floras, the
use of combined attribute measurements seems to be applicable across broad geographical areas, at
least within those mentioned above (Jones et al. 2005: 503). Problems arise when a single
functional attribute is seen to be an adaptive trait to more than one habitat; when a single habitat can
evoke different adaptive strategies, and when a single ecological factor can affect attributes usually
associated with other conditions (Jones et al. 2005: 503-4). These difficulties can be minimised by
using independent means to establish certain parameters, such as sowing time, and by the careful

selection of a group of attributes (Jones et al. 2005: 503-4).

the first three approaches rely on the principle of uniformitarianism, but to various degrees.
Approaches one and two assume that a community of plants growing in particular conditions in the
present, would have grown under the same conditions in the past. As is alluded to above, both plant
communities and arable conditions, may not be directly comparable between the past and the
present. The third approach assumes that the phenotypic and genetic traits of wild plants have not
changed since the early Holocene. FIBS mitigates these problems by relying on a suite of species,

which as an ensemble provide the most robust interpretation of past husbandry regimes (Charles et
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al. 1997). All approachers are subject to the careful selection of archaeobotanical data after due
consideration of taphonomical pathways (Hillman 1991: 36-7). As mentioned above, phenomena
affecting the formation of seed assemblages make it difficult to evaluate the integrity of a sample.
Not only will seeds have been lost but those of various provenances may end up buried together,
including modern burnt seeds. In March 2015 I noticed farmers burning the stubble from their fields
in eastern Croatia and northern BiH, potentially transforming remaining seeds lying on the surface.
If, through ploughing, bioturbation, etc, the latter were to contaminate the archaeological record
(such as the buried soils under the plough horizon excavated in northern BiH: Chapter 7.4), they
would be very difficult to separate. Particular wild plants may have grown both within and outside
crops (true and pseudo-facultative weeds). It is also worth remembering that not all
archaeobotanical wild plant seeds came from arable weeds; some could originate from dung or
represent wild foods and plants collected for other uses. Others, such as perennials and rhizomatous
plants like sedges may not be obvious weeds, but can in fact be indicative of the level of cultivation
longevity and intensity (see section 5.4.6). An additional problem lies in differentiating seeds that
were brought with the crops from other regions (anthropochores) to those from native plants
(apophytes), as clearly these would form an unnatural grouping. The 'weediness' of a species may
be even more inconclusive on early agrarian sites where land was first cleared for farming. In their
study on archaeophyte and neophyte species in former Yugoslavia, Silc and colleagues (2012) found
that the former were closely associated with ha