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Preface of the series editors

With this book series, the Collaborative Research Centre ‘Scales of Transformation:
Human-Environmental Interaction in Prehistoric and Archaic Societies’ (CRC 1266)
at Kiel University enables the bundled presentation of current research outcomes
of the multiple aspects of socio-environmental transformations in ancient societies
by offering this new publication platform. As editors, we are pleased to be able to
publish monographs with detailed basic data and comprehensive interpretations
from different case studies and landscapes as well as the extensive output from
numerous scientific meetings and international workshops.

The book series is dedicated to the fundamental research questions of the CRC
1266 dealing with transformations on different temporal, spatial and social scales,
here defined as processes leading to a substantial and enduring reorganization of
socio-environmental interaction patterns. What are the substantial transformations
that describe human development from 15,000 years ago to the beginning of the
Common Era? How did the interaction between natural environment and human
populations change over time? What role did humans play as cognitive actors trying
to deal with changing social and environmental conditions? Which factors triggered
the transformations that led to substantial societal and economic inequality?

The understanding of human practices within the often intertwined social and
environmental contexts is one of the most fundamental aspects of archaeologi-
cal research. Moreover, in current debates, the dynamics and feedback involved
in human-environmental relationships have become a major issue looking at the
sometimes devastating consequences of human interference with nature. Archae-
ology, with its long-term perspective on human societies and landscapes, is in the
unique position to trace and link comparable phenomena in the past, to study
the human involvement with the natural environment, to investigate the impact
of humans on nature, and the consequences of environmental change on human
societies. Modern interlinked interdisciplinary research allows for reaching beyond
simplistic monocausal lines of explanation and overcoming evolutionary perspec-
tives. Looking at the period from 15,000 to 1 BCE, the CRC 1266 takes a diachronic
view in order to investigate transformations involved in the development of late
Pleistocene hunter-gatherers, horticulturalists, early agriculturalists, early metal-
lurgists as well as early state societies, thus covering a wide array of societal forma-
tions and environmental conditions.

The volume How’s life? Living conditions in Europe during the 2nd and 1st
millennia BCE brings human beings and their daily routines into focus for a time
period that is characterised by superordinate transformations driven by innova-
tions in metal working, increasing social complexity, and early globalisation. The
edited volume furthermore disputes the modern pictorial representation of Metal
Age living conditions and intends to supplement the current state of the art on the



‘big’ questions of Metal Age transformations by providing a perspective on everyday
life. It aims at providing a ‘feeling’ for life in the past and encourages the pursuit of
a holistic understanding of ancient lifetimes. The book is the outcome of the session
‘Socio-Environmental Dynamics over the Last 12,000 Years: The Development of
Landscapes IV’ organized by the group of editors Marta Dal Corso, Wiebke Kirleis,
Jutta Kneisel, Nicole Taylor, Magdalena Wieckowska-Liith, and Marco Zanon at
the International Open Workshop of the Graduate School ‘Human Development in
Landscapes’ and the CRC1266 ‘Scales of Transformation’. We are very thankful to all
of the editors for their engagement during the workshop and the preparation of this
volume, but in particular to Marta Dal Corso for taking on the in depth editing of
this book. Many thanks go also to Katharina Fuchs and Hermann Gorbahn, who con-
trolled the editing flow, and Carsten Reckweg, especially for preparing the figures
for publishing. We further wish to thank Karsten Wentink, Corné van Woerdekom
and Eric van den Bandt from Sidestone Press for their excellent responsive support
in realizing this volume process.

Wiebke Kirleis and Johannes Miiller
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Editors’ preface

The focus of archaeological research on the European Bronze Age has mainly been
placed on those aspects which are novel in respect to previous periods; such as
mobility, including long-distance transport and cultural exchanges, and metalwork,
related for instance to warfare and social status. Most recently, the ever-increasing
and broadening aDNA dataset has added to theories about the genetic ancestors
of geographically-distant groups of Bronze Age populations and tried to further
define the movements of people. These exciting highlights reveal the breaking in-
novations of the period, but often they concern only a small portion of population,
rare archaeological artifacts, and specialized activities, while little attention is given
to common, routine activities and general living conditions. However, the frequent
(almost standard) multi-disciplinarity in archaeological research has brought our
understanding of pre- and protohistoric human communities and their local envi-
ronments to a much more precise level than few decades ago. What do we know
then about the everyday life of Bronze Age people? And how do we graphically
depict and divulge our knowledge?

These questions form the background of the present book, which stems from
the session “How’s life? Living conditions in Europe in the 2" and 1% millennia BC”,
organised by the editors for the International Open Workshop “The creation of
Landscapes V” that took place at Kiel University (Kiel, Germany) in March 2017.
The session had three invited speakers and overall 17 oral contributions, nine of
which became the articles in this volume of proceedings. Within the book section
“Life in action: Metal production, health conditions and dietary choices”, Johanna
Brinkmann considers the economic aspects of metal production, including the
energy expenditure needed in labour and fuel procurement, which gives attention
to individual efforts. Gundula Lidke and colleagues present the anthropological
analyses conducted on human bodies found at the battlefield in the Tollense Valley
(Germany). Healed and lethal traumas, as well as chronic illnesses, are depicted,
reflecting the health conditions of the participants in this conflict before and during
the event. Finally, Sofia Filatova and colleagues present the study of botanical mac-
ro-remains in Hungary, where they investigate the role of pulses; economically-rel-
evant plants whose edibility is linked to precise preparations techniques and which
are otherwise poisonous. The book section “The place of living: Routine activities,
the management of waste and of natural resources” deals with the crops and wild
plants found on sites in northern Germany in the contributions by Almuth Alsleben
for the site of Rothenkirchen, where routine cereal processing is described, and by
Dragana Filipovic et alii about the exceptionally rich pit deposit of Wismar-Wendorf.
In the subsequent contribution, Ash Oflaz and colleagues present an overview of
olive trees in the Eastern Mediterranean: through different kinds of Olea remains
the authors explore the origins of this symbol of the Mediterranean landscape and
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diet. Finally, Magdalena Wieckowska-Liith and Immo Heske present the microfos-
sil record of pollen and non-pollen palynomorphs from the Hiinenburg hillfort
(Germany), showing the potential of the method for the reconstruction of local envi-
ronmental conditions. The last book book section “Living in the past: The (graphic)
representation of past living conditions” focuses on the character of illustrations
concerning Bronze Age societies. Yvonne Van Amerongen depicts the interior of a
Bronze Age Dutch house, combining elements known from excavations in order to
bring the building “to life”. Jutta Kneisel takes the example of the site of Bruszczewo
(Poland), where partially waterlogged conditions allowed a good preservation of
organic and inorganic items, for the creation of realistic illustrations and the discus-
sion of previous overly idyllic scenes.

As editors, we are extremely thankful to all the contributors to the volume, as
well as to the session, for the productive scientific discussion that hopefully will
shed some new light on the everyday life of Bronze Age people. Thank-you also to
the CRC 1266 “Scales of Transformations in Prehistoric and Archaic Societies” for
accepting our proceedings in this series and for the support given by the CRC1266
Office. Thank-you also to Samson Goetze for the book cover.

Marta Dal Corso, Wiebke Kirleis, Jutta Kneisel, Nicole Taylor,
Magdalena Wieckowska-Liith, Marco Zanon



COPPER DUTPUT, DEMAND FOR WOOD AND ENERGY EXPENDITURE I

Copper output, demand for wood and
energy expenditure - Evaluating economic
aspects of Bronze Age metallurgy

Johanna Brinkmann’

Abstract

Numerous methods are applied in the analysis of copper and bronze artefacts, from
typological studies to chemical analysis. A rarely applied method is the calculation of
the energy expenditure. This calculation gives a comparative value for every copper
or bronze artefact, which reflects the energy expenditure required for the production
of an artefact. The method allows us to compare the expenditure used for the produc-
tion of metal artefacts in different periods of the Bronze Age. In addition, a calculation
of the required wood resources illustrates the human impact on the environment.
Thus, information about the manufacturing process together with information about
the energy expenditure can provide an insight into economic decisions, practices of
daily life and ultimately the living conditions in the Bronze Age. The results of the
energy expenditure calculations and the estimations concerning the copper output
and the demand for wood correspond to the archaeological record, which shows an
increasing amount of evidence for metallurgical activities with the beginning of the
Middle Bronze Age. The archaeological evidence is also an indication for the man-
ufacturing process becoming more effective during that time. At the same time, the
copper output and thus the number of produced artefacts increased, together with the
demand for wood and the energy expenditure invested in metallurgy.

Keywords: Bronze Age, Central Europe, energy expenditure, demand for wood,
copper output

Introduction

Information about the manufacturing process of copper and bronze artefacts
together with the calculation of the energy expenditure can provide an insight
into economic decisions, practices of daily life and ultimately the living conditions
in the Bronze Age.

Are there any differences between the manufacturing processes and the energy
expenditure used in the Early Bronze Age compared to the ones used in the Middle
and Late Bronze Age? Are the differences in the production process reflected in the

1: Institute of Prehistoric and
Protohistoric Archaeology
and CRC1266 ,Scales of
Transformation in Prehistoric
and Archaic Societies”, Kiel
University; Johanna-Mestorf-
StrafSe 6, D-24118, Kiel,
Germany;
Jj-brinkmann@ufg.uni-kiel.de
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calculation of the energy expenditure? How many artefacts were manufactured
from the estimated amount of copper mined at different sites (e.g. the Mitterberg)?
And how much wood resources are required for metallurgy? The calculation of the
energy expenditure allows quantification and gives us an idea about the percent-
age of daily or annual labor required for example to manufacture individual burial
equipment or a hoard inventory. This way our understanding of the bronze pro-
duction processes is extended, including technical aspects such as manufacturing
processes as well as economic aspects such as resource management.?

State of the art

Energy expenditure

Numerous methods are used in the analysis of copper and bronze artefacts, from
typological studies to chemical analyses. A rarely applied method is the calculation
of the energy expenditure (e.g. Miiller 1990a; Dieck 2014). This calculation provides
a comparative value for every copper or bronze artefact, which reflects the energy
expenditure used for the production of an artefact (Brinkmann in prep.).

Below a calculation of the energy expenditure required for the complete pro-
duction process of copper and bronze artefacts is presented. This process includes
numerous production steps like the prospection of resources, the preparation for
mining, mining activities, ore beneficiation, smelting, alloying, casting, post-process-
ing and the transport. The following calculations include only those parts of the pro-
duction sequence for which direct archaeological evidence can be provided, namely
mining activities, ore beneficiation, smelting, alloying, casting and post-processing.
In the analysis of the technical production steps, which precedes the calculation of
the energy expenditure, it is necessary to consider the operational sequence, the
so-called chaine opératoires. The concept of the chaine opératoire was coined by
André Leroi-Gourhan in 1964 (Leroi-Gourhan 1964, 164; Roux 2017, 1) and describes
the empirical analysis of

‘step-by-step physical actions and material procedures by which ancient technicians
procured, prepared, modified, [...] their material culture.’ (Dobres 2000, 167).

Leroi-Gourhan’s theory is rooted in French cultural ethnography which promoted
the cultural dimension of material culture (Roux 2017, 1) and in which technical acts
were also social acts (Darvill 2008, 84).

The terms labour and value must be critically considered. When calculating
labour, it needs to be reflected in two ways, which type of value will be determined
(in the sense of the determined value in person hours as well as in the sense of the
potential economic value). The description of the value of objects from prehistory is
highly problematic, as modern ways of thinking and economic concepts are easily
often unintentionally transferred to pre-industrial times. A detailed discussion of
this problem would go beyond the scope of this article. However, in general, it can
be said that the value-added process can be divided into three different approaches,
depending on whether the value is considered as a result of exchange processes, pro-
duction processes or consumption processes (Bernbeck 2009, 30-31, with a detailed
version and literature). In the first volume of Capital: Critique of Political Economy
K. Marx defined the exchange value of objects in capitalist systems as the amount

3 The article is based on my Master thesis which was submitted to Kiel University in 2016 and
will be published in the series Archéologische Berichte of the Deutsche Gesellschaft fiir Ur- und
Friihgeschichte (DGUF). I am especially indebted to the CRC 1266 for providing financial support
for the preparation of this paper.
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of labour necessary to produce a marketable commodity compared to the labour
necessary to produce other things* (Bernbeck 2009, 45). This means that in capital-
ism labour constitutes a value of goods. But what is the situation like in non-capi-
talist systems or non-industrial societies? After discussing different anthropologi-
cal approaches, R. Bernbeck, who deals with the topics production and value with
regard to archaeological investigations at great length, concludes that the question
whether labour in non-capitalist societies can be considered as a useful analysis unit
remains to be solved. Although this assertion is rather unsatisfactory, it is a fact that

‘labour [...] in non-capitalist societies cannot be detached from their ideological
and political interlocking’ (Bernbeck 2009, 47-49, translated).

In this connection, it is important to consider that labour in non-capitalist societies
does not constitute an abstract commodity. Therefore, it must be emphasized that in
the following article the term labour is not used in the sense of the Marxist concept
of labour. It is bound to modern forms of society and can not necessarily be trans-
ferred to the Bronze Age (Bernbeck 2009, 48; Dieck 2014, 258).

Hence, within a non-industrial society the meaning of labour differs from today’s
understanding of labour. Consequently, the question arises in how far the labour
or expenditure of time invested to carry out a certain activity play a role in prehis-
tory. The expenditure of time used for metallurgical activities was probably inte-
grated into different daily rituals and other activities (Miiller 1990b, 216). However,
C. Eibner (1979, 160) is of the opinion that the profitability of the individual metal
processing steps already played a great role during prehistory. Furthermore, W.
Fasnacht states that

‘when for example in countless grinded pin tips, knife edges and razor blades
only the strictly necessary part with regard to function seems to have been soft-
annealed, homogenized and cold forged, this obviously means that time, energy
and labor had already been optimized before the age of production’ (Fasnacht
1994, 239, translated).

Determining the value of an object and the labour used to produce it in the sense
of the expenditure of time used for its production carries the risk of transferring
modern ideas of labour in a market economy sense to prehistory. Dealing with the

4 ,Urspringlich erschien uns die Ware als ein Zwieschldchtiges, Gebrauchswert und Tauschwert.
Spéter zeigte sich, dafd auch die Arbeit, soweit sie im Wert ausgedrtickt ist, nicht mehr dieselben
Merkmale besitzt, die ihr als Erzeugerin von Gebrauchswerten zukommen. Diese zwieschléchtige
Natur der in der Ware enthaltenen Arbeit ist zuerst von mir kritisch nachgewiesen worden.
Da dieser Punkt der Spingpunkt ist, um den sich das Verstindnis der politischen Okonomie
dreht, soll er hier ndher beleuchtet werden. [...] Rock und Leinwand sind aber nicht nur Werte
liberhaupt, sondern Werte von bestimmter Groéfe, und nach unsrer Unterstellung ist der Rock
doppelt soviel wert als 10 Ellen Leinwand. Woher diese Verschiedenheit ihre Wertgréfien? Daher,
dafS die Leinwand nur halb soviel Arbeit enthalt als der Rock, so daf$ zur Produktion des letzteren
die Arbeitskraft wéhrend doppelt soviel Zeit verausgabt werden muf als zur Produktion der
erstern.“ (Marx 1981, 23, 27).

“At first sight a commodity presented itself to us as a complex of two things — use-value and
exchange value. Later on, we saw also that labour, too, possesses the same two-fold nature;
for, so far as it finds expression in value, it does not possess the same characteristics that
belong to it as a creator of use-values. I was the first to point out and to examine critically this
two-fold nature of the labour contained in commodities. As this point is the pivot on which a
clear comprehension of political economy turns, we must go more into detail. [...] Coats and
linen, however, are not merely values, but values of definite magnitude, and according to our
assumption, the coat is worth twice as much as the ten yards of linen. Whence this difference in
their values? It is owing to the fact that the linen contains only half as much labour as the coat,
and consequently, that in the production of the latter, labour-power must have been expended
during twice the time necessary for the production of the former.” (original translation from:
Marx and Engels 1990, 34-35, 38).

13
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question of the production costs during the Early Bronze Age, St. Shennan (1999,
352-353) takes the view that striving after the least effort is not only a result of cap-
italism but a profoundly human characteristic. That way, he opposes the common
doctrine existing in British research which rejects any investigation of the effort or
performance:

‘The mind-set which currently dominates British archaeology is one which rejects
any analysis of other cultures, past or present, in terms of the costs and benefits
associated with particular practices, as the imposition of a modern capitalist
value system.” (Shennan 1999, 352)

This view is based on a distinction into us (modern capitalist society) and them
(non-industrial society) and is intensified by strong post-colonial feelings of guilt:
“We trade commodities, They give gifts” (Shennan 1999, 352 with capitalization).
The underlying idea is that every cultural group has a unique world view which
is incomprehensible for other groups. Based on two ethnographic examples
Shennan proves that in pre-industrial societies as well the expenditure of time
used for the production of commodities plays a role. Based on his examples he
transfers D. Ricardo’s Theory of Comparative Costs (1817, 146-185) to Bronze Age
Europe. According to this theory, it is more efficient to produce commodity X by
yourself, if it is cheaper to produce commodity Y and exchange it for commodity X
(Shennan 1999, 352-355). Although the transfer of such a model to non-industrial
societies should be considered in a rather critical way, the archaeological example
presented above shows that to a certain extent an optimization of energy and
labour can be expected. However, it must be kept in mind that in pre-historic and
pre-industrial societies different concepts of value and labour existed. A transfer
of the principle of least effort to prehistory in the sense of a deeply human charac-
teristic like Shennan suggeststhus has to be considered very critically, as it shows
an unreflecting capitalist way of thinking.

In German research the question of labour invested to carry out certain activities
and production steps has often been discussed on a small scale, e.g. based on studies
on different craft activities (see e.g. Holdermann and Trommer 2010; Hanning 2012;
Stollner etal 2012). Considerations of the expenditure of time are almost exclu-
sively linked to experimental archaeological investigations. The only systematic
study in which the amount of labour is used as an accounting unit comes from T.
Kerig (2016 unpublished). Kerig’s focus, however, lies on other periods and kinds of
source materials and fully excludes the field of early metallurgy (Kerig 2013, 139).
This article is based on the assumption that the expenditure of time used for the
production of commodities — in this case of bronze artefacts — allows conclusions
on the effort that prehistoric societies invested for metallurgic activities. The labour
reflects the so-called natural price within classical economics, which results from
the sum of the expenses used for production and distribution (Kerig 2016, without
page number). This assumption will serve as a basis for further interpretations.
The question whether the expenditure of time used to carry out an activity already
played a role in prehistory and whether the value of objects (regardless of its nature)
is also expressed in the labour invested for their production cannot be answered by
using archaeological methods. The results of the labour calculations open up the
opportunity to compare the expenditure of time for different metallurgical activities
(e.g. ore dressing and smelting) and thus, to contribute to a better understanding of
the bronze production steps. At the same time, the expenditure of time used for the
production of different copper and bronze objects can be calculated and compared
with each other. In this sense the following article aims at contributing to the estab-
lishment of energy expenditure calculations as a useful analysis unit for the investi-
gation of prehistoric bronze objects and the societies producing them.
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Archaeological evidence for Bronze Age metallurgy

Looking at the archaeological evidence for copper and bronze metallurgy in
Central European Bronze Age, some differences between the Early Bronze Age
(2200-1600 BCE) in contrast to the Middle Bronze Age (1600-1300 BCE) and Late
Bronze Age (1300-800 BCE) can be observed. In the working area (Fig. 1), in Central
and Southern Germany as well as in the adjacent Austrian, Swiss and Italian Alps,
archaeological evidence for primary and secondary metallurgy exists (this includes,
among other things, mining sites, beneficiation and smelting sites as well as settle-
ments with evidence for metallurgical activities: see below).

Bronze Age copper mining and ore smelting is indicated by numerous artefacts
and features in the Northern Greywacke zone in the Austrian Alps (e.g. Mitterberg
district) (Krause 2003, 36) as well as in North Tyrol (Kelchalm, Schwaz/Brixlegg)
and in Upper Styria (Eisenerzer Alpen), Lower Austria, Grisons and South Tyrol
(Modl 2004, 115). In prehistoric times the copper ore was exploited, following
lode deposits into the mountain, extracting fahlore and chalcopyrite as well as
malachite and azurite from secondary deposits (Ottaway 1994, 18). In compari-
son, there is no evidence for prehistoric tin extraction in Central Europe. Cornwall
and Devon in England, Brittany and the Massif Central in France as well as the
Bohemian and Slovakian Ore Mountains and Galicia in Spain are considered as
sources for Bronze Age tin. Tin ores were most probably extracted from alluvial
and eluvial secondary deposits in the form of cassiterite (Hauptmann and Weisger-
ber 1985, 18-19; Ottaway 1994, 18-19; Krause 2003, 42; Haustein and Pernicka 2008,

387-388, 395, 397; O’Brien 2015, 154, 185). Figure 1. Selected copper mining

In the working area numerous copper and bronze artefacts from hoards (see e.g. sites in Europe with depicted
Stein 1976) and graves (see e.g. Primas 2008) as well as from primary and secondary working area (source: author).
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production sites are known. Therefore, in this area it is possible to trace the produc-
tion process from the ore to the finished artefact.

The copper mining sites in the working area are characterized by the findings of
stone hammers (Rillenschldigel), traces of fire setting, deep mining and surface shaft
mining (Pingenbau) (0’Brien 2015, 31; Kienlin 2013, 423-424). The earliest evidence
for copper mining in the working area comes from the Brander lode in the southern
Mitterberg district in Austria and dates back to 1900-1700 BCE (Stollner et al. 2011a,
124). More direct evidence derives from the Middle and Late Bronze Age (e.g. traces
of mining activity from the Mitterberg district and from Schwaz/Brixlegg: St6llner
etal 2011a; Goldenberg etal 2011a). All evidence for ore beneficiation in the
working area comes from Middle and Late Bronze Age sites (e.g. Troiboden: Stollner
etal 2011b; Mauk F: Goldenberg et al. 2011a, 69-72). These sites are characterized by
waste heaps and stone tools, which indicate a meticulous ore beneficiation, because
they contain nearly no ore (Rieser and Schrattenthaler 2002, 34, 89). The beneficia-
tion includes the sorting, grinding and washing of the ores (O‘Brien 2015, 221-222).

Smelting sites in the working area derive mainly from the Middle and Late
Bronze Age (see Stollner 2015 for details). Only in Trentino, South Tyrol, copper
smelting from the third millennium BCE is evidenced by the presence of slags,
charcoal, pits, rectangular fireplaces and tuyeéres (Silvestri et al. 2015, 202-203). In
the Late Bronze Age, the alpine smelting facilities have a standardized ground plan
with two working platforms containing a roasting bed and two furnaces (Modl
2004, 116-117; see e.g. site Mauk A: Goldenberg et al. 2011a, 72-76; Goldenberg 2015,
157). Which forms of process control were used in the Bronze Age is still open to
debate. In short, there are three different smelting techniques whose application
is discussed for the Bronze Age: the so called co-smelting (an oxidizing smelting
process conducted in the crucible, see Rostoker et al. 1989, 72), an oxidising smelting
process in a hearth pit (as indicated by the pit features from South Tyrol mentioned
above) and a reducing smelting process in a furnace (as indicated by the alpine
smelting features mentioned above). In the oxidizing process the smelting can be
conducted in two to three passes. Afterwards the generated copper matte needs to
be roasted and smelted again forming black copper (unrefined copper) (Herdits
1993, 32; Goldenberg et al. 2011b, 88). Oxidizing smelting techniques are evidenced
by numerous findings (mainly small quantities of slags) from Early Bronze Age
alpine settlements, for which the use of co-smelting is assumed (e.g. Buchberg:
Martinek 1995, 576-579; Martinek and Sydow 2004, 204, 209-211; Hoppner et al.
2005, 300-301; Klinglberg: Shennan 1995, 261-262). The pit features from South
Tyrol and the amount of circulating copper suggests that the production of copper
was conducted in hearth pits in large quantities during the Early Bronze Age — pre-
sumably using oxidizing smelting techniques.

A transition in the metallurgical process is visible in the period at the end of the
Early and the beginning of the Middle Bronze Age with the occurrence of smelting
facilities in the eastern Alps e.g. in the Mitterberg district (see above). The slags from
these sites indicate that the smelting was conducted under reducing conditions
(Herdits 1996, 21-22). The reducing process is a minimum two-staged process which
includes a prior roasting of the ores. It is called ore roasting reduction (Rdstreduk-
tionsprozess) (Hauptmann and Weisgerber 1985, 27-28) or “old German process”
(“alter deutscher Prozess”). This process encompasses a lengthy roasting process in a
roasting bed under oxidizing conditions to lower the iron and sulphur content of the
ore. Afterwards the ore is smelted in a furnace several times producing first matte
and then black copper (Eibner 1982, 404-406; Rostoker et al. 1989, 72; Herdits 1993,
33; Ottaway 1994, 101-102). It becomes apparent, that at the end of the Early and the
beginning of the Middle Bronze Age the oxidizing smelting process is replaced by a
smelting technique that runs under reducing conditions. This reducing process allows
the production of larger amounts of metal, but presupposes a more complex furnace
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construction, which is indicated by furnace features from the Eastern Alps (Modl
2004, 115; Herdits and Locker 2004, 177; Stéllner 2015, 100). For the casting of copper
or bronze artefacts hearth pits were used. From the working area only three sites
with sparse features are evident (Sdckingen, Baden-Wiirttemberg: Gersbach 1969, 65,
71-72; Taltitz, Saxony: Simon 1992, 54-56; Parchim, Mecklenburg-West Pomerania:
Becker 1989, 129-132; In other parts of Europe the evidence for casting processes is
sparse as well). Further archaeological findings which indicate casting activities are
tools like casting moulds, tuyeres and crucibles and slags as well as lumps of copper
or bronze (Ganslmeier 2011, 120, Abb. 2). After the casting the artefacts need to be
reworked. This post-processing includes the removal of the waster and the casting
burr, the grinding of the surface, repeated cold hammering and annealing, polishing
and possible decoration (Iaia 2015, 83). The post-casting processes are evidenced by
metallurgical tools and metallographic analyses (Ottaway 1994, 124) as well as by pro-
duction waste like fragments of burr, swarf or scrap metal (Ganslmeier 2011, 120,
Abb. 2). From about 1300 BCE onwards mainly bronze tools are used in the post-pro-
cessing, while in the Early Bronze Age and before stone tools were used (see Holder-
mann and Trommer 2010, 797; Freudenberg 2009; Iaia 2015, 83-84, 91). Main changes
in the metallurgical process can also be observed in the alloying process. During the
Copper and Early Bronze Age copper and arsenic-copper was used, from the end of
the Early and the beginning of the Middle Bronze Age onwards tin-bronze becomes
more and more accepted (Kienlin 2010, 823-824, 831-834).

Methods

The term energy expenditure characterizes the expenditure used for an activity, for
example the building of a house. It is measured in person-hours. One person-hour
corresponds to the work one person can provide in one hour. The evaluation of the
energy expenditure thereby allows us to compare the expenditure used for the pro-
duction of metal artefacts in different periods of the Bronze Age. In addition, a calcu-
lation of the required wood resources (charcoal findings from different sites indicate
that wood and not charcoal was used in the smelting process, e.g. see Klemm 2015,
197-199; Tecchiati 2015, 83-86; Hanning 2012, 82-83) illustrates the human impact
on the environment (e.g. see Dorfler 1995 for the wood consumption in Roman Iron
Age iron smelting in Schleswig-Holstein). In bronze metallurgy, wood is required
for every manufacturing step, especially for mining, smelting, melting and post-pro-
cessing (Fig. 3). How do you calculate the energy expenditure for a 4000-year-old
process for which no written records exist? All used information about the energy
expenditure for the different manufacturing steps were collected from about 80 sci-
entific publications of archaeological experiments® and compiled in a catalogue (see
Brinkmann in prep.) for further processing. To provide a solid basis for the eval-
uation of published scientific experiments the archaeological evidence for Bronze
Age metallurgy in the working area was studied extensively. The combination of the
reconstructed production steps from the archaeological record with the time data
and the weights of the resources from the published experiments allow a calculation
of the energy expenditure in person-hours (Fig. 2).

In this connection, publications regarding the production steps mining, ore bene-
ficiation, smelting, casting and post-processing could be included as well as the asso-

5 Data were taken from e.g. Stéllner et al. 2012, 72; Lewis 1990, 56, Tab. 1; Popov et al. 2014, 38-39
(mining activities); Herdits 1993, 35-38; Doonan 1994, 86-87 (ore beneficiation); Modl 2004, 120-124;
Goldenberg etal. 2011b, 89; Hanning 2012, 79-82; Lorscheider etal. 2003, 305, Tab.1 (smelting);
Holdermann/Trommer 2010, 802; Siedlaczek 2011, 114; Werner/Barth 1991, 299-303; Binggeli et al.
1996, 6-7 (casting); Faoldin/Northover 1998, 78-79; Holdermann/Trommer 2011, 126, Abb. 7; Iaia
2015, 87 (post-processing) (this is an extract, all references in Brinkmann in prep.).

)
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Figure 2. Methodological
structure of the approach used
in this paper (source: author).
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ciated tool manufacturing. These production steps represent the whole production
sequence of bronze metallurgy and are documented by the archaeological record in
the working area. For the calculation of the energy expenditure only those experi-
ments were included which meet scientific quality standards and were conducted
by technically skilled experts using only materials available in prehistory.

When working with data from experimental archaeology, a critical assessment of
the sources is required. It is important to bear in mind that experiments do not provide
evidence, but hypotheses and potential interpretations, and that there is always more
than one possible approach. The aim of many archaeological experiments is

‘to replicate past phenomena [...] in order to generate and test hypotheses to provide
or enhance analogies for archaeological interpretation’ (Mathieu 2002, 1).
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Thus, these experiments can provide important hints regarding the implementation
of production processes in metallurgy and the invested energy expenditure. But they
are of course influenced by modern values, norms and models (Vorlauf 1991, 88).

In the catalogue the collected time data for the different activities were put into
relation with the weight of the required resources in kg (e.g. X kg wood is required to
smelt Y kg copper ore) to create comparability for data from different experiments,
determining the ore-wood-ratio for every production step. In doing so, the average
amount of invested time and wood was calculated for each of the above named
production steps. The generated data (mainly the ore-wood-ratio in the different
production steps) was later implemented into a Microsoft excel sheet to simplify
the calculations and to enable the testing of the method by means of examples from
the Early Bronze Age in contrast to the Middle and Late Bronze Age. In this manner
the energy expenditure for any copper or bronze object can be calculated providing
that its weight is documented. The calculations refer to the weight of the artefacts
as an indicator for the required amount of raw material. It was chosen to work with
average weights for artefact categories (see results). This has the advantage, that
calculations can be conducted with estimated weights. Since there is no archaeo-
logical evidence for the metallurgical treatment of tin ores available, the energy
expenditure for the production of tin is assumed to be one-tenth of the expenditure
used in the production of copper, as tin bronzes are assumed to contain ten percent
tin (Brinkmann in prep.).

The demand for wood to be used for the different production steps was calcu-
lated from the ore-wood-ratio given in the catalogue (Brinkmann in prep). Unfortu-
nately, a lot of important information concerning the used wood was not available
in the used publications (this is a general problem when dealing with data from
experimental archaeology). In most publications it had not been specified which
wood species and types of wood (e.g. twigs, branches, pieces of the trunk) were used
in the experiments (data was taken from about 80 different publications). Conse-
quently, it was not possible to derive the qualities and species of the used wood
from the literature. Of course, one has to be aware that different wood species have
different qualities and burning temperatures and that the woodland composition
surrounding the sites varies, depending on environmental conditions and wood
usage patterns (see e.g. Jansen and Nelle 2014 and Jansen and Nelle 2011 for the
impact of human activity on the landscape). Although these constraints limit the
conclusions that can be drawn from the calculation of the demand for wood, it was
chosen to calculate the demand for wood as an interesting addition to the calcula-
tion of the energy expenditure. In all calculations it was assumed that wood and not
wood charcoal was used in the manufacturing process (see above). The amount of
wood is specified in kg or in t (which was unit that was used in most of the consulted
literature). Furthermore, this enables a direct comparability with the amounts of ore
or copper used in the calculation of energy expenditure. In the few cases in which
wood charcoal was used in the experiments presented in the consulted literature,
for the calculation the weight of wood charcoal was adapted to one of wood with a
ratio of 5:1 (according to Hanning 2012, 81: experimental smelting in Late Bronze
Age alpine furnaces). Through the connection of the energy expenditure calcula-
tions with the calculations of the demand for wood using the ore-wood-ratio, it is
possible to calculate not only the energy expenditure but also the demand for wood
needed in the production of any copper or bronze object with documented weight,
using the above mentioned Microsoft excel sheet (Brinkmann in prep.).

In connection with the calculation of energy expenditure and the related
demand for wood it is interesting to have a look at the estimated copper output for
different sites of the working area and adjacent European regions (most estimations
come from adjacent European regions, because for the working area there is only
data from the Mitterberg region available, see Fig. 1. In the literature the estima-
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Figure 3. Energy expenditure (in
person hours: ph) and demand
for wood (in kg) required in the
production of 100 adzes in the
Early Bronze Age as well as in
the Middle and Late Bronze Age,
including all manufacturing
steps (in cases in which the
demand for wood is not
specified, no information was
available) (source: author).
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tions concerning the total copper output from different mining sites vary greatly
(Tab. 1, column 2). Estimations from the literature concerning six sites are compiled
in Tab. 1 (column 1). Given the published approximate period of use (column 4) and
the estimated copper output, it is possible to calculate the average amount of copper
mined per year (column 5). It has to be emphasized that this average amount per
year has limited validity, since the estimation of the exact period of use for mining
sites is very difficult.

Assuming that one copper artefact weights 200 g on average, the number
of artefacts produced from the annual amount of copper can be determined
(column 6). Using the above mentioned ore-wood-ratio, the number and weight of
these hypothetical artefacts, the demand for wood for the manufacturing of these
artefacts can be calculated. The wood required for the annual production of the
artefacts from the estimated output is given in t to allow for comparability with the
estimated amount of copper and in ha to estimate the potential human impact on
the landscape (column 7 and 8; wood in hectares meaning how many hectares of
forest are needed for the production of the artefacts).

The calculation of the specified hectares is based on the assumption that one
hectare of forest contains 260 cubic meters of wood (O’Brien 2015, 275). With 550 kg
of coniferous wood per cubic meter, this results in 143,000 kg or 143 t of wood per
hectare (Pichler et al. 2012, 88-89; Oeggl and Schwarz 2015, 257).

Results

Energy expenditure and demand for wood

The results of the energy expenditure calculations are presented below using the
production of 100 adzes in the Early Bronze Age in contrast to the Middle and Late
Bronze Age as an example. With the adzes an artefact category was chosen that was

2200
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available throughout the whole Bronze Age and of which different types existed. The
adze types differ in weight (e.g. socketed adzes are on average lighter than flanged
adzes or palstaves), however, most of them have a weight around 200 g (weights
after Anemdtller 1999, 77-137), therefore 200 g was chosen as an average weight for
the artefact category adze.

The energy expenditure calculations show that the different production
processes of the Early Bronze Age in contrast to the Middle and Late Bronze Age
result in a different energy expenditure for metallurgical activities in the mentioned
periods. This is mainly due to the use of different smelting processes. The results of
the energy expenditure calculations are presented below, using the production of
100 copper and tin bronze adzes as an example (Fig. 3).

Looking at the results (Brinkmann in prep.), it becomes clear that the produc-
tion of 100 copper adzes (200 g copper each) using Early Bronze Age production
techniques needs an energy expenditure of 4,566 person-hours on average, which
makes 46 person-hours for one copper adze. The production of 100 tin bronze adzes
(180 g copper and 20 g tin each) using Middle and Late Bronze Age technology in
turn needs an energy expenditure of 3,565 person-hours on average, which makes
36 person hours for one tin-bronze adze. Comparing the results, it can be noted
that in the Early Bronze Age the energy expenditure required for the production of
one adze exceeds the expenditure for one Middle or Late Bronze Age adze by ten
person-hours. This can mainly be ascribed to the less effective oxidizing smelting
process used in the Early Bronze Age. Looking at the different manufacturing steps,
it can be stated that the post-processing requires the highest energy expenditure
followed by the smelting process, even though the expenditure for the latter one
decreases, employing Middle and Late Bronze Age techniques. It should be noted
that recycling was not included in the present example, as the use of scrap metal
might lower the required energy expenditure.

For the production of copper and bronze wood is required as fuel (see above),
mainly for the mining activities (setting fire), the smelting process,casting and
post-processing. The energy expenditure calculations make it possible to calculate
the demand for wood from the ore-wood-ratio taken from the experimental data.
These calculations show that the production of one copper adze in the Early Bronze
Age requires 116 kg of wood, while 100 adzes require 11,574 kg of wood. In com-
parison, in the Middle or Late Bronze Age the production of one tin bronze adze
requires 90 kg of wood, while 100 adzes require 9027 kg of wood (Fig. 3). This is an
indication that the later process is more effective in terms of resource consumption,
mainly due to the reducing smelting process, which has a lower demand for wood.
Considering the demand for wood for the different production steps, it can be shown
that the smelting process requires by far the highest amount of wood, followed by
casting and post-processing.

These results indicate that the Early Bronze Age process is more suitable for
the production of small charges, while the Middle and Late Bronze Age production
process is more effective, when it comes to larger production charges, and therefore
is suitable for the production of large amounts of bronze objects. In case only one
adze is to be produced, the Early Bronze Age process is more effective, because the
Middle and Late Bronze Age production technique requires the construction of a rel-
atively complex smelting facility. Using the Early Bronze Age production technique
for the production of larger charges however, as exemplified by the 100 adzes,
requires more energy expenditure than applying the Middle and Late Bronze Age
production process. In this regard, the results match the archaeological evidence,
showing a development in the metallurgical treatment of ores at the end of the Early
Bronze Age. The building of standardized smelting facilities at the beginning of the
Middle Bronze Age reveals an increase in mining activities and bronze production
in contrast to the Early Bronze Age (Modl 2004, 125). Hence, with the end of the
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Table 1. Mining areas with
available estimations concerning
the copper output (columns

1-4 from literature in column 9,
columns 5-8 by author).

Estimated
total copper
output (from

literature)

Site/Mining area

Early Bronze Age (ca. 1600 BCE) a smelting process was developed that was more
effective particularly because of the increased amount of metal produced. Despite
this more effective production process it can be assumed that an increase of bronze
production in the Middle and Late Bronze Age is accompanied by an increase in the
demand for wood resources.

Amount of copper and demand for wood

Since no evidence for tin extraction is available in the working area (see state
of the art), the following remarks focus on the Bronze Age copper output. Many
scholars have discussed the amount of copper ores mined in the Bronze Age (for
references see Tab. 1). This has led to different estimations and evaluations (e.g.
Stollner 2015, 102; Pittioni 1951, 32). By comparing these published estimations,
we get an impression of the dimension of Bronze Age copper mining. For better
comparability, the annual average amount of copper for each site was calculated
using the estimated total copper output and period of use (Tab. 1). To get a better
impression of the dimension, the number of artefacts produced from the annual
average amount of copper is indicated. In addition, the resultant demand for
wood used in the production of these artifacts is shown. Like in the metallurgical
treatment of the ores, there is a discrepancy with regards to the copper output of
the Copper and Early Bronze Age and the one of the Middle and Late Bronze Age.
From the beginning of the Middle Bronze Age onwards the mining activities and
the copper output increased significantly. This is reflected in the increased amount
of produced artefacts and the demand for wood. From the working area in Central
Europe no archaeological evidence is available for Copper or Early Bronze Age
mining activities. Therefore, there are no estimations for Early Bronze Age mining
from this area that can be included. For this reason, estimations concerning
Copper and Early Bronze Age mines from other parts of Europe are included (see
Fig. 4): the mining sites of Ai Bunar, Bulgaria (Copper Age), Saint-Véran, France
(Early Bronze Age), and Mount Gabriel, Ireland (Early and Middle Bronze Age).
In addition, with the estimation from Cypriot mines (from the Bronze Age to the

Number of
artefacts (200 g)
from amount of
copper per year

Amount
of copper
mined
per year

Required
wood per
year (t)

Required
wood per
year (ha)

References

Ai Bunar

(Bulgaria) 750t
Saint-Véran
(France) e
Mount Gabriel
(Ireland) 15,25t
Mitterberg main
lode (Austria) o
Mitterberg total
(Austria) 20,000t
Mitterberg total,
Tirol, Salzburg 50,000 t
region (Austria)
Troodos Mountains
(Cyprus) 200,000 t
Uluburun wreck 10t

(Turkey)

Ottaway 1994, 57,

4800-4300 BCE 500 years 15t 7,500 870t 6 ha O'Brien 2015, 51
Bourgarit et al.
2400-2000 BCE 400 years 35t 17,500 2,025t 14 ha 2008,
1-4
O'Brien 2015,
1700-1400 BCE 300 years 0,05t 250 30t 0,2 ha 130-135
1600-900 BCE 700 years 14t 70,000 6,980 t 50 ha Eibner 2005, 38.
1,000 ye- Stollner 2015,
1900-900 BCE ! arsy 20t 100,000 9,975t 70 ha 101-102; Stéliner
etal. 20110, 114
1,000 ye- Stoliner 2015,
1900-900 BCE ! arsy 50t 250,000 24,935t 175 ha 102; Pittioni
1951, 32
2500BCE-AD 3,000 ye- 67t 335,000 33,410t 234ha O'Brien 2015, 61
500 ars
14th centu- single Newton et al.
ry BCE event o S LI 35ha 2005, 115-116
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Roman Period) and the example of the Uluburun shipwreck (Late Bronze Age) two
analogies are presented, which facilitate the understanding of the dimensions of
Bronze Age mining in the working area.

Looking at Figure 5, it can be seen that the included Copper and Early Bronze Age
mines show a relatively low annual copper output with 1.5 t for Ai Bunar and 3.5 t
for Saint-Véran. While the Early to Middle Bronze Age mine of Mount Gabriel yields
only 50 kg. In comparison, the estimated Middle and Late Bronze Age annual output
exceeds the previous one by far with 14 t for the Mitterberg main lode, 20 t for
the whole Mitterberg area and 50 t for the Mitterberg area, Tyrol and the Salzburg
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Figure 4. Chronological chart
for the working area (Central
Europe) and all regions
mentioned in the Text (France,
Ireland, Bulgaria, Greece and
Cyprus). The dating of the
mining sites and the Uluburun
wreck are indicated by the

red boxes. The placement of
shipwreck of Uluburun in the
Greek chronological system is
based on different finds from
the wreck (see Pulak 2005,

80, although other systems
could be applied: see Yalgin
etal. 2005, 682-685). EBA:
Early Bronze Age, MBA: Middle
Bronze Age, LBA: Late Bronze
Age, BA: Bronze Age (source:
author, after Schnurbein 2009,

238-239; Knapp 2013, 27, Tab. 2;

Boyadziev 1995, 179, Tab. 4).
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Uluburun wreck

Mitterberg, Tirol, Salzburg region
Mitterberg total

Mitterberg main lode

Mount Gabriel

Saint Véran

Ai Bunar

Figure 5. The annual amount of
copper in tons mined in different
areas, calculated from the
estimated total amount of mined
copper and the period of use in
Tab. 1 (source: author).

Figure 6. The annual number

of artefacts produced from the
estimated annual amount of
copper in different mining areas,
presuming a weight of 200 g for
each artefact; for references see
Tab. 1 (source: author).
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region. The prehistoric mining areas of Cyprus provide a good comparison with an
average annual output of 67 t of copper, exceeding even the large amounts of mined
copper from the Mitterberg region in Austria. The famous Bronze Age ship wreck of
Uluburun, which sank at the end of the 14" century BCE in front of the Turkish coast
carried about 10 t of copper in its cargo, more copper than the diagrammed Copper
and Early Bronze Age mines produced annually on average.

To get an impression of the amounts of metal, which were possibly produced
from the annual average copper output, the number of artefacts is specified below.
Assuming that one European copper or bronze artefact has an average weight of
200 g, the annual average output results in the following annual number of artefacts
for the Early Bronze Age (Fig. 6): 7,500 artefacts from 1.5 t of copper from Ai Bunar
and 17,500 artefacts from 3.5 t of copper for Saint-Véran. The Early and Middle
Bronze Age mine of Mount Gabriel yields only 250 artefacts from 50 kg of copper.
Corresponding with the higher annual average copper output in the Middle and
Late Bronze Age, the number of annually produced artefacts in this period is much
higher: 70,000 artefacts from 14 t of copper for the Mitterberg main lode, 100,000
artefacts from 20 t of copper for the whole Mitterberg area and 250,000 artefacts
from the Mitterberg area, Tirol and the Salzburg region. In comparison, with the
average annual output of 67 t of copper from the Cypriot mines 335,000 artefacts
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can be produced per year. From the 10 t of copper found in the Uluburun ship wreck  Figure 7. Required wood
50,000 artefacts can be produced. This means that the ship carried almost as much  resources in tons for the annual
copper as the Mitterberg main lode produced in one year. production of the artefacts in

For the extraction of copper ores and the annual production of the above  Fig. 6 for references see Tab.1
mentioned artefacts wood is required as fuel (see above). The energy expenditure  (Source: author).
calculations make it possible to calculate the demand for wood from the ore-wood-
ratio taken from the experimental data (see above). Keeping the above mentioned
constraints in mind, the demand for wood - specified in tons (Fig.7) and hectare
(Fig. 8) —illustrates the human impact on the environment. In the Copper and Early
Bronze Age, a wood consumption of 870 t or 6 ha was calculated for the annual
production of 7,500 artefacts from Ai Bunar copper and 2,025 t or 14 ha for the
annual production of 17,500 artefacts from Saint-Véran copper. The annual produc-
tion of 250 artefacts from Mount Gabriel copper in the Early and Middle Bronze Age
only consumes 30 t or 0.2 ha of wood. For the Middle and Late Bronze Age a wood
consumption of 6,980 t or 50 ha was calculated for the annual production of 70,000
artefacts from Mitterberg copper (main lode) and 9,975 t or 70 ha for the annual pro-
duction of 100,000 artefacts from Mitterberg copper (whole region). Furthermore, ,

. . annual production of the

for the annual production of 250,000 artefacts from the copper of the Mitterberg artefacts in Fig. 6; for references
area, Tirol and the Salzburg region 24,935 t or 175 ha of wood are required. This ¢ 75 1 (source: author).

Figure 8. Required wood
resources in hectare for the

Uluburun wreck I 35
Cyprus AR RRRCCAAAAAOROOOOOY, 234
Mitterberg, Tirol, Salzburg region  JIIHIOOmmnnnmmmnmnnm—mn;e 175
Mitterberg total | 70
Mitterberg main lode 50
Mount Gabriel

Saint Véran

Ai Bunar

0 50 100 150 200 250

Wood in hectare

25



26

I HOW’S LIFE? - LIVING CONDITIONS IN THE 2ND AND IST MILLENNIA BCE

demand is only surpassed by the amount of wood needed for the annual production
of the 335,000 artefacts from Cypriot copper which is 33,410 t or 234 ha. In compari-
son, the production of the possible 50,000 artefacts from the 10 t of copper found in
the Uluburun ship wreck requires 4,990 t or 35 ha of wood and, thus, almost as much
wood as the annual artefact production from the Mitterberg main lode copper.

With the diagrams in mind, it becomes clear that the output amounts strongly
increase with the beginning of the Middle Bronze Age. Therefore, an increasing
demand for wood as fuel and, consequently, a deforestation of the environment near
the mining and smelting areas can be expected. In comparison to that, the environ-
mental data from the surroundings of studied alpine mining areas show only small
clearings of the forest in the Late Bronze Age with a more or less intact forest vegeta-
tion. An extensive deforestation of the alpine environment before the beginning of the
Iron Age is highly unlikely (Heiss and Oeggl 2008, 220). It must be kept in mind that the
Middle and Late Bronze Age smelting sites were constructed at high altitudes (see e.g.
the northern Tyrol copper production sites of Mauken which are located at an altitude
0f 900-1200 m and the copper smelting site of Hechenberg at Jochberg which is located
at an altitude of 1320 m; Goldenberg et al. 2011a, 67; Goldenberg 2004, 168), because in
this area sufficient amounts of wood were available. It has to be noted that although
smelting is the most wood consuming manufacturing step, casting and post-process-
ing also require large amounts of wood (see Fig. 3). These two last-mentioned steps
were probably not carried out in close proximity to the mines and smelting sites,
but in the vicinity of the settlements, as indicated e.g. by findings of buckled tuyeres
(geknickte Diisen) (Tochterle et al. 2013, 6).

Conclusion

It has been shown that the calculation of the energy expenditure provides informa-
tion about economic aspects of Bronze Age life, like the demand for resources and
the expenditure invested in certain activities. In this case, the energy expenditure
calculation produces comparative data concerning the production of copper and
bronze artefacts. That way it is possible to compare the expenditure required for
the different manufacturing steps and for different artefacts and object categories
from a diachronic perspective. The calculation process involves the estimation of
the required wood resources. Thus, it has been shown that the differences in the
production processes in the working area in the Early Bronze Age in contrast to
the Middle and Late Bronze Age are reflected in the energy expenditure. The intro-
duction of a new smelting process at the end of the Early Bronze Age (ca. 1600 BCE)
resultsin a comparatively lower energy expenditure for the manufacturing of copper
and bronze artefacts from that point on. In addition to that, at the end of the Early
Bronze Age tin bronze occurs on a regular basis (Kienlin 2010, 823-824, 831-834). The
published estimation of the copper output from different sites in Europe, relying on
the archaeological features of these sites, show that with the beginning of the Middle
Bronze Age the copper output increases as well. The estimations allow the calcula-
tion of the number of artefacts produced from the estimated amount of copper of
the sites, e.g. about 100,000 artefacts from 20 t of copper mined at the Mitterberg
region in Austria. Furthermore, it was possible to calculate the amount of wood
required for the production of the mentioned artefacts using the ore-wood-ratio
of the underlying experiments. These calculations show that the needed amount
of wood decreases with the change in smelting technology at the end of the Early
Bronze Age (ca. 1600 BCE). This means that with the end of the Early Bronze Age
the new reducing smelting process allows for the production of larger amounts of
metals with a lower investment of resources. The increased total copper output at
the beginning of the Middle Bronze Age in turn would have resulted in an increased
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demand for wood required in metallurgy. It is beyond the scope of this article to
examine the impact of Bronze Age metallurgy on the environment in detail (this is
done using natural scientific methods like the analysis of macro-remains and pollen
data: e.g. Heiss and Oeggl 2008; Breitenlechner et al. 2011; Oeggl 2015). However, it
has been shown that energy expenditure calculations can give a hint on the degree
of resource consumption during this period and illustrate how changes in techno-
logical processes are reflected in the requirement of resources.

Outlook

Although the ore beneficiation and smelting was conducted at specialized sites, the
casting and post-processing was presumably carried out in the settlement areas
alongside other domestic activities, as indicated by sparse features of casting facili-
ties (see above: Sackingen, Baden-Wiirttemberg; Taltitz, Saxony; Parchim, Mecklen-
burg-West Pomerania). Bronze Age metallurgy therefore had a direct impact on the
living conditions, as the growing demand for bronze and, thus also wood — among
other factors - changed the natural environment, which probably affected Bronze
Age people. In addition, there are numerous negative effects of metallurgy which
could not be examined in this article. Amongst others, these are water pollution,
shortage of fuelwood caused by over-exploitation of wood resources and toxic fumes
originating from smelting and casting processes. At this point of time, a change can
be noticed which further developed in the following periods, revealing a growing
human intervention in the environment.

Energy expenditure calculations have been demonstrated to be a valid tool for
the analysis of economic decisions in past societies. Overall, the results of the energy
expenditure calculations and the estimations regarding the copper output and the
demand for wood correspond to the archaeological record, which shows an increas-
ing amount of evidence for metallurgical activities with the beginning of the Middle
Bronze Age, alongside with the use of a more effective manufacturing process.
At the same time, the copper output and, thus the number of produced artefacts
increased, together with the demand for wood and the energy expenditure invested
in metallurgy. This implies that with the beginning of the Middle Bronze Age more
people had to be involved in metallurgical activities. However, conclusions about
the social aspects and implications of Bronze Age Metallurgy are limited, because a
lot of context information is missing from the archaeological record. Many scholars
have discussed the social implications of metallurgy (see O’Brien 2015, 245-278 with
further literature) and it clearly goes beyond the scope of this article to examine
them in detail. However, it is important to mention that presumptions regarding
e.g. the organisation of labor or the structure of society influence the interpretation
of metallurgical processes. A prominent example is the influence of the Bronze Age
metallurgy on the development of hierarchic societies in the eastern alpine copper
mining areas. In this area hilltop settlements with small-sized evidence of metal-
lurgical activities appear in the Neolithic and Early Bronze Age (e.g. Mariahilfberg],
Gotschenberg, Kiechlberg, Buchberg and Klinglberg). Scholars (e.g. Krause 2009),
who favour the idea of an emergence of a hierarchically structured society, interpret
these hilltop settlements as central places in a hierarchical settlement system whose
control derives from the exploitation of the surrounding copper resources and the
trade of copper. In this perspective, metallurgy required control by emergent elites
(Kienlin 2013, 424). On the other hand, scholars who reject the hierarchical model
(Shennan 1995; Kienlin and Stollner 2009; Stéllner 2012; Tomedi 2015) assume that
the population of these settlements practised metallurgy in a communal or kin-
ship-based mode of operation (Kienlin 2013, 424-425). This small excursus shows
that the interpretation of social implications of Bronze Age metallurgy largely
depends on the underlying presumptions. The calculation of energy expenditure as

21



28

I HOW’S LIFE? - LIVING CONDITIONS IN THE 2ND AND IST MILLENNIA BCE

well is an interpretation of the archaeological record, presuming that the compar-
ative analysis of energy expenditure allows conclusions about changes in Bronze
Age metallurgy. A future comparison of the energy expenditure for other domestic
activities would help to estimate the expenditure spend on metallurgy on a daily
or annual basis (a compilation by Kerig on the annual time requirement of a Band-
keramik household shows that 41 % of the annual available time is occupied with
working activities: Kerig 2010, 242). In future research the results of energy expend-
iture calculations may also be used and compared with demographic data to get a
better idea of the expenditure invested by communities in order to carry out par-
ticular activities and possibly of the structure of society.
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Warriors' lives: the skeletal sample from
the Bronze Age battlefield site in the
Tollense Valley, north-eastern Germany

Gundula Lidke,’ Ute Brinker,” Annemarie Schramm,?
Detlef Jantzen,” Thomas Terberger’

Abstract

Research on the Bronze Age battlefield site in the Tollense Valley (Mecklen-
burg-Western Pomerania, 13" century BCE) has uncovered remains of more than
140 individuals thus far, predominantly those of young adult men. These remains
represent a very special Bronze Age skeletal sample due to the large number of
individuals and their mortality profile. The bones show perimortem as well as
healed lesions, documenting the actual fighting in the valley, but in some cases
also violent encounters in previous life situations, raising the question whether
violence played a more than occasional role in some of these men’s lives, and
whether special activities possibly associated with a warrior lifestyle — routine use
of weapons (e.g. shooting a bow), riding horses, marching long distances — may
have left discernible traces on the bones. The paper presents the possibilities
but also the problems that arise in accessing these questions on the basis of the
Tollense Valley material.

Keywords: Tollense Valley, Bronze Age battlefield, skeletal sample, morphological
traits, activity pattern, enthesial changes

Introduction

The Tollense Valley in north-eastern Germany (Fig. 1) was the scene of a large-scale,
violent encounter in the first half of the 13® century BCE. Remains of, up to now,
more than 140 individuals, mostly young adult males, many of them with traces of
perimortem injuries, have been documented from several sites in the river valley,
together with some remains of horse and several types of weapons, among them
wooden clubs as well as flint and bronze arrowheads. The finds testify to a battle
occurring around 1300-1250 BCE in which at least several hundred and perhaps
more than 2000 men participated.
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Figure 1. Aerial view of the
Tollense Valley, looking north
(photo: J. Tirgrath,
copterdrone.com).

As of mid-2018, archaeological research along and in the river has yielded
more than 12,000 human remains, representing at least 140 individuals (MNI). The
re-assessment of these individuals - i.e. the men participating in the battle in the
Tollense Valley — will be the focus of this paper.

Archaeological research in the river valley

The Tollense Valley is situated in north-eastern Germany, in the federal state of Meck-
lenburg-Western Pomerania (Fig. 2). The river Tollense originates from a lake, the
Tollensesee; it still meanders naturally over large parts of its course, but dredging
of the riverbed and other draining measures changed the appearance of the river
valley during the last decades of the 20th century (Lorenz et al. 2014). The Tollense
Valley is characterised by a low moorland environment; meadows close to the river
are nowadays mainly used as pasture. Neighbouring ground moraine areas have
been favoured settlement areas since the Neolithic.

Until the 1990s, human skeletal remains were repeatedly discovered during
dredging works, which took place at several sites in the Tollense Valley. The valley
had also been known for its outstanding bronze finds even before the discovery
of the battlefield site (Dombrowsky 2014). In 1996 a wooden club was found in the
riverbank at the site of Weltzin 20, together with several human remains, among
them a humerus with an embedded flint arrowhead. During test excavations a finds
layer with disarticulated bones, mainly human but also a few horse, was discov-
ered underneath a layer of peat close to the river. The human bones represented
several human individuals, but there were no indications for a burial context. One
skull showed a large, unhealed impression fracture, again indicating a violent back-
ground to the formation of the finds layer.
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In 2007 extensive systematic archaeological research in the valley was initiated, Figure 2. Location of the
including excavations, underwater surveys, and metal detector surveys, as well as Tollense Valley (left) and the
scientific analyses on bones and other finds materials. Based on a series of more than  principal Bronze Age sites in
100 radiocarbon dates on skeletal and wooden remains from the Tollense Valley,  the middle section of the river
the finds horizon of the Bronze Age battle can now be dated to the first half of the ~ valley (right). The location of the

inset to the right is indicated
by the white frame in the map
to the left (graphic: S. Lorenz &
J. Drdger, using data from LAIV
M-V © GeoBasis DE/MV 2012).

13% century BCE (Terberger and Heinemeier 2014a). The human skeletal remains
stem from a stretch of river more than 2.5 km long (linear distance) between the
sites of Weltzin 4 and Weltzin 24 to the north and the sites of Weltzin 13 and Kessin
12 to the south (see Fig. 2; see also Terberger et al. 2014; Jantzen, Lidke, Brinker et al.
2014; Jantzen, Lidke, Dréger et al. 2014). From 2009 to 2015, extensive excavations
of the bone finds layer were conducted at Weltzin 20 (exposing an area of c. 462 m?),
less extensive excavations were conducted at Weltzin 32; in both cases supported
by comprehensive underwater surveys. In 2015 additional human skeletal remains
dating to the battlefield horizon were discovered hundreds of metres north of sites
Weltzin 4 and 24, possibly indicating an even larger spatial extent of the finds layer.

The spatial distribution of the bronze finds in the Tollense Valley is even more
extensive than that of the skeletal remains. Weapons, tools, and jewellery have been
found along a stretch of river several kilometres long, often in sediments dredged
from the river decades ago, but also during diving surveys and — albeit rarely — during
excavation. Most finds from the river valley — among them several weapons, such as a
Riegsee-type sword, spearheads, and a Bohemian-type palstave — belong typologically
to Period III of the Nordic Bronze Age (Dombrowsky 2014). They may thus relate to
the battlefield horizon, but could also have come into the valley before or after the
battle. A direct connection with battlefield activities is to be assumed only for those
objects found directly in the bone finds layer or finds that can be directly dated. Up
to now, this direct connection has been established for more than 50 bronze arrow-
heads, which were partly discovered during underwater surveys and excavations in
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the finds layer, but mostly during metal detecting, and which can often be dated via
wooden shaft remains preserved in their sockets (Terberger and Heinemeier 2014a;
Terberger et al. 2018). A case in point here is a bronze arrowhead still embedded in a
human occipital bone, indicating a shot from behind (Lidke et al. 2018, Fig. 6.5).

Jewellery and weapons include local types as well as imported ones. The Bohe-
mian-type palstave, the Riegsee-type sword, and several types of dress pins indicate
more southerly or south-easterly regions of origin, and the bronze arrowheads are
often thought to represent influences from the south. AMS results on wooden shaft
remains indicate that the typologically diverse arrowheads were used together in
the battle (Terberger and Heinemeier 2014a; Terberger et al. 2014, Fig.15; 2018);
they have close parallels in sites to the south also connected to fighting, e.g. Velim
(Hrala 2000), Reisberg near Burgellern (Abels and Haberstroh 2001/2002), or Rachel-
burg (Méslein 2001; Mdéslein and Winghart 2001).

The excavated finds layer yielded very few items other than the skeletal remains.
Weapons are documented from several sites, ranging from wooden clubs to flint and
bronze arrowheads. Arrowheads not embedded in human bone may still have been
originally deposited contained within the bodies of the dead. Other objects detected
among the bones at Weltzin 20 include a bone dress pin, two small bone discs, and a
bronze finger-ring. At this site the dead were obviously easily accessible for looting
after the battle. At Weltzin 32, where the finds layer is situated in fluvial sediments
of an old river bed, some valuables have been found: a gold spiral ring, four bronze
spirals, and two tin spiral rings (Krtiiger et al. 2012). Probably at least some of the
bodies escaped looting at this site, perhaps because they had fallen into the river or
been thrown into it during the battle.

A possible conflict scenario

Structures that are very likely quite important for the interpretation of the develop-
ment of the battle in the Tollense Valley were discovered approximately 1 km south
of Weltzin 20, at Kessin 12/Weltzin 13. Finds material indicating a river crossing
that was likely in use for millennia led to the discovery of a causeway in the eastern
floodplain of the river valley, originally built in the 19th century BCE and probably
still in use in the 13" century BCE. This structure made the crossing of the swampy
area possible year-round, and it was likely an important feature in the communica-
tion and trade network of the region at that time (Jantzen, Lidke, Dréager et al. 2014).

A hypothetical reconstruction of the violent events in the Tollense Valley sees
a first encounter of opponents at the probably widely known river crossing. The
fighting then proceeded downstream in the form of a ‘running battle’. Archers
will have played an important role, as indicated by the many finds of projectiles
at different sites. At several sites along the river these are found in places where
numerous human remains also indicate skirmishes with various casualties. The
floodplain of the river Tollense — being wet, swampy, and in parts covered with
reeds — was not an ideal battle ground. A crossing of the river at a place other than
the causeway track may have been prevented by tactical movements by one side, or
it may just have been impossible due to the state of the riverbed and the riverbanks.

Conditions at Weltzin 20 were a bit better, as the alluvial fan here presented
a slight, likely drier, elevation in the ground level. Here there seems to have been
heavy fighting, indicated by a large number of perimortem lesions in the skeletal
material indicative of long-range as well as close-range weapons. Some combatants
likely died close to or in the river, whereas others may have drowned or have fallen
or been thrown into the water.

The role of the horses that are represented in the skeletal material remains
unclear. Were these beasts of burden, or were there mounted horsemen involved
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in the battle? So far no traces indicating riding have been detected on the horse
bones (Benecke and Dréger 2014). The horse remains are as disarticulated as the
human bones, indicating a direct connection to the development of the finds layer.
But horses (minimum number of individuals [MNI] = 4) are clearly fewer in number
than humans at the present state of research.

After the battle, at least hundreds of corpses must have littered the valley and
the river. Those accessible to the victors were obviously thoroughly looted; in this
process bodies will have been moved. Whether any other actions were undertaken
concerning the dead - stacking or covering them, ritual act, or even execution of
prisoners - is still open to debate.

The absence of gnawing marks from scavenging animals on the bones suggests
that a protective covering — perhaps in the form of flooding or ice - may have been
in place. Afterwards, the bodies decomposed; in shallow areas the skeletons became

Figure 3. Map of Weltzin 20,
showing the northern part of
the excavated area with bone
concentrations 1-7 (mainly
human remains) and A-B (horse
remains) (graphic: U. Brinker).
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disarticulated and skeletal elements became displaced and commingled. The fact
that the bones discovered in the excavated areas are usually in an excellent state
of preservation suggests that sedimentation must have been relatively quick. Later
flood events in the river valley, indicated by branches and other pieces of unworked
wood dated to the Iron Age sometimes detected on top of the bone finds layer, may
have disturbed the uppermost areas of the finds layer without commingling it as a
whole; thus far, no later wood has been discovered within or under the Bronze Age
bone finds layer.

Osteoarchaeological research on the human
skeletal remains

The skeletal remains from the Tollense Valley — mostly human, more rarely horse —
were most often discovered in a disarticulated state (Fig. 3). Only rarely were an-
atomical connections of limbs or other body parts recognisable already during
excavation. Further connections — in some cases even leading to reconstructions
of individuals (‘anthropological re-association’) — can be determined through osteo-
archaeological analyses (e.g. Brinker et al. 2014). Analyses have shown that skeletal
remains of individuals are not strewn across the valley over several sites, but are
distributed over small areas of few square metres within each site. Disarticulation
will thus have mostly taken place in a restricted environment.

Using ‘visual pair-matching’, a method generally applied in commingled bone as-
semblages (Konigsberg and Adams 2014, 201), paired skeletal elements (e.g. arm or
leg bones) are matched (Fig. 4), if possible, by means of morphological similarities,
including length, robusticity, muscle markings, epiphyseal shape, general symmetry
between elements, and, where the state of preservation of the bones allows it,
sometimes also other features, such as state of preservation or age and sex (e.g. Ko-
nigsberg and Adams 2014, 201; Adams and Byrd 2006).

In a next step, further associated bones of single individuals are identified by
examining the congruence and character of joints and articular surfaces (‘articu-
lation’). This is a technique routinely used in commingled bone assemblages (e.g.
Puerto etal 2014), and under certain conditions the reconstruction of parts of
bodies or even of more complete individuals is possible. According to Puerto et al
(2014, 328), under ideal circumstances, more than 90 per cent correct classifications
of related skeletal elements are possible via pair matching or reassociation of fixed
joints of the axial plane (vertebrae, sacrum-pelvis). Skulls and mandibles can be
matched via the temporo-mandibular joint, and the upper and forearm bones can be
matched via the elbow joint, both with a reliability of 60-90 per cent. For the Tollense
Valley material, the method offers a possibility to identify matching elements and to
conduct further analyses on the basis of these findings. Tollense Valley ‘individuals’
will therefore be represented mostly by matching pairs of either femora or arm
bones, but in some cases (e.g. individual 16, see below) a more thorough identifica-
tion has already proved possible.

Detailed information on the skeletal remains from the Tollense Valley are ac-
cumulated in databases, which, in combination with an AutoCAD-GIS programme,
enables queries on all data — including skeletal elements identified as belonging
together — within a virtual excavation surface. In this way, paired elements or partial
bodies identified according to morphological-osteological analyses can be studied
in their spatial relations to other remains, indicating how far elements of (partial)
bodies have become dislocated from one another, and enabling investigations as to
whether other skeletal remains in the vicinity may also belong to identified (partial)
bodies (which latter elements are then again analysed morphologically to check for
individual congruence).
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Using these methods, it was possible to identify a nearly complete individual in
one of the bone concentrations (bone concentration 6) at Weltzin 20, in addition to a
few partial bodies of other individuals of different life stages (Fig. 5) and many more
single disarticulated bones. The proportion of larger and smaller elements varies
from site to site in the Tollense Valley, but also within a few square meters on the
same site. Dense bone concentrations which, during analysis, were shown to consist
in part of individual connections, are mingled with unrelated single bones of other
individuals, suggesting that fluvial processes likely played a role in arranging and
re-arranging the skeletal material.

As of mid-2018, the MNI for all Bronze Age sites relating to the battlefield horizon
in the Tollense Valley is 144 (based on the left femur). Of these, 94 come from
Weltzin 20, where the most extensive excavations (area of c.462 square metres)
have taken place so far.

Osteoarchaeological analyses have shown that a large majority of the individu-
als (>97 per cent) were young adult males (Brinker, Flohr et al. 2015). Many skeletal

Figure 4. Weltzin 20. Pair-
matched femora of a single
individual, found a few metres
apart from each other in
different parts of the excavation
area (photo: S. Suhr).
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Figure 5. Weltzin 20. Detail

of excavation area with bone
concentration 6. Top left:
schematic representation of the
excavation area, with bones
belonging to individual 16
marked with black dots; bottom
left: photo of excavation area;
right: skeletal representation of
individual 16 (photo: G. Lidke;
graphics: U. Brinker).

Figure 6. Examples of healed
lesions from the Tollense Valley.
Left: skull from Welzin 32 (ALM
2008/462, 165) with frontal
blunt-force lesion; middle:
skull from Weltzin 13 (ALM
2000/1382, 2) with stab wound
or arrowhead lesion in the left
parietal; right: detail of Weltzin
13 stab wound or arrowhead
lesion (photos: S. Suhr &

H. Liibke).

remains from all sites show perimortem lesions (n = 90), but some show healed ones,
too (n = 40). Of the healed fractures, two thirds are unspecific fractures of ribs, clav-
iculae, and arm, leg, hand, or foot bones, and one third appear to have been inflicted
with a weapon (Jantzen et al. 2011, 424-426) and therefore indicate interpersonal
violence. These are impression fractures on skulls, arrow or spearhead lesions (see
Fig. 6), and parry fractures.

These healed lesions are located mainly on the front of the body, in the thorax
region, and on the skull (see also Brinker et al. 2016, 49-51), thereby showing a similar
distribution to the unhealed lesions (see below). At Weltzin 20, healed blunt-force
lesions are concentrated on the skull, whereas unspecific lesions are seen mainly
in the thorax region and the limbs (Fig. 7). All in all, the spectrum of healed lesions
seen at different sites indicates that the affected individuals participated in violent
conflicts long before the battle in the Tollense Valley.

Perimortem injuries (n = 79 at Weltzin 20) consist mainly of stab wounds and
arrowhead lesions, but there are also injuries caused by sharp-force blows and cuts,
as well as blunt-force injuries. Cases include arrowheads still embedded in bone,
large impression fractures, as well as small cuts and funnel-shaped lesions that
are partly rhombic, partly triangular. The latter likely represent mainly arrowshot
wounds, as they show patterns typical of shooting lesions, in the form of impressed
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Figure 7. Weltzin 20. Locations
of healed lesions (graphic:
U. Brinker).

bone fragments at entry, and characteristic fracture lines, e.g. hinge fractures, fun-
nel-shaped extensions, or chip fractures at entry or exit (Kneubuehl et al. 2008; see
Brinker, Flohr et al. 2015; Brinker, Schramm et al. 2015; Brinker et al. 2016; 2018).
The majority of perimortem lesions (>50 per cent) are found in the thorax region,
but in general their distribution covers the entire body (Brinker, Schramm et al.
2015, 348-349, Fig. 3). Again in general, the front part of the body is affected most
(ibid.), likely indicating close combat, but arrowhead lesions are often documented
in the back of the body (Fig. 8), indicating that fleeing individuals were also targeted.

A femur fracture which initially was thought to represent a riding accident
(without excluding other possibilities; Brinker et al. 2014, 199) could recently be
shown to be a perimortem injury, probably caused by a spearhead (Schwinning et al.
in prep.). So this weapon type is represented not only in the spectrum of finds from
the Tollense Valley, but also in the spectrum of lesions.

In general, stereo and digital microscopy were applied to obtain information
on the trauma and the objects (weapons) that caused them. Bronze Age weapons
known from the Tollense Valley were impressed in florist foam in order to compare
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Figure 8. Weltzin 20. Locations
of perimortem arrowhead
lesions (graphic: U. Brinker).
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the cross sections with those of the lesions on bones. This time-saving and simple
method can give a first impression, but a more exact differentiation has to be based
on modern imaging techniques (e.g. Brinker 2018). Therefore, Micro-CT analyses
were conducted at the Bundesanstalt fiir Materialforschung und -prifung (BAM)
in Berlin to display and differentiate entry channels of, for example, arrowheads
and dagger blades. Archaeological experiments with replica weapons (e.g. flint and
bronze arrowheads, a bronze sword, knife and dagger blades, as well as spearheads
made of bronze, flint, and bone) were conducted on pig half-carcasses to procure
comparative osteological material for the identification of fracture patterns caused
by different objects.

First results of these experiments (Lidke et al. 2014) allow comparisons between
lesions on pig bones and those on Bronze Age human bones. The lesions observed
in the human bone material were caused by a variety of weapons, with arrowhead
lesions and stabbing lesions caused by daggers, knives, and/or spearheads being the
most common, followed by blunt injuries and cutting lesions. Injuries caused by
sword or axe blows are also quite likely, according to comparisons with the experi-
mental osteological material.
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The number of documented injuries alone points to a violent incident of unusual
dimensions. Taking into account that a large number of lesions will have left no
traces on the skeleton, an even greater total number of injuries is likely. Even the
documented arrowhead lesions are just a minimum number, as only approximately
one third of shots will have resulted in marks on bone (e.g. Milner 2005).

Initially, it was hypothesised that the fighting in the Tollense Valley may have
dragged on over a longer period (Jantzen etal 2011, 425), based on interpreta-
tion of clinical CT images of the humerus with embedded flint arrowhead, which
showed a zone of higher density close to the projectile that was interpreted as a
first healing reaction. However, micro-CT images taken subsequently show that this
radiation zone does not go back to a bone reaction, but is caused by an accumula-
tion of crushed trabecular bone tissue. The lesion therefore is now classified as an
unhealed, perimortem one (Flohr et al. 2015).

The state and composition of the skeletal material discovered at Weltzin 32,
where bones were mainly uncovered in a section of the river bank more than 60 m
long, as well as the spectrum of lesions documented there, are more or less the same
as at Weltzin 20. A causal and chronological connection of the development of the
finds layer at both sites — as well as at other sites with evidence of the battlefield
horizon in the Tollense Valley — is very likely. This also supports the hypothesis that
all sites from the ‘battlefield horizon’ relate to just one major violent event and do
not represent various minor incidents (Terberger et al. 2018).

Results of isotope (Sr, C, N) and aDNA analyses indicate a heterogeneous pop-
ulation with partly differing areas of origin (Price etal 2017) and varying modes
of nutrition (Terberger and Heinemeier 2014b). Isotopic signatures indicating the
consumption of millet by some individuals do not necessarily indicate a geograph-
ical origin for these men in southern Europe, as millet cultivation has also been
documented for Mecklenburg-Western Pomerania (Filipovic et al. 2018; Liibke 2011;
Terberger and Heinemeier 2014Db).

The number of individuals excavated in the Tollense Valley thus far points
to an incident of more than local dimension. By extrapolating the number of in-
dividuals found in the small areas excavated so far to the entire find area of the
Tollense Valley, we can estimate the total number of dead from the battle. Cautiously
assuming 250-500 dead all in all, together with a death rate of 25 per cent of all
battle participants, the number of fighters in the valley may have been as large as
1000-2000. Even if a higher death rate, of up to 50 per cent, is proposed, following the
total rout of one side, a total number of up to 1000 fighters is still possible.

Individual traits and activity patterns?

Osteoarchaeological research also documents and analyses skeletal markers that
may help to characterise the Bronze Age warriors from the Tollense Valley in more
individual ways.

Measurements on bones, or morphometrics (i.e. the quantitative measurement
and analysis of morphological traits), yield individual data for comparing mor-
phological similarities and differences that can also be used, for instance, for the
reconstruction of body height. Based on measurements on the most commonly rep-
resented skeletal element in the Tollense Valley material, the left femur, individuals
at Weltzin 20 were on average 1.66 m tall (ranging from 1.60 m to 1.73 m; calculation
after Pearson 1899), a value comparable to results obtained for other Bronze Age
sites (Siegmund 2010).

Metrical analyses can also say something about the robusticity of the bones and,
hence, about the preferred use of one side of the body by comparing paired elements,
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e.g. upper arm bones. The adult humeri found at Weltzin 20 show a preferred use of
the right hand, which may indicate a primarily one-handed use of weapons.

Morphological analyses give also hints concerning physical strain. Changes at
muscle attachment spots can be recognised and evaluated, based on the assumption
that such changes indicate long-lasting activity of the muscle, and therefore also of
the individual.

Research into so-called enthesial changes, or musculoskeletal stress markers,
represents a relatively new osteoarchaeological method. Together with other pa-
rameters, such as degenerative changes in joints, these stress markers may indicate
patterns of movement and physical strain from habitual activities in skeletal
elements, for instance, the repeated use of certain weapons. However, confident
differentiation among certain activities is rather difficult, as, for instance, muscle
strain in using a bow and arrow or throwing a spear is different as a whole, but each
activity partly involves the same muscles. A reconstruction of individual activities
is made more difficult in the Tollense Valley material, as the skeletal remains are
mainly found disarticulated. Nevertheless, it is possible to indicate tendencies for
strain and activity for single limbs.

Comparisons between left and right body sides are based on reconstructed
partial bodies. The analyses for muscle strain on the humeri from the Tollense
Valley sample conducted so far did not show relevant differences in the use of
left and right arms - in contrast to the results of morphometric measurements
mentioned above. A habitual use of bow and arrow should have led to a disparate
strain on muscles of the left and right arms, due to the differences in movement
required for holding the bow and drawing it, respectively (Haidn et al. 2010). On
the other hand, just about half of the ulna pairs from the Tollense Valley analysed
so far exhibit a more pronounced attachment of the Musculus brachialis in the
right ulna. As the sample is rather small and only this one muscle showed this
more pronounced attachment, the results must be considered preliminary. Pro-
nounced muscle attachments in the right ulna were documented in skeletons
from Neolithic burials in France, where the burial furnishings are interpreted to
indicate archers (Thomas 2014).

The attachment of the Musculus pectoralis on the humerus is also often quite
pronounced in the Tollense Valley sample, indicating a slight preference for the
right side. Together with Musculus brachialis, this muscle is in use when a person is
carrying heavy weights.

Professional archery would also lead to a bilateral, symmetrical overstraining of
the elbow and shoulder joints. The Tollense Valley skeletal material shows no grave
arthritic changes. But small osteochondral lesions, which today occur in (young)
people who are very active in throwing sports (Weigelt 2013; Weber and Streich
2017, 113), were diagnosed.

The majority of lower limbs from the Tollense Valley exhibit facets, such as
squatting facets in the tibia or Poirier’s facets in the femur, but these changes can
only generally be interpreted as behavioural stress markers, without indicating
special activities.

According to results obtained so far, the skeletal material does not support the
hypothesis of professional archers in the Tollense Valley. Rather, the morphological
traits observed so far together indicate routine, habitual activities without proving
very specific activities. The long limb bones from the Tollense Valley show many
morphological similarities, which could indicate comparable activity patterns. The
men were likely very active, but were not engaged in overly strenuous activities for
alonger time span. It is the activity level in general that characterises the population
from the Tollense Valley.

The large variability in the results of osteoarchaeological measurements, when
related to the results from strontium isotope analysis, may indicate ‘foreigners’
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within the population group, which, in turn, could hint at a warrior community or
Mdnnerbiindnis (men’s alliance).

The re-association of individual 16 and his life history

Analyses of the skeletal material from excavations at Weltzin 20 have shown the
viability of re-assessing at least parts of bodies, and in some cases even more
complete individuals as well, despite the mostly disarticulated state in which the
remains were found. Further research into these persons can yield individual in-
formation and thus lead to the formation of a more conclusive picture - one that
could not necessarily be obtained from just single bones — as to place of origin,
nutrition, physical stress markers, pathological conditions, and traumas, especially
multiple ones in different parts of the body. These possibilities will be illustrated
here in the case of individual 16, which was discovered in bone concentration 6 (see
Figs. 3; 5) at Weltzin 20, in a disarticulated state, mingled with skeletal elements of
other individuals. The nearly complete skeleton is that of a male aged 35-45, with

Individual 16

male

35-45 years

1.7 mtall, c. 70 kg
right-handed

3 perimortal lesions, 1 healed lesion

degenerative changes in lower vertebrae
slight arthrosis in all major joints

upper extremities: gracile, esp. on the left side,
moderate musculoskeletal markers
(symmetrical),

lower extremities: robust,

heavy musculoskeletal markers

(symmetrical)

lifting/carrying of heavy weights

squatting facets

no caries, no dental calculus, but periodontosis

Sr-value: 0.71286, indicating non-local origin

Figure 9. Skeletal representation
of individual 16, together

with biographical information
(graphic: U. Brinker).
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three perimortem lesions (in the left scapula, right humerus, and right tibia), likely
caused by arrowheads, and an unspecific healed rib lesion. Furthermore, during
excavation, a flint arrowhead was discovered in the sediment found close to the left
radius (see Lidke 2014, 97, Fig. 14). It may once have stuck in the individual’s arm
without damaging the bone. The three perimortem lesions mentioned above were
likely also caused by flint arrowheads, as indicated by distinctive traces. Although
none of these lesions was lethal in itself, the man may nonetheless have died in a
volley of arrows, or by some other wound that did not leave traces on his bones.
Metrical analyses yielded more individual information: the man was about 1.7 m
tall and had a body weight of about 70 kg (weight estimation after Ruff et al. 2012).
Measurement results of the upper extremities indicate right-handedness. All major
joints show changes due to arthrosis; the ribs and vertebrae also display degener-
ative changes. The postcranial skeleton exhibits traits that go back to high physical
strain in general, such as changes in muscle attachment spots, but a preference for
one side of the body was not visible here. The symmetrically manifested attachment
spots of the thigh adductors and of Musculus brachialis and Musculus pectoralis, as
well as the degenerative changes in the vertebrae, may indicate the continued lifting
and carrying of heavy weights. The man’s teeth showed neither caries nor dental
calculus, but a degenerative reduction of the peridontium was visible. The Sr values
measured for this individual (0.71286; see Price et al. 2017) indicate a non-local
origin. In summary, this research shows that an individual profile with relevant
information can be compiled (Fig. 9), and that an individual can thus be re-assessed.

Specialised fighters or even professional warriors
in 13" century BCE societies in northern and
central Europe?

Apart from contributing to the discussion on the differences in social dimensions
and societal organisation between ‘tribes’ and ‘chiefdoms’ and the existence of
retinues and Mdnnerbiindnisse in the Bronze Age (Kndpke 2009, 203-254; Kris-
tiansen and Larsson 2005), the finds from the Tollense Valley offer hints of at least a
part-time specialisation in the use of weapons, in general, by part of the male popu-
lation. These hints are, on the one hand, the unusual composition of the individuals
discovered there, mainly young adult males, and, on the other, the demographic
dimension of the conflict, with at least hundreds of participants and possibly up to
or even exceeding 2000 participants, with a high number of perimortem injuries in
the skeletal material, but also a remarkable number of healed lesions that relate to
weapon use as well. All this makes the alternate explanation, that this was a small
and purely local conflict involving just farmers who had never before taken part in
violent activities, quite unlikely (see also Terberger et al. 2014).

The differentiated spectrum of lesions indicates the use of long-distance (bow
and arrow) and various close-combat weapons, thus possibly hinting at a tactical
use of certain weapon groups related to a strategic deployment of fighters. The use
of swords, spears, clubs, and bow and arrow may also indicate a social differentia-
tion within the group(s) of warriors, perhaps at an early stage of a development that
would eventually result in more clearly discernible structures, with ‘soldiers’ and
‘commanders’, in the north European Iron Age (e.g. Randsborg 1995).

Furthermore, during the Bronze Age the wider area surrounding the Tollense
Valley was integrated into a network of contact and long-distance exchange reaching
as far as regions with historically documented conflicts. Weapon furnishings in male
burials enhanced the martial image of Bronze Age men, and gold and other precious
objects in male and female burials attest to the presence of an elite.
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The sheer dimension of the conflict would have to have had its basis in a differen-
tiated social order, with its respective power structures. Early Bronze Age burials in
Mecklenburg-Western Pomerania often show rich furnishings in comparison with
those from other regions (Endrigkeit 2014), and the number of sword graves here is
surprisingly high (Schmidt 2004). Long-distance contacts are testified to by finds of
glass beads from the Mediterranean, possibly even Egypt (Varberg et al. 2015), and
wild silk from the Mediterranean (Scherping and Schmidt 2007). The importance
of trade routes and contact networks (see Kristiansen and Suchowska-Ducke 2015)
is also made clear by constructions such as the Tollense Valley causeway, which
was built with considerable effort and enabled a reliable east-west crossing of the
Tollense Valley during all seasons from the 19th century BCE onwards, at least up to
the 13% century BCE.

How power and decision making were organised, whether there were central
powers capable of organising and supporting large fighting units or even armies,
whether sword bearers came together for such events, how ‘retinues’ were organised
and logistically maintained, who took command in the case of conflict - none of
these questions can be addressed through archaeological research at the moment.
Members of the upper echelons of society will have been present in the Tollense
Valley, as attested by prestigious finds, e.g. four gold spiral rings (John and Schirren
2014). Such gold rings are typical objects in especially well-furnished graves of men
and women of Period Il in the region (Schmidt 1997). It is not likely that elites with
their retinues met in the Tollense Valley to engage in a mainly symbolic, non-lethal
contest. The conflict that took place here is rather comparable with battles docu-
mented and described historically for the Mediterranean at that time, e.g. the battle
of Kadesh, 1274 BCE (Koépp-Jung 2015).

Because there was cultural contact between the Mediterranean and north-east-
ern Europe (see above), it is possible that not only glass beads, silk, and other com-
modities were exchanged, but also knowledge about specialisations, fighting tech-
niques, or even military innovations in strategy (Hansen 2015; Schrakamp 2015).
Egyptian and Hittite armies were elaborate fighting tools, professional standing
armies kept by the state; numbers of tens of thousands of soldiers are given by the
sources, and these are not always thought to be exaggerated (Bryce 2007, 10-11).
No direct parallels should be expected for northern or central Europe at that time,
but hoard finds and special house structures (‘men’s houses’) of the Early Bronze
Age Unétice Culture may indicate military structures on a certain level, with com-
manders and soldiers (Meller 2015; 2017). At the beginning of the Urnfield Culture,
warrior communities, perhaps in the form of chiefly retinues, appear to be docu-
mented in burial structures (Knépke 2015).

To be efficient, the handling and use of weapons has to be taught and trained,
for individual use and, even more so, for use in groups or tactical units (Molloy
2007a, 13; 2007b). The number of men obviously present in the valley indicates an
organised commitment. If the scenario of the battle in the Tollense Valley described
above is accepted as a working hypothesis, then disciplined units of warriors (e.g.
archers waiting on the slopes who entered the fighting at the appropriate moment)
could be expected as at least part of the force. The differentiation of the weapons
spectrum - from long-distance to close-range - could hint at different units with
differing weapons and tactical functions. Within each unit, of course, weapons
would have to have been rather uniform and actions coordinated. These forces were
perhaps supplemented by a body of inexperienced or less-experienced men, whose
primary, everyday occupation did not lie in the military realm at all.

Mycenaean infantry troops are thought to have displayed uniform equipment,
with shields and spears, issued to the warriors by palace officials, and perhaps
even special, uniform-like textiles. This will have gone hand-in-hand with a well-es-
tablished system of command and logistics (Grguric 2005). Iberian warrior stelae
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show standardised-looking weapons (Harrison 2004, 5, 69), and ‘chiefly war leaders
with a retinue of lance warriors’ (Kristiansen and Larsson 2005, 224) are thought
to be visible in the European Bronze Age since the 16th century BCE, and ‘armies
numbering in the hundreds’ (ibid.) were thought likely even before the Tollense
Valley evidence had come to light.

The mobilisation of hundreds of people for a special purpose is attested to in
other large-scale activities of the north European Bronze Age — the building of large
burial mounds (Holst et al. 2013). Logistically, the organisation of a group of warriors
could have followed similar principles.

In general, a profound potential for conflict is often proposed for the second half
of the 2nd millennium BCE in northern and central Europe, connected to changes
in weapon techniques and social organisation and the occurrence of fortified set-
tlements (see Falkenstein 2006/2007; Jockenhdvel 2004/2005; Schmidt 2004). These
times of upheaval will not have passed the Tollense Valley by; the development
of the finds layer present there reflects these changes. At the same time, the finds
present the rare possibility to describe and characterise not only the dramatic scene
of large-scale group violence, but also the individuals, the men at arms, acting in it.

Conclusion

Sometime after 1300 BCE, the Tollense Valley saw an armed conflict of a scale hitherto
unimagined for the European Bronze Age. Likely more than 1000, perhaps even
more, combatants fought each other in the river valley, with the battle likely starting
at a causeway that marked a long-established east-west crossing of the valley, and
then developing into a running battle moving downstream. Long-distance as well as
close-range weapons were used, and the number of casualties, attested to by a large
number of perimortem lesions, was high.

The skeletal material indicates an unusual, heterogeneous population, consist-
ing mainly of young adult males, who - as attested by the sheer number of them,
but also by Sr-isotope analyses — cannot all have been local. The combatants may
at least partly represent professional or part-time specialised warriors, trained
in weapon use and strategy, for whom the battle in the Tollense Valley will not
have been the first incident of its kind in their lives, as is indicated by a number of
healed lesions in the skeletal record that relate to weapon use. The differentiated
spectrum of perimortem lesions described above may, at the same time, indicate
a differentiated — and perhaps specialised — use of weapons. Such a use of swords,
spears/lances, and bow and arrow by different groups of fighters could also imply
a social differentiation of the combatants. This question is connected to the inter-
pretation of the more prestigious metal objects, and also the horse remains found
in connection to the find layer. Are these connected to an elite or command level
participating in the battle?

The situation in the Tollense Valley is unique for Bronze Age Europe, not only
in terms of the distribution of finds, but also in terms of the social implications
arising from the hypothesised scenario. Future research into the participants of
the battle will have to concentrate on their lives before their arrival in the Tollense
Valley, their region(s) of origin, and their living conditions there. The characteri-
sation of the (warrior?) population will have to include research into their general
level of activity, health status, nutrition, and physical stress markers. The material
from the sites in the Tollense Valley offers excellent preconditions for further
research into these topics, which, in their turn, will perhaps also give insights into
the larger processes connected to changes in the European Bronze Age linked with
the rise of the Urnfield Culture.



WARRIORS' LIVES: THE SKELETAL SAMPLE FROM THE BRONZE AGE BATTLEFIELD SITE IN THE TOLLENSE VALLEY I

References

Abels, B.-U. and Haberstroh, J. 2001/2002. Fundchronik Urnenfelderzeit/Burgellern.
Ausgrabungen und Funde Oberfranken 12. Sonderdruck aus Geschichte am
Obermain. Jahrbuch Colloquium Historicum Wirsbergense 23, 18.

Adams, B.J. and Byrd, J.E. 2006. Resolution of small-scale commingling: a case report
from the Vietham War. Forensic Science International 156, 63-69.

Benecke, N. and Dréger, J. 2014. Ergebnisse der archdozoologischen Untersuchungen,
in: Jantzen, D., Orschiedyt, J., Piek, J. and Terberger, T. (eds.), Tod im Tollensetal.
Forschungen zu den Hinterlassenschaften eines bronzezeitlichen Gewaltkonfliktes
in Mecklenburg-Vorpommern. Teil 1: Die Forschungen bis 2011. Beitrage zur Ur-
und Frithgeschichte in Mecklenburg-Vorpommern 50. Schwerin: Landesamt fiir
Kultur und Denkmalpflege, 233-238.

Brinker, U, Flohr, S., Piek, J., Mittlmeier, T. and Orschiedyt, J. 2014. Die menschlichen
Skelettreste aus dem Tollensetal — Ein Vorbericht, in: Jantzen, D., Orschiedt,
]J., Piek, J. and Terberger, T. (eds.), Tod im Tollensetal. Forschungen zu den
Hinterlassenschaften eines bronzezeitlichen Gewaltkonfliktes in Mecklenburg-
Vorpommern. Teil 1: Die Forschungen bis 2011. Beitrdge zur Ur- und
Friihgeschichte in Mecklenburg-Vorpommern 50. Schwerin: Landesamt fir
Kultur und Denkmalpflege, 191-208.

Brinker, U, Flohr, S., Piek, J. and Orschiedt, J. 2015. Human remains from a Bronze
Age site in the Tollense Valley: victims of a battle?, in: Kniisel, C. and Smith, M.].
(eds.), The Routledge Handbook of the Bioarchaeology of Human Conflict. London:
Routledge, 146-160.

Brinker, U., Schramm, A., Flohr, S. and Orschiedt, J. 2015. Die menschlichen
Skelettreste aus dem Tollensetal, in: Meller, H. and Schefzik, M. (eds.), Krieg.
Eine archdologische Spurensuche. Begleitband zur Sonderausstellung im
Landesmuseum fiir Vorgeschichte Halle/S. Stuttgart: Theiss, 347-350.

Brinker, U., Schramm, A,, Flohr, S., Jantzen, D., Piek, J., Hauenstein, K. and Orschiedst,
J. 2016. The Bronze Age battlefield in the Tollense Valley, Mecklenburg-Western
Pomerania, northeast Germany — Combat marks on human bones as evidence
of early warrior societies in northern Middle Europe?, in: Coimbra, F., Delfino,
D., Sirbu, V. and Schuster, C. (eds.), Later Prehistory to the Bronze Age. 1. The
emergence of warrior societies and its economic, social and environmental
consequences. 2. Imports and Aegeo-Mediterranean influences on the continental
European tombs in the Bronze and Iron Ages. Proceedings of the XVII UISPP World
Congress (1-7 September 2014, Burgos, Spain) 9. Oxford: Archaeopress, 39-56.

Brinker, U.,, Harten-Buga, H. Staude, A., Jantzen, D. and Orschiedt, J. 2018.
Perimortem lesions on human bones from the Bronze Age battlefield in the
Tollense Valley: An interdisciplinary approach, in: Dolfini, A., Crellin, R., Horn,
C., and Uckelmann, M. (eds.), Prehistoric Warfare and Violence. Quantitative and
Qualitative Approaches. Cham: Springer, 39-60.

Bryce, T. 2007. Hittite Warrior. Oxford: Osprey.

Dombrowsky, A. 2014. Bronzezeitliche Metallfunde aus dem Gebiet der mittleren
Tollense unter besonderer Berticksichtigung der Flussfunde, in: Jantzen, D.,
Orschiedt, J., Piek, J. and Terberger, T. (eds.), Tod im Tollensetal. Forschungen
zu den Hinterlassenschaften eines bronzezeitlichen Gewaltkonfliktes in
Mecklenburg-Vorpommern. Teil 1: Die Forschungen bis 2011. Beitrage zur Ur-
und Frithgeschichte in Mecklenburg-Vorpommern 50. Schwerin: Landesamt fiir
Kultur und Denkmalpflege, 131-180.

Endrigkeit, A. 2014. Alter- und mittelbronzezeitliche Bestattungen zwischen
Nordischem Kreis und siiddeutscher Hiigelgrdberkultur. Gesellschaftsstrukturen
und kulturelle Beziehungen. Friithe Monumentalitdt und soziale Differenzierung
6. Bonn: Habelt.

al



52

I HOW’S LIFE? - LIVING CONDITIONS IN THE 2ND AND IST MILLENNIA BCE

Falkenstein, F. 2006/2007. Gewalt und Krieg in der Bronzezeit Mitteleuropas. Bericht
der Bayrischen Bodendenkmalpflege 47, 33-52.

Filipovic, D., Meadows, J., Wiethold, J., Jahns, S., Bittmann, F. and Kirleis, W. 2018.
Before and after: millet cultivation and the transformation of prehistoric crop
production in northern Germany. Antiquity 92, 1-6.

Flohr, S., Brinker, U., Schramm, A., Kierdorf, U., Staude, A., Piek, J., Jantzen, D.,
Hauenstein, K. and Orschiedt, J. 2015. Flint arrowhead embedded in a human
humerus from the Bronze Age site in the Tollense valley, Germany — A high-
resolution micro-CT study to distinguish antemortem from perimortem projectile
trauma to bone. International Journal of Palaeopathology 9, 76-81.

Grguric, N. 2005. The Mycenaeans c. 1650-1100 BC. Oxford: Osprey.

Haidn, O., Weineck, J. and Haidn-Tschalova, V. 2010. BogenschiefSen: trainings- und
bewegungswissenschaftliche Grundlagen. Balingen: Spitta.

Hansen, S. 2015. Krieg in der Bronzezeit, in: Meller, H. and Schefzik, M. (eds.),
Krieg. Eine archdologische Spurensuche. Begleitband zur Sonderausstellung im
Landesmuseum fiir Vorgeschichte Halle/S. Stuttgart: Theiss, 205-212.

Harrison, R.J. 2004. Symbols and Warriors: Images of the European Bronze Age.
Bristol: Western Academic & Specialist.

Holst, M.K,, Rasmussen, M., Kristiansen, K. and Bech, J.-H. 2013. Bronze Age
‘Herostrats’: ritual, political and domestic economies in Early Bronze Age
Denmark. Proceedings of the Prehistoric Society 79, 265-296.

Hrala,].2000. Metal artefacts and artefacts of other materials,in: Hrala, J., Sumberova,
R. and Vavra, M. Velim. A Bronze Age fortified site in Bohemia. Prague: Institute of
Archaeology, Academy of Sciences of the Czech Republic, 219-256.

Jantzen, D., Brinker, U., Orschiedyt, J., Heinemeier, ]., Piek, J., Hauenstein, K., Kriiger,
]., Lidke, G., Liibke, H., Lampe, R., Lorenz, S., Schult, M. and Terberger, T. 2011.
A Bronze Age battlefield? Weapons and trauma in the Tollense Valley, north-
eastern Germany. Antiquity 85, 417-433.

Jantzen, D., Lidke, G., Brinker, U., Dombrowsky, A., Drager, J., Kriiger, J., Lorenz.
S., Schramm, A. and Terberger, T. 2014. Das bronzezeitliche Fundareal im
Tollensetal - Entstehung, Interpretation und Hypothesen, in: Jantzen, D.,
Orschiedyt, J., Piek, J. and Terberger, T. (eds.), Tod im Tollensetal. Forschungen
zu den Hinterlassenschaften eines bronzezeitlichen Gewaltkonfliktes in
Mecklenburg-Vorpommern. Teil 1: Die Forschungen bis 2011. Beitrdge zur Ur-
und Friithgeschichte in Mecklenburg-Vorpommern 50. Schwerin: Landesamt fiir
Kultur und Denkmalpflege, 239-252.

Jantzen, D., Lidke, G., Drager, J., Kriiger, J., Rassmann, K., Lorenz, S. and Terberger, T.
2014. An early Bronze Age causeway in the Tollense Valley, Mecklenburg-Western
Pomerania - The starting point of a violent conflict 3300 years ago? Berichte der
RGK 95, 2014 (2017), 13-49.

Jockenhovel, A. 2004/2005. Zur Archéologie der Gewalt: Bemerkungen zu Aggression
und Krieg in der Bronzezeit Alteuropas. Anodos: Studies of the Ancient World 4/5,
101-132.

John, S. and Schirren, M. 2014. Zum Einsatz von Metalldetektoren im Tollensetal,
in: Jantzen, D., Orschiedt, J., Piek, J. and Terberger, T. (eds.), Tod im Tollensetal:
Forschungen zu den Hinterlassenschaften eines bronzezeitlichen Gewaltkonfliktes
in Mecklenburg-Vorpommern. Teil 1: Die Forschungen bis 2011. Beitrdage zur Ur-
und Friithgeschichte in Mecklenburg-Vorpommern 50. Schwerin: Landesamt fiir
Kultur und Denkmalpflege, 73-78.

Kneubuehl, B.P,, Coupland, R.M., Rothschild, M.A. and Thali, M.]. 2008. Wundballistik -
Grundlagen und Anwendungen. Heidelberg: Springer.

Knopke, S. 2009. Der urnenfelderzeitliche Mdnnerfriedhof von Neckarsulm. Mit einem
Beitragvon Joachim Wahl. Forschungen und Berichte zur Vor- und Frithgeschichte
Baden-Wiirttembergs 116. Stuttgart: Theiss.



WARRIORS' LIVES: THE SKELETAL SAMPLE FROM THE BRONZE AGE BATTLEFIELD SITE IN THE TOLLENSE VALLEY I

Knopke, S. 2015. Der urnenfelderzeitliche Méannerfriedhof von Neckarsulm, in:
Meller, H. and Schefzik, M. (eds.), Krieg. Eine archdologische Spurensuche.
Begleitband zur Sonderausstellung im Landesmuseum fiir Vorgeschichte Halle/S.
Stuttgart: Theiss, 257-258.

Konigsberg, LW. and Adams, B.J. 2014. Estimating the number of individuals
represented by commingled human remains: a critical evaluation of methods,
in: Adams, B.J. and Byrd, J.E. (eds.). Commingled Human Remains: methods in
recovery, analysis, and identification. Amsterdam and Boston: Academic Press,
193-220.

Ko6pp-Jung, H. 2015. Der Pharao siegt (fast) immer — Die Schilderungen der Schlachten
bei Megiddo und Kadesch im Spiegel altdgyptischer Quellen, in: Meller, H. and
Schefzik, M. (eds.), Krieg. Eine archdologische Spurensuche. Begleitband zur
Sonderausstellung im Landesmuseum fiir Vorgeschichte Halle/S. Stuttgart:
Theiss, 235-238.

Kristiansen, K. and Larsson, T.B. 2005. The Rise of Bronze Age Society. Travels,
Transmissions and Transformations. Cambridge: Cambridge University Press.
Kristiansen, K. and Suchowska-Ducke, P. 2015. Connected histories: the dynamics
of Bronze Age interaction and trade 1500-1100 BC. Proceedings of the Prehistoric

Society 81, 361-392.

Kriiger, J., Nagel, F,, Nagel, S., Jantzen, D., Lampe, R., Dréger, J., Lidke, G., Mecking, O.,
Schiiler, T. and Terberger, T. 2012. Bronze Age tin rings from the Tollense Valley
in northeastern Germany. Praehistorische Zeitschrift 87, 29-43.

Lorenz, S. 2014. Das Tollensetal — Naturraum und Landschaftsgeschichte, in:
Jantzen, D., Orschiedt, J., Piek, J. and Terberger, T. (eds.), Tod im Tollensetal.
Forschungen zu den Hinterlassenschaften eines bronzezeitlichen Gewaltkonfliktes
in Mecklenburg-Vorpommern. Teil 1: Die Forschungen bis 2011. Beitrage zur Ur-
und Frithgeschichte in Mecklenburg-Vorpommern 50. Schwerin: Landesamt fiir
Kultur und Denkmalpflege, 15-20.

Lidke, G. 2014. Der bronzezeitliche Fundplatz im Tollensetal — Die Geldndearbeiten
2010 und 2011, in: Jantzen, D., Orschiedyt, ]., Piek, J. and Terberger, T. (eds.), Tod
im Tollensetal. Forschungen zu den Hinterlassenschaften eines bronzezeitlichen
Gewaltkonfliktes in Mecklenburg-Vorpommern. Teil 1: Die Forschungen bis 2011.
Beitrdge zur Ur- und Friithgeschichte in Mecklenburg-Vorpommern 50. Schwerin:
Landesamt fiir Kultur und Denkmalpflege, 89-100.

Lidke, G., Terberger, T. and Jantzen, D. 2014. Tatort Tollensetal: Schussexperimente
mit Pfeil und Bogen. Archdologie in Deutschland 2/2014, 62-63.

Lidke, G., Jantzen, D., Lorenz, S. and Terberger, T. 2018. The Bronze Age battlefield
in the Tollense Valley, Mecklenburg-Western Pomerania, northeast Germany:
conflict scenario research, in: Ferndndez-Gotz, M. and Roymans, N. (eds.),
Conflict Archaeology. Materialities of Collective Violence in Late Prehistoric and
Early Historic Europe. EAA Themes in Contemporary Archaeology 5. Abingdon
and New York: Routledge, 61-68.

Libke, H. 2011. Eine urgeschichtliche Hockerbestattung in Friedland, Lkr.
Mecklenburgische Seenplatte, Mecklenburg-Vorpommern. Zentrum fiir Baltische
und Skandinavische Archdologie, Jahresbericht, 55.

Meller, H. 2015. Armeen in der Frihbronzezeit? In: Meller, H. and Schefzik, M. (eds.).
Krieg. Eine archdologische Spurensuche. Begleitband zur Sonderausstellung im
Landesmuseum fiir Vorgeschichte Halle/S. Stuttgart: Theiss, 243-252.

Meller, H. 2017. Armies in the Early Bronze Age? An alternative interpretation of
Unétice Culture axe hoards. Antiquity 91, 1529-1545.

Milner, G.R. 2005. Nineteenth-century arrow wounds and perceptions of prehistoric
warfare. American Antiquity 70, 144-156.

Molloy, B.P.C. 2007a. Introduction: the evil that men do ..., in: Molloy, B.P.C. (ed.). The
Cutting Edge. Studies in Ancient and Medieval Combat. Stroud: Tempus, 9-16.

93



54 I HOW’S LIFE? - LIVING CONDITIONS IN THE 2ND AND IST MILLENNIA BCE

Molloy, B.P.C. 2007h. What’s the bloody point? Bronze Age swordsmanship in Ireland
and Britain, in: Molloy, B.P.C. (ed.), The Cutting Edge. Studies in Ancient and
Medieval Combat. Stroud: Tempus, 90-111.

Moslein, S. 2001. Die bronze- und urnenfelderzeitlichen Lesefunde von der
Rachelburg bei Flintsbach am Inn, Lkr. Rosenheim. Bericht der Bayrischen
Bodendenkmalpflege 39/40, 205-238.

Maéslein, S. and Winghart, S. 2001. Die Rachelburg (Alt-Falkenstein) bei Flintsbach
am Inn, Lkr. Rosenheim: eine vor- und frithgeschichtliche Héhensiedlung und
mittelalterliche Burg am Alpenrand. Bericht der Bayrischen Bodendenkmalpflege
39/40, 145-154.

Pearson, K. 1899. On the reconstruction of the stature of prehistoric races.
Mathematical contributions to the theory of evolution 5. Philosophical
Transactions of the Royal Society of London A 192, 169-244.

Price, T.D., Frei, R., Brinker, U,, Lidke, G., Terberger, T., Frei, K. M. and Jantzen, D. 2017.
Multi-isotope proveniencing of human remains from a Bronze Age battlefield in
the Tollense Valley in northeast Germany. Archaeological and Anthropological
Sciences. DOI 10.1007/s12520-017-0529-y.

Puerto, M.S., Egafia, S., Doretti, M. and Vullo, C.M. 2014. A multidisciplinary approach
to commingled remains analysis: anthropology, genetics, and background
information, in: Adams, B.]. and Byrd, J.E. (eds.), Commingled Human Remains:
methods in recovery, analysis, and identification. Amsterdam and Boston:
Academic Press, 307-336.

Randsborg, K. 1995. Hjortspring. Warfare and Sacrifice in early Europe. Aarhus:
Aarhus University Press.

Ruff, C.B., Holt, B.M., Niskanen, M., Sladék, V., Berner, M., Garofalo, E., Garvin, H.M.,
Hora, M., Maijanen, H., Niinimdki, S., Salo, K., Schuplerov4, E. and Tompkins, D.
2012. Stature and body mass estimation from skeletal remains in the European
Holocene. American Journal of Physical Anthropology 148, 601-617.

Scherping, R. and Schmidt, J.-P. 2007. Seide im Norden - die Textilreste am
dlterbronzezeitlichen Halskragen von Thiirkow, Lkr. Giistrow (Mecklenburg-
Vorpommern). Archdologisches Korrespondenzblatt 37, 207-220.

Schmidyt, J.-P. 1997. Ein bronzezeitliches Frauengrab der Periode III aus Ludwigsburg,
Lkr. Ostvorpommern. Jahrbuch Bodendenkmalpflege in Mecklenburg-Vorpommern
45,129-161.

Schmidyt, J.-P. 2004. Die Bewaffnung wéahrend der Bronzezeit, in: Jons, H. and Liith, F.
(eds.), Mythos und Magie. Archdologische Schditze der Bronzezeit in Mecklenburg-
Vorpommern. Archéologie in Mecklenburg-Vorpommern 3. Schwerin: Landesamt
fiir Kultur und Denkmalpflege, 56-63.

Schrakamp, I. 2015. Militdr und Kriegfiihrung in Vorderasien, in: Meller, H. and
Schefzik, M. (eds.). Krieg. Eine archdologische Spurensuche. Begleitband zur
Sonderausstellung im Landesmuseum fiir Vorgeschichte Halle/S. Stuttgart:
Theiss, 213-223.

Schwinning, M., Harten-Buga, H., Brinker, U., Staude, A., Hesse, E., Orschiedt, J.,
Nikulka, F. and Jantzen, D. in preparation. Pertrochanteric femur fracture from
the Bronze Age battlefield in the Tollense Valley, north-eastern Germany: a new
paleomechanical approach to the differential diagnostic simulation of the injury
mechanism using 3D-reconstruction and finite element analysis.

Siegmund, F. 2010. Die Korpergrofse der Menschen in der Ur- und Friihgeschichte
Mitteleuropas und ein Vergleich ihrer anthropologischen Schitzmethoden. Beitriige
zur Archdologie des Lebensstandards. Norderstedt: BoD - Books on Demand.

Terberger, T. and Heinemeier, J. 2014a. Die Fundstellen im Tollensetal und ihre
absolute Datierung, in: Jantzen, D., Orschiedyt, J., Piek, J. and Terberger, T. (eds.),
Todim Tollensetal. Forschungen zu den Hinterlassenschaften eines bronzezeitlichen
Gewaltkonfliktes in Mecklenburg-Vorpommern. Teil 1: Die Forschungen bis 2011.



WARRIORS' LIVES: THE SKELETAL SAMPLE FROM THE BRONZE AGE BATTLEFIELD SITE IN THE TOLLENSE VALLEY I

Beitrdge zur Ur- und Frithgeschichte in Mecklenburg-Vorpommern 50. Schwerin:
Landesamt fiir Kultur und Denkmalpflege, 101-116.

Terberger, T. and Heinemeier, J. 2014b. Die Erndhrungsweise der bronzezeitlichen
Menschen aus dem Tollensetal im Spiegel ihrer 13C- und 15N-Isotopie — Erste
Ergebnisse, in: Jantzen, D., Orschiedt, J., Piek, J. and Terberger, T. (eds.), Tod
im Tollensetal. Forschungen zu den Hinterlassenschaften eines bronzezeitlichen
Gewaltkonfliktes in Mecklenburg-Vorpommern. Teil 1: Die Forschungen bis 2011.
Beitrdge zur Ur- und Frithgeschichte in Mecklenburg-Vorpommern 50. Schwerin:
Landesamt fiir Kultur und Denkmalpflege, 209-214.

Terberger, T., Dombrowsky, A., Drager, J., Jantzen, D., Kriiger, J. and Lidke, G. 2014.
Professionelle Krieger in der Bronzezeit vor 3300 Jahren? Zu den Uberresten
eines Gewaltkonflikts im Tollensetal, Mecklenburg-Vorpommern, in: Link, T.
and Peter-Rocher, H. (eds.), Gewalt und Gesellschaft. Dimensionen der Gewalt in
ur- und friihgeschichtlicher Zeit. Internationale Tagung vom 14.-16. Marz 2013
an der Julius-Maximilians-Universitdt Wiirzburg. Universititsforschungen zur
préhistorischen Archéologie 259. Bonn: Habelt, 93-109.

Terberger, T., Jantzen, D., Kriiger, J. and Lidke, G. 2018. Das bronzezeitliche
Kampfgeschehen im Tollensetal — ein Grofiereignis oder wiederholte Konflikte?,
in: Hansen, S. and Krause, R. (eds), Bronzezeitliche Burgen zwischen Taunus
und Karpaten / Bronze Age Hillforts between Taunus and Carpathian Mountains.
Universitatsforschungen zur prahistorischen Archéologie 319 = Préhistorische
Konfliktforschung 2. Bonn: Habelt, 103-124.

Thomas, A. 2014. Bioarchaeology of the Middle Neolithic: evidence for archery
among early European farmers. American Journal of Physical Anthropology 154,
279-290.

Varberg, ]J., Gratuze, B. and Kaul, F. 2015. Between Egypt, Mesopotamia and
Scandinavia: Late Bronze Age glass beads found in Denmark. journal of
Archaeological Science 54, 168-181.

Weber, M.-A. and Streich, N. (eds.) 2017. Kompendium orthopddische Bildgebung.
Berlin: Springer.

Weigelt, L. 2013. Osteochondrale Transplantation am Ellenbogen: Langzeitergebnisse
bei osteochondralen Schdden. PhD dissertation, Technische Universitdt Minchen.
https://mediatum.ub.tum.de/doc/1120680/1120680.pdf.

55






ENVIRONMENTAL IMPOSITION OR ANCIENT FARMERS' CHOICE? I

Environmental imposition or ancient
farmers’ choice? A study of the presence
of “inferior” legumes in the Bronze Age
Carpathian Basin (Hungary)

Sofia Filatova," Ferenc Gyulai,” Wiebke Kirleis’

Abstract

Plants of the legume family (Fabaceae) often contain anti-nutritional compounds
that can be toxic to both humans and animals if they are not processed adequately.
As a result, some species of legumes have been regarded as “inferior” to human
consumption. Two known examples are bitter vetch (Vicia ervilia) and grass pea
(Lathyrus sativus), which from historical and ethnographic sources are mostly
known to be consumed as human food by poor segments of society or by the general
population during times of famine. Despite the suggested relationship of the two
species of “inferior” legumes with poor living conditions, there has been increas-
ing evidence for their importance in prehistoric food economy in the Balkans, the
Aegean and the Levant. Both bitter vetch and grass pea have been observed in a
macrobotanical assemblage from the Bronze Age fortified settlement Kakucs-Turjan
mogott in central Hungary. The aim of this paper is to indicate whether the presence
of these two “inferior” legumes is related to poor living conditions in the Hungarian
Carpathian Basin during the Bronze Age, and to investigate the potential use of such
legumes within prehistoric food economy.

Keywords: Living conditions, “inferior” legumes, bitter vetch, grass pea, Bronze
Age, Hungarian Carpathian Basin

Introduction

The study of domesticated legumes has long been overshadowed by the study of cereal
remains in European archaeobotany (Sarpaki 1992). The archaeological and archae-
obotanical invisibility of legumes has been attributed to several factors, such as the
smaller chance of carbonisation due to the fact that they can be consumed in a green
(and unripe) state; the interpretation of tools and implements as solely used to harvest,
process and prepare cereals; and the infrequent use of by-products of legumes as
temper in bricks and ceramics, as opposed to cereal by-products (Sarpaki 1992, 71-72).
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Plants of the legume family often contain anti-nutritional compounds that help
to protect their seeds from predation and pest infestation. They can therefore be
toxic to both humans and animals (Sadeghi et al. 2009, 92). As a result, some species
of legumes have been considered as “inferior” to human consumption, of which two
known examples are bitter vetch (Vicia ervilia) and grass pea (Lathyrus sativus).
This view is mainly based on historical and modern (ethnographic) sources, which
report on the use of these two legumes as famine crops, fodder and food for the poor
(Zohary et al. 2012, 92 and 95).

In the last decade, however, there has been increasing evidence for the im-
portance of both species of “inferior” legumes in prehistoric food economy in the
Balkans, the Aegean and the Levant (e.g. Medovi¢ et al. 2011; Slasky and Kislev 2010;
Valamoti et al. 2011). The presence of both legumes has also been attested in Bronze
Age archaeobotanical assemblages in the Hungarian Carpathian Basin, including
the recently excavated Middle Bronze Age (MBA) settlement Kakucs-Turjan mogott,
in central Hungary. This paper seeks to, first, present an overview of the presence
of bitter vetch and grass pea in the Hungarian Carpathian Basin during the Bronze
Age, and second, indicate whether their presence is related to specific living condi-
tions that prevailed in the area during the period.

General charcateristics of bitter vetch and grass pea

Legumes have been important companions to cereals since the dawn of agricul-
ture in many regions worldwide. They are especially high in protein, nearly two to
three times compared to most species of cereals with the exception of einkorn and
emmer (Kérber-Grohne 1987, 27 and 101 Tables 1 and 2; Salunkhe and Deshpande
1991, 139). Legumes have therefore functioned as the main source of plant protein,
often substituting meat, in agricultural communities world-wide (Zohary et al.
2012, 75). Proteins of legumes are rich in the essential amino acid lysine but low
in sulphur essential amino acids, while those of cereals are rich in sulphur ami-
no-acids but low in lysine. Due to these differences in protein quality legumes are
supplementary to cereal-based diets. A mixed diet of legumes and cereals thus
enhances the quality of the plant-protein that is consumed (Bahl 1999, 144-145;
Salunkhe and Deshpande 1991, 139).

Another valued characteristic of legumes is their ability to contribute to soil
fertility by fixating atmospheric nitrogen through symbiosis with species of Rhizobium
bacteria. Nitrogen is an essential compound for the development of plant protein
and most plants derive their nitrogen from decomposed organic matter in the soil.
In the case of legumes, however, Rhizobium bacteria are able to invade the roots of
the legumes and fix atmospheric nitrogen in so-called root nodules (Salunkhe and
Deshpande 1991, 147-149). Legumes are therefore known to be cultivated in mix or
in rotation with cereals in order to boost the fertility of the soil (Palmer 1997, 36;
Salunkhe and Deshpande 1991, 155). A successful nitrogen fixation, however, depends
on several factors. For one, the environmental conditions have to be met not only
for the legumes, but also for the Rhizobium bacteria. Factors such as acidity, salinity
and water stress might obstruct the development of root-nodules and consequent-
ly that of nitrogen fixation (Robson 1999, 220, Smartt 1990, 10-13). Moreover, not all
legumes are equally suitable for nitrogen fixation. It is in particular forage legumes
(e.g. species of Medicago and Vicia) that are suitable for restoration of soil fertility, as
grain legumes are generally more demanding in nitrogen uptake. Especially when the
hay is not removed during harvesting, nitrogen fixation in the soil is the most success-
ful. When uprooting is practiced, however, fixation does not take place (Palmer 1997,
36-37; Robson 1999, 221; Salunkhe and Deshpande 1991, 155). Besides mixed cultiva-
tion for soil fertility, legumes are known to be cultivated in mix with some species of
cereals (e.g. barley) in order to support their long, unstable culms (Fig. 1).
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Figure 1. Mixed barley-pea
cultivation for animal fodder at
the organic farm of Schoolbek,
Kosel in Northern Germany
(photo: June/july 2015,

W. Kirleis).

The earliest archaeological evidence for the presence of bitter vetch (Fig.2)
originates from Israel (Middle and Upper Paleolithic) and Syria (Epipaleolithic and
Pre-Pottery Neolithic A). These finds consists of small concentrations of seeds that
are problematic to distinguish from the wild progenitors due to the low numbers in
which they occur. Larger deposits of cultivated bitter vetch first appear in agricul-
tural settlements in Anatolia dating to the ninth millennium BC. Most prehistoric
finds of hitter vetch originate from Neolithic and Bronze Age sites in Anatolia and
the Balkans, which are the proposed areas of domestication of bitter vetch (Zohary
etal 2012, 93-95; Miller and Ennerking 2014, 259).

Bitter vetch grows on a wide range of low to medium fertile soils, providing that
they are not too clayey or damp. During the vegetative stage it can be resistant to low
temperatures, and it is known to tolerate arid conditions (El Fatehi et al. 2016, 717;
Ennerking etal. 1995,143-144; Hernandez Bermejo and Leo6n 1994, 281, Table 10).
Like most plants of the legumes family, bitter vetch contains toxic compounds that
help to protect the seeds from predation and pest infestation. Seeds of bitter vetch
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Figure 2. Seeds of bitter

vetch (Vicia ervilia) from the
Middle Bronze Age settlement
Kakucs-Turjdn mégétt (photo:
S. Filatova).
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contain canavanine and tannin, two anti-nutrients that are known to have a negative
influence on the digestive system and cause for a bitter taste of the seeds (Sadeghi
etal 2009, 92; Miller and Ennerking 2014, 256). These toxins are water-soluble and
can be removed completely through a combination of removing the seed testa and
subsequent soaking and boiling of the seeds (Ennerking 1994, 10; Valamoti 2009, 30;
Valamoti 2011, 390).

Bitter vetch is presently cultivated as a minor crop in the Mediterranean and
the Near East. The largest production area is Turkey, where it is produced as fodder
(Zohary etal 2012, 92). At least from the historical period onwards, bitter vetch
has generally been viewed as an inferior crop for human diet, consumed only by
the poor and by animals, or by the general population in times of famine. Several
authors of the Greek and Roman eras warn of the toxic effects of bitter vetch, which
can cause several ailments, such as headaches, vomiting and digestive problems
(Flint-Hamilton 1999, 378; Miller and Ennerking 2014, 262; Zohary, et al. 2012, 92).
Few ethnographic and historical records point towards the consumption of bitter
vetch in traditional food culture in ancient Rome and modern Greece (Valamoti
2009, 30). Still today, bitter vetch is not consumed by humans and is considered a
last resort in times of food shortage (Ennerking 1995, 144-145; Halstead 1990, 152).

Like bitter vetch, the earliest archaeological indications for the presence of
grass pea (Fig. 3) consist of deposits of a few seeds, making it difficult to distinguish
them from wild Lathyrus species. Large deposits of grass pea seeds occur from the
seventh century BC onwards in Anatolia and the Balkans, the majority of early finds
originating from Greece and Bulgaria. Grass pea seems to have been part of the

_—
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Neolithic founder crops assemblage, but it is also possible that it was added to the
crop spectrum slightly later. Wild Lathyrus species are distributed over the entire
Mediterranean basin, and the centre of domestication of grass pea has therefore not
yet been identified. Based on the current evidence, grass pea was either domesticat-
ed in Anatolia or on the Balkan Peninsula (Kislev 1989; Zohary et al. 2012, 95-96).

Grass pea is able to grow in a variety of environments, resisting both drought and
flooding, and in a wide range of soils, including poor as well as heavy, clayey soils
(Butler etal 1999, 124; Hernandez Bermejo and Ledn 1994, 281, Table 10; Kumar
etal. 2013, 269; Slasky and Kislev 2010, 2479). The seeds of grass pea contain b-N-ox-
alyl-a,b-diaminopropionic acid (B-ODAP), a neurotoxin that, in case of excessive
consumption, can cause a crippling disorder known as neurolathyrism and in some
cases, even lead to death (Butler et al 1999, 123-124 ; Getahun et al. 2005, 169; Hansen
2000, 22; Pefia-Chocarro and Pefia1999, 51; Valamoti 2009, 29). Up to 80% of the toxin
can be removed by ridding the seeds of their testa, leaching the seeds for at least
12 hours and subsequently boiling them and discarding the water prior to food
preparation (Butler et al 1999, p. 131; Pefia-Chocarro and Pefia1999, 51; Valamoti
2009, 29).

Today, grass pea is grown as a minor crop in the Mediterranean basin, south-west
Asia, Ethiopia and India. While the main purpose of its production is for fodder, it
is also cultivated for human consumption by poor segments of society in Ethiopia
and India (Butler et al. 1999, 23-24; Zohary, et al. 2012, 95). The ability of grass pea to
produce high yields despite poor growing conditions has made it an attractive crop
during times of famine, causing for various neurolathyrism epidemics throughout
history (Butler etal 1999, 123-124; Getahun et al. 2005, 169; Halstead 1990, 152).
Historic and ethnographic sources report on the use of grass pea as fodder as well as
food for human consumption. The seeds are known to be particularly palatable and
nutritious and are still part of traditional food culture on the Iberian Peninsula and
in Greece (Hernandez Bermejo and Ledn 1994, 273; Pefia-Chocarro and Pefia 1999;
Slasky and Kislev 2010, 2479; Valamoti 2009, 29).

Drivers for crop choice?

The choice to cultivate specific types of crops in agricultural societies is based upon
a complex web of interrelated factors, which includes (changing) environmental,
economic, political and social conditions. The environment is often viewed as the
predominant factor, whereby periods of environmental stress (e.g. drought, flood

Figure 3. Seeds of grass pea
(Lathyrus sativus) from the
Middle Bronze Age settlement
Kakucs-Turjdn mégétt (photo:
S. Filatova).
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Figure 4. The area covered by
present-day Hungary within

the Carpathian Basin (Map: A.
Kittler & S. Filatova; Basemap:
Stamen Design; Map data: Open
Street Map 2018; waterways:
Geofabriek and Natural Earth
data).

and soil depletion) influence economic, political and social choices, while periods
of environmental stability leave room for choices governed by economic, political
and social considerations (Riehl 2009, 96). According to Van der Veen (2010, 3), the
choices of farmers in subsistence economies are mostly based on what is thought
to contribute to security and stability. Cultivating specific crops is thereby not only
related to the environment or the economy, but also to the prevailing ideology,
which includes “a society’s willingness to challenge nature, the degree of openness to
otherness and the existence of taboos and rules” (Van der Veen 2010, 4).

Alarge body of historic and ethnographic data points towards the important role
of bitter vetch and grass pea in the human diet in times of famine and their frequent
consumption especially by poor segments of society. Consequently, the presence of
the legumes is (indirectly) related to poor living conditions. The aim of this paper is
to explore whether the presence of “inferior” legumes can be used to indicate such
living conditions in the Hungarian Carpathian Basin during the Bronze Age. Living
conditions are defined as those components that determine the quality of the liveli-
hood of a community, household or individual. This not only includes the conditions
posed by the environment (e.g. famine due to crop failure), but also those that are
governed by political, economic and social considerations (e.g. social differentiation
in diet or cultivation of specific crops for food security).

The archaeological and environmental setting of
Hungarian Carpathian Basin in the Bronze Age

Present-day Hungary covers the vast majority of what is known as the Carpathian
Basin (Fig. 4). The cultural transformations that define the Bronze Age (Tab. 1) in the
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Chronology of the Hungarian prehistory

Date: cal BC Archaeological period Subperiod Biozone
450 - Late first century BC Iron Age Late Iron Age
Subatlantic
900/800 - 450 BC Early and Middle Iron Age
1500/1400 - 900/800 BC Bronze Age Late Bronze Age
2000/1900 - 1500/1450 cal BC Middle Bronze Age
Subboreal
2500/2400 - 2000/1900 cal BC Early Bronze Age
3600/3500 - 800/2700 BC Copper Age Late Copper Age
4000 - 3600/3500 BC Middle Copper Age
4500/4400 - 4000 BC Early Copper Age
5000/4900 - 4500/4400 BC Neolithic Late Neolithic Atlantic
5500/5400 - 5000/4900 BC Middle Neolithic
6000/5500 - 5400 BC Early Neolithic

Hungarian Carpathian Basin partially developed during the preceding Late Copper Table 1. The chronology of
Age, but are most evident from the second part of the Early Bronze Age. This period  prehistory in the Hungarian
gave rise to the formation of various cultural groups that are archaeologically dis- Carpathian Basin with a
tinguished on the basis of specific ceramic styles, creating a mosaic-like cultural  reference to the related
landscape in the Carpathian Basin (for a recent overview, see Fischl et al. 2015, 504,  biozones (after: Fischl et al.,
Table 1b). A general characteristic of the period is the nucleation of settlements 204 Tab. 1b; Somogyi 1987, 30;
throughout the landscape, but with a variation in the settlement structures. The Visy 2003).
most significant type of settlement is the (fortified) tell, which reappeared during
this period after being abandoned in the Late Neolithic (Fischl etal. 2015, 513;
Gogaltan 2008, 59). These dwelling-mounds developed in the vicinity of rivers, the
largest concentrations lying in central Hungary in the Danube and the Middle Tisza
River regions. The settlements seem to concentrate in areas of the Basin with a pre-
vailing sub-Mediterranean climate (Fischl et al. 2013, 356). Open and flat settlements
were inhabited alongside tells, and a hierarchical arrangement of the settlements
is assumed for the tell regions in central Hungary. In the western part of the Car-
pathian Basin, in Transdanubia, tells never formed and people inhabited (fortified)
nucleated, flat settlements (Fischl et al. 2015, 514).
The habitation of the tell settlements continued and flourished during the
Middle Bronze Age. The Early Bronze Age cultural groups were thereby replaced
by several successive groups, keeping the mosaic-like arrangement of the landscape
intact (Fischl etal. 2015, 504, Table 1b). The locations of the tells along the rivers
enabled the development of extensive communication and exchange networks,
stretching within as well as outside the Carpathian Basin (Fischl et al. 2013, 364).
During the last phase of the Middle Bronze Age (1600/1500-1450 BC), referred as the
Koszider period and known for the characteristic burials of bronze hoards, tell-set-
tlements started to get abandoned and by the end of the period, the occupation of
the tells had come to an end. A network of open settlements of the Tumulus culture
developed in the Carpathian Basin, occurring in a lower density compared to those
of the preceding period. It is assumed that these settlements do not reflect the same
hierarchical structure that has been observed in tell-based settlements (Fischl et al.
2013, 360-361).
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Figure 5. Geomagnetic survey
image of the tripartite, fortified
settlement Kakucs-Turjdn
mégott (after: Szeverényi and
Kulcsdr 2012, 27).

In 2013, the project ‘Open Communities — Enclosed spaces’ was initiated through
a collaboration with Polish (UAM Poznan), Hungarian (Hungarian Academy of
Sciences) and German (Kiel University) archaeologists. This research involved
the excavation of a part of the settlement of Kakucs-Turjan mdogott in Central
Hungary, lasting until the summer of 2016. The settlement is fortified by a ditch
that divides it into three areas, resulting in a tripartite settlement structure (Fig. 5).
The excavated area yielded evidence for occupation from the Early Bronze Age
throughout the Middle Bronze Age, ending with the Koszider period. The Middle
Bronze Age comprises the most intensive habitation phase, represented by the
construction of two successive house structures and Vatya-style ceramics (Jaeger
etal 2018). During the excavations, a combination of systematic and judgemental
sampling was employed to retrieve soil samples for macrobotanical analysis, which
proved to contain carbonised macroremains. The first results seem to indicate a
food economy that was based on the cultivation of a wide variety of crops, the most
predominant crops being einkorn (Triticum monococcum) and lentil (Lens culinaris)
(Tab. 2) (Filatova et al. 2018, 178). Both bitter vetch and grass pea are represented in
the macrobotanical assemblage.

The cultivation of a wide variety of crops is characteristic for the Bronze Age
in the Hungarian Carpathian Basin, in particular for the Middle and Late Bronze
Ages (Fig.6). Cereals predominate the archaeobotanical record, followed by
legumes and oil-and fibre crops. Hulled barley (Hordeum vulgare var. vulgare),
emmer (Triticum dicoccon) and einkorn are the most common cereals in Bronze
Age settlements, and lentil and pea (Pisum sativum) are the most common legumes.

0 50 100 150 200 m
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The crop assemblage from Kakucs-Turjan mégott

Absolute quantity (n)

Cereals

Hordeum vulgare 944
Hordeum vulgare var. nudum 28
Hordeum vulgare var. vulgare 546
Triticum aestivum/durum 16
Triticum dicoccon 731
Triticum monococcum 20283
Triticum spelta 3
Panicum miliaceum 1

Legumes
Lathyrus sativus 8
Lens culinaris 15231
Pisum sativum 203
Vicia ervilia 75

Oil and fibre crops

Linum usitatissimum 23

Finds of oil and fibre crops are rare in the assemblages and are only attested from
the Middle Bronze Age onwards.

The Carpathian Basin is characterised by the presence of four climatic zones:
a continental climate from the east-west direction, an Atlantic climate from the
west-east direction, a sub-Mediterranean climate from the south towards the north,
and a sub-Carpathian/Carpathian climate in the northern mountains. The interac-
tion of these zones, accompanied by a varying geology and morphology throughout
the basin, has resulted in a patchy landscape with a varying vegetation cover (Nagy-
Bodor et al. 2010, p. 121; Stimegi, Kertész and Hertelendi 2002, 51).

The Hungarian Bronze Age correlates with the Subboreal biozone, which runs
from the Late Copper Age until the dawn of the Iron Age (Somogyi 1987, 30). In
contrast to the Atlantic, the previous phase that witnessed the Holocene climatic
optimum, the Subboreal is distinguished by cooler summer temperatures and high
levels of humidity (Kordos 1987, 13-14, Figures 2 and 3).

In northeastern Hungary, paleo-environmental analysis of a sedimentary
sequence from Sirok Nyirjes T6 show that the Early Bronze Age is marked by an
expansion of Carpinus betulus, which declines during the end of the Middle Bronze
Age, giving way to an expansion of Fagus (Gardner 2002, 547). In the Central-East-
ern part, a compilation of previously published data and the analysis of a lake
sediment core from the Sarld-hat oxbow lake, illustrates the expansion of Carpinus
betulus until the first half of the Late Bronze Age, accompanied by a decrease in
Corylus and an increase in Fagus. From the second half of the Late Bronze Age,
Fagus pollen witness a peak value. The general wooden taxa pollen decrease, while

Common name

Barley
Free-threshing barley
Hulled barley
Free-threshing wheat
Emmer
Einkorn
Spelt

Broomcorn millet

Grass pea
Lentil
Pea

Bitter vetch

Linseed/flax

Table 2. The first macrobotanical
results of the crop spectrum
from Kakucs-Turjan mégdtt.

The results are presented based
upon the absolute quantities of
the remains.
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Bronze Age crop spectrum in the Hungarian Carpathian Basin

40 Cereals Legumes Oil and fibre
35
< 30
g 25
g 20
o
5 15
Ne]
£ 10
=}
. - L L O - i E = -
< 2 2 < o 0 0 2
\)60@ \Q,b& (’}9@ R c)((\ QLO(\ QQ}\, \§\§° (éb\ (’Q})@ &\} .(@(\ (\\0\\ \\\\)& N @Q S Y ' \)& o‘o@
NS 2 O O S & PSP TP e o e &
47’&. 0 0((\Q © é‘b ~()§° 0& 'Z>® & @L) (\"L N < S © Q;\\(\ -\?"0 9 3
2 N\ (& 6\0 > & N & Q & & X 6\) & r,,
& 0},@ S & & L& T F VY I ¢
SRS RS « G N 3
QIO PR RS ? o o &
R 0@ < .{'\‘\(’
& & <
€

W Early Bronze Age (n=11)

Figure 6. The crop spectrum

in the Hungarian Carpathian
Basin during the Bronze Age,
based upon macrobotanical
data published by Gyulai (2010,
appendix macrobotanical
database).

B Middle Bronze Age (n=14) Late Bronze Age (n=16)

herbaceous species indicative of disturbance, pastoral activities and arable agri-
culture increase. The peak in Carpinus betulus might indicate relatively arid con-
ditions, while the subsequent expansion of Fagus can point towards more humid
conditions. The data have been related to the presence of temperate deciduous
wooded steps throughout the Great Hungarian Plain, with varying ratios of tree
cover distributed over the area (Magyari et al. 2010, 926-927).

In Transdanubia, palynological studies from several peat and lake sediments
show that the Early Bronze Age and the beginning of the Middle Bronze Age are
marked by the appearance of mixed oak forests, represented by Quercus, Ulmus,
Tilia and Fagus pollen. In the course of the Middle Bronze Age, the presence of Vitis,
Hedera and Castanea is attested, indicating a milder and warmer summer temper-
ature. Pollen of the non-woody, trampling tolerant species Rumex and Plantago,
are suggested to demonstrate the presence of pastoral activities in the area. In the
second part of the Middle Bronze Age and during the Late Bronze Age, pollen of
Quercus, Fagus and Carpinus increase, while the remaining woody taxa decline.
Anthropogenic markers appear to be more prominent during this period (Juhasz
2007a, p. 34; Juhdsz 2007b, p. 47-49; Juhasz and Szegvari 2007, 324).

Stable hydrogen, oxygen and carbon isotope data extracted from cave stalag-
mites in southern Hungary and bivalve shells from Lake Balaton reflect a short-
term humid phase during the first part of the Middle Bronze Age, with a subsequent
increase in humidity during the second part of the Bronze Age. After a humidity
peak, precipitation decreases and gives way to a drier and warmer summer temper-
ature during the second phase of the Late Bronze Age. These conditions have been
interpreted to reflect a period of fluctuating humidity, but a relatively mild climate
suitable for arable farming (Demény et al. 2019).

Overall, the above data illustrate the mosaic-like environment that prevailed in
the Hungarian Carpathian Basin during the Bronze Age. Despite its patchiness, the
climatic conditions can be said to be balanced, with some variations in (summer)
temperatures, humidity and precipitation. As pointed out by Demény et al. (2019)
and illustrated by the rich macrobotanical assemblages originating from Bronze Age
sites, the environmental and climatic conditions were suitable for the cultivation of
a wide range of crops.
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Materials and methods

The compilation of regional archaeobotanical overviews that include information
on the importance of crops in past food economies, is often complicated by the
union of old and recent data that have been generated through different sampling
strategies. Within older studies, macrobotanical remains were generally retrieved
through judgemental sampling, while in more recent studies, the data are generally
derived from a combination of judgemental and systematic sampling strategies.
In the case of judgemental sampling, the samples are selected from features that
are assumed to contain botanical remains (e.g. storage vessels or sediments rich
in charcoal). Such a strategy is generally suitable for the reconstruction of (short-
term) events that are related to the use of the sampled feature but they are not seen
as representative for the proportions of crops that were once present at a site. In
systematic sampling, no selection is made based upon an assumption of the macro-
botanical content of a feature or layer. Samples are usually taken in grids and each
grid has an equal chance of being selected for sampling. The results are suitable
for the reconstruction of long-term processes that have led to the accumulation of
macrobotanical remains. Long-term processes generally develop through the accu-
mulation of short-term processes such as crop-processing and cooking, and result
in the so-called settlement noise (Cappers and Neef 2012, 200-213; Van der Veen and
Fieller 1982, 288-289). Although the true proportion of crops is always biased due to
differential preservation, it is thought to be best reflected in the settlement noise,
and thus in systematically sampled remains. Ideally, information on macrobotanical
remains in a regional overview would thus consist of systematically and judgemen-
tally sampled data, but realistically, this is often not feasible. Excluding information
from older macrobotanical studies would result in the loss of valuable information,
which cannot be generated in any other way.

The calculation of the Representativeness Index (RI) was recently introduced
by Stika and Heiss (2013) as part of an archaeobotanical compilation of cultivat-
ed crops across Europe during the Bronze Age. This semi-quantitative approach
takes into account both the presence and the dominance of species in a site, and
the total number of samples taken for the analysis (Stika and Heiss 2013, 190). First,
the resulting RI can be used as a measurement of the representativeness of a given
dataset during specific periods and/or in specific regions. It is assumed, that the
higher the number of the RI, the more representative the dataset is for the period
and/or region. Second, the approach unifies information on macrobotanical results
that have been retrieved using different sampling strategies and enables the eval-
uation of the relevance of different crops during specific periods and/or in specific
regions. As this suits both the dataset available for the Hungarian Carpathian Basin
(see below) and the aim of this study, this approach was adopted in order to evaluate
the presence and relative importance of “inferior” legumes in the area during the
Bronze Age.

Selection of sites

Information on macrobotanical remains from archaeological sites in the Hungarian
Carpathian Basin were extracted from a PDF database published by Gyulai (2010) as
part of a regional work on archaeobotany in Hungary. The database consists of infor-
mation collected from a vast body of macrobotanical studies conducted in Hungary
from the late 19" century until present. It includes site-based records of macrobo-
tanical finds and where known, the associated total number of samples taken per
site. The remains are recorded per taxon, preservation condition and plant part.
Finds are represented in absolute numbers, estimations of absolute numbers and
measurements of volume or weight. Records of the sampling strategies applied to
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Table 3. The semi-quantitative
approach resulting in
the calculation of the

Representativeness Index value
as introduced by Stika and Heiss
(2013), (Figure after: Effenberger
2018).

retrieve the remains and their associated archaeological features are not included
in the database.

The selection of the sites was based on a number of criteria. First, burial sites and
sites with an undefined chronology were excluded from the analysis. Second, only
records of carbonised remains were included; imprints of plants were excluded
due to the uncertainties related to the species identification of such finds. Third,
only records of absolute numbers were accepted; estimations of numbers (e.g. 1-10,
10-100), weights and volumes were not taken into account. Lastly, uncertain identi-
fications (e.g. those described as c.f.) were not considered.

The representativeness index

The calculation of the RI consists of two steps (Tab. 3). In the first step, each species
is given a numerical score based upon its absolute quantity. A distinction is made
between sites with less than 1000 crop finds, and sites with more than 1000 crop finds.
The boundary of 1000 finds per site is set as a minimum that is required for identi-
fying proportions of crops in plant food economies. Sites that have yielded less than
1000 finds can receive a score varying from 1-2, and sites that include more than 1000
finds can be scored 1-4 (Stika and Heiss 2013, 191-192). In the second step the scores
can be multiplied by 2, 4 or 5, depending on the total number of samples that has been
taken at the site. A minimum of 20 samples (or 10 000 finds per site) is required for a
multiplication; sites with less samples or finds are excluded from this step.

Prior to the application of the semi-quantitative analysis in the current study,
both steps of the method were reviewed according to the data at hand. The first step
of the method was recently modified by Effenberger (2018), who applied it in her
study on the food economy in Northern Europe during the Bronze Age. Effenberger
thereby introduced a finer scaling of the scoring system, distinguishing between a
larger variety of numbers of finds, resulting in a total of 7 scores. The reasoning
behind the modification was that the dataset generally contained low numbers of
finds and the majority of the sites (roughly 65%) did not exceed 1000 finds. The
twofold scaling system applied to sites containing less than 1000 finds proved to
be too coarse, resulting in an overrepresentation of species that occurred in low
numbers and frequencies throughout the sites (Effenberger 2018, 66-67). A similar
situation can be ascribed to the dataset in the current study. More than half of the
selected sites contain less than 1000 finds and a vast majority of the finds are repre-
sented by absolute quantities lower than 10 (see Tab. 5). In order to prevent an over-
representation of species that occur in low absolute numbers, the modified scoring
system of Effenberger was applied.

In the second step of the method, Stika and Heiss set a minimum of 20 samples
as a criterion for multiplying the obtained scores. In order to explore whether

<1000 finds > 1000 finds
Absolute quantity Factor Totaslanr::;:ser =i
<100 <100 x2 >20 samples
>100 >100 x4 > 40 samples
- Important crop (25- 50%) x5 > 100 samples

- Predominant crop (> 50%) X2 > 10000 finds
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this minimum fits the current data, a scatter diagram was created wherein the
number of legume seeds per taxon were plotted against the related number of
samples, both variables being displayed in an ascending order. Information on
the number of samples was not available for all finds of legumes selected for this
study, and therefore a part of the finds was excluded from the graph. In addition,
several high seed counts were excluded in order to enhance the visualisation of
the results. The results of the graph in Figure 7 show a group of high absolute
counts of bitter vetch and pea seeds located between 0 and 20 samples. From 100
samples onwards, there seems to be a gradual increase of absolute counts of lentil
and pea seeds respectively. The absolute counts of seeds located between 20 and
100 samples are relatively low, all falling under a total of 50 counts per taxon.
Although context-based data are not available from the current dataset, it is likely
that the high seed counts at the start of the graph are mainly the result of a judge-
mental sampling strategy and thus mostly represent concentrations of seeds that
were visible in the field. Although the same might be true for high seed counts
related to higher numbers of samples in the dataset, it is assumed that the higher
numbers of samples partially reflect a systematic sampling strategy. Taking this
into consideration, it seems reasonable to keep the minimum of 20 samples as
suggested by Stika and Heiss, and thereby prevent an overrepresentation of high

<1000 finds > 1000 finds
Absolute quantity Factor
1 <10 <10 X2
2 10-49 10-49 x3
3 50-99 50-99 x4
4 >100 100-499 x5
5 - >500 X2
6 - Important crop (25- 50%)
7 - Predominant crop (> 50%)
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Table 4. The modified semi-
quantitative approach resulting
in the calculation of the
Representativeness Index value
(step 1 after: Effenberger 2018).

Total number of
samples

> 20 samples
> 40 samples
> 60 samples
>80 samples

>10 000 finds

Figure 7. Scatter diagram
depicting the relationship
between the absolute quantities
of legume seeds and the total
number of samples. The results
are represented per species of
legume. The numbers of samples
represent the total number of
macrobotanical samples taken
per site. The records of lequmes
excluded from the graph due to
their high values are; Bitter vetch:
n=990, 231 samples; Pea: n=1619,
6 samples and n=678, 1 sample;
Lentil: n=15231, 290 samples.
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Figure 8. Map of the Hungarian Carpathian Basin with the sites included in the study. Neolithic: 1. Ecsegfalva; 2. Tiszasz6l6s-Domahdza puszta;
3. Tiszaszbl6s-Domahdza puszta (transitional); 4. Dévavdnya-Réhelyi gdt; 5. Mosonszentmiklés-Pdlmajor; 6. Polgdr site 31 (Polgdr-Ferenci-

hat); 7. Polgdr site 31 (Polgdr-Ferenci-hdt; end of middle Neolithic) 8. Szombathely - Aranypatak laképark; 9. Szentgy6rgyvilgy-Pityerdomb;

10. Tiszasz6l6s-Domahdza puszta; 11. Torékbdlint Duldcska (Outlet storage); 12. Berettyéujfalu-Herpdly; 13. Berettydujfalu-Szilhalom; 14. Polgdr
site 6 (Polgdr-Csészhalom-d(ilé); 15. Tiszapolgdr-Cs6szhalom tell I; 16. Tiszapolgdr- Csészhalom tell II. Copper Age: 17. Gydr-szabadrétdomb;

18. Gydr-Szabadrétdomb; 19. Szombathely -Aranypatak laképark. Bronze Age: 20. Budakaldsz MO motorway, 12; 21. Budapest, Albertfalva
-Hunyadli J. u.; 22. Mosonszentmiklés-Pdlmajor; 23. Baracs-Bottydnsdnc; 24. Budapest, Bocskai-Fehérvdri uti aluljdré; 25. Bélcske-Vérdsgyir;

26. Mende-Lednyvdr; 27. Kakucs-Turjdgn mégott; 28. Szdzhalombatta-Téglagydr; 29. Szdzhalombatta-Féldvdr; 30. Turkeve- Terehalom;

31. Balatonmagyardéd-Hidvégpuszta; 32. Budapest, Albertfalva-Kitéré ut; 33. Bércs-Paphomlok; 34. Gér-Kdpolnadomb; 35. Ludas, Varju-ddls;
36. Poroszl6-Aponhdt; 37. Polgdr site 31; 38. Sopron-Krautacker site 1. Iron Age: 39. Budapest XI. K6érberek-Tévdros (Kdna village); 40. Celldémélk-
Sdghegy; 41. Ebes Zsong-vélgy; 42. Rikoskeresztur-Uimajor; 43. Budapest, Albertfalva-Kitéré ut; 44. Budapest, Bocskai-Fehérvdri dti aluljdrd;

45. Budapest-Nagytétény “Campona”; 46. Mosonszentmiklés-Pdlmajor; 47. Sopron-Krautacker site 3; 48. Sopron-Krautacker site 4; 49. Sopron-
Krautacker site 5; 50. Sopron-Krautacker site 6 (Map: A. Kittler & S. Filatova; Basemap: Stamen Design; Map data: Open Street Map 2018).

seed counts that have been sampled from concentrations already visible in the
field during excavation.

In the multiplication system presented by Stika and Heiss, there seems to be a
different relationship between the first two factors and the related number of samples
on the one hand, and the highest factor and the related number of samples, on the
other hand. The first two factors appear to be related to a multiplication of 10, while
the last factor seems to represent a multiplication of 20. In order to ensure that all the
factors used in the multiplication represent an equal amount of samples, the second
step was modified by taking 20 samples as the basis for each factor. The minimum and
maximum factors by which a score can be multiplied were kept equal to the system of
Stika and Heiss, but the number of samples determining the factor and the resulting
number of factors by which a score can be multiplied were adapted. The semi-quanti-
tative analysis applied to the dataset in the current study is presented in Table 4.
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Results

General characteristics of the dataset

The database published by Gyulai contains information on macrobotanical finds
from a total of 204 archaeological sites dating to the Neolithic until the Iron Age
(Gyulai 2010, appendix macrobotanical database). About 30% (n=32) of the total
amount of sites include finds of legume seeds. 25% (n=50) of the total available sites
was selected for the semi-quantitative approach (Fig. 8 and Tab. 2). The majority of
the sites belong to the Bronze Age (n=19), followed by the Neolithic (n=16), the Iron
Age (n=12) and lastly, the Copper Age (n=3). Most of the selected sites include in-
formation on the related archaeological culture and the total amount of botanical
samples taken per site. About two-thirds of the sites (67%) are represented by less
than a total of 1000 botanical finds.

The selected sites yielded a total of 6 species of legumes (Tables 6a and 6b).
Bronze and Iron Age sites have the largest variety of legumes, followed by Neolithic
and Copper Age sites. The highest absolute quantities of legumes are recorded for
the Bronze Age sites. For all periods, lentil has been observed in the largest number
of sites, followed by pea. While lentil is predominant in its absolute quantity for the
total dataset, pea shows the highest absolute quantity during the Neolithic. Common

Figure 9. a: Stack diagram of the
calculated RI values per species
of legumes from the Neolithic
until the Iron Age. b: Stack
diagram of the calculated RI
values per species of lequme per
subperiod of the Bronze Age.
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vetch and grass pea represent the rarest species of legumes throughout the dataset,
both in the abundance in which they occur in the sites, as well as in their absolute
quantities. In accordance with the described results, the results of the semi-quanti-
tative analysis show that lentil and pea have the highest combined RI values, while
the lowest values are represented by common vetch and grass pea.

The results of the analysis have been visualised in two stack diagrams in Figures
9a and 9b. The first diagram, which contains the RI values of legumes from a dia-
chronic perspective, shows that the highest RI values for legumes are represented in
the Bronze Age. The RI values of the Neolithic come second, followed by the values
from the Iron Age and lastly, the Copper Age. The RI values for the Bronze Age illus-
trate the predominance of lentil, while pea and bitter vetch share a second place.
Grass pea and common vetch are the rarest legumes according to the RI.

A more detailed picture of the RI values of legumes in the Bronze Age (Fig. 9b)
shows that the highest total number of values are recorded for the Middle Bronze
Age, followed by the Late Bronze Age and subsequently, by the Early Bronze Age. In
the Middle Bronze Age, lentil shows the highest RI values, followed by pea and bitter
vetch. The Late Bronze Age values show a predominance of bitter vetch, followed by
pea and lentil. During the Early Bronze Age, the RI values for all legumes are equal.

Interpretations

Limitations of the dataset and the applied methodology

Before making an attempt at interpreting the RI values, it is of importance to point
out a number of limitations that have been observed with regard to this particu-
lar dataset and the application of the semi-quantitative analysis. First, not every
period is represented by an equal number of sites. While the number of sites from
the Neolithic, Bronze Age and Iron Age are relatively equal, those representing the
Copper Age are notably smaller. The original dataset published by Gyulai (2010)
includes archaeobotanical information from a total of 24 Copper Age sites. The
selection criteria applied to form the current dataset have not excluded any records
of legumes from the Copper Age and it is therefore representative for the original
dataset of the Copper Age as a whole. As this paper focusses on the Bronze Age, no
attempt will be made to interpret the low records of legumes in the Copper Age.

A second limitation can be noted in the application of the analysis to the dataset.
From the results concerning the Late Bronze Age, bitter vetch has a higher RI value
than pea, despite the fact that seeds of pea have been uncovered from a larger
number of sites during this period (Tab. 6b). The high RI value of bitter vetch can
especially be attributed to one site, Ludas Varju-dild, which is represented by a high
number of samples and absolute quantity of bitter vetch and also includes (lower)
records of pea (Tab. 5). A second site, Balatonmagyarod-Hidvégpuszta, contains
records of both bitter vetch and pea, but in this case the remains originate from
a single sample. Additional records of pea are low in their absolute quantities and
represent sites with low numbers of samples. Consequently, the calculated RI value
of bitter vetch exceeds that of pea for the period due to the high absolute quantity
from a single site with a high number of samples.

That being said, the resulting RI has also demonstrated the strength of the
method. An example is the RI value of pea and lentil during the Neolithic. The RI
value of lentil is higher compared to that of pea, despite the fact that pea is repre-
sented by a significantly higher absolute quantity. This is related to the fact that the
bulk of the absolute quantity of pea originates from a site with a low total number of
samples, and thus most likely mainly represents a storage supply or a concentration
of seeds visible in the field. In this respect, the method has met its goal very well,
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by avoiding an overrepresentation of records originating from a lower number of
samples despite the high absolute quantity.

Cappers and Neef (2012, 397) point out that the analysis of the contribution of
legumes to past diet is complicated by a preservation bias related to the morpho-
logical characteristics of different species of legumes. In samples taken outside of
the context of storage supplies, small-seeded legumes (e.g. lentil and bitter vetch)
are generally overrepresented compared to large-seeded legumes (e.g. pea and
grass pea). Small-seeded legumes have a larger variation in seed size compared
to large-seeded legumes. During the sieving stage of processing the harvest, a pro-
portion of both small and broken seeds are lost from small-seeded legumes, while
mainly broken seeds are lost from large-seeded legumes.

When related to the current dataset, the above complication proves to apply only
to a part of the group of small-seeded legumes. On average, lentil is indeed recovered
in much higher amounts compared to pea in cases where a larger number of
samples have been taken, while this is not the case for records of bitter vetch (Fig. 7).
It is problematic to distinguish whether this observation results from a preservation
bias or whether it can, to some extent, be related to the proportion of the crops at
the sites. This is complicated even further by the fact that no context-based data are
available for the sites in the current study, and it is therefore not possible to relate
the records to storage supplies or food preparation activities (in which case the dif-
ference between large- and small-seeded legumes would not apply). No attempt will
therefore be made to include such a discussion.

“Inferior” legumes in the Bronze Age

Putting the problems arising from preservation biases aside, the results show a
general increase in the presence of legumes during the Bronze Age, particularly
during the Middle Bronze Age, as opposed to the previous and following periods.
Common vetch makes its appearance for the first time and bitter vetch and broad
bean show an increase in their presence. For the Bronze Age as a whole, bitter vetch
and pea have equal RI values.

It is clear that during the Bronze Age, both species of the supposedly inferior
legumes, bitter vetch and grass pea, are represented in the archaeobotanical record,
the latter being a rare find and the former a relatively frequent find. Archaeobotan-
ical analyses have related the presence of both crops to changing environmental
conditions, specifically periods of drought in Syria and the Levant (e.g. Merret and
Meiklejohn 2015; Riehl 2008). The climatological and palynological data presented
above cannot be taken as representative for the whole Hungarian Carpathian Basin
due to the patchiness of its environment. Despite this, it might be assumed that the
changes to the environment during the Bronze Age were not so dramatic that the
cultivation of famine crops was necessary. In general, the climate has been described
as relatively mild and suitable for crop growing throughout the Bronze Age and
there is no indication for periods of drought. On the contrary, the climate has been
suggested to have been more humid compared to the preceding Atlantic biozone.

It is problematic to argue whether famines did or did not occur in the Carpathian
Basin during the Bronze Age. Famines can occur on an annual basis due to crop failure
and the macrobotanical and palynological records used in the current analysis do not
reflect annual fluctuations in harvests. The results of the Bronze Age crop spectrum
presented in Figure 7, however, indicate the presence of a rich variety of crops as
opposed to a shortage of food, and it is therefore carefully assumed that there were
no famines in the region during this period. A second factor that should be kept in
mind is that this study did not consider whether soil degradation could have led to the
adaptation of these tolerant and fertilising legumes in the Bronze Age. One thing that



ENVIRONMENTAL IMPOSITION OR ANCIENT FARMERS' CHOICE? I

can be concluded with certainty is that the legumes were not introduced in order to
buffer periods of drought, as has been indicated by the studies discussed above.

A frequent description of the use of bitter vetch and grass pea is as fodder for
domestic animals. In archaeobotanical research, it has been demonstrated that
making a distinction between crops intended for fodder and those intended for
human diet can be problematic (and even more so when dealing with site-based
data). Ethnographic studies by Jones (1996) and Halstead (1990) indicate that the
boundary between food and fodder is flexible in traditional agricultural communi-
ties: during periods with a favourable climate and high yields specific crops are used
as fodder, while during periods with environmental stress and low yields the same
crops are consumed by humans. Moreover, one and the same crop can be used for
multiple purposes simultaneously: seeds can be used as human food while hay can
be used as animal fodder, which is also common for cereals. A flexible boundary
between food and fodder is therefore assumed in this study. Consequently, it must
be considered whether the presence of these legumes in the diet of Bronze Age
communities in the Hungarian Carpathian Basin might have posed a risk for their
health, as both legumes are known to be potentially toxic.

Not much is known about the common consumption of bitter vetch in traditional
agricultural communities and most information is related to the consumption of
the legume as a famine crop. The consumption of bitter vetch thereby resulted in
symptoms such as headaches and drowsiness (Ennerking et al. 1995, 144; Halstead
1990, 153). In the case of grass pea, consumption during times of famine has led
to epidemics of neurolathyrism on multiple occasions throughout history (Getahun
et al. 2005, 169; Halstead 1990, 152). These records can, however, not be taken as a
reference for the Hungarian Carpathian Basin during the Bronze Age, as there is no
strong indication for famines in the area. None of legumes would have made up the
bulk of the daily diet, as would have been likely in the case of a famine. Grass pea
is known to be toxic only in those cases when it represents more than 30% of the
daily diet for at least one month (Hansen 2000, 22; Tassede and Bekele 2003, 315).
The relationship between abnormal consumption and toxicity is true for all legumes
that contain anti-nutrients (Liener 1969, 5).

The toxicity of legumes can be reduced not only by processing, but also by
consuming the legumes in combination with cereals (Valamoti 2009, 30). In the
case of the Hungarian Carpathian Basin, the broad range of crops recorded for
the area during the (Middle) Bronze Age would have allowed for a balanced diet
between potentially toxic legumes and harmless crops. Moreover, the frequent
presence of both bitter vetch and grass pea during the Bronze Age has been
attested in archaeobotanical assemblages from, amongst others, Croatia, Greece,
Bulgaria and Israel (Kreuz and Marinova 2017; Kroll 1991; Marinova and Valamoti
2014; Reed 2013; Slasky and Kislev 2010). In Northern Greece, bitter vetch has even
been reported to overshadow legumes that were represented in the area during
the Neolithic (Valamoti 2011, 388-389).

“Inferior” legumes as part of subsistence strategy and
culinary practice?

The bulk of bitter vetch finds originate from archaeobotanical assemblages from
Middle Bronze Age settlements inhabited by Vatya communities (Tab. 5). Grass pea
only consists of two records during the Bronze Age, one from a Vatya settlement,
and the second from a Tumulus settlement. These observations might indicate a
preference for the legumes, particularly bitter vetch, by Vatya communities in the
Hungarian Carpathian Basin. Besides being perceived as tasty, which is problematic
to argue based upon the current study, several reasons can be considered for such
a preference.

n
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First, the increased presence of legumes in general during the Bronze Age can
be an indication for the application of specific farming techniques, such as green
manuring (i.e. nitrogen fixation) or intensive farming. The latter is defined as a
system that requires a high input of labour and is usually characterised by small
land plots that are located close to the place of residence. It is therefore suited to
nucleated, sedentary family groups in which childcare plays a central role (Bogaard
2005, 179-182; Van der Veen 2005, 158-159). Legumes are furthermore known to be
suitable for intensive farming strategies (Halstead 1981, 320; Halstead 1987, 82; Jones
2005, 166). According to Nicodemus (2014, 110), tell building communities typically
occupied small houses, indicative for (extended) nuclear families. In such a case, the
practice of intensive farming (most likely combined with extensive farming) would
have been suitable to the habitation structure of Vatya communities.

Second, the cultivation of a wide range of legumes might have been a method of
risk management. As among others Martson (2011) points out, a diversification of a
crop assemblage can be interpreted as a way to ensure the availability of food at all
times. One part of the spectrum is thereby cultivated for fodder and the other part
is cultivated for human diet. As the boundary between food and fodder is flexible,
such a strategy ensures the availability of food in cases of yield loss (Martson 2011,
191-192). Kreuz and Marinova (2017, 653-654) and Valamoti (2011, 388-389) have
suggested that during the Bronze Age in Bulgaria and Northern Greece respectively,
legumes were cultivated for storage as a buffer, as both species are known to be
hardy crops that can cope with environmental stress.

Last, the presence of bitter vetch and grass pea might be related to cultural
(e.g. culinary practice) and social (e.g. exchange) factors prevailing in Vatya com-
munities. Besides being an essential aspect of survival, satisfaction and potential
economic prosperity, food plays a significant role in establishing social relationships
and it has been described as a universal form of communication (Hastorf 2017, 312;
Palmer and Van der Veen 2002, 196). The presence of “exotic” foods can therefore be
a sign of interaction between distant communities (Valamoti 2005, 281). As has been
described above, both bitter vetch and grass pea have been demonstrated to be part
of Balkan and Aegean plant food economies during the Bronze Age. In addition, the
broad bean, which is increasingly represented in the Carpathian Basin during the
Bronze Age, is also first attested in macrobotanical assemblages in Northern Greece
during the same period. Finds of broad bean from preceding periods are only
recorded for the Aegean Islands (Valamoti 2009, 27). The presence of bitter vetch,
grass pea and broad bean in archaeobotanical assemblages in the Carpathian Basin
and the notable similarity with macrobotanical assemblages from the Balkans and
the Aegean, might therefore indicate the existence of social relationships between
the regions. Such relationships might have involved the exchange of plant foods and
the related knowledge on how to process and prepare them.

Final remarks

The results presented in this study show an increased presence of legumes in
the Hungarian Carpathian Basin during the Bronze Age, in particular during the
Middle Bronze Age. Both the variety of species as well as the quantity of finds
is higher compared to the preceding periods. This might be interpreted as an
increased importance of legumes within the food economy prevailing in the area
during this period. Both species of “inferior” legumes are represented from the
Middle Bronze Age onwards, grass pea being a rare find, while bitter vetch seems
to be of greater significance.

Based upon the results presented in this paper, the cultivation of bitter vetch
and grass pea in the Hungarian Carpathian Basin during the Bronze Age should
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most likely not be seen as an indication for poor living conditions. From an environ-
mental perspective there seems to have been no need for the cultivation of drought
resistant crops and there is no strong evidence for the presence of famines. On the
contrary, the crop spectrum of the Bronze Age suggests a rich food economy in the
Hungarian Carpathian Basin, with a variety of choice of crops for both food and
fodder. Moreover, there is no reason to assume that the health of the population
would have been affected by the consumption of the legumes, as it is unlikely that
the legumes made up the bulk of the diet during the period. This can, however,
only be speculated on based upon the current study, and it requires more detailed
macrobotanical data, as well as additional data from skeletal analysis to further
indicate the health status of individuals (as exemplified by Merret and Meiklejohn
2015). That being said, it is also important to underline that what is perceived as
good or bad with respect to living conditions, might have been different in the past
compared to the present.

The same can be said with regard to which crops are viewed as “inferior” and
which are not. As mentioned previously, the boundary between food and fodder is
flexible and these definitions might change annually. Likewise, what is considered
“good” food, and what is considered “bad” food is prone to the same variability.
It is sensible to assume that during times of prosperity certain crops might get
undervalued, while during times of shortage the value for the same crops might
increase. The status of crops as a whole can thus be described as flexible, varying
not only on a temporal scale, but also between and within different communities
and regions.

One aspect that could not be investigated in the current study, is whether
the consumption of “inferior” legumes can be related to a low social status, as
is suggested by ethnographic and historical records. Such a consideration would
require context-based data from various sites and include multiple households
with a presumed social differentiation. Unfortunately, such data are currently not
available to the authors.

The “inferior” legumes in the Hungarian Carpathian Basin can especially be
related to the agricultural practices of Vatya communities that inhabited the central
part of the basin during the Middle Bronze Age. The presence of bitter vetch and
grass pea might be related to specific agricultural strategies practiced by these com-
munities, and/or social ties with the Balkans and the Aegean. A more detailed study
of botanical assemblages from Vatya settlements would be favourable for a better
understanding of what aspect(s) of society governed the choice to cultivate these
legumes in the past.
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THE FOSSIL PLANT REMAINS FROM THE EARLY BRONZE AGE SITE OF ROTHENKIRCHEN I

The fossil plant remains from the Early
Bronze Age site of Rothenkirchen on
the island of Riigen: spatial distribution
patterns as a reflection of household
activities

Almuth Alsleben’

Abstract

Until about three decades ago, the study of the North European Bronze Age Culture
was an archaeology of the dead, focusing on single or groups of grave mounds —
landmarks visible even today in many of the regions. In southern Scandinavia and
the Netherlands, research on Bronze Age settlements improved because of the
many excavated farmsteads and other settlement forms. In contrast, the compara-
ble knowledge for northern Germany is limited. Early Bronze Age settlement struc-
tures have been uncovered in the course of rescue excavations, but only some were
analysed archaeobotanically. The investigation of the prehistoric plant economy
requires close collaboration with archaeology, and archaeologists have increas-
ingly recognised this. According to the data compiled here on plant macrofossils
from Bronze Age northern Germany, emmer wheat and barley were the basis of
cereal cultivation in the entire area. The less frequently recovered crops, such as
spelt wheat and naked or hulled barley, exhibit regional distribution patterns. The
study of crop processing within a household, through patterns of spatial distribu-
tion, requires systematic sampling of excavated deposits. At Rothenkirchen, on
the island of Riigen, excavations of a two-aisled house dated to about 1900 cal BCE
generated an assemblage of plant macrofossils suitable for such analysis, which
indicated different activity zones related to crop-processing and the preparation of
plant foods. The western room was probably reserved for living, as suggested by the
lack of plant remains, whereas the economic sphere was located in the central and
eastern rooms.

Keywords: northern Germany, Riigen, Early Bronze Age, archaeobotany, crops,
crop processing, two-aisled house
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Introduction

For along time, research on the North European Bronze Age Culture was dominated
by the study of burial mounds. The materials recovered from graves allow for the
reconstruction of the private and social life of a community. Because grave mounds
are highly visible landmarks even today, it is these archaeological features that
have garnered most of the archaeologists’ attention, and many of them have been
excavated. Settlement structures were neglected, mostly due to the fact that it is
difficult to detect traces of houses. Within the past few decades, however, the state
of research has improved, most notably in southern Scandinavia and the Nether-
lands. This is one of the findings of a conference held in Kiel 2013, with the subject
‘The Third Food Revolution ... in Bronze Age Europe’. Many trends in economic
and subsistence strategies only become apparent in northern Europe from the
16" century BCE onwards (Kneisel etal 2015, Fig. 1, 2). From about the 13™ or
12% century BCE, an expansion of the crop spectrum is observed. In particular, spelt
wheat (Triticum spelta) has an early focus in the North (Effenberger 2018, Fig. 47).
Bronze Age archaeology in northern Germany still lags behind. Some progress has
been made over the course of investigations financed by the Akademie der Wissen-
schaften und der Literatur Mainz (Meier 2013; Klems in preparation). In addition,
rescue excavations as part of the linear projects in Schleswig-Holstein and Mecklen-
burg-Vorpommern, such as the construction of a motorway or the north European
gas pipeline, revealed mainly small portions of settlement structures but nonethe-
less gave interesting results (Schmidt 2013).

The discoveries show that the two-aisled house-type known from the Late
Neolithic continued to be prevalent until Period I of the Early Bronze Age, resp.
Older, Nordic Bronze Age,® that is, until 1500 BCE. In Denmark and Schleswig-Hol-
stein, the transition to Period II is characterised by the appearance of a new house-
type, the three-aisled building, which combined residential areas and a house-barn
under one roof (Bech and Haack Olsen 2013; Ethelberg 2000, Fig. 15, 16, 22.1-4, 22.5).
Similarities in construction types across the entire area of the North European
Bronze Age Culture makes it appropriate to use the term Hauslandschaft (house
landscape), according to Harsema (1997) (cited in Arnoldussen 2008, Fig. 5.17). Cattle
stalling is archaeologically traceable through the preserved elements of cattle boxes
(Bech and Haack Olsen 2013, Fig. 11a, b; Ku¢an 2007, Fig. 22). In the case of the Late
Bronze Age house at Rodenkirchen, Landkreis Wesermarsch (Lower Saxony), the
archaeobotanical remains allowed a clear distinction between the outdoor area,
the indoor area of the barn and the residential area (Kucan 2007, Table 16-24). The
remains (subfossil seeds and fruit) indicating grassland vegetation and the vegeta-
tion of fields and ruderal areas derived mainly from the outdoor area and, to some
extent, from the area of the barn. The living space was more or less devoid of plant
remains, and the few fossil grains and chaff remains were not taken as indicators of
crop processing inside the house.

The main aim of analysing fossil and subfossil plant material from archaeologi-
cal sites is to learn about the plants that were cultivated or gathered and how they
were used by the community under study. For Bronze Age northern Germany, a
broad understanding of these aspects has been achieved through some recent work
(see below). The growing number of sites in the area that have undergone archaeo-
botanical study have offered a better-resolution picture of the occurrence and dis-

3 The terminology used for the chronology in different regions of the North might cause confusion.
In the case of Rothenkirchen (Mecklenburg-Vorpommern), the following terms are used:
Early Bronze Age (2200-1600 BCE), Middle Bronze Age (1600-1250 BCE), and Late Bronze Age
(1250-800 BCE). In the case of Schleswig-Holstein and southern Scandinavia, the following terms
are used: Late Neolithic/Earliest Bronze Age (SN/Period1, 2200-1500 BCE), Older Bronze Age
(Period II-III, 1500-1050 BCE) and Younger Bronze Age (Period IV-VI, 1050-550 BCE).
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tribution of certain crops in space and time. With regard to innovations in the plant
economy, particularly in agriculture, intercultural contact zones may be defined.
However, insights into crop processing practices on a micro level have remained
limited, mostly because they very much depend on the varying preservation condi-
tions at individual sites.

What are the possibilities offered by archaeobotanical data to address
questions at the micro level? Assemblages composed of subfossil plant remains
usually include many different species and, therefore, provide a good source for
detailed qualitative considerations. Charred plant assemblages are less diverse
because of the relatively small number of remains and because of the bias toward
plants and plant parts that had a chance to come in contact with fire. Even more
problematic are multi-phase sites where features from different phases abut or
overlap. Here, taphonomic processes heavily reduce the level of detail possible
in interpretation. This was, for example, the case with the site of Brekendorf, in
Schleswig-Holstein (Alsleben 2013). The study undertaken by Robinson (2000,
Fig. 6-9) on plant macrofossils from HouseIV at the site of Brgdrene Gram, in
Vojens, Denmark, represents a promising attempt at analysing the spatial distri-
bution of charred plant remains. Robinson mapped discrete concentrations of
grains and spikelets, as well as diaspores of wild plants (growing in arable fields
and grassland), and this mapping revealed distinct distribution patterns. Inspired
by this work, this paper presents the spatial distribution of archaeobotanical
material within the Early Bronze Age house at Rothenkirchen, on the island of
Riigen, and interprets it in terms of the location of zones where different plant-re-
lated activities likely took place.

The site of Rothenkirchen

Figure 1. Map showing the
Bronze Age sites in Schleswig-
Holstein and Mecklenburg-West
Pomerania, northern Germany,
discussed in the text.

The local landscape

It is worth considering the landforms and vegetation of the island and their develop-
ment, since they may have influenced the plant economy of and resource availabil-
ity for the prehistoric community of Rothenkirchen. The island of Riigen is located
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on the south coast of the Baltic Sea (Fig. 1). Its landscape was transformed by the
processes of transgression and isostatic land uplift, which led to great variation
in coastal landforms, seen in the presence of cliffs, beaches, promontories, and
lagoons. Just west of the peninsula of Jasmunder Bodden, a ground moraine of the
last glaciation extending north-west-south-east divides Riigen into a hilly zone to the
east and a mostly flat to gently undulating zone in the west. Boulder clay and marl
plates alternate with areas under sandy soils and these support mixed woodland
vegetation, including such species as hazel, lime, elm, and oak. The soil fertility
values (Landesamt fiir Umwelt, Naturschutz und Geologie Mecklenburg-Vorpom-
mern 2003: Fig. 3.6) show that the soils are of medium to good quality. Precipita-
tion is highest in the upland areas, whereas the relatively dry lowlands along the
coast receive 520-620 mm of water per annum (Lange et al. 1986, Fig. 1). Overall, the
region would have been favourable for human occupation and would have offered
a wide range of plant resources.

The archaeology of the island of Riigen and the site

More than 1200 grave mounds serve as evidence for the dense occupation of
the island of Riigen during the Early Bronze Age (EBA). Until recently, however,
little was known about the settlement with which the mounds were presumably
linked. For the Late Bronze Age, different settlement patterns were proposed.
The dense settlement of the peninsula of Jasmunder Bodden appeared to contrast
with the lack of settlement in the areas to the west and near the south coast of
Riigen. However, during salvage excavations in preparation for the construction
of a motorway, the B96n, connecting the mainland with the island, archaeologists
uncovered several sites in these areas, pointing to human use of the landscape
also in the south-west (Saalow and Schmidt 2009, 69). These results offered
new insights into the life of people on the island around 1900 BCE. Two of the
excavated sites — Rothenkirchen and Gétemitz — are situated at the western edge
of a slightly rising plateau and in the immediate vicinity of the previously dis-
covered nine grave mounds (known as the Neun Berge) that are today partly
destroyed (Schmidt 2013, 129).

Most of the excavated sites are multi-phased, meaning that, in addition to the
ground plans of EBA houses, the site also revealed more recent features, dated to
the Pre-Roman and Roman Iron Age and to the early medieval period. Schmidt
(2013) recorded and published layouts and absolute dates of the houses at Roth-
enkirchen and Gotemitz. At Gotemitz, four ground plans of houses from the Early
Bronze Age and at least four from the Roman Iron Age were documented. Highly
remarkable at this site is the cluster of 31 fireplaces south-west of EBA House 1,
separated from it by an empty space. Despite the close vicinity, there is no direct
connection between these two types of structures, because the fireplaces were
dated to the Late Bronze Age (Schmidt 2013, 126-128, Fig. 7). The EBA house at
Rothenkirchen was surrounded by pits created during the Late Bronze Age for
the purpose of extracting clay. Additionally, inhumation graves from the Slavonic
period (9™ to 11" century AD) caused disturbance in the eastern part of this house
(Schmidt 2013, 123-126, Fig. 4).

At both Rothenkirchen and Gotemitz, the EBA houses were two-aisled and
oriented north-west-south-east. The C14 dates — on charred wood from Gotemitz
and on charred grains of barley and emmer wheat and a rachis fragment of spelt
wheat from Rothenkirchen - suggest that they were in use during the period
1900-2000 cal BCE (Schmidt 2013, Table 1, Fig. 6).
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Analysis of the plant macro-remains

The archaeobotanical samples from both Gétemitz and Rothenkirchen were made
available for analysis. Unfortunately, the sampling of House 1 at Gétemitz was not
carried out systematically; in addition, the material consisted only of the residue
larger than 5 mm (i.e. retained by a 5 mm sieve). Only a few grains of cereals, some
pulses, and wild plant seeds embedded in the matrix were recovered, but these
numbered too few to allow for interpretation. In total, there were nine hulled barley
grains, two emmer wheat grains, six unidentified cereal grains, one unidentified
pulse seed, two Chenopodium album seeds, and three Vicia spec. seeds.

Thanks to the systematic and careful sampling conducted by Klaus Hirsch at
Rothenkirchen, a rich fossil assemblage of seeds and fruits was recovered from
the EBA house, reflecting the plant economy of the members of this household. In
total, 178 samples of unknown volumes were processed by manual flotation. No
plant remains were found in 73 of these samples; the other 105 did yield material,
ranging from many to few finds. The samples originate from the holes of the wall
and roof posts, as well as from pits and structures of unspecified nature adjacent
to the house. The samples from the ‘outside’ structures contained few or no plant
remains. Postholes in the north half of the house were preserved as patches of dark
soil visible on the surface, but it proved impossible to take soil samples from these
features. Poor preservation of plant material is typical of Bronze Age settlements on
dry soils in this region. Still, when taken as a whole, the remains can offer a useful
picture of the plant economy of the time.

The seeds and fruits were identified to the species level where possible and
counted; the results are listed in Table 1. The taxa are grouped into cultivated
plants, i.e. cereals, other food plants, wild plants of anthropogenic habitats (arable
and ruderal), and wild plants characteristic of grassland vegetation. The nomen-
clature follows Oberdorfer (1990). More than half (n=62) of the remaining samples
were very poor in palaeobotanical remains. In Table 1, they were combined and
considered as two groupings. The first (subtotal 1) combines those samples with at
least some identifiable cereal grains; the second (subtotal 2) combines those samples
containing only grains that could not be further identified. The assemblages of these
two combined samples fit into the EBA cereal spectrum, but they are not suitable for
any further interpretation. For each taxon, absolute (n) and relative (n%) numbers
and frequency of occurrence are given in the table. Over 40 per cent of the cereal
grains could not be identified to species level due to their poor state of preserva-
tion. The Cerealia indeterminata grains were added to the more precisely identified
cereal grain categories according to their proportional representation in the plant
material (n% corr.).

Cultivated plants

Pulses, oil plants, vegetables, herbs, fruits, and nuts form an important part of
many human diets, but this diversity is hardly ever fully reflected in the amount
and composition of fossil plant material from prehistoric sites. In the samples from
Rothenkirchen, only one pea, six hazelnuts and one raspberry were discovered, an
important indication of their presence but not of their place in the plant food menu
(Table 1). However, one can assume that many more edible wild fruits, encompass-
ing a greater diversity of species, were collected by the site’s occupants.

In order to come close to understanding the plant economy of the Bronze Age
residents of Rothenkirchen, one has to turn to the much more prominent remains of
cereals (Table 1, Fig. 2). As shown in Table 1, it appears that emmer wheat (Triticum
dicoccum) played the role of the major cultivated crop. It occurs in nearly half of
the examined features, and it dominates the overall crop content, comprising over
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Figure 2. Rothenkirchen, Riigen.
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70 per cent of it. In terms of both quantity and frequency, hulled barley (Hordeum
vulgare vulgare) comes second. Both cereals were typical for the Neolithic in
northern Europe, and their role as principal cereals seems to have also character-
ised the economy of the Bronze Age. Naked barley (Hordeum vulgare nudum) and
einkorn (Triticum monococcum) seem to have always been of lesser importance.
This distinguishes northern German plant husbandry from Scandinavian plant
husbandry of the period, since naked barley was the dominant crop in Scandinavia,
and it continued to have this status even in the Younger Bronze Age (Effenberger
2017, Fig. 5).

There were also grains of free-threshing wheat in the samples, most likely bread
wheat (Triticum aestivum). Cultivation of durum wheat (Triticum durum/turgidum)
cannot be excluded, since findings of the fossil rachis fragments have been reported
for some Funnel Beaker culture sites in Denmark and northern Germany (Kirleis
and Fischer 2014, Table 1). However, rachis fragments, which are the only parts of
the plant that allow for clear differentiation between these two types of free-thresh-
ing wheat, are lacking at Rothenkirchen. Bread wheat is almost ubiquitous at pre-
historic sites in the North, but it is present only in very low numbers. It is a highly
demanding crop in terms of the quality of the soil in which it can grow, and this may
have limited its cultivation potential in the wider region, although soils on Riigen
would likely have ensured successful farming.
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Spelt wheat (Triticum spelta) is as productive as free-threshing wheat, but
less demanding in terms of growing conditions (e.g. soil properties). For instance,
freezing temperatures have no negative effect on the growth of this plant. Therefore
it can be cultivated in the north, where late spring frosts are to be expected. Also,
unlike is the case with free-threshing wheat, crop rotation is not necessary; it is
possible to crop the same field with spelt for several years in a row. Grains of spelt
are poor in diagnostic morphological characteristics, and spikelet forks or glume
bases are needed for accurate taxonomic identification. At Rothenkirchen, glume
bases of spelt make up 8 per cent of the chaff (glume bases and rachis fragments),
which can be taken as an indication of the importance of spelt in the plant economy
from very early on in this period. The finds are dated to 1984-1876 cal BCE (glume
base of spelt wheat, KIA37002, 3571+30 BP) and represent the earliest appearance of
spelt on the southern Baltic coast known to date. This may coincide with the early
appearance of spelt in Denmark and southern Sweden (Effenberger 2018, Fig. 31,
32). The temporal distribution of spelt in northern Germany is uneven. The *C dates
on spelt remains from Todesfelde and the nearby site of Bornhdved, both located in
southern Schleswig-Holstein (Fig. 1), differ by several hundreds of years. Rich finds
of fossil spelt in two houses at Todesfelde were dated to the Late Neolithic/Early
Bronze Age Period I (Effenberger 2018, Table 3). In Bornhéved, the burial mound
(LA18) covered postholes containing remains of emmer and spelt dated to Period II,
i.e. the Early Bronze Age (Alsleben unpublished data, 2013, 236). In northern Schle-
swig-Holstein, the site of Borgstedt (Period I/II), where five houses were excavated,
did not yield any spelt remains (Alsleben unpublished data; Klems in preparation).
Spelt was part of the cereal assemblage retrieved from three large houses at the site
of Brekendorf of Period II/III (Alsleben 2013, Fig. 5).

Wild plants

Cultivated plants are often subjected to intensive care by humans and, therefore,
do not need to compete with the native flora. That is why they could extend their
habitat beyond the areas of their ecological optimum. Wild plants are more sensitive
to variable climatic and edaphic conditions. In an anthropogenically modified envi-
ronment, the latter factor determines the distribution and success of wild species.
Changes in the fertility and moisture of soils, combined with the frequency and
timing of disturbance of the soil, led to the development of certain plant communi-
ties adapted to the new growing conditions. Many annual plants are able to survive
in highly disturbed environments, such as intensively cultivated arable fields,
whereas perennials, which spread via adventitious roots or rhizomes, can survive
in the gaps between the furrows created for sparsely sown crops.

Compared with the other Bronze Age sites in the region, the fossil plant material
from Rothenkirchen is extremely poor in the diaspores of wild plants (Table 1). At
Brekendorf, for instance, wild plants represented 40 per cent of the entire assem-
blage (Alsleben 2013, Table 2), whereas their proportion at Rothenkirchen is below
10 per cent. Crop processing — threshing, sieving, and winnowing — must have been
done outside the house, and only the semi-cleaned crop product was brought to the
house, meaning grains in the case of barley and spikelets in the case of emmer and
spelt wheat (Jacomet and Kreuz 1999, Fig. 11.10, 11.11).

The wild plants identified from the site commonly occur in areas affected by
human activity, such as fields and paths and the ground in and around farmsteads.
The dominant species are fat hen Chenopodium album and redshank Polygonum
persicaria. Both appear regularly in fossil plant assemblages. Some of the annuals
documented at Rothenkirchen may indicate nutrient-poor and sandy soils; these
are red sorrel Rumex acetosella, green foxtail Setaria viridis, annual knawel Scler-
anthus annuus, and corn spurry Spergula arvensis. Rothenkirchen is located in the
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Figure 3. Rothenkirchen, Riigen.
Relative proportions of different
groups of plant macrofossils.

A: Samples rich in grains of
emmer; B: Samples rich in
chaff fragments of emmer and
spelt; C: Samples rich in grains
of barley; D: samples with very
small numbers of remains.

area of transition from the boulder clay zone to the morainic sandy plains, and this
could perhaps explain the presence of these particular plants. On the one hand,
working the soil in such areas tends to be much easier than it is in areas covered
with heavy clay; on the other, rapid eluviation of nutrients can cause problems,
and crop fields often have to be relocated. Even so, the Bronze Age communities in
the North seem to have preferred this border zone between the two distinct geo-
logical areas, at least based on the high number of sites found here, as indicated in
the map showing the excavated Bronze Age sites in Schleswig-Holstein published
by Effenberger (2018, Fig. 1).

The distribution of crops in Early Bronze Age
House 1

In the study of fossil cereal assemblages, it is necessary to bear in mind that spelt
wheat and free-threshing cereals require different post-harvest processing proce-
dures. After the harvest, probably ears and straw (i.e. not separated) were brought
to threshing floors, potentially located in courtyards. Products of the threshing are
grains in or out of the husks, spikelets, rachis, and straw. In the case of free-thresh-
ing wheat and barley, grain is released from the husk during threshing, whereas
in spelt wheat, grains remain in the spikelet after threshing. After winnowing and
coarse sieving, straw and chaff would have been left outdoors. The grain/spikelets
would have been brought into the house and stored there. Preparation of plant
food likely took place indoors and involved dehusking (in the case of spelt wheat),
sieving, hand cleaning, and then possibly grinding of grain and baking of bread,
cooking of groats or mush, and so on. These processes may have taken place on
a daily basis, whereby small quantities of semi-cleaned grain were taken from
storage before the meal was prepared. By-products of crop cleaning were most
likely thrown into domestic fires. Glume bases are quite hard, and they tend to
survive exposure to fire. Therefore, charred spikelet forks and glume bases are
frequent elements of plant macrofossil assemblages.
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The fossil plant material from Rothenkirchen can be classified into four groups
according to the proportions of grain, chaff, and diaspores of ruderals and grassland
plants (Fig. 3). Samples in group A are dominated by grains and chaff of emmer,
while they also contain small amounts of spelt and barley. Group B is characterized
by a high percentage of chaff of emmer, spelt, and barley. In Group C, as well as
the omnipresent emmer, barley grains are also abundant. Group D combines some
62 samples that are poor in remains and thus do not offer any additional informa-
tion (as described above). The bar charts (Fig. 3) also clearly show a minor presence
of the remains of wild plants.

Only two thirds of the features in the EBA house at Rothenkirchen contained
some seed and fruit material (Table 1). With the exception of a single, very deep
posthole, little archaeobotanical material was recovered from the north-west half of
the excavated area, offering few archaeobotanical information for this part of the
house. At Rothenkirchen, five samples containing more than 500 cereal remains can
be understood as traces of former storage deposits. The argument for this is based
on two observations. Compared with the usual very low absolute numbers of finds,
the presence of 500 items in a single sample stands out and therefore requires an
explanation. The calculated weight of 1000 grains (WTG) is also noticeable high. Two
of these samples (from features 115 and 170) did not derive directly from the area of
House 1. In both, emmer was the main component, accompanied by a small quantity
of barley. The WTG of the emmer grains is 17.1, resp. 18.3 g. The samples consist
of emmer grains and glume bases in a ratio of c. 3:1, suggesting that this crop was
stored in the form of spikelets. Another three storage deposits were found inside
the house. In the samples from features 67 and 344, emmer is mixed with spelt.
Again, the emmer product consists of spikelets, whereas the spelt was left as glume
bases. Due to identification difficulties, grains of spelt are hardly ever documented
in Bronze Age crop assemblages. But it can be assumed that they were there. The
ratio of spelt to emmer glume bases (1:5, resp. 1:4) can be used to calculated the pro-
portion of these two grains. The two crops may have been mixed accidentally, but it
is more likely that a combination of the two grew in the same field — with spelt being
an accidental but tolerated inclusion in a standing crop of emmer. The possibility
that spelt may have been cultivated as a crop in its own right has been highlighted
for this period, and the situation may have differed among the sites (Effenberger
2018, 96-97). The last big grain deposit is a store of barley with an admixture of
emmer. Here, the weight of emmer grains (WTG 11.3 g) is lower, likewise indicating
that emmer was not the main crop.

Between the two extremes — the samples very poor in macro-remains and the
possible crop stores—a group of 17 samples was selected that yielded enough material
to allow for an analysis of the plant economy within the household under study. For
the analysis of their spatial distribution, the samples were grouped according to
the zone from which they originated within House 1 (Table 2). The richest of these
samples come from the holes for roof posts and the holes for posts of the south-west
and north-east walls. Emmer grain and glume bases predominate. The other crops
show a distinctive distribution pattern within the house plan (Fig. 4). The central
area of the house is characterised by a significant presence of emmer and an absence
of barley. The greatest numbers of emmer remains are found in posthole 67 and the
combined holes 344/345. Spelt wheat, represented only in the form of glume bases,
is also found in the central area (features 67 and 344/345), as well as in the hole of
a post making up the south wall (Feature 51). The concentration of barley is located
in a posthole in the northern part of the building (feature 337), and this is the only
such find in this house. Another, but smaller barley accumulation was found near
the south-east wall. The most interesting observations relate to the part of the north-
east wall between two of the entrances to the house. Here, numerous glume bases
of emmer and spelt wheat were found (with emmer being the more numerous) and
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Emmer wheat, spelt wheat Emmer wheat, spelt wheat Barley

rich in grains and chaff rich in chaff rich in grains

Number of taxa 13

Total plant macrofossils (n) 1400 742 658 632 304 409 311 535 195 191 98 151 146 75 66 57 569 106 82 84 14 74 45 46

Subtotal cereals (n) 1381 729 655 617 301 297 299 525 187 177 95 145 137 7 65 53 555 99 76 79 89 70 42 28

Subtotal wild plants (n) 19 12 3 14 3 110 12 10 8 14 3 6 9 4 1 4 14 7 6 5 25 4 3 16
A: Cereals, grain

Triticum dicoccum 485 294 233 224 137 89 88 12 8 14 3 48 39 19 33 31 77 18 14 18 29 24 2 1

Hordeum vulgare . . . . 2 . 9 6 3 13 4 . " 8 1 1 . . . . 12 7 23 .

Hordeum vulgare vulgare 36 35 18 23 . 67 4 . . . 5 7 . . . . 29% 37 19 17 6 . . 13

Triticum spelta . cf.2 . . . . . . . . . 1

Triticum aestivum s.I. 3 1 . cf.4 . . . . . 1 . . . . . . . . . . . . f.2

Hordeum vulgare nudum . . 3 . . . . . . . 1

Triticum monococcum . . . . . . . . 2 . . 1

Avena spec. o 5 o cf.1 o o o 5 5 o 5 o o o 3 5 o o 5 o o 5 1 2

Cerealia indet. 375 203 298 217 128 81 102 12 10 24 9 72 67 29 26 16 115 35 26 33 25 3 14 10

Sum of grains 899 535 552 469 267 237 203 30 23 52 22 129 117 56 60 48 488 90 59 68 72 62 42 26
Cereals, chaff

Triticum dicoccum, gb. 290 172 88 117 33 56 74 466 153 83 65 16 15 14 5 5 42 7 17 1" 17 7 o 2

Hordeum vulgare, rf. 2 19 . 1 . . . 14 4 2 2 . . . . . 20

Triticum spelta, gb. 52 cf1 " 30 . cf1 17 15 7 31 4 . 3 . . . 5 2

Triticum dicoccum/spelta, gb. 122

Triticum monococcum, gb. cf16 2 4 . 1 4 5 . . 9 cf.2 . 2 cf.1 . . . . . . . cf1

Sum of chaff 482 194 103 148 34 61 96 495 164 125 Al 16 20 14 5 5 67 9 17 " 17 8 0 2

B: Further food plants

Pisum sativum . . . . . . . . . . . . . . . . . . . . . . . 1
Leguminosae sativae indet. . 1 . . . . . . . . . . . . . . . . . . . . . 1
Corylus avellana . . . 1 . 1 . . . . . . . . . . . . . . . . . 1

Rubus idaeus
Sambucus nigra, subfoss.
Sum of further food plants 0 1 0 1 0 1 0 0 L] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3

C: Wild Plants

Plants of arable fields +
ruderals

Chenopodium album

Polygonum persicaria-type 25 . 2 . 9 . 1 . 1 1 1 5 . 1 1 5 1 . 1

N o o
[N)
e}
~

Polygonum convolvulus
Vicia-type 1 5 5 5 5 5 1 3 3 1 1 2 5 5 5 5 5 5 1 5 5 5 5 2
Rumex acetosella 2 . . 1 . 38 4 1 . . . . 5 . . . . 1 4 4 3 . . 4
Polygonum aviculare . . 1 . . 2 . . . 1 . 1 1 . . . 1 . . . 1

Galium spurium . . . . . 2 . . . . 1 . . . . . . 1 . . . . . 4
Polygonaceae . . . . . . . . . . . . . . . . . . . . . . . 1

Setaria viridis . . . . . . . . . . . . . . . . . . . . . . . cf1
Trifolium-type . . . . . . . . . . . . . . . . 2

Plantago lanceolata

Rumex crispus-type

Poa annua . . . . . . . 1 5

Scleranthus annuus o 5 o o o 1

Spergula arvensis . . . . . . . . . . . . . . . . . . . . . . . 1

Atriplex spec. . . . 1 .

Sum of arable fields + ruderals 19 4 3 14 3 106 12 9 8 12 3 6 9 3 1 3 " 7 6 5 25 2 0 14

Grassland plants

Poaceae . . . . . 1 . . . 2 . . . . . 1 3 . . . . 1 . 1
Bromus spec. 5 8 5 5 5 5 5 5 5 5 5 5 5 1 5 5 5 5 5 5 5 5 3 1
Lolium spec., small-seeded . . . . . 1

Carex 2 spec.

Carex 3 spec. . . . . . 1

Cladium mariscus

Eleocharis spec. . . . . . . . 1

Molinia caerulea, rhizome

Stellaria palustris-type . . . . . 1 . . . . . . . . . . . . . . . 1

Sum of grassland plants 0 8 0 0 0 4 0 1 0 2 0 0 0 1 0 1 3 0 0 0 0 2 3 2

Table 1. Rothenkirchen, Riigen. Absolute and relative number of fossil plant remains, frequency of occurrence, and number of taxa per sample.
gb. = glume base, rf. = rachis fragment.
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Non-specific cereal collections Subtotal 1 [ Subtotal 2| Frequency| Total (n) :':Z:.
relatively poor 31 31 105 105
samples | samples | samples | samples

Number of taxa 4 6 3 4 5 8 4 4 4 5 2 6 4 6 5 3 6 3 5
Total plant macrofossils (n) 23 43 3 10 10 78 8 36 14 5 4 33 11 24 23 8 46 5 14 123 114 7724 =100%
Subtotal cereals (n) 2 3% 3 10 9 75 8 35 13 2 4 28 10 22 20 7 43 4 9 100 55 7287 943
Subtotal wild plants (n) 1 7 0 0 1 3 0 1 1 2 0 5 1 2 2 1 3 1 5 19 59 426 55

A: Cereals, grain
Triticum dicoccum 12 16 . 4 2 N 3 14 1 . . . 3 9 6 2 13 . 3 24 . 49 2063 41.0 72.8
Hordeum vulgare 0 0 1 o o | 12| o o 0 1 0 o 1 1 1 0 o 2 1 17 o 32 137 2.7 44
Hordeum vulgare vulgare 1 5 . 3 . . 1 2 . . . . . . . . 5 . . 13 . 26 613 122 217
Triticum spelta 2 3 0.1 0.1
Triticum aestivum s.I. . . . . . 1 7 13 03 0.5
Hordeum vulgare nudum . . . . . . . . . . . . . . . . . . . . . 2 4 0.1 0.1
Triticum monococcum 2 3 0.1 0.1
Avena spec. 3 4 0.1 0.1
Cerealia indet. 9 12 1 2 4 & 3 12 4 1 2 3 6 7 7 5 18 2 4 34 55 84 2190 435 -
Sum of grains 22 3 2 9 6 65 7 28 5 2 2 3 10 17 14 7 36 4 8 88 55 5030 =100%

Cereals, chaff
Triticum dicoccum, gb. 0 3 1 1 2 10 1 7 8 o 2 25 o 5 7 0 7 o 1 9 o 44 1843 81.7
Hordeum vulgare, rf. . . . . 1 . . . . . . . . . . . . . . 1 . 10 66 29
Triticum spelta, gb. . . . . . . . . . . . . . . . . . . . 2 . 13 179 7.9
Triticum dicoccum/spelta, gb. . . . . . . . . . . . . . . . . . . . . . 1 122 5.4
Triticum monococcum, gb. 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 1" 47 2.1
Sum of chaff 0o 3 1 1 3 10 1 7 8 0 2 25 0 5 7 [ 0 1 12 0 2257 =100%

B: Food plants
Pisum sativum . . . . . . . . . . . . . . . . . . . . . 1 1
Leguminosae sativae indet. 2 2
Corylus avellana . . . . . . . . . 1 . . . . . . . . . 2 6 6
Rubus idaeus o o o o o o o o o o o o o o o o o o o 1 o 1 1
Sambucus nigra, subfoss. . . . . . . . . . . . . . . . . . . . 1 . 1 1
Sum of food plants 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 4 0 1"

C: Wild Plants
Plants of arable fields +
ruderals
Chenopodium album . 4 . . . . . . . 1 . 2 . 1 1 1 1 . 4 9 6 34 119 315
Polygonum persicaria-type . 2 . . 1 1 . 1 . . . . 1 1 . . . . 1 1 4 27 84 220
Polygonum convolvulus . . . . . 1 . . . . . 1 . . . . 1 5 15 22 5.6
Vicia-type 5 5 5 5 5 5 5 5 1 5 5 5 5 5 1 5 5 5 5 1 2 14 20 53
Rumex acetosella 2 12 69 183
Polygonum aviculare . 1 . . . . . . . . . . . . . . . . . 1 2 1" 12 32
Galium spurium . . . . . . . . . . . . . . . . 1 . . . 17 9 26 6.9
Polygonaceae 1 . . . . . . . . . . . . . . . . . . . 4 6 6 1.6
Setaria viridis . . . . . . . . . . . 1 . . . . . . . 2 3 4 11
Trifolium-type . . . . . . . . . . . . . . . . . 1 . . 1 3 4 1.1
Plantago lanceolata . . . . . . . . . . . . . . . . . . . . 2 2 2 0.5
Rumex crispus-type 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 1 1 2 2 0.5
Poa annua 2 6 16
Scleranthus annuus a 5 5 o o a 5 o o o a 5 o o o 5 5 o 5 o 1 2 2 0.5
Spergula arvensis . . . . . . . . . . . . . . . . . . . . . 1 1 03
Atriplex spec. . . . . . . . . . . . . . . . . . . . . . 1 1 03
Sum of arable fields + ruderals 1 7 0 0 1 2 0 1 1 1 0 4 1 2 2 1 3 1 5 15 47 380 =100%
Grasland plants
Poaceae . . . . . . . . . . . 1 . . . . . . . . 1 8 " 24.4
Bromus spec. a 0 o a o 1 0 o a 1 a 0 5 a 0 a 0 o a 4 4 13 23 489
Lolium spec., small-seeded . . . . . . . . . . . . . . . . . . . . . 1 1 22
Carex 2 spec. 5 5 . 5 5 5 5 . 5 5 5 5 5 5 5 5 5 . 5 5 1 1 1 22
Carex 3 spec. . . . . . . . . . . . . . . . . . . . . . 1 1 22
Cladium mariscus 0 0 o o o 0 o o 0 o 0 o o 0 o 0 o o 0 o 2 2 2 4.4
Eleocharis spec. . . . . . . . . . . . . . . . . . . . . 1 2 2 44
Molinia caerulea, rhizome . . . . . . . . . . . . . . . . . . . . 3 1 3 6.7
Stellaria palustris-type . . . . . . . . . . . . . . . . . . . . . 2 2 44
Sum of grassland plants o o0 o o o0 1 0 o0 0 1 0 1 0 0 0 O O0 o0 O 4 12 46 =100%

Table 1 (continued). Rothenkirchen, Riigen. Absolute and relative number of fossil plant remains, frequency of occurrence, and number of taxa per
sample. gb. = glume base, rf. = rachis fragment.
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_ aring postholes South-west wall North-east wall
347 50 51 52 207 53 55 57 58 70 7 72 73

Roofbe
Feature 65 67 322 344/345 337

Total plant macrofossils (n) 78
Subtotal cereals (n) 75
Subtotal wild plants (n) 3
Grains

Triticum dicoccum 1"
Hordeum vulgare 12

Hordeum vulgare vulgare

Triticum spelta

Triticum aestivum 1

Cerealia indet. M
Chaff

Triticum dicoccum, gb. 10

Hordeum vulgare, rf.
Triticum spelta, gb.
Triticum dicoccum/spelta, gb.

Triticum monococcum, gb.

Table 2. Rothenkirchen, Rigen.
Samples rich in cereal remains
grouped according to their
location of origin in House 1.
gb. = glume base, rf. = rachis
fragment.

1400 66 936 569 106 151 311 146 75 84 409 82 114 535 191 98 195

1381 65 918 555) 99 145 299 137 Al 79 297 76 89 525 177 95 187

19 1 17 14 7 6 12 9 4 5 110 6 25 10 14 3 8

485 33 361 77 18 48 88 39 19 18 89 14 29 12 14 3 8

1 2 9 1 8 12 6 13 4 3
36 . 23 296 37 7 4 . . 17 67 19 6 . . 5
1
cf.3 . cf.4 . . . . . . . . . . . 1

375 26 345 115 35 72 102 67 29 33 81 26 25 12 24 9 10

290 5 150 42 7 16 74 15 14 1 56 17 17 466 83 65 153

2 1 20 14 2 2 4
52 . 30 5 . . 17 3 . . cf1 . . 15 31 4 7
122 . . . 2

cf.16 . 1 . . . 5 2 cf1 . 4 . . . 9 cf.2

almost no grains. Even rachis segments of barley, which are rare in the assemblage,
are present in the samples from this zone.

In summary, plotting of the archaeobotanical data onto the plan of the house
shows that (1) emmer is evenly distributed; (2) spelt in grain-rich samples is confined
to the central area of the house, and spelt in chaff-rich samples is confined to the
north-east wall; (3) small amounts of barley are generally distributed, and concen-
trations of it are found at the northern and south-western ends of the house; (4)
chaff of emmer, spelt, and barley is concentrated along the north-east wall (Fig. 5).

Discussion

North European longhouses of the Older/Early Bronze Age were, with some minor
variations, very similar in design. They were two-aisled and had two or more
entrances in each of the long outside walls. Often a division into three ‘rooms’ is
discernible. The development of the three-aisled house, around 1500 BCE, led to
uniformity in the architecture. The most significant change was the inclusion of a
byre in the eastern part of the house, which may be evidenced archaeologically, by
elements of cattle boxes, or physically, by increased soil phosphate levels. At Brek-
endorf, Schleswig-Holstein, Meier (2013, Fig. 12) uses measured phosphate values
to argue for the existence of a barn in House 4. In theory, it can also be evidenced
by archaeobotanical remains. However, the chances of fodder plants and straw
being preserved archaeologically are low, because their taphonomic pathway rarely
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involves the necessary charring or subfossil preservation. An exception is the site of
Rodenkirchen, which had subfossil preservation (Ku¢an 2007, Fig. 22, Table 16-24).

As material culture evidence and furnishing is missing, it is unknown if internal
organisation of households followed the trend of uniformity in architecture.
Andreasen (2011, cited in Grundvad et al. 2015) addressed that question when she
compared Bronze Age houses of periods I toIII in Jutland, Denmark. Jutland has a
long tradition of settlement investigation, which has resulted in a large amount of
archaeobotanical data. Spatial distribution within houses was analysed for the sites
of Ngrre Holsted (Grundvad et al. 2015), Kongehgj (Andreasen 2011), Frejlevgard
(Jensen 2017), Brgdrene Gram (Robinson 2000), and Bjerre (Henriksen et al. 2018).
Andreasen noted a lot of variability in the assemblages, which were comprised of
cereal grains, chaff, and wild plant species, and she noted that this variability requires
more detailed investigation. However, some general results can be extracted from
her compilation. (1) The western part of the houses is poor in fossil plant remains.
(2) The eastern part is rich in finds, mainly cereal grain and/or chaff (sunken floors
are often present in this part, probably to enlarge storage facilities; this functional
interpretation may be supported by the fact that, here, the density of fossil grains is
often high. (3) The central room is often rich in grain, chaff, and wild plants.

At Todesfelde, Schleswig-Holstein, Effenberger (2018, 26-33) came up with similar
results for House 2. Although this house had no sunken floor, it did have a thick
burnt layer containing charred cereal grains. Effenberger assumes that, as a result
of the fire, a collapsing wall buried the cereal that was stored on the upper floor.
The other sites in Schleswig-Holstein, Brekendorf (Alsleben 2013) and Borgstedt
(Alsleben unpublished data), yielded no data pertinent to this issue.
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Figure 4. Rothenkirchen,

Rtgen. Distribution of cereal
assemblages in House 1 (see
Table 2). Yellow: samples poor in
palaeobotanical remains; black:
samples with a concentration of
glume bases of emmer and spelt;
turquoise: samples dominated
by emmer; pink: samples with a
relatively high quantity of spelt;
green: samples with a relatively
high quantity of barley. Traces
of cereal stores were found in
features 67 and 337. Orientation
to the north. Arrows mark
presumed entrances. House 1
measurements: length: 21m,
width 6m.
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Store 1 Store 2
B Emmer B Emmer
Barley Barley
Emmer, gb. Emmer, gb.
H Barley, rf. M Barley, rf.
M Spelt, gb. | Spelt, gb.
SW wall NE wall
B Emmer
B Emmer
Barley
Barley Emmer, gb.
Emmer, gb. M Barley, rf.
m Spelt, gb. H Spelt, gb.

Figure 5. Rothenkirchen, Riigen.
Selected cereal assemblages in
House 1 (see Table 2). The pie
charts combine grain and chaff.
Black, grey: grains, turquoise,
green, violet: chaff. gb. = glume
base, rf. = rachis fragment.

The internal organisation of House 1 at Rothenkirchen shows some deviation
from the other EBA houses. As is the case in the other houses, its western part lacks
fossil plant remains, but it contained a single store of barley. The central part is
similar to the Danish houses. Again, the eastern part differs, in that it has no evidence
for a grain store, but it did contain chaff. There are several possible interpretations
for the chaff, as residue of crop processing, either outside (but near) or inside the
house, or as residue of straw covering the floor.

Summary and conclusions

House 1 at Rothenkirchen was classified as a two-aisled house typical of the Older/
Early Bronze Age in Scandinavia, northern Germany, and the Netherlands. The
available archaeological data did not reveal any details of the interior organisation
of the household, such as the presence and/or location of fireplaces or pits. For this
reason, the interpretation of the archaeobotanical data from a spatial/contextual
perspective that is attempted here could not be tested against the information from
archaeological features and the material culture evidence.

The primary information obtained from cereal remains from settlement sites
gives an insight into the spectrum of crops grown and used by prehistoric com-
munities and their potential importance in human diet. Cereal assemblages from
individual houses, their density in the sampled deposits, and their spatial distri-
bution can help draw an overall picture of crop production and consumption of
the household that occupied the house, throughout the life of the house. For the
residents of House 1 at Rothenkirchen, emmer wheat was a staple crop, while
they also consumed variable quantities of barley and spelt. Over time, debris from
the preparation of plant food accumulated in the holes of the roof and wall posts.
The low density of plant remains recorded in the southern-most part of the house
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suggests that plant-related activities did not take place in this part of the building.
In the northern part of the house, remains of two grain stores were detected. They
included both grain and chaff, indicating that the harvested crop had not been fully
cleaned. Rather, it probably went through the initial processing stages (threshing,
winnowing, coarse sieving), which took place outdoors, and was then stored semi-
cleaned, awaiting further cleaning prior to consumption. Activities such as sieving,
hand cleaning, and grinding likely took place in the northern part of the house.

Another plant-related activity zone may have existed in the north-eastern part
of the house, where numerous glume bases of emmer and spelt, as well as rachis
fragments of barley, were found, but hardly any grain. This evidence may be inter-
preted in one of three ways. (1) The harvested cereals were threshed outside the
house, but perhaps very close to it (although the fact that the residue from threshing
is highly inflammable argues against the threshing area being located near the
house). (2) It is the subsequent processing, i.e. dehusking (of hulled wheat) that took
place in this part of the house. (3) The chaff remains in this zone do not result from
crop processing, but from straw that may have covered the floor.

The compilation of data on houses from this site and others in the region shows
that, using same construction type, the community of the Nordic Bronze Age culture
expressed itself in the same way. This is reflected in the interior by a similar organ-
isation of household activities: The western room was probably reserved for living,
as suggested by the lack of plant remains, whereas the economic sphere was located
in the central and eastern rooms.
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Waste disposal in the Bronze Age: plants
in pits at Wismar-Wendorf, northern
Germany

Dragana Filipovié," Frank Mewis,” Lars Saalow,’ Jens-Peter
Schmidt,” Wiebke Kirleis®

Abstract

Development-led excavations in Wismar-Wendorf in the district of Nordwestmeck-
lenburg, northern Germany revealed a site of prehistoric activity from the regional
Late Bronze Age, as evident from the characteristics of the artefactual evidence.
More precisely, the result of radiocarbon dating places the site in Period VI of the
Northern European Bronze Age. Different types of features and finds were docu-
mented at the site and they indicate that a settlement was once located here. The
most prominent features are pits — of different sizes and shapes but of a generally
unclear function; the working interpretation includes categories such as storage pits
and borrow pits. Archaeobotanical material recovered from pits can often shed light
on a possible use of these structures. In the case of Wismar-Wendorf, it shows that
the pits received discarded by-products of plant processing and possibly intention-
ally burnt fungi-infected stores of plant products.

In this report, the methods and results of the analysis of plant remains recovered
from Wismar-Wendorf are presented in detail. The outcomes are briefly discussed
in a broader regional and chronological context. The botanical assemblage from
the site is used as a proxy in the reconstruction of the process of formation of the
content (fill) of the pits and the depositional practices involving plant products and
by-products. In this, the available archaeological information (for instance on other
inclusions in the pit fill) are taken into account. The paper offers an insight into the
possible ways in which plants were kept, processed and discarded at Bronze Age
sites.

Keywords: Late Bronze Age, pits, Wismar-Wendorf, crop products, crop by-
products, waste disposal
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Figure 1. Map showing the
location of Wismar.
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Introduction

Whatever their original purpose, prehistoric pits are often found filled up with
domestic waste that includes organics, sherds, lithics and other artefacts. Their role
as dumps makes them a valuable source of information on day-to-day life in the past
and the habit of rubbish disposal as well as on the production and consumption of a
range of objects and materials, including plants. From an archaeobotanical perspec-
tive, residues from different plant-related activities and sources tend to be mixed
and tossed in pits, though stratified pits may preserve individual episodes of discard
of debris from discrete activities accumulated over short or extended periods. In
both cases, the composition of the botanical assemblages can offer insight into the
practice of disposal of waste resulting from handling plants and, beyond this, into
certain aspects of plant processing and consumption.

This paper presents the methods and results of the archaeobotanical analysis of
the contents of Bronze Age pits discovered at the site of Wendorfin Wismar, northern
Germany and considers the depositional history of the botanical material, which it
then uses to evaluate archaeological interpretation of the function of the pits. It also
briefly discusses the regional and chronological context of the plant assemblage and
highlights some relevant analogous botanical datasets from the region and period.

Summary of the site

In the course of 2016 and 2017, development-led archaeological excavations were
carried out in the town of Wismar, in northwest part of the state of Mecklen-
burg-Vorpommern (Fig. 1), on the land where a new, 14 ha-large residential area of
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Gerstensécke

Figure 2. Close-up of the location
of the site of Wendorf in Wismar
(map background: TK10, LAV
MVv).

Figure 3. Cross-section through
the grain-rich pit (Feature 145)
at the site of Wendorf in Wismar
(photo © LaKD-MV).

the seaside resort Wendorf (Seebad Wendorf) is to be constructed (Fig. 2).® The exca-
vations took place in several sections of a wide flat zone on top of a very low, gentle
rise overlooking the Bay of Wismar and situated 300-500 m away from the coast.
They were conducted under the auspices of the Landesamt fiir Kultur und Denkmalp-
flege (State Office for the Preservation of Cultural and Historical Heritage) and were
directed by Frank Mewis. About 21,000 m? of the extent of the site was cleared and
examined. Machinery (wheeled excavator) was used to remove the top soil (c. 30 cm
thick) as well as the sediment outside visible structures or features.

3 http://www.lge-mv.de/baugebiete/wohnhausgrundstuecke/wohngebiet-wismar-seebad-wendorf
(accessed 22 January 2018).
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Figure 4. Close-up view of the
burnt grain concentration in
pit (Feature 145) at the site of
Wendorf in Wismar (photo ©
LaKD-MV).

The upper levels yielded traces of use of the site in modern and medieval times
(14-18™ century); underneath, remains of a Bronze Age settlement were discovered.
They were recognised as areas of dark matrix in otherwise pale sandy loam and in
the form of features (pits of various sizes and shapes, stone-lined hearths, postholes)
and objects (e.g. tools made of stone and osseous materials and ceramic vessels).*
Animal bones and plant remains were also encountered. For the majority of the
dug features it was suggested that they could have served as borrow-pits, whereas a
storage function was proposed for several of them.

With respect to the botanical material, the most stunning was the discovery of
several dozen kilograms of charred grain in a large pear-shaped pit (Feature 145,
Fig. 3-4). The first impression of the archaeologists has been that this find could
represent an accident during drying of the grain. In the same pit, a large polished
stone was also unearthed and has been considered a possible implement used for
grinding grain.’ In addition to plants and tools, animal bones and potsherds were
present in the fill of the pit. The sherds come from pots typical of Period VI of the
Northern Bronze Age including, for instance, storage vessels decorated with Fin-
gerkniffleisten and vessels with fluted ornamentation.

4 http://www.lge-mv.de/aktuelles/spektakulaere-funde-im-neuen-wohngebiet-seebad-wismar-
wendorf (accessed 22 January 2018).

5  http://www.ln-online.de/Lokales/Nordwestmecklenburg/Sensationelle-Funde-im-Seebad
(accessed 22 January 2018).
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Table 1. The list of contexts at Wismar-Wendorf from which
archaeobotanical samples were taken.

Context

number

145

233

360

416

441

Context
category

pit

(storage pit?
borrow pit?)

pits
(storage
pits?)

Sample
number

10

A-rest

12+8

2+4+5

16+3

6+7

1147

15

13

233

360a

360b

416

441

Soil

volume (L)

10

26

20

10

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

a4

45

46

47

48

49

50

51

Context

number

188

250

257

270

280

330

362

366

367

368

398

407

424

437

372

427

428

381

455

464

465

469
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Context
category

pits
(borrow
pits?)

pits

fireplaces

Sample
number

188a
188b
250a
250b
257
270
280
330
362
366a
366b
366¢
367
368
398
407a
407b
424
437a
437b
437c
372
427
428
381
455
464
465

469

Soil

volume (L)

10

10

10

15

12

10
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Figure 5. Charred grain from
pit (Feature 145) at the site of
Wendorf in Wismar: left - fused
into hard chunks, right - loose.

Materials and methods

Collection and processing of archaeobotanical samples

The samples intended for archaeobotanical examination were collected by the ex-
cavators, in liaison with the archaeobotanists at the Institute of Pre- and Protohisto-
ry in Kiel. Around 10 litres of sediment were collected from the sampling locations/
deposits chosen by the archaeologists, except in case of the grain-rich pit (Feature 145)
where alarger amount of the pit fill was taken. From some of the pit-features, multiple
samples were taken (up to three). Table 1 provides the list of contexts (features) from
which a total of 51 archaeobotanical samples were derived (46 from pits and 5 from
fireplaces), and shows the volume of the samples. Processing of the samples included
flotation, drying, sieving and splitting. About a dozen samples from Feature 145 were
manually floated in the field and their size was not recorded. The rest of the samples
were hand-floated in Kiel, whereby the ones not originating from Feature 145 were
processed by students participating in a weak-long training course in archaeobo-
tanical field methods carried out at the Institute for Ecosystem Research in Kiel. The
sediment from each sample was split into several buckets, to which water was then
added; the sample was stirred and left to settle for few minutes, and then poured
through a 0.3 mm sieve. Some of the samples were particularly clayey and required
more water and multiple washing. This was especially the case with the fill of pit
145 from which several samples included large chunks of hard scorched earth with
charred seeds embedded in it, or bearing impressions of grains (Fig. 5). The seed-con-
taining blocks of earth were left to dissolve in water and then sieved; the ones carrying
grain imprints only were left to dry and then stored.

Extraction, identification and quantification of plant
remains

Save for the samples from pit 145, all other samples were fully sorted (and without
prior sieving). The majority of the samples from pit 145 were very large and rich. In
order to make the sorting process faster and easier, these samples were first sieved
in order to separate the material of different size; sieves with apertures of 4 mm,
1 mm and 0.3 mm were used. The individual sieve-fractions were then split using a
riffle-box (metal sample-splitter), so that a random subsample for each size-based
fraction of each sample was obtained. Sample ‘B’ was, however, not sieved and
was divided by hand to six more-or-less similarly sized portions, one of which was
entirely sorted. Table 2 shows the different subsamples sorted from the fill of pit 145.



Pit 145 Subsample sorted

Sample number Sieve 4 mm Sieve 1 mm Sieve 0.3 mm

1 m”m 1/4

3 11 172 7,1
16+3 1/4 1/4
4 171 172
6 (Al 1/8 17
10 1/64 1/8
A 1/8 1/8 1/8
A-rest 1”71
1248 1/16 1/16
11+7 1/32 1/8
B 1/6 1/6 1/6

subsamples marked in red not included in this report

24445 1/64 1/8
5 11 1/8

9 171 1/28 1/8
13 1/16 1/4
6+7 1/32 1/8

15 7

The extraction, identification and counting of plant remains was conducted for
charred material only. Several pits contained mineralised seeds (mostly of Cheno-
podiaceae) and these were left out of the analysis. Charred wood remains were
extracted but not identified. Botanical identification draws from the immense ex-
perience of Edeltraud Tafel, who processed the majority of the samples, whilst the
help of Helmut Kroll was also available. The samples from pit 145 were processed
by Edeltraud Tafel, Mark Hadyniak and Dragana Filipovi¢; here, the identification
and quantification procedure differed slightly between the analysts. For instance, in
all but two of the samples (samples ‘A’ and ‘B’), the ‘asymmetrical’ (‘twisted’) grains
of barley were counted separately and determined as coming from the six-row
barley variety. Further, the number of cereal (mostly barley) grains in these two
samples was estimated based on their weight.® In all other cases, however, apical
and embryo ends of cereal grains were counted and the larger count included in the
total. This procedure secures more accurate quantification, but is more time-con-
suming and, so far, the counting has been completed for 11 out of the total of 17
samples from pit 145 (see Table 2). The non-quantified samples were not included
in the analysis. Nevertheless, quick scanning of the material from these samples
showed that the composition and amounts of different plant remains here are very

6  The weight of a certain number of whole cereal grains (e.g. 100) was measured and used as a
basis for estimating the number of grains in a weighed combination of whole and fragmented
grains.
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Table 2. The list of analysed
subsamples from the grain-
rich pit (Feature 145) at
Wismar-Wendorf.
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similar to those seen in the completed samples from the respective layers/quadrants
of the pit. Hence, the available results for pit 145 are taken as representative of the
entire botanical archive recovered from this feature.

The counts of taxa identified in the subsamples from Feature 145 were multi-
plied and summed up to obtain the values for the whole samples;’ these are the
values reported here and used in the analysis. From several of the remaining pits,
more than one sample was taken for the analysis (Table 1). In these cases, multiple
samples from the same feature were analysed separately. Their composition turned
out to be very similar. Also, the archaeological description does not suggest that
they come from discrete deposits within the pit, even though they were taken at
different depths through the pit fill. Because of this, the results (i.e. taxa counts) for
the samples from the same feature were amalgamated and as such included here.

Data analysis and presentation

The following attributes are used as a basis for closer inspection of the botanical
content of the features and their comparison: abundance and frequency of oc-
currence of individual taxa and groups of taxa; botanical density of the samples
(number of items per litre of soil); botanical composition of the samples/contexts;
archaeological layers or other units of excavation. Abundance and frequency of the
remains are understood as reflecting the overall degree of presence and/or use of
different taxa and, in turn, their potential importance and role for the Bronze Age
occupants of the site. Botanical density is used as an indicator of the rate at which
plant material was deposited, i.e. whether the material was deposited in a single
event (e.g. large amounts of plant parts disposed all at once) or if the assemblage
consists of several/many smaller botanical deposits accumulated over some time.
Botanical composition helps reconstruct the formation of the assemblage and the
processes involved in it (e.g. crop processing, food preparation). The details on ar-
chaeological context aid in investigation of the above-described parameters. Some
of these characteristics are presented as univariate numerical data (given in the
tables) and visualised using simple column and pie charts.

The archaeobotanical results for the same feature type are presented and
discussed together. An exception to this is pit 145 because this particular feature con-
tributed a greater number of samples and has yielded exceptional concentrations of
plant remains (see below). Of the rest of the sampled features at Wismar-Wendorf,
most represent pits (possibly of different function), whilst there are also several fire-
places. It is a priori assumed that the plant content of the former is of secondary
origin, and of the latter — primary. This hypothesis is tested by looking at the compo-
sition of the botanical and, where available, other materials and the descriptions of
structural elements of these features.

Results and discussion

The archaeobotanical assemblage

Table 3 gives a detailed list of the taxa encountered in the samples deriving from
26 sampled features. The results for pit-feature 145 are shown separately — in
Table 4. Figure 6 presents proportions of crop vs. wild plant material across the 13
contexts (all of them pits) that yielded >30 counted items. Crop remains prevail in
the majority of features suggesting that processing, use and discard of crop products

7  e.g. the totals for 1/8 of 0.3 mm fraction of sample 10 were multiplied by 8 and those for 1/64 of
1 mm by 64, and the products were summed to get the totals for 1/1 of sample 10.
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and by-products were the main activities that created the botanical assemblage.
Several contexts contained more wild than crop remains. The wild plant assemblage
also reflects crop processing, since the vast majority of wild taxa can be classified as
potential arable weeds.

Crops

The spectrum of crop types identified is wide: two kinds of barley (Hordeum vulgare,
hulled, H. vulgare nudum — naked), four types of wheat (Triticum dicoccum — emmer,
T. monococcum — einkorn, T. spelta — spelt wheat, T. aestivum, sensu lato — free-thresh-
ing wheat), broomcorn millet (Panicum miliaceum), oat (Avena sativa), several pulses
and oil/fibre plants. Not all of them may have been cultivated, and the abundance
and frequency of their remains may be informative in this view, especially the rela-
tively very high or very low values.

A quick look at the total item counts for crop taxa reveals that, among the
generally plentiful (hulled and naked) barley remains those of the hulled variety
are more abundant. Wheats are found in a lower quantity than barley (especially in
pit 145) and emmer is the dominant type. The third on this list is broomcorn millet.
Based on the relatively small number of remains of the other wheat types represent-
ed (einkorn, free-threshing wheat and spelt wheat), they could perhaps be consid-
ered less important or accidental inclusions in the grain of the staple (e.g. einkorn
grain mixed in with emmer). Common oat was registered in only one sample, and
this was a single floret base; the crop-status of this taxon is questionable. Of the
three recorded oil/fibre plants, flax/linseed (Linum usitatissimum) is somewhat more
visible compared to gold-of pleasure (Camelina sativa); poppy (Papaver somniferum)
is represented by only several seeds and perhaps was not cultivated. The same could
apply for instance, to foxtail millet (Setaria italica), here listed as a potential weedy
inclusion. Its exclusive co-occurrence with millet in the samples can suggest that the
two were sown, or otherwise grew together in arable plots. The identified legumes
include pea (Pisum sativum), lentil (Lens culinaris) and faba bean (Vicia faba). The
latter was documented only by two seeds, which, similarly to the above-mentioned
taxa, may reflect its ambiguous crop status.

The frequency of crop remains (i.e. the percentage of samples in which they
occur) offers an additional perspective of the degree of representation of different
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Context number

pits (storage
pits?)

Context category

Soil volume (L)

Total remains

Density
il el e
CEREALS
Hordeum vulgare, hulled grain 99 15 48 1m 1 39
Hordeum vulgare nudum, naked grain 7 4 7
Hordeum vulgare p.p. grain 282 62 5 9 1 8 45 16 3 25 12 50 10 79 2 13 3 1
Hordeum vulgare rachis segment 7 4 7
Triticum dicoccum grain 164 62 9 7 9 3 4 3 17 2 20 2 8 58 2 7 9 4
Triticum dicoccum glume base 66 42 33 4 2 1 13 3 1 4 2 1 2
Triticum monococcum grain 1 4 1
Triticum spelta grain 4 8 2 2
Triticum aestivum (sensu lato) grain 15 23 1 3 7 2 1 1
Triticum aestivum (sensu lato) rachis segment 1 4 1
Triticum sp. grain 2 8 1 1
Panicum miliaceum grain 59 31 22 2 6 18 1125 3
Avena sativa floret base 1 4 1
Cerealia indeterminata grain estimate 200 50 50 15 10 3 10 1 35 5 10 1 45 10 5
LEGUMES 0
Pisum sativum seed 14 31 2 1 1 2 2 4 1 1
Vicia faba seed 2 8 1 1
OIL / FIBRE PLANTS 0
Camelina sativa seed 23 31 1" 1 11 4 1 3 1
Linum usitatissimum seed 43 35 15 1 1.2 8 6 2 6 2
Papaver somniferum seed 6 8 1 5
WILD GATHERED 0
Corylus avellana shell fragment " 35 1 1 3 1T 11 1T 11
Prunus spinosa stone fragment 1 4 1
Quercus sp., cf. acorn fragment 1 4 1
ARABLE / RUDERAL PLANTS 0
Apera spica-venti fruit 8 4 8
Avena sp. fruit 57 46 18 1 1 1 1 8 2 6 1 1 15 2
Avena sp. floret base 31 23 22 1 3 2 2 1
Bromus secalinus fruit 38 35 18 1 2 1 4 6 1" 4
Chenopodium album seed 296 69 9 9 3 12 3 113 4 20 1 24 2 1183 6 1 3 1
Echinochloa crus-galli fruit 123 15 119 1 1 2
Eleocharis sp. fruit 4 4 4
Galeopsis sp. seed 1 4 1
Galium aparine seed 99 23 85 4 1 7 1 1
Galium spurium seed 147 42 106 6 3 1 9 2 2 2 13 1 2
Malva sp. seed 3 4 3
Plantago lanceolata seed 3 8 2 1
Polygonum aviculare fruit 75 19 69 1 2 1 2
Polygonum convolvulus seed 65 50 3% 3 2 1 1 3 1 4 2 1 10 1 1
Polygonum persicaria fruit 202 46 154 2 7 8 2 5 4 3 9 1 6 1
Polygonum lapathifolium fruit 73 12 7 1 1
Rumex acetosella fruit 43 27 30 1 1 7 1 2 1
Rumex crispus type fruit 25 27 17 1 2 11 1 2
Scleranthus annuus fruit 8 12 6 11
Setaria italica grain 7 8 6 1
Setaria viridis fruit 408 12 404 3 1

Solanum nigrum seed 10 8 8 2



Context number

pits (storage
pits?)

Context category

Soil volume (L)

Total remains
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Density

) e
Spergula arvensis seed 7 8 6 1
Stellaria media seed 120 12 18 1
Thlaspi sp. seed 15 15 1" 1 1
Trifolium sp. type seed " 15 8 1 1
Vicia sp. seed 50 42 28 2 2 1 1 2 1
Asteraceae, cf. seed fragment 1 4
Brassicaceae seed 28 19 10 3 2
Chenopodiaceae p.p. seed 221 8 219
Fabaceae, small-seeded seed 2 8 1
Panicoideae p.p. seed 1 4 1
Plantaginaceae p.p. seed 1 4 1
Poaceae, small-seeded fruit 101 27 92 1 1 2 2
Poaceae, large-seeded fruit 1 4
culm/stem remains fragment 1 4 1
‘food" or fruit flesh remains fragment 3 8 1
bud/shoot 1 4 1
indeterminate seed/fruit 3 12 1 1 1

crops. Figure 7 shows percentage frequency of the most abundant taxa across all of
the analysed contexts (27 in total). Barley is, by far, the most commonly occurring
taxon (found in c.70% of the contexts); however, in relatively few cases was it
possible to determine whether it is of the hulled or naked type. Emmer grain is also
common (found in c.63% of the features), and so are emmer glume bases, which
will be of interest in the discussion below on the deposition of crop products and
by-products. Other considered taxa were detected in less than half of the contexts,
but their frequency is still reasonably high — mostly over 30%. One observation
deduced from this is that the best-represented crop taxa, in a quantitative sense,
are also the ones widely distributed across the site. This confirms the impression
that they played important roles in crop production and use. As the most frequent
and abundant finds, emmer and barley likely were the mainstay of agriculture at
Wismar-Wendorf.

Wild plants

Several taxa producing edible fruit and traditionally considered as gathered were
encountered in some of the samples in small quantities. Hazelnut is somewhat more
common; it is registered in about 30% of the features. It may have been in use more
widely or more often compared to the other wild/collected fruit-candidates, wild
plum (Prunus spinosa), Chinese lantern (Physalis alkekengi) and acorn (Quercus sp.).
Although a minor component of the botanical archive from Wismar-Wendorf, these
remains suggest that gathering still played a part in later prehistoric economy.
Over thirty wild taxa were characterised as associated with arable and/or
ruderal habitats (crop fields, edges of cultivated plots, trampled areas, roadsides)
and they potentially represent weeds harvested together with crops. Figure 8 shows
the proportions of the most common crops/crop groups and wild taxa across the 13
contexts that yielded >30 counted items. In the contexts dominated by barley (145,
367 and 257), it is possible that the accompanying wild/weed taxa all derived from
plots cropped with barley. The presence of other crops, however, leaves a possibility

Table 3. The list of botanical
taxa and the number of
remains found in different
contexts at Wismar-Wendorf.
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Pit 145 Sample number
Layer
Quadrant A-D
Total remains 117508
Density 4520
(;Ilac";a'::;) multiplied-up counts for subsamples (to obtain 100%)
CEREALS
Hordeum vulgare, hulled, six-row grain 4859 2 20 20 137 3840 10 272 558
Hordeum vulgare, hulled grain 139642 4 364 96 413 13440 60400 1712 3441 59772
:g-rrzi;tzm vulgare nudum, naked, grain 192 176 16
Hordeum vulgare nudum, naked grain 44799 24 12852 1216 27226 416 527 2538
Hordeum vulgare nudum, naked rachis segment 8 8
Hordeum vulgare, six-row grain 3 3
Hordeum vulgare grain 3108 4 10 7 17 1728 14 608 620
Hordeum vulgare rachis segment 56 40 8 8
Triticum dicoccum grain 28954 5 373 60 5440 13684 816 1922 6654
Triticum dicoccum glume base 9660 1 88 3704 4455 96 422 894
Triticum monococcum grain 3 2 1
Triticum monococcum / dicoccum grain 734 30 640 2 62
Triticum sp., hulled grain 366 26 20 320
Triticum sp., hulled glume base 1200 4 19 16 1 1136 24
Triticum aestivum (sensu lato) rachis segment 8 8
Triticum aestivum (sensu lato) grain 62 56 6
Triticum sp. grain 155 18 64 11 62
Triticum sp. basal rachis segment 16 16
Panicum miliaceum grain 7811 3 2 7612 8 144 42
Cerealia indeterminata grain 1598 3 34 8 1216 4 240 93
LEGUMES
Lens culinaris seed 21 3 1 1 16
Pisum sativum, cf. seed 1 1
Leguminosae sativae seed 32 16 16
OIL / FIBRE PLANTS
Camelina sativa seed 50 2 48
Linum usitatissimum seed 86 2 4 32 48
WILD GATHERED 0
Physalis alkekengi seed 13 13
fruit flesh fragments 16 16
ARABLE / RUDERAL PLANTS
Apera spica-venti fruit 20 20
Avena fatua floret base 809 4 4 23 216 316 48 24 174
Avena sp. fruit 4233 54 904 1512 208 217 1338
Avena sp. awn fragment 731 1 16 42 6 40 280 320 8 18
Avena sp. floret base 160 144 16
Brassica sp. / Sinapis sp. seed 1 1
Bromus secalinus fruit 1829 1 10 8 568 362 48 124 708
Bromus sp. fruit 27 1 4 3 2 16 1
Capsella bursa-pastoris seed 184 144 8 32

Chenopodium album seed 2429 53 4 32 1664 640 36
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Pit 145 Sample number
Layer 4-5
Quadrant A-D
Total remains 117508
Density 4520
TAXA (aplllacl;lt;:::i) multiplied-up counts for subsamples (to obtain 100%)

Chenopodium cf. ficifolium seed 14 12 2
Chenopodium sp. seed 184 24 160
Echinochloa crus-galli, cf. fruit 4 1 40
Galium aparine seed 22 16 6
Galium spurium seed 58 7 3 48
Galium mollugo type seed 1 1
Galium sp. seed 1 1
Hordeum sp. grain 2 2
Lapsana communis seed 31 6 3 16 6
Linum sp., cf. seed 16 16
Lolium sp., small-seeded fruit 2 2
Lychnis sp. / Silene sp. seed 8 8
Medicago sp., cf. seed 1 1
Neslia sp. type seed 1 1
Plantago lanceolata seed 32 32
Plantago sp. seed 8 8
Poa trivialis type fruit 12 12
Polygonum convolvulus nutlet 419 3 1 2 80 224 31 78
Polygonum lapathifolium nutlet 3804 6 15 4 1 24 2056 588 16 806 288
Polygonum persicaria nutlet 11123 13 2 48 752 5866 32 4410
Polygonum lapathifolia / persicaria  nutlet or endsperm 939 3 3 6 17 728 6 16 160
Polygonum sp. trigonous core 5 5
Rumex acetosella type nutlet 40 8 32
Rumex crispus type nutlet 2 2
Setaria viridis / verticillata fruit 1124 20 32 584 480 8
Setaria sp. fruit 24 24
Spergula arvensis seed 8 8
Spergula sp. seed 16 16
Stellaria media seed 72 72
Veronica hederifolia seed 1 1
Vicia sp. / Lathyrus sp. seed 25 1 8 16
Brassicaceae pod fragment 8 8
Brassicaceae p.p. seed 1028 28 8 960 32
Caryophyllaceae p.p. seed 48 48
Chenopodiaceae p.p. seed 32 32
Chenopodiaceae/Caryophyllaceae seed core 2 2
Poacae p.p. fruit 152 1 2 32 16 101
Indeterminate seed 117 40 12 1 64
culm/stem remains fragment 8 8
OTHER
Claviceps purpurea sclerotia 26 2 24

Table 4. The list of botanical taxa and the number of remains found in the grain-rich pit (Feature 145) at Wismar-Wendorf.
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that some of the wild/weed taxa arrived from emmer or broomcorn millet fields.
This is even more likely for the rest of the contexts, which appear ‘mixed’ — they
contain similar proportions of the two main crops (barley and emmer) and small
amounts of other crops, and significant amounts of wild/weed remains. This can be
understood as indicating that the plant material was mixed prior to its deposition
in the features.

The figures given in Tables 3-4 show that, among the most abundant wild/weed
taxa are several types of grasses, such as large-seeded (e.g. Avena, Bromus) and
panicoid grasses (Echinochloa and Setaria), some Polygonum species (P. persicar-
ia and P. lapathifolia in particular), Chenopodium (album type), Galium (mostly G.
aparine and G. spurium), few Caryophyllaceae and Brassicaceae species. The indeter-
minate Brassicaceae likely include some distorted and thus indeterminate Camelina
seeds. Based on the morphology, a large number of the finds of Avena floret base
could be identified as belonging to Avena fatua (cf. Pasternak 1991; Jacomet 2006).
Avena grains occur quite frequently at the site and are for instance, highly abundant
in pit 145, where a significant quantity of Avena fatua floret bases were discovered
(grains in glumes were also encountered). It is possible that the oat grains from pit
145 also come from Avena fatua.

Plants in the archaeological context

In the sections that follow, the botanical content of different feature types is described
and commented on. In the case of pits, the presence of non-botanical material in the
fill is noted (e.g. pottery, animal bone, etc.) in an attempt to grasp the overall compo-
sition of the deposits in the pits and their history.

Fireplaces

Five fireplaces were available for the analysis. They were all of oval or kidney shape
and located in very shallow to somewhat deeper depressions (c. 0.20-0.50 m). Their
dimensions were 1.5-2m in length and 1-1.5 in width. They all contained chunks
of burnt/scorched earth, burnt stones and fragments of pottery. A flint tool (sickle
piece) and a grinding ball were found in Feature 465.

The samples from fireplaces are very poor in, or void of, seed/fruit remains
(see Table 3). In contrast, they yielded large-sized (e.g. >1 cm) wood charcoal pieces,
Feature 469 in particular, demonstrating the use of wood as fire fuel. It is possible
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that other plant parts thrown into fires were mostly burnt away or removed if/when
the fireplaces were swept. The few taxa identified based on the presence of their
seed/fruit are the same ones documented in the pits, where some of them occur in
much larger quantities. Further, the majority of the analysed pits contained some
amount of wood charcoal. It looks like spent fuel from the hearths was deposited in
the pits.

Pits filled with rubbish

The majority of the 21 analysed pits has a very low botanical density (up to c.15
items per litre of soil), suggesting deposition of small amounts of plant parts,
probably over an extended time interval, or a one-time infilling of the pit with the
matrix that did not contain much plant material. Feature 360, however, stands out
with 78 items per litre of soil; it is discussed in more detail below. Almost all of the
pits yielded a mixture of cereal grain (mostly emmer and barley in co-occurrence)
or seeds of other crops, wild/weed seeds and, occasionally cereal chaff, which is
a combination of products and by-products of crop cleaning. It is thus difficult to
differentiate between them taxonomically, regardless of the tentative archaeolog-
ical characterisation (e.g. storage or borrow pits). Figure 9 provides a closer look
at the relative proportions of some prominent crop types/groups in the twelve pits
that yielded >30 counted items. The crop-product component (grain/seed), which
prevails in several samples (left end of the graph) always includes several different
crops. These remains were likely mixed after processing and/or consumption,
and discarded together as waste. The rest of the samples contain small amounts
of products and greater proportions of by-products, and they probably represent a
combination of discard from processing of all of these crops. Feature 360, tentatively
described as a storage pit, is almost entirely dominated by wild/weed taxa; this is
also the context with the highest number and density of plant remains among the
pits (beside pit 145). Almost all of the wild/weed taxa recorded at the site are found
here, and the best represented are those recognised as the most abundant across
the site. Nearly all of the crops are also present, in small numbers, and the arable
weeds may have been associated with any or all of them, reflecting the general crop
growing conditions at Wismar-Wendorf. From an archaeobotanical perspective, the
fill of pit 360 consists of crop processing waste. The relatively large quantity of it
is perhaps a result of more frequent or prolonged use of the pit for disposing of
domestic rubbish.
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In sum, the botanical content of the pits is, without exception, made up of the
waste resulting from handling and consumption of different crops, meaning that
the analysed deposits from pits represent rubbish deposits. Their mixed nature
applies also to other types of finds. Table 5 lists the categories of archaeological
materials discovered in the pits, as well as the quantity of the crop types/groups
considered here. The combination of the most frequently occurring categories of
the material is standardised and mixing is pervasive. What varies between the
pits is the quantity of each type of find. For instance, some yielded larger amounts
of pottery or chipped stone pieces. Perhaps a future coordination of the archae-
ological and archaeobotanical data would enable a (meaningful) differentiation
between the infills of these features.

A pit full of grains

Pit 145 yielded the greatest amount of plant material; its fill had the highest botanical
density (see Table 4). A preliminary interpretation offered by the archaeologists was
thatitrepresented a borrow pit, whose secondary use was for waste disposal. The pit
was located in the immediate vicinity of other features, such as two ovens, postholes
and more pits. It had an oval base and was oblong in cross-section (Figure 3). Its
dimensions were as follows: length 2.79 m, width 2 m and relative depth 0.98 m. In
comparison to the other pits analysed (Table 5), this one was of medium size. The
excavation of a section of it exposed six layers of infill differentiated by their colour,
consistency and inclusions. Thus, the excavation proceeded by emptying the pit in
six layers, each of which seems to have represented a discrete deposit. The top layer
of the fill (Layer 1) was composed of greyish brown loose, sandy clay with charcoal
fragments, pieces of scorched clay and potsherds. Below Layer 1, Layer 2 was of
a similar composition, although charcoal pieces were much smaller. Layer 3 was
made of homogeneous light brown sandy clay. Layer 4, which was about 20 cm thick,
is of greatest interest here. This is where large pieces, in the form of slabs, were
discovered of hardened, scorched clay bearing imprints of twigs. To the archaeol-
ogists they looked as if they could be fragments of (house/oven?) wall coated with
what appears to be lime-rich slip. From this layer also, an abundance of fragments
of charcoal, pottery, burnt bones and grain was recovered. This is chiefly where the
archaeobotanical material analysed here comes from. Layer 5 was recognised as
a grey ashy matrix. Layer 6 was composed of greyish to light brown, loose, sandy
clay with inclusions such as small pieces of charcoal and scorched clay. Of other
materials, chipped stone pieces, a grinding stone and a clay bead were encountered
in the pit. A grain sample from Layer 4 was radiocarbon-dated at the laboratory in
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Poznan and it gave the date of 2505+35 BP (P0z-90213; 657 + 89 cal BCE, calibrated

with Calpal Online).

Figure 10 illustrates the overall composition of the pit fill, based on the results
available so far. It is evident that all of the major crop types registered in other
contexts at Wismar-Wendorf are also represented in pit 145. Moreover, just like
elsewhere, here too hulled barley and emmer are the most prominent crops. Table 6
provides the counts of the main crop types/groups in the pit, from the three layers
from which the samples were taken for archaeobotanical analysis. The high and

WASTE DISPOSAL IN THE BRONZE AGE I

kidney-shaped
oval
irregular, oblong
oblong

294 258 542 24

185 215 288 1.78

round to oval

1.75

1.62

0.86 054 125 042 025

X X X X
X X X X
X X X X

X X X
X X

15 13 252 10

1 3 273 5

10 118 2
39

2 8 58 2
1 4
1 2 5
4
12 2

Table 5. The list of archaeological
materials and the number

35

21

of remains of crop types/

groups in the different

archaeobotanically analysed pits

at Wismar-Wendorf.

oval

24



120 I HOW’S LIFE? - LIVING CONDITIONS IN THE 2ND AND IST MILLENNIA BCE

Figure 10. Relative proportions of crops in the fill of the grain-rich pit

(Feature 145) at Wismar-Wendorf.
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concentrated quantity of crops, principally of cereal grain, in a well-defined deposit
clearly shows that the material represents stores of crop products. The significant
presence of wild/weed taxa in the samples indicates that the crops were not cleaned
prior to storage. This is, in case of emmer, also clear from the notable amounts of
emmer glume bases co-occurring with emmer grain (or with broadly identified
hulled wheat and cereal grain that may be emmer — see Table 4). That the emmer
grain is always more numerous than the glume bases is to be expected given the
grain-to-glume base ratio for this cereal but also because of the lower chances of
chaff to survive charring, as demonstrated in the experimental work by Boardman
and Jones (1990). Emmer was most probably stored in the spikelet, along with the
weed seeds not removed in coarse-sieving (cf. Hillman 1981; Jones 1984). Barley
was also stored without being fully cleaned, as again suggested by the presence of
potential weeds in the barley-rich samples and the occurrence of barley rachis inter-
nodes. There are not many free-threshing cereal rachis remains in the samples and
this is because they tend to be removed early in the crop processing sequence (Jones
1990). In contrast to emmer and barley, millet grain seems to have been deposited
in a cleaned state. In the millet-dominated sample (sample 16+3), the wild/weed
component is minor and may actually be associated with the small admixture of
barley. The millet-sample comes from a concentration of pottery sherds; the pot may
have held the cleaned grains (prior to/during the burning) and was likely crushed by
the weight of the overlying layers of the pit fill.

The twigs, whose impressions were observed in pieces of scorched clay in
Layer 4, perhaps derive from wickerwork potentially installed as lining for the pit,
such as was the case with two pits (‘silos’) from the 3rd century AD discovered at the
site of Feddersen Wierde in Lower Saxony, which were approximately 0.6 m deep
and lined with wickerwork (Haarnagel 1979). That, at Wismar-Wendorf, twigs left
imprints in clay suggests that the wickerwork was plastered with clay/mud, which
was then covered with slip/whitewash preserved in traces on the surface of the pieces
of burnt clay. Perhaps these remains in fact come from a mud-plastered basket, of
the kind widely used in traditional storage systems of small-scale farmers in, for
instance, Africa and India (Shepherd 1999; Nagnur et al. 2006). Very well-preserved
archaeological examples of mud-plastered baskets, filled with barley and millet
grain, were encountered in a house at a late La Tene settlement (1%t century BCE) of
Carnok in Vojvodina, Serbia (Medovi¢ 2006).

The charred grain embedded in the burnt clay links the clay pieces with the con-
centration of grain discovered in the same deposit. The two categories of material
evidently burned simultaneously. It is possible that the burnt bones and wood
from this layer (and perhaps pottery, when it bears traces of secondary burning)
represent elements of the same burning event. The burnt clay fragments were
scattered through the grain-rich deposit and do not indicate an in situ layer/surface
atop which the grain was burned, although such surface, if it existed, could have
been truncated and disturbed following the burning. It, thus, remains unclear
whether the slabs of burnt clay with twig imprints represent traces of constructional
elements of the pit (e.g. lining, floor), or of objects (e.g. containers, ovens) intention-
ally placed or dumped into the pit.
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Sample number A+A-rest

Layer 3-4, transition lower 4 and transition 4-5
(Upper
layer)
Quadrant A-D B-D B-D
Total remains multiplied-up counts for subsamples (to obtain 100%)

Barley, hulled grain 144501 6 384 116 550 17280 60410 1984 3999 59772
Barley, naked grain 44991 24 13028 1216 27226 432 527 2538
Emmer grain 3108 4 10 7 117 1728 14 608 620
E 9660 1 88 3704 4455 9% 422 894
glume bases
Broomcorn millet 7811 3 2 7612 8 144 42
Legumes 54 4 1 1 32 16
Oil/fibre plants 136 4 4 80 48
ALL CROP 243424 37 1010 7836 8 13698 32824 106150 4240 7715 69906
ALLWILD 29120 358 37 20 30 202 6696 11358 1856 1519 7044
ALL REMAINS 272544 395 1047 7856 13938 157028 6096 86184

Table 6. Quantity of the remains
A of the main crop types/groups
in the three archaeobotanically
analysed layers of the grain-
rich pit (Feature 145) at
Wismar-Wendorf.

0 2m

Figure 11. Simplified
representation of the sections
|:| Brown clay with pieces of burnt clay and charcoal |:| Grey clay through layers of the fill of

‘:I Lightbrown sandy clay - Potsherds Feature 145 at Wismar-

. . Wendorf, illustrating its varied
- Layer of burnt clay, charcoal and organic material composition.

E| Brown grey clay with pieces of bumt clay and charcoal - Grey ash
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|:| Brown grey clay with pieces of burnt clay and charcoal
Figure 12a. Simplified view of [ ] Brown clay with pieces of burnt clay and charcoal
the different deposits in the
upper part of layer 4 of the fill of
Feature 145 at Wismar-Wendorf; \:| Grey clay

- Layer of burnt clay, charcoal and organic material
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Figure 12b. Proportional 40 %
representation of the main crops 30% o Barley, naked grain
in the upper part of layer 4 of 20 %
the fill of Feature 145 at Wismar- O Barley, hulled grain
Wendorf (labels A-D and B-D 10 %
refer to quadrants of the grid). 0%
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[ ] Brown grey clay with pieces of bumt clay and charcoal
\:| Brown clay with pieces of burnt clay and charcoal
Figure 13a. Simplified view of

- Layer of burnt clay, charcoal and organic material the different deposits in the

\:I Grey clay lower part of Layer 4 of the fill of

- Potsherds Feature 145 at Wismar-Wendorf;
circled is the zone with the

- Stone concentration of naked barley.

O Barley, hulled grain
Figure 13b. Proportional
representation of the two types
@ Ba r|ey’ naked grain of barley in the barley deposit
in the lower part of Layer 4
of the fill of Feature 145 at
Wismar-Wendorf.

It is also difficult to establish whether the burning occurred in the pit. There was
no record, for example, of a fired surface at the base of the pit or traces on its sides
that would point at in situ burning. It is, however, possible that the burning did take
place in the pit, but that it was very localised and controlled — perhaps it occurred
within a clay-plastered, basket-like, grain-filled container. If so, then there likely was
more than one storage container, filled with varying amounts of different crops.
This is indicated by the presence of ‘sub-layers’ or lenses of charred material regis-
tered within the grain-rich Layer 4. They differ in size/volume and were document-
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ed in some parts of the pit and not in others; hence, the distribution of plant remains
through and across Layer 4 is uneven and discontinuous, as illustrated in Figure 11.
The lenses are dominated by different crop types (see Table 6) and may represent
separate crop stores and perhaps even separate burning events. The concentration
of broomcorn millet grain was detected in the south-east part of the pit (Quadrant

C

D

|:| Brown grey clay with pieces of burnt clay and charcoal
Figure 14a. Simplified view of [ | Brown clay with pieces of burnt clay and charcoal
the different deposits in the
lower part of Layer 4 of the fill of
Feature 145 at Wismar-Wendorf; Ij Grey clay

circled are the zones from which - Potsherds
the hulled barley-rich samples

derived. - Stone

- Layer of burnt clay, charcoal and organic material

100 % Can
80 %
70 % . B Emmer glume bases
% .

60% 0O Emmer grain
Figure 14b. Proportional 50 %
representation of the two main 40 % @ Barley, naked grain
crops found at the base of Layer 30 %
4/top of Layer 5 of the fill of . 0O Barley, hulled grain
Feature 145 at Wismar-Wendorf. 20 %
(labels A-D, B-D and B-C refer to 10 %
quadrants of the grid). 0 %

A-D B-D B-C



B-D), in the upper section of Layer 4 (base of Layer 3), contained within a cluster of
pottery fragments and thus understood as a discrete deposition. At approximately
the same depth, but in the south-west part of the pit (Quadrant A-D), a charred lens
composed mostly of similar proportions of hulled barley and emmer (grain) was
registered (Figures 12a-b). The likelihood is very low that these two crop types were
kept together in a store in a semi-cleaned state, unless perhaps they were intended
to be fed to animals. Emmer (hulled wheat) and barley (free-threshing cereal) have
differing post-harvest processing requirements (Hillman 1984) and are in general
sown, stored and processed separately. In sum, three distinct crop stores can be
discerned at this level in the pit, two of which may have been combined at the time
of deposition.

Below this level, in the south-west quarter of the pit, another lens of charred
material was discovered, constituting mostly of grains of naked barley (Figure 13a-b).
This could be interpreted as another discrete crop store. In the lower part and at the
base of Layer 4 (and into Layer 5), a significant concentration of grain extended along
the southern and eastern walls of the pit (Quadrants A-D, B-D and B-C; Figure 14a).
The bulk of the material was encountered in the south-west quarter of the pit (A-D
quadrant). This deposit was, for the greatest part, made up of grains of hulled barley,
particularly in the north-east section of the pit (Figure 14b). The other components
include crops from the two overlying deposits (naked barley and emmer) from
which some of the content seeped into the hulled barley store.

The richest samples from Layer 4 derived from Quadrant A-D; this is where
concentrations of three of the four major crop types were documented, the most
remarkable being the hulled barley concentration. The bottom-top sequence of crop
deposits here is as follows: hulled barley — naked barley grain — emmer/naked barley.
This may reflect the order in which the crop stores were placed in the pit before or
after burning. Perhaps hulled barley stood in a mud-plastered wicker container at
the bottom, on top of which bags were stacked made of perishable materials (e.g.
leather, textile, bark) and containing other crops. That the different crop stores were
discovered as neat, more-or-less pure and exceptionally well-preserved deposits
may mean that they got charred on the spot or that they were burned elsewhere
(and separately) and then deposited into the pit one after another. In either case,
there was little post-depositional disturbance in the pit - it looks like the grain-rich
layer was sealed soon after its formation with a homogeneous layer (Layer 3) that
was virtually find-free. The subsequent infilling of the pit seems to have continued
at a slow pace and with detritus from every-day activities (e.g. weed seeds removed
in crop cleaning).

Wherever it occurred, the burning destroyed a significant amount of stored
crops. This could have been accidental, but may also have been done purposefully.
Namely, a fair number (more than 20) of sclerotia of Claviceps purpurea, a parasitic
plant fungus, were encountered in the hulled barley deposit. This is an ergot fungus
that grows on ears of cereals (mainly rye) and reduces the yield. More importantly
however, it contains toxic alkaloids that if consumed, can be extremely harmful
and even deadly to humans and animals (Schuman and Uppala 2000). Perhaps the
Bronze Age farmers at Wismar-Wendorf were aware of the detrimental effect of this
pest and decided to dispose of the infested crop.

The plant spectrum at Wismar-Wendorf in a regional context

Recently, a detailed study was conducted of plant economy in the Bronze Age of
northern Germany, Denmark and southern Sweden (Effenberger 2017, 2018; see
also Kroll and Wiethold 2001 and Kroll 2011). Here, previous and newly produced

WASTE DISPOSAL IN THE BRONZE AGE I 125



126 I HOW’S LIFE? - LIVING CONDITIONS IN THE 2ND AND IST MILLENNIA BCE

Neolithic sites in Grain-rich samples from Bronze Age sites in
WILD / WEED TAXA northern Germany northern Germany, Denmark and southern | Wismar-Wendorf
(after Kirleis et al. 2012) | Sweden (after Effenberger 2015: Tabelle 48)
presence / absence

Atriplex patula X

Avena sp. X X
Bromus arvensis X X

Bromus secalinus X X X
Carex sp. X

Chenopodium album X X X
Descurainia sophia X

Echinochloa crus-galli X X X
Euphorbia helioscopia X X

Galium aparine X X X
Galium spurium X X X
Hypericum sp. X

Lapsana communis X X X
Lolium sp. X X
Phleum sp. X

Plantago lanceolata X X X
Poa annua X X

Polygonum aviculare X X X
Polygonum convolvulus X X X
Polygonum lapathifolium X X X
Polygonum persicaria X X X
Ranunculus sp. X

Rumex acetosella X X X
Rumex crispus X X X
Rumex sanguineus type X

Schoenoplectus sp. X

Solanum dulcamara X

Solanum nigrum X X X
Spergula arvensis X X X
Stellaria media X X X
Urtica dioica / urens X X

Vicia sp. X X X
Agrostemma githago X

Aphanes australis X

Atriplex sp. X

Brassica nigra X

Bromus sp. X X
Bupleurum rotundifolium X

Capsella bursa-pastoris X X
Chenopodium ficifolium X X
Chenopodium hybridum X

Galeopsis sp. X X
Knautia arvensis X

Mentha arvensis X

Raphanus raphanistrum X

Scleranthus annuus X X
Setaria italica X X
Setaria viridis X X
Stachys annua X

Thlaspi arvense X X
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Neolithic sites in Grain-rich samples from Bronze Age sites in
WILD / WEED TAXA northern Germany northern Germany, Denmark and southern | Wismar-Wendorf
(after Kirleis et al. 2012) | Sweden (after Effenberger 2015: Tabelle 48)
Trifolium sp. X X
Vicia hirsuta / tetrasperma X
Viola sp. X

Apera spica-venti
Avena fatua

Brassica sp. / Sinapis sp.
Chenopodium sp.
Eleocharis sp.

Galium mollugo type
Galium sp.

Hordeum sp.

Linum sp., cf.

Lychnis sp. / Silene sp.
Malva sp.

Medicago sp., cf.

Neslia sp. type

Plantago sp.

Poa trivialis type
Polygonum sp.

Setaria sp.

Setaria viridis / verticillata
Spergula sp.

Veronica hederifolia

Vicia sp. / Lathyrus sp.

archaeobotanical data for almost 160 sites® from the Bronze Age phases defined for
northern Europe (2000-500 BCE - e.g. Rassmann 2004) were combined and analysed.
The regional variations in the level of preservation and classes of archaeological
features, as well as the differences in archaeobotanical field and laboratory methods,
were successfully overcome using a number of different quantification steps and
adjustments. The study offers a comprehensive overview of the archaeobotanical
knowledge for this period in this part of the world.

The list of crop taxa provided in this work and documented throughout the
study region is very similar to the one presented here for Wismar-Wendorf (Effen-
berger 2017: Table 2, Fig. 4). Furthermore, the cereal spectrum of Late Bronze Age
Wismar-Wendorf is almost identical to the general one for Late Bronze Age sites
in Mecklenburg-Vorpommern (ibid. Table 2). The exception is rye (Secale cereale),
which was not registered at Wismar-Wendorf, and einkorn, that is absent from other
Late Bronze Age sites in Mecklenburg-Vorpommern. The full range of pulses and oil/
fibre plants recorded in Late Bronze Age northern Germany is represented at Wis-
mar-Wendorf (ibid: Fig. 2). Thus, the assemblage from Wismar-Wendorf conforms to
the regional pattern in terms of the very wide and diverse crop spectrum that also
includes several (possible) species likely not cultivated prior to the Bronze Age (e.g.
Camelina sativa, Papaver somniferum, Vicia faba). It also represents another example
of the increased presence of Panicum miliaceum, characteristic of this phase and
noted also in other parts of northern Europe. The notable quantity of naked barley
that was seemingly absent from Mecklenburg-Vorpommern in the Early Bronze Age
perhaps means that this crop made its (re-)appearance here in the Late Bronze Age
(ibid. Figs. 2, 5).

8  See list of sites in Effenberger 2015: Table 44.

X X X X X X X X X X X X X X X X X X X X X

Table 7. List of wild/weed
plants recorded at Wismar-
Wendorf and wild/weed plants
encountered at Neolithic and
Bronze Ages sites in northern
Germany.
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In Table7, the repertoire of wild plants identified at Wismar-Wendorf is
compared with the list of wild plants found in (cereal) grain-rich samples from Late
Bronze Age sites in the area studied by Effenberger, as reported in her doctoral
thesis (2015: Tabelle 48).° Virtually all of the potential weed taxa recognised as abun-
dant-and-frequent at Wismar-Wendorf (see above) were also present in the wider
region, and are found associated with, presumably, large quantities of cereals. Many
of these taxa were recorded at Neolithic sites in northern Germany too (Table 7,
and see Kirleis et al. 2012). Just as the regional ‘Neolithic crop set’ was carried on
into the Bronze Age, it looks like the ‘Neolithic arable weed set’ also persisted. But
it also seems that many new wild/weed taxa (such as Setaria species) were brought
in during this period, and this process ran in parallel to the broadening and diver-
sification of crop spectrum and other innovations in the agricultural regime (e.g.
Willerding 1988) or the agricultural tool kit (Knérzer 1987). This is in line with the
proposed changes in intensity of agricultural production in the Bronze Age in the
region (e.g. Kroll 1997; Behre 1998; Harding 1989) or, perhaps the greater variability
in the degree of intensity of cultivation (e.g. van der Veen 1992), that is — the possible
co-existence of different cultivation regimes. The ecology of arable weed taxa identi-
fied in the different crop deposits in pit 145 is under study and will shed more light
on the growing conditions in the crop fields cultivated by the residents of the Bronze
Age settlement at Wismar-Wendorf.

Summary and conclusions

The site of Wendorfin the town of Wismar in north-eastern Germany is mostly char-
acterised by a number of pits of various shapes and sizes. Other features include
fireplaces and postholes indicating the existence of above-ground structures and
a settlement. Based on the typology and style of pottery, the site was determined
to have been occupied in the late phase of the Bronze Age; radiocarbon dating
confirmed this impression.

Many of the pits, and a few fireplaces, were sampled for archaeobotanical
remains. The fireplaces yielded little plant material, as did the majority of the
examined pits. The assemblages from these contexts are, by default, composed of
similar amounts of crop products (grain) and by-products (chaff and wild/weed
seeds), and of a mixture of taxa. This, and the combination of crops that have dis-
similar processing requirements demonstrate that, the fill of a large number of pits
represents waste resulting from cleaning of crops and food preparation. Given that
the Bronze Age settlement had areas designated for rubbish disposal, it appears that
there was some waste management in place such as, in this case, landfilling.

One of the larger pits contained unusually high quantity (i.e. kilograms) of plant
material, mostly cereal grain but also admixtures of various wild seeds. The analysis
of different layers/sections of the pit fill revealed the sequence of ‘dumps’ of the
remains of four different crops: hulled barley, naked barley, emmer and broomcorn
millet. Each of the dumps likely represents stored crop; it is not quite clear whether
the burning of the crop stores took place in the pit. There are no traces of burning
inside the pit, though the presence of slabs of burnt clay, possibly parts of mud-plas-
tered basket or another form of wickerwork, may indicate that the burning happened
inside the pit, but was confined within a storage container. Equally possible is that
the plant material was charred elsewhere and then deposited in the pit. The burning
of the crops may have not been an accident. At least in the case of hulled barley, it
may have been provoked by the ergot fungus infection.

9 Setaria italica is not in the original list; it was added here as it is not considered cultivated taxon
at Wismar-Wendorf. It occurs at few Bronze Age sites in the study region and is included with
grown crops by Effenberger (2017).



The contents of the grain-rich and other pits at Wismar-Wendorf display the
spectrum of crops grown and/or consumed at the site and the range of wild plants
likely accompanying crops in arable fields. They also indicate that the crops were
not brought to the site in a fully clean state, but that at least final processing prior
to preparation took place on-site. The repertoire of crop and wild taxa registered at
Wismar is comparable to the array of plants reported for other Bronze Age sites in
the wider region of northern Germany. In comparison to the Neolithic, the Bronze
Age crop spectrum is wider as some useful plants that previously seem to have been
random inclusions, may have been brought into cultivation in this period.
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AN OVERVIEW OF OLIVE TREES IN THE EASTERN MEDITERRANEAN DURING THE MID- TO LATE HOLOCENE I

An overview of olive trees in the eastern
Mediterranean during the mid- to late
Holocene: Selective exploitation or
established arboriculture?

Asly Oflaz,” Walter Dorfler,” Mara Weinelt’

Abstract

The interaction between human activity and drier climatic conditions after the
mid-Holocene initiated the ‘Mediterranisation’ of the landscape (Sadori et al. 2011),
which resulted in the expansion of drought-tolerant Mediterranean-type taxa. The
most striking indicators of expansion of Mediterranean-type taxa are olive trees,
which have been used to define the boundaries of the present-day Mediterranean
region (Carrion et al. 2010). While it seems that the growth of the olive was promoted
by a warming climate, its abundance in the late Holocene could be interpreted
instead as the first sign of large-scale management of wild olive trees or of the
development of their cultivation. Even though there is no complete agreement on
the timing and nature of olive cultivation/domestication, botanical data show good
agreement with archaeological evidence from the Bronze Age onwards for econom-
ically significant, extensive use of olives, such as large numbers of olive stones, tools
for processing olives for oil, and vessels for transporting and storing oil.

This paper reviews the patterns of vegetation changes in the eastern Mediter-
ranean, with a particular focus on olive cultivation, the role of human impacts on
the environment, and climate change through the mid- to late Holocene by inte-
grating data from genetic, archaeological, archaeobotanical, palynological, and cli-
matological archives. Our aim is to trace robust evidence for the timing and nature
of olive arboriculture across the eastern Mediterranean by presenting the recent
developments, strengths, and limitations of archaeobotanical methods in differ-
entiating between cultivated and wild olive. By having improved spatial coverage
(from numerous sites all over Turkey, Greece, and the Levant) compiled from a more
diverse dataset than has previously been available, this study allows us to offer a
new and more detailed way of addressing the question of whether transformation
of the landscape through cultivation of olive trees occurred synchronically or dia-
chronically across the eastern Mediterranean. We argue that olive cultivation was
not a spatio-temporally uniform practice across the eastern Mediterranean, at least
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until the Late Bronze Age. Further evidence is needed to confirm our argument, but
based on the current data, it looks like the story of olive domestication may have
to be rewritten to include a more complex model, one in which humans played a
prominent role in the Mediterranisation of the landscape.

Keywords: olive, cultivation, eastern Mediterranean, archaeobotanical, Bronze Age

Introduction

The coupled interaction of human and natural forces has played an important role
in the anthropisation and transformation of landscapes surrounding the Mediterra-
nean Sea. Being one of the earliest fruit trees to be cultivated (Zohary and Spiegel-
Roy 1975), the olive is of palaeoecological, biogeographical, archaeological, and evo-
lutionary interest. The development of cultural landscapes and increasing human
activity during the Holocene can be tracked by detecting evidence for the cultivation
and geographic expansion of olive trees, both in archaeological sites and in natural
archives off-site.

Olive (Olea europaea L.)

Olive (Olea europaea L.) constitutes a typical component of the vegetation in the Med-
iterranean realm, where the climate today is characterized by rainy and cool winters
and hot and dry summers. Olive is a long-lived, evergreen, thermophilic species that is
well adapted to tolerate drought, salinity stress, and poor soils (Guerrero Maldonado
etal 2016). It is considered a sensitive thermal bioindicator for the Eu-Mediterrane-
an vegetation zone (which extends from sea level to about 800 m ASL) represented
mainly by evergreen shrubs (Zohary 1973). It is a widely cultivated species of signifi-
cant agricultural value, for both fruit and oil production in the Mediterranean region,
where 94 per cent of the world's olive oil is produced (IOC 2008; Punt et al. 1991).
Nowadays, its cultivation has spread beyond its natural range both in latitude and
altitude, and its pollen are amongst the most abundant airborne pollen in the Medi-
terranean region (e.g. Mercuri 2015; Tormo-Molina et al. 2010).

In the Mediterranean area, two varieties of the subspecies europaea exist:
Olea europaea ssp. europaea var. sylvestris (wild oleaster, which forms part of the
natural vegetation) and O. europaea ssp. europaea var. europaea (cultivated olive).
The currently documented number of cultivars is likely an underestimate of the
actual total due to incomplete knowledge on minor local varieties and ecotypes; it is
thought that there are possibly more than 2000 cultivars in the Mediterranean basin
(Muzzalupo et al. 2014; Rotondi et al. 2003). Both olive cultivars and wild oleaster
olives are long-lived trees (taking hundreds of years for population turnover, see
Ehrlich et al. (2017) that have overlapping geographical distributions and that share
similar morphological features and ecological and climatic requirements in the
Mediterranean basin (Lumaret et al. 1997; Zohary and Spiegel-Roy 1975).

Green (2002) has listed botanical criteria that can be used to distinguish oleaster
olive trees from the cultivated ones. Compared with cultivated olives, wild olives
have spiny juvenile shoots; shrubby growth; shorter leaves; and smaller fruits, with
a less-fleshy mesocarp and a lower oil content. In addition, while wild olive has a
taproot system, making the plant highly drought-tolerant and allowing a deep ex-
ploration of the soil and an easy implant on both sandy soils and rocks, cultivat-
ed olive has hairy roots (Sesli and Yegenoglu 2017). However, any olive offspring
that is grown from seed generally exhibits the morphological characters specific to
oleasters, regardless of parental origin (wild or cultivar) (Zohary and Spiegel-Roy
1975). Therefore, these olive offspring constitute a complex of wild-looking olives
(i.e. phenotypically wild) potentially ranging from wild to feral forms (i.e. secondary
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sexual derivatives of the vegetatively propagated cultivated clones or products of
hybridisation between cultivated trees and nearby oleasters) (Zohary and Spiegel-
Roy 1975). Therefore, feral olive trees can be confused morphologically with genuine
oleasters native to the Mediterranean.

The use of olives in prehistory

The olive has multiple uses. The fruit is a source of table food. The oil is used in
cooking, as fuel for illumination, and in the manufacture of soap, ointments,
perfume, and medicines, whereas the oil pressing residue is used as animal fodder.
The wood is used as firewood or building material. The first use of the olive may
have involved use of the wood as firewood and/or the oil as fuel, since olive wood
produces high heat during burning and is long lasting and the oil produces little
smoke during burning. The unprocessed fruits are very bitter, even when overripe,
due to the presence of high amounts of oleuropein and other phenolic glucosides, so
direct use of the fruits will have been limited (Marone and Fiorino 2012).

We know from many ethnographic studies that the basic method of extracting oil
from the olive fruits has remained unchanged. It consists of crushing and pressing
the fruits and then separating the resulting oil from the olive pressing residue. This
residue, called jift in Arabic, consists of many crushed olive stones and pulp, which
would have been useful as fuel or fodder (Galili et al. 1997; Rowan 2015). By removing
most of the water, either by drying or by thermally degrading it through heating, jift
can be turned into a lightweight, more effective fuel, which burns with a hotter flame
and less smoke. This upgrading was practiced in Bronze Age settlements in the eastern
Mediterranean basin (e.g. Akrotiri and Tell Tweini, Braadbaart et al. 2016).

Olive cultivation/domestication

Cultivation is defined as the intentional preparation of the soil for planting of wild
or domesticated plants, and includes repeated planting and harvesting, whereas
domestication refers to morphological or genetic changes in plant species brought
about through artificial human selection or through adaptations to anthropogenic
environments by the plant (Price and Bar-Yosef 2011). Domestication is generally
considered to start with the exploitation of wild ancestors and to continue through
the cultivation of plants (Harlan 1992; Zohary et al. 2012). Although domestication is
generally considered to be the end point, a continuum exists between the wild and
domesticated states (Ford 1985).

Disentangling the history of olive domestication is challenging, because it consti-
tutes a long-term transformation process rather than an abrupt event and because
wild populations are part of the natural environment of the Mediterranean - in the
case of the eastern Mediterranean, in Greece, Turkey, and the Levant. In addition,
trees are not ‘domesticated’ in the same way as annual plants are, and little is
known about how genes and genomes evolve in long-lived plants during the process
of domestication (Miller and Gross 2011). Ongoing crop-wild gene flow and clonal
propagation in trees resulting from the long-term history of cultivation, selection,
and human-mediated dispersion lead to a weak ‘domestication syndrome’, which
is defined as the combination of phenotypic changes through which it has diverged
from its wild ancestor(s) (Fuller 2007; Gros-Balthazard et al. 2016). The domestica-
tion history of annuals has been intensively studied, so the wild ancestor of annuals
is well known and the domestication syndrome is well defined, such as increased
fruit or seed size, non-shattering seed, changes in branching and height, and a
change in reproductive strategy (Meyer etal. 2012 and references therein). These
traits will help to determine the stages of the domestication process of annuals,
from wild, to incipient domesticate, to cultivated, the latter of which cannot survive
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without human intervention. In contrast, there are no clear criteria regarding the
domestication syndrome of the olive.

The cultivation of the olive may involve (but is not limited to) pruning, grafting,
and soil management techniques, including weeding (elimination of potential com-
petitors), tillage, irrigation, and application of fertilizer (I0C 2007). Cultivation and,
subsequently, the process of domestication has caused the species to go beyond its
natural bioclimatic limits and has enabled growth at higher altitudes and latitudes.
Therefore, today’s distribution of the olive does not reflect that of the oleaster
(Carrion et al. 2010; Lumaret and Ouazzani 2001). Although evidence for grafting of
olive trees based on archaeological record is absent until the Greco-Roman period,
this practice is documented in texts and epigraphic data (Mudge et al.,, 2009).

The early exploitation of the olive for its wood may have had advantages,
including that the pruning of oleaster bushes would have had the unintended con-
sequence or side effect of promoting increased flowering and thus increased fruit
production. This can be considered as a pre-domestication step, even before the ma-
nipulation of fruit productivity by humans through the selection and intentional
propagation of selected clones (Besnard et al. 2017; Margaritis 2013; Renfrew 1972).

It is presumed that today‘s olive cultivars derived from the oleaster as an
ancestor, and then spread all around the Mediterranean as well as crossing between
wild oleaster olives and the earliest cultivars, which led to new cultivars in different
parts of the Mediterranean (Besnard et al. 2001). However, major questions about
the timing and nature of olive cultivation/domestication across the Mediterranean
remain unanswered due to conflicting interpretations, as will be explained in the
following sections.

Materials and methods

This paper reviews the current state of knowledge on the emergence, development,
and spread of olive cultivation in the eastern Mediterranean, until the establishment
of intensive arboriculture, presumably during the Late Bronze Age (LBA). We present
a comprehensive synthesis of past olive exploitation practices based on a large
number of pieces of evidence compiled from diverse datasets, including genetic,
archaeological, archaeobotanical, palynological, and climatic records taken from
multiple sites in the eastern Mediterranean, representing a broad swath of space and
time (Fig. 1). The data, summarised in Figures 2-4, present a more complete picture of
the spatiotemporal patterns of olive cultivation in the eastern Mediterranean through
the mid- to late Holocene. While this paper builds upon previous reviews (e.g., in
order of publication, Zohary and Spiegel-Roy 1975; Kaniewski et al. 2009; Kaniewski
etal 2012; Zohary et al. 2012; Weiss 2015; Besnard et al. 2017; Fuller 2018), most of
which have focused on the earliest evidence for the domestication of olive trees,
our emphasis differs in two respects: (a) we focus on seeking more clear evidence
of established/intensive arboriculture by examining more detailed and interregional
research on patterns of olive use across the eastern Mediterranean and (b) we assess
the recent developments in and limitations of methods used to distinguish between
cultivated olive and wild olive, as this is essential for avoiding misguided conclusions.

The applications, pros, and cons of approaches to
detecting the use and cultivation of the olive in
prehistoric times

The evidence for possible use of the olive in prehistoric times can be mainly grouped
into the following three categories: (a) plant macrofossils, comprising mainly dry
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Figure 1. Map showing the major sites and regions mentioned in the text and the modern distribution of the olive tree (after Bottema 1991, Caudullo
etal. 2017). 1- Kotihi lagoon;, 2- Tsoungiza and Lerna; 3- Argive Plain; 4- Kleonai; 5- Boeotia, 6- Naxos; 7- Akrotir; 8- Knossos, 9- Myrtos and Aphrodite’s
Kephali; 10- Kumtepe, 11- Troy; 12- Elmali; 13- Gravraz; 14- Sagalassos and Canakli; 15- Pinarbasi; 16- Gélhisar; 17- S6git; 18- Avian, 19- Ulububrun
shipwreck; 20- Kilise Tepe; 21- Yumuktepe; 22- Hattusa; 23- Kinet Hoytk; 24- Tell Tayinat; 25- Tell Atchana (Alalakh); 26- Tilbasar Hoytk; 27- Gre Virike;

28- Horum Héytik; 29- Titris Hoylk; 30- Hassek Hoyiik; 31- Tell Mozan; 32- Ugarit; 33- Mastuma; 34- Ebla Tell Mardikh, 35- Emar; 36- Tell Gibala-Tell Tweini
and Tell Sukas, 37- Birkat Ram; 38- Hula Basin,; 39- Golan Heights, 40- Sea of Galilee (Lake Kinneret); 41- Ohalo II; 42- Tell esh Shunah and Tell Rekhesh,
43- Kfar Samir; 44- Mount Carmel; 45- Tell Qashish (Tell Qasis); 46- Kfar Galim, Megadim and Tell Hreiz; 47- Carmel coast; 48- Tell Taannach; 49- Tell
Rakan II; 50- Beisan, 51- Pella; 52- Jordan valley; 53- Abu Hamid, 54- Samaria highlands; 55- Aphek; 56- Jericho; 57- Teleillat Ghassul; 58- Tel Erani Tell
elAreini; 59- Tel Yarmut Khirbet elYarmuk; 60- Judean highlands and Soreq Cave; 61- Ein Gedi; 62- Zeelim; 63- Boker excavation.

or charred olive stones (endocarp, pit), and olive charcoal, which may give clues
about pruning; b) plant microfossils (i.e. Olea pollen); c) artefacts associated with the
processing of olives for oil production and storage. In addition, written sources can
provide supportive information, despite various problems of interpretation.
Notwithstanding their increasing prominence and accuracy, biomolecular
studies are still in their infancy. Condamin etal (1976) distinguished fatty acids
characteristic of olive oil through gas chromatography/mass spectrometry. Un-
fortunately, the distinction between animal fats and plant oils in archaeological
residues is not always straightforward; particular organic compounds are difficult
to recognise because of degradation or contamination of the original organic sub-
stances during post-depositional processes (Evershed 2008). In addition, the lipid
composition of olive oil — which is composed mainly of triacylglycerols, including
oleic acid, palmitic acid, linoleic acid, alpha-linolenic acid, and stearic acid - is
similar to that of other vegetable oils (Gunstone 2004). For example, a higher pro-
portion of oleic acid in particular, and also linoleic acid, may indicate olive oil, but it
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may also indicate sunflower or safflower oil, both of which are also high in oleic and
linoleic acids. Hansson and Foley (2008) isolated DNA from inside amphoras from
Chios in an effort determine the products of ancient trade. Their work yielded DNA
of olive together with that of oregano and an unspecified Pistacia species. However,
it should be noted, as presented by Elbaum et al. (2006), that preservation conditions
for olive DNA may not be favourable, especially for the eastern Mediterranean, due
to post-depositional processes and pre-depositional processing by the original olive
producers (e.g. salting and pickling).

Although most of the aforementioned evidence may indicate use of the olive, it is
crucial to also determine the source whether wild or cultivated olive trees, in order
to shed light on the origin of olive cultivation and the process of olive domestica-
tion (Table 1). In the archaeobotanical record, where olive remains consist of stones,
charcoal, and/or pollen, differentiating between wild and cultivated forms on the
basis of morphology can be very challenging.

Archaeobotanical evidence for domestication and/or
cultivation of the olive tree: endocarps and wood charcoal

Archaeobotanical evidence, including frequent finds of olive wood charcoal or
stones (accompanying other anthropogenic indicators of the diet of local people)
from sites far outside the natural range of the oleaster, may provide indirect proof
of the earliest cultivation practices and technological developments in agronomy
(such as crop irrigation or seedling transplantation) (Neef 1990; Zohary et al. 2012).
Because the fruits of the olive can be stored and transported over long distances,
fruit fragments and endocarps can confirm only that olives were part of the diet;
they cannot confirm their local cultivation (Liphschitz et al. 1991). Therefore, in com-
parison to endocarps, whose existence may indicate human transport, and to pollen
grains, which may have been transported by natural agents over long distances,
olive charcoal can be considered a relatively more reliable indicator of the species’
local growth (for a discussion, see Valamoti et al. 2017).

Endocarps

Although the size of the endocarps of the fruits of wild olive trees and olive cultivars
overlaps due to high taxonomic variation (Breton etal 2006), morphometric
methods are efficient in distinguishing between them because the morphometry of
the endocarps has changed during the domestication process (Breton etal. 2012).
It is generally accepted that lower variability in the dimensions of a sample of
olive endocarps may be a sign of cultivation/domestication (see Dighton et al. 2017;

Table 1. Potential of different
types of analyses and
materials for detecting
possible use of olives, and to
differentiate possible stages
from exploitation of wild olives
to cultivation and to infer
domestication status of olive.

+ proof; high-confidence
+/- probable proof; low
confidence, risk of bias

- no proof
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Meadows 2005; Newton et al. 2006, 2014; Terral et al. 2004). Conversely, great morpho-
logical heterogeneity in olive stones demonstrates exploitation of wild populations
(Kislev 1994). Recently, Fuller (2018), having analysed 984 specimens from Cyprus,
Egypt, Greece, Israel, and Jordan dated between 5500 BCE and 575 BCE, proposed
size criteria based on plotting time series data of size, identifying episodes of largely
directional change and estimating rates of phenotypic evolution to determine the
domestic status of olive. Fuller (2018) recorded a gradual increase in the size of olive
stones, accompanied by a pronounced increase in the L/W ratio, from the 5th mil-
lennium BCE onwards.

However, morphometric methods have limitations as they require large sample
sizes, and complete endocarps, which are rarely recovered from archaeological
sites, especially for early periods (Margaritis, 2013). In addition, it should be noted
that the charring process affects the size and shape of carbonized endocarps.

Wood charcoal

Terral and Arnold-Simard (1996) studied archaeological wood charcoal from the
Cardial Neolithic to the Roman period in eastern Spain to distinguish between wild
and cultivated olive based on differences in anatomical characters (growth ring
width, vessel surface, number of vessels per group, vessel density, and vulnerabil-
ity ratio). According to their analysis, which combined detailed morphometric and
statistical analyses and took into account the influence of ecological/climatic con-
ditions on wood anatomy (distinguished by vulnerability ratio and vessel density),
the wild olive is represented by narrower growth rings and a higher number of
vessels per group than are the cultivated forms (Terral and Arnold-Simard 1996). In
addition, Terral (1996) suggested that variation amongst wild/cultivated olives can
be recognised through elemental composition analysis on wood charcoal, because
improved fertilisation and greater vegetative growth in cultivated forms result in
an increase in the inorganic elements such as nitrogen and phosphorus. In another
study, Terral (2000) analysed charcoal samples from three archaeological sites from
Spain and France (Cova de ’Espérit and Montou, in the Pyrénées, France, and Cova
de les Cendres, in Levante, Spain) in order to differentiate immature wood (young
branches and twigs, which have distinct growth rings) from mature wood (old
branches and the trunk, which often have indistinct growth rings). Terral (2000)
argued that different modes of olive tree exploitation can be detected by this an-
atomical approach. Intentional and selective management evidenced by a signifi-
cant increase in the frequency of immature wood charcoal from the Neolithic to the
Bronze Age could be interpreted as the earliest indicator of pruning, and thus of the
development of olive cultivation and early selective practices for fruit production
(Terral 2000).

Palynological evidence for olive cultivation

The mean dimensions of pollen grains of both wild oleaster and cultivated olive
varieties, and of pollen grains of Phillyrea latifolia that inhabit the same geograph-
ic areas, are almost identical (Liphschitz et al. 1991). Beug (2004) suggested other
criteria to differentiate Olea from Phillyrea, showing that Olea has a thicker exine
and larger brochi. However, differentiation of fossil pollen is challenging due to
variation in individual pollen grains. Therefore, slight differences in the morpholo-
gy of the exine (e.g. variation in the shape of the lumina or in the width and fusion
of the muri) can only be distinguished by means of a scanning electron microscope
(SEM) (Liphschitz et al. 1991; Punt et al. 1991). Because identification of these pollen
grains using only light microscopy is problematic, some studies report them under
the family name Oleaceae, or at the type level only (Olea-type). Although palyno-
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logical evidence cannot reveal whether domesticated or wild olive is represented,
it will complement archaeobotanical and archaeological data because it provides
information about landscape transformation at a more regional level.

Olea pollen was present sporadically and in minor amounts at the beginning
of the Holocene in the Mediterranean basin, while the ‘climatic optimum’ of the
early to mid-Holocene is generally characterised by maximum percentages of
pollen of deciduous forests in the Mediterranean pollen records (possibly favored
by the period with the highest winter precipitation) (Carrién et al. 2013; Peyron
etal 2011; Sadori et al. 2011). From the mid-Holocene onwards, Olea pollen started
to be continuously present, while other drought-tolerant Mediterranean-type taxa
(xerophytic sclerophyllous taxa, such as Phillyrea, Pistacia, and Cistus) expanded
all over the Mediterranean area after the mid-Holocene-late Holocene transition
(Sadori et al. 2011). By the late Holocene, deciduous vegetation was replaced by
evergreen vegetation, a change that can be attributed either to human activity and/
or to climatic trends (Jalut et al. 2009). The maximum percentage of Olea pollen is
clearly detected in many late Holocene records of the Mediterranean basin, espe-
cially in terrestrial areas close to the coast, for example, in south-eastern Europe
and the Near East (Bottema 1991), the central Mediterranean (Di Rita and Magri
2009, 2012; Sadori and Narcisi 2001), and in the circum-Mediterranean area (Jalut
etal 2009). It is similarly detected in marine records across the Mediterranean
(Combourieu-Nebout et al. 2013; Desprat et al. 2013). This maximum percentage
may be accepted as the first palynological sign of large-scale management of wild
olive trees or the development of cultivation.

Olive pollen is generally recovered in high frequencies and high proportions from
archaeological sites (Mercuri et al. 2013). In general, high values of Olea pollen may
be evidence for human cultivation of olive (Walsh 2014). Huntley and Birks (1983)
argue that values exceeding 5 per cent possibly indicate extensive olive cultivation
within the catchment of a site, even though Olea pollen may travel long distances.
Values of more than 5 per cent, which is much higher than modern pollen rain,
were recorded in Greek Macedonia and south-western and eastern Turkey during
the Beysehir occupation phase (BOP) and are interpreted as an indication of arbori-
culture (Bottema 1991). However, higher values in fossil samples can be misleading
due to (a) the presence of oleasters, which would amplify the Olea pollen signal; (b)
the existence of a warming phase, which would have favoured plant growth and
the expansion of the thermophilous olive (Florenzano et al. 2017); (c) the significant
dispersal of Olea pollen due to its ability to be wind-transported over long distances.
In spite of these limitations, Olea pollen can be accepted as an indicator of human
activity, especially in the presence of other anthropogenic indicators (Bottema and
Woldring 1990; Mercuri et al. 2013).

Vermoere et al. (2003) studied variation in olive pollen production and dispersal
near various extant olive stands and then compared these modern pollen data
with fossil pollen data (Hellenistic-Roman) from south-western Turkey (Sagalassos)
through multivariate statistics. Although olive pollen representation in the modern
surface samples was highly variable, the overall fossil pollen data, with their rela-
tively high values for secondary anthropogenic indicators, show similarities with
modern spectra relating to olive stands surrounded by annual crop agriculture
(Vermoere etal. 2003). A similar methodology was applied by Florenzano etal
(2017), who compared pollen data of surface soil samples from modern olive groves
in the Italian regions of Basilicata and Tuscany with pollen data from the Hellenistic
to medieval archaeological layers in several sites in the same geographic area. Their
results show that the highest percentages of Olea pollen are evidence of local culti-
vation in a given area (short distance to source), while low percentages are possibly
due to long-distance transport. Langgut et al. (2014) conducted a field survey in the
southern Levant (Galilee, Mount Carmel, the Samaria highlands, and the Judean

4
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highlands) and documented quantitative differences in the olive pollen production
between a well-managed traditional olive orchard, an abandoned orchard, and an
orchard rehabilitated after decades of abandonment. Their results indicate a strong
decline in flowering and pollen production for decades following the end of culti-
vation and a strong increase following rehabilitation. The aforementioned studies
suggest that Olea pollen, by having a very short response time, is a reliable marker
for determining the extent of olive cultivation and oil production in pollen samples
from sedimentary sequences throughout the Holocene.

Archaeological evidence for domestication/cultivation of
the olive tree

The development of olive arboriculture for trade products in stratified societies
is debated, because it requires long-term residential stability (sedentary lifestyle/
permanent groves), long-term planning, technological development in agriculture,
and an initial substantial investment in labour (Zohary et al. 2012). Olive trees must
grow for 15-20 years before they produce a worthwhile crop, which they will do
until they are about 80 years old, and they generally produce fruits once every two
years (high and low yields in alternate years, with exceptional instances of two suc-
cessive bad years). Therefore olive arboriculture is incompatible with short-term
landlordship (Riehl 1999). Because the wait for sufficient fruit productivity is long,
cultivation of the olive is an investment for the future. Potential economic problems
related to the wait time can be reduced by the intercultivation of annual crops (vege-
tables and cereals) on the same plot of land, as is demonstrated by the palynological
study conducted near Sagalassos by Vermoere et al. (2003). Because annual crops
reach high yields and do so more easily and more quickly than the olive, they can be
used as a form of risk buffering against the biennial fruiting of olive trees and years
of poor olive production. In turn, the extensive root system of olive trees prevents
erosion, favouring the cultivation of diverse crops, and the evergreen nature of the
olive trees provides shelter to the annual seedlings (Neef 1990). Therefore, the cul-
tivation of olive trees, requiring the investment of much time and energy, can be
attributed to a stable economy (Vermoere et al. 2003).

Genetic evidence for the domestication of the olive

Olive domestication processes have involved a mixture of practices. While wild
olives reproduce from seeds (they reproduce sexually via wind pollination, and
their seeds are mainly dispersed by birds), cultivated varieties are maintained by the
empirical selection of individual trees having better performance for fruit size and
oil content, via repeated vegetative propagation over very long periods (as clones,
either directly planted as cuttings or grafted onto indigenous oleasters) (Zohary
and Spiegel-Roy 1975). In this process, through the selection of certain features, the
anthropogenic practices that lead to an amplification of the selection pressure on
plants have gradually modified the natural phenotypic variation (Terral 1996). Such
long-standing processes aimed at optimising fruit production have continuously
shaped the ecological, morphological, and genetic differentiation between wild and
cultivated trees, from prehistoric times until today, throughout the Mediterranean
basin (Besnard et al. 2017). However, the genetic distance between the wild tree and
the cultivated lines still remains smaller than in other fruit trees, probably because
of their long generation time (Zohary et al. 2012). Most of the Mediterranean olive
cultivars are of uncertain pedigree (Bartolini etal 2005). Tracking the genetic
history of olives is challenging, as cloned, superior genotypes can spread by human
migration over long distances and olive clones can interbreed with oleasters or feral
trees (Diez et al. 2015).
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According to the ‘classic diffusionist model’, a change from wild to cultivated
olive populations started during the Chalcolithic, around 6000 BP, in the southern
Levant and then spread through human-mediated migration (e.g. interaction/contact
with the Phoenicians, Greeks, and Romans) from East to West, via both the northern
and the southern coasts of the Mediterranean Sea (Galili et al. 1997; Kaniewski et al.
2012; Liphschitz et al. 1991; Zohary and Spiegel-Roy 1975). However, recent genetic
studies indicate that patterns of genetic variation do not clearly support this hypoth-
esis (Besnard et al. 2017 and references therein). Based on comprehensive sampling
by independent research teams, three main clusters of the primary gene pools for
the cultivated olive were identified: the eastern, central, and western Mediterra-
nean (Besnard 2016 and references therein). This clear evidence reflects multiple
centres of diversity of olive cultivars across the Mediterranean area (Baldoni et al.
2006; Besnard et al. 2001, 2017; Diez et al. 2015).

Opposing the predominant view of a single primary domestication in the
eastern Mediterranean, Terral et al. (2004) and Diez et al. (2015) proposed that the
diversification of the cultivated olive may have resulted from local, independent
domestication in the central and western Mediterranean basin. Revisiting of the
‘diffusionist model’ based on archaeological and archaeobotanical records from
the central and western Mediterranean has also provided evidence of olive ex-
ploitation/management earlier in time than previously thought, during the Chal-
colithic/Bronze Age (2550-2050 BCE), which was probably initiated during the
Neolithic (e.g. D’Auria et al. 2016; Margaritis 2013; Terral 2000 and references
therein; Terral and Arnold-Simard 1996).

Several previous studies on the genetic history of olives based on both nuclear
and cytoplasmic markers found high differentiation between the eastern and
western Mediterranean oleaster populations (e.g. Besnard et al. 2001; Lumaret et al.
2004). In contrast, studies of the nuclear genetic diversity of the cultivated olive
revealed that cultivars do not show such geographical separation, supporting the
idea of multiple geographic origins of cultivars and diversification in the central and
western Mediterranean basin (Diez et al. 2015; Doveri and Baldoni 2007).

Besnard et al. (2017) stated that about 90 per cent of present-day cultivars are
characterised by the chlorotype E1, originated from oleaster populations in the
eastern Mediterranean region, along the current border between north-western
Syria and south-eastern Turkey. They argue that this genetic evidence supports a
primary origin and spread of cultivated olive trees from the Near East to the western
Mediterranean. Besnard et al. (2017) further suggest that the distinct genetic differ-
ences found in cultivated olives may have occurred due to secondary diversifica-
tion via admixture (interbreeding of two or more previously isolated populations)
between local, unselected, pre-domesticated oleasters, on the one hand, and cultivars
introduced from the East, on the other. The role of westward human migrations in
olive biodiversity in the western Mediterranean basin is also confirmed by morpho-
metric analysis of olive stones from the LBA settlement of Ugarit, which indicates
that the morphotypes typical of the eastern Mediterranean appear in the archae-
ological record of the western Mediterranean1000-1500 years later than they do in
the record of the eastern Mediterranean (Newton et al. 2014). However, the lower
genetic diversity of the eastern Mediterranean oleaster populations, as compared
with the western populations, contradicts the idea of a primary origin in the eastern
Mediterranean and suggests that further research is needed to fill the gaps in our
knowledge on the historical biogeography of olive domestication in the central and
western Mediterranean basin (Besnard et al. 2013 and references therein).

In general, evidence supports that the process of olive domestication consisted
of multiple spatiotemporal steps that lasted several thousand years and that it is
still ongoing. It remains to be explored whether the centre of diversity is caused by
a single domestication event (the primary domestication taking place exclusively in
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the Near East, followed by secondary diversification in other parts of the Mediter-
ranean basin) or multiple independent domestication events in different parts of
the Mediterranean basin (Besnard et al. 2017). Until now, testing these alternative
scenarios has been difficult due to limitations. For example, some genetic studies
lacked a broad geographical coverage and focused instead on one country, namely,
Turkey (Yoruk and Taskin 2014) or Spain (Belaj et al. 2010). As noted by Besnard and
Rubio de Casas (2016), to disentangle the genetic history of olives requires a large
number of genetic markers and a large number of samples from cultivated and un-
cultivated olives. In addition, multidisciplinary research that integrates molecular,
archaeobotanical, archaeological, and historical data, especially from the central
and western Mediterranean regions, will be crucial to improve our understanding
of olive domestication.

A synthesis of past olive exploitation practices in
the Levant

Archaeobotanical evidence from the Levant

It has been assumed that wild olives were exploited long before their cultivation,
based on the sporadic appearance of charred pieces of olive wood or the presence
of single olive stones in Levantine settlements, such as the Boker excavation (Liph-
schitz etal. 1991) and Ohalo II, on the shore of the Sea of Galilee (Lake Kinneret)
(Kislev et al. 1992), at least since the Palaeolithic.

From the Late Neolithic/Chalcolithic onwards, olive stones start to increase in
number and frequency in the southern Levant, at sites as the Golan Heights (Epstein
1993); the submerged Wadi Rabah sites, such as Kfar Samir, Kfar Galim, Megadim,
and Hreiz (Galili et al. 1997); as well as Teleilat Ghassul (Bourke et al. 2004), Abu
Hamid, and esh Shunah (Neef 1990). Therefore, it is generally thought that olive
domestication began after this period (Fuller 2018; Galili et al. 1997; Liphschitz et al.
1991) (Fig. 2).

The submerged site of Kfar Samir is accepted as the most convincing early
evidence for olive oil extraction/production, revealing two types of pits contain-
ing jift; stone basins, concave mortars, and grinding and chopping tools that were
probably used to crush olives; and a woven basket, straw, and wood branches that
may have been used together as a strainer (Galili et al. 1997). This appears to be
the remains of a simple olive press that would have produced only small quanti-
ties of olive oil, since such an extraction process would be time consuming and
very inefficient (Rowan and Golden 2009). Based on morphometric analysis, Kislev
(1994) showed that the olive stones at the site, which show great morphological
heterogeneity, were from wild populations growing near the site rather than from
domesticated ones, which would be expected to have lower variability in olive
stone dimensions, and he argued that olive oil production pre-dates domestication
by several centuries.

The earliest definite morphological evidence for olive arboriculture and/or the
emergence of domestication are the olive stones from Teleilat Ghassul. Based on
morphometric measurements at Teleilat Ghassul, Meadows (2005) demonstrated a
significant decrease in the variation in olive stone size from the Late Chalcolith-
ic, with the earliest date estimated around 4400-4300 cal BCE, which may be the
result of restricted growing conditions of cultivated olive trees and a loss of genetic
diversity caused by clonal propagation. Moreover, Kislev (1994) stated that cloning
of the best olive genotypes via vegetative propagation and grafting of olive trees led
to a dramatic reduction in the variation of measured attributes. The olive stones
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were recorded in close association with cereal grains, dates, and pulses (Zohary
and Spiegel-Roy 1975), suggesting that olives were an integral element of the diet in
the Late Chalcolithic of the Jordan valley. Moreover, the remains of olive stones in
Teleilat Ghassul (similar to the stones recorded at the site of Abu Hamid) consisted
mostly of small fragments with rounded fractures along the edges, which may suggest
breakage prior to deposition (e.g. Simchoni and Kislev 2006; see also discussion in
Marinova et al. 2011), as differentiated from post-depositional breakage, represent-
ed by sharp edges on the broken faces of the stones (Neef 1990). Today, the Jordan
valley, the region around Teleilat Ghassul, is outside of the geographical distribu-
tion of the Mediterranean wild olive as it is too dry for that plant to succeed. Thus,
it was claimed that the olives at Teleilat Ghassul were the product of cultivation,
probably having been raised under irrigation, analogous to today’s olive cultivation
in Jericho or Beisan (Zohary and Spiegel-Roy 1975). Lovell (2002) stated that other
changes in the subsistence economy coincide with the emergence of the domestica-
tion of the olive. Similar to the case at Abu Hamid and esh-Shunah, no tools that may
indicate processing of olives were found at the site of Teleilat Ghassul (Neef 1990).
However, the relatively large amount of olive wood charcoal recorded in these sites
may indicate possible use of olive branches for fuel after pruning (Neef 1990). It is
argued that olive charcoal from sites in the Jordan valley supports domestication, as
firewood would not have been carried far beyond the source tree’s natural habitat
(Rowan 2014). Olive timber was used for construction at the sites of Teleilat Ghassul
and Abu Hamid (Neef 1990). A lamp with traces of soot recovered at Teleilat Ghassul
may indicate use of oil for lighting (Epstein 1993). Although recent genetic evidence,
which shows the north-eastern Levant territory (on the Syrian-Turkish border) as a
centre of primary domestication in the eastern Mediterranean (Besnard et al. 2013;
Besnard and Rubio de Casas 2016), is not consistent with the archaeological results
from Teleilat Ghassul, which show a southern origin, in the hills around the Jordan
valley, Teleilat Ghassul remains the earliest known site with explicit archaeobotani-
cal evidence for domestication so far (Zohary et al. 2012).

At the site of Pella, in Jordan, Dighton et al. (2017) also revealed a decrease in
the size variation of olive stones, as well as an increase in their length through time,
after the Chalcolithic and before the LBA, possibly the result of selection pressure
on trees experiencing increasingly intensive exploitation of their fruits. In another
words, the domestication of the olive was initiated later at Pella than at Teleilat
Ghassul. This evidence suggests that the process of olive domestication varies spa-
tio-temporally (Dighton et al. 2017).

Starting in the Early Bronze Age (EBA) (around 3300-2200 BCE), olive stones and
timber are recorded with greater frequency and in greater abundance in the dry
farming regions of the Near East, especially at such sites as Tell Qashish, Tell Erani,
Tell Taanach, and Tell Yarmouth, accompanied by pottery oil lamps, pottery contain-
ers for oil preservation, and olive oil installations (Liphschitz et al. 1991).

For the northern Levant, especially in Upper Mesopotamia, there is little ar-
chaeological or archaeobotanical evidence accompanying the genetic evidence to
support an eastern Mediterranean origin for olive domestication, so, just like the fig
(Ficus sp.), the olive may have had a minor economical and alimentary role (e.g. at
Tell Mardikh Ebla and Tell Mozan) before the Middle Bronze Age (MBA) (de Gruchy
etal 2016; Janick 2005).

Apart from at the sites mentioned above, early finds are sporadic in other parts
of the eastern Mediterranean until the MBA to LBA, when olive cultivation became
established (e.g. Tell Rekhesh) (Onozuka 2012; Zohary et al. 2012).

145



146 I HOW’S LIFE? - LIVING CONDITIONS IN THE 2ND AND IST MILLENNIA BCE

Palynological evidence from the Levant

Starting in the Late Chalcolithic, olive pollen values rise markedly in comparison to
earlier periods in the southern Levant, for example, in Lake Kinneret (Baruch 1986,
1990; Schiebel and Litt 2018), Ze’elim (Neumann et al. 2007a), Birkat Ram (Neumann
et al. 2007b), Lake Hula (van Zeist et al. 2009), and Ein Gedi (Litt et al. 2012). Therefore,
the palynological evidence supports to the aforementioned Levantine archaeologi-
cal findings regarding early intensified exploitation of olive or an early episode of
olive cultivation in the late Chalcolithic (Fig. 2).

Starting in the EBA, the drastic increase in Olea pollen reflects the spread of olive
cultivation in the southern Levant. This is followed by a relatively later introduction
to the northern Levant (e.g. at Tell Sukas and partly at Tell Tweini), around EBA II-III
(around 3000-2500 BCE) (Kaniewski et al. 2010; Langgut et al. 2016 and references
therein; Sorrel and Mathis 2016). After reaching their highest frequencies in EBA IB
(around 3150-3000 BCE), the values of olive pollen decline dramatically in EBA II-III
(around 3000-2500 BCE) of the southern Levant (Langgut et al. 2014). Langgut et al.
(2014) suggest that the decline in Olea pollen during EBAII-III is probably linked
to changes in geopolitical and trade conditions in the region, rather than climate
change, since the other arboreal pollen percentages remained relatively high. Olea
values stay significantly lower until the end of the LBA, with relatively high Mediter-
ranean tree values in the southern Levant (Langgut et al. 2013). It should be noted
that for the MBA and the LBA, the palynological data (especially from Lake Hula
and Birkat Ram), which show much lower values of Olea pollen relative to the EBA,
are not in agreement with the archaeological, historical, and archaeobotanical data
in the southern Levant. At the end of the LBA, around 1250-1100 BCE, the lowest
Olea pollen values, accompanied by a dramatic decrease in Mediterranean tree
values, are recorded, suggesting a link to the aridity event called the 3.2 cal kyr BP
abrupt climate change, which will be discussed further ahead (Langgut et al. 2014).
However, the northern Levant olive record (the data covers the period from 3 mil-
lennium to 1*millennium BCE) shows exactly the opposite trend, with maximum
Olea values initially, culminating in the LBA, reflecting weakened networks between
the southern Levant and Egypt, while an intensification occurred between Egypt
and the northern Levant via the rise of maritime links (Langgut et al. 2016; Sorrel
and Mathis 2016). Furthermore, periods of relatively low olive percentages in both
the southern and the northern Levantine records have been interpreted to indicate
cultivation mostly for local consumption, rather than for export-oriented produc-
tion (Langgut et al. 2015).

After the severe dry phase at the end of the LBA, an increase in pollen percent-
ages of both olive and Mediterranean trees is observed in Iron Age I, especially in
the later phase (around 1050-950 BCE) (Langgut et al. 2015). Intensification of olive
cultivation from the Iron Age onwards is also strongly supported by archaeologi-
cal (increased settlement activity and oil press installations) and archaeobotanical
(high percentage of olive charcoal and olive stones) evidence in the southern Levant
(Finkelstein and Langgut 2018).

Archaeological evidence from the Levant

Lovell (2002) stated that the development and expansion of olive cultivation, oil pro-
duction, and oil trade, as well as environmental changes, were important factors
related to the rise of city states in the Levant during the transition from the Chal-
colithic to the Early Bronze Age. Finkelstein and Gophna (1993) suggested that set-
tlement expansion into the uplands from the Late Neolithic to the EBA probably
related to the potential of marginal areas, where annual crops are unproductive, to
be used for olive cultivation, as an alternative to using lowlands for agriculture. Joffe
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(1993) stated that the production and subsequent trade in olive oil caused regular
contact between the rural southern Levant and the highly centralised Egyptian
state and thus prompted the urbanisation process in the Levant during the EBA.
From the EBA onwards, olive is frequently mentioned in ancient texts and trade
in olive oil (accompanying grape wine) is well documented in cuneiform sources
(e.g. Tell Mardikh-Ebla, Syria, 2400 BCE) of the Levant (Riehl 2014). In the southern
Levant, at the site of Tell RakanII, the olive press (features cut into the bedrock,
with interconnecting channels, vats, and silos constructed exclusively to produce
olive oil), associated with in situ ceramic storage vessels (so-called hole-mouth
jars), strongly indicate that a substantial volume of olive oil was produced in rural
northern Jordan during EBA I (around 3300-3000 BCE) and, accordingly, that olive
oil was significant to the local and regional economies during the EBA (Handziuk
2018). Although very important socio-political changes took place during the Middle
Bronze Age-Late Bronze Age transition, cultivated crop species do not change, with
the exception of the expansion of olive cultivation into the northern Levant and the
upper Euphrates region (Riehl 2014). Starting in the Iron Age, olives are cultivat-
ed intensively throughout the Levant, represented mainly by oil press installations
(Onozuka 2012).

A synthesis of past olive exploitation practices in
Anatolia

Archaeobotanical evidence from Anatolia

While genetic evidence suggests the northern Levant along the border between
north-western Syria and south-eastern Turkey as a possible centre of olive do-
mestication, the earliest evidence of olive stones — typically associated with other
botanical remains, including cereals, pulses, pistachio, almond, and fig — was found
at Yumuktepe Tell, in the Cilician plain of Turkey, dating to around the first half
of the 8th millennium cal BCE (Fiorentino 2004) (Fig. 3). Archaeobotanical analysis
has revealed diversified exploitation of the environment related to a mixed farming
economy during the Middle and Late Neolithic, while the Middle and Late Chalco-
lithic show an increase in the exploitation of tree fruits — represented by olive stones
and figs — as well as the first appearance of grape pips (Fiorentino et al. 2014). In
the EBA (around 2800 BCE), olives seem to have been exploited systematically at
Yumuktepe, more so than grape vines (Fiorentino et al. 2014).

Hassek Hoyuk, which is outside of today’s natural distribution area of the olive,
is the earliest known site in Turkey with evidence related to the olive. A single olive
stone was recorded, together with grape, barley, chickpea, and lentil, dating to the
Uruk period (Late Chalcolithic to EBA, around 4000-3100 BCE) (Gregor 1992). So far,
the earliest archaeobotanical evidence for exploitation of the olive from the other
parts of Turkey has been dated to the EBA.

From south-eastern Anatolia, botanical studies at Tilbesar Hoyuk suggest that
it was a centre of olive oil and wine production in EBAIII (around 2500 BCE), with
a particularly good representation of wood remains of Olea and a few olive stones
(Kepinski 2007). The nearby site of Horum Hoyik shows the same trend of an
increased presence of wood charcoal of the olive together with wood charcoal of
other fruit trees (fig and vine) from the EBA to the MBA, with culmination in the
MBA and returning to smaller proportions in the LBA (Deckers and Pessin 2010).
At Gre Virike, small numbers and low densities of intact and fragmented olive fruit
stones, as well as grape remains, are found in the EBA (Oybak Dénmez 2006). At
Titris HOoylk, smaller quantities of olive and pistachio as well as high amounts of
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cereals, legumes, and grape are recorded at the end of the EBA (around 2200 BCE)
(Hald 2010). Today, all of these south-eastern Anatolian sites are situated outside
the natural distribution area of the olive. This evidence suggest either that olive
products were imported or that the geographical distribution of olive trees was
different in the past. The latter hypothesis, which favours local cultivation, can only
be confirmed by the presence not only of olive stones but also of olive wood (Deckers
and Pessin 2010).

From within the modern natural distribution area of the olive, near the Mediter-
ranean coast of Turkey, evidence indicates more common use of olives. Although the
numbers of individual olive stones are not extraordinarily high and they do not show
signs of having been crushed for oil production, the fact that were found in nearly
all EBA contexts at Tell Tayinat implies that olives were in common use at the time
(Capper 2012). Other nearby sites with a climate like Tell Tayinat’s, such as Kilise Tepe,
also had less frequent quantities of olive (and of grape) throughout the Middle and
Late Bronze Age deposits (Bending and Colledge 2007). In LBA samples from Kinet
Hoytk, olive stones were recovered together with remains of barley, wheat, lentil,
and walnut (Hynd 1997). At Tell Atchana, a high number of olive pips with very low
ubiquity were recovered from LBA contexts (1600-1500 BCE) (Riehl 2010).

In archaeological sites further inland from the Levant, especially in the upper
Euphrates and upper Khabur regions, archaeobotanical data show low numbers of
olive pips. These findings are in contrast to Bronze Age texts, for example, from
Ugarit (Heltzer 1996), that mention olive groves — especially at Alalakh (Tell Atchana)
and Emar, which are referred to as the centres of olive production — as well as the
economic importance of olive oil (in addition to wine) (Riehl 2009, 2010; Riehl
and Bryson 2007). The Hittite texts also demonstrate that olives were cultivated in
Anatolia (especially in the Cilicia region) as an important component of the Hittite
economy and that olive oil was exported to Egypt (around the 12% century BCE) and
used for illumination and cosmetic purposes, namely, for skin protection (Janick
2005; Yakar 2000). Riehl (2010) argues that the olive was never a major cultivat-
ed species outside the natural range of the oleaster and that therefore the textual
evidence may indicate that it was a trade item.

From western Turkey, the archaeobotanical record at Troy shows no evidence of
large-scale olive oil production in any of the periods, but the counts of olive stones
are much higher in the EBA than in the LBA (Riehl 1999). The olive was not cul-
tivated during the MBA in Troy, and the olive is not recorded at Kumtepe (a site
near Troy) in any of the periods (Riehl 1999; Riehl and Marinova 2008). From the
south-western coast of Turkey, a Canaanite jar containing more than 2500 olive
stones, which represents the largest single deposit of olive stones from the LBA in
the Mediterranean, was discovered in the Ulu Burun shipwreck (which has been
dated to around 1316 BCE), demonstrating the trade of olives (as well as luxury
products, including copper, glass, tin ingots, terebinth resin, jewellery, gold, and
silver) with nearby lands in the eastern Mediterranean (Haldane 1993; Kuniholm
etal. 1996; Pulak 1998).

Palynological evidence from Anatolia

In most of the pollen diagrams from south-western Turkey, Olea pollen is sporadically
identified until the LBA (Bottema and Woldring 1984; Eastwood et al. 1998; van Zeist
etal. 1975). From the LBA onwards (around 1500 BCE) until the middle of the 1st millen-
nium BCE, an abrupt increase in Olea pollen, together with a combination of different
primary and secondary anthropogenic indicators for cereal cultivation, arboriculture,
grazing, deforestation, and fire, is recorded in the numerous Anatolian records during
the period referred to as the Beysehir occupation phase (BOP) (Figure 3). The BOP, first
identified by van Zeist et al. (1975) from a site on the shore of Lake Beysehir, shows
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some of the most distinct evidence for increasing human impact and intensification
of land use practices reflected in any of the pollen diagrams from the Mediterranean
region, fuelling a discussion on the transformation of the Mediterranean landscape.
BOP is clearly visible in the records from the upland valleys of south-western Turkey
(the Oro-Mediterranean zone). It is also recorded partly in north-western and central
Turkey, as well as in some parts of Greece, especially in Crete (Bottema and Sarpaki
2003); in Cyprus (Kaniewski et al. 2013); and in the Levant (e.g. Bottema 1991; Djamali
et al. 2009; Neumann et al. 2010). However, the spatial and temporal extent of the BOP
is ambiguous. A layer of tephra identified just before the onset of the BOP from several
sites in Turkey, attributed to the Minoan eruption of Thera by Sullivan (1988), acts as
a key stratigraphic marker horizon.

Oro-Mediterranean sites that record BOP are situated above the altitudinal
limit for olive trees (1400 m ASL), so outside of natural geographical distribution of
olive today (Kaniewski et al. 2007). Bottema et al. (1993) argued that the Olea pollen
recorded in the BOP is the product of long-distance transport of olives cultivated
in groves near the coast, in the Eu-Mediterranean vegetation zone. However, as
Roberts (1990) notes, the mountain complex of the Taurus acts as a barrier between
all these sites and olive groves on the Mediterranean coast. Moreover, other sites
located both in the Oro-Mediterranean vegetation zone and close to the Mediterra-
nean coast (e.g. Elmali, Avlan) have smaller amounts of Olea pollen compared with
inland Oro-Mediterranean sites (e.g. Golciik, S6gut, Pinarbasi, Golhisar, Gravraz,
and Canakl) (Eastwood et al. 1998; Vermoere et al. 2003). In addition, surface sample
data (Bottema and Woldring 1990; Eastwood 1997; van Zeist and Bottema 1991; van
Zeist et al. 1975; Vermoere et al. 2000) demonstrate that today, lower pollen values of
Olea are recorded regardless of extensive olive cultivation in the Eu-Mediterranean
vegetation zone, in comparison to much higher values of fossil pollen values during
the BOP.

The end of this occupation phase appears to have been marked by an abrupt
decline in pollen of anthropogenic indicators, suggesting a strong decrease in ag-
riculture followed by forest regeneration. The diversity of woodland composition
(dominated by Pinus) is remarkably different from the preceding mid-Holocene (a
mixed Quercus, Pinus, Juniperus, and Cedrus forest), and this also suggests a possible
link with human disturbance, rather than environmental change (Dusar et al. 2011
and references therein). Moreover, this change was accompanied by land abandon-
ment and population decline, at least in the countryside (Roberts et al. 2018).

A synthesis of past olive exploitation practices in
the Aegean

Archaeobotanical evidence from the Aegean

Regional patterns of olive use through time and the timing of intensive cultivation
in Greece are a topic of debate, especially in the context of ‘Renfrew‘s model’, which
will be addressed further ahead. Recently, Valamoti et al. (2017) examined the dis-
tribution of olive stones and charcoal from numerous sites on mainland Greece
and the Aegean islands dating from the Neolithic (7000-3300 BCE) to Hellenistic
times (1st century BCE). They found that the olive was almost absent in northern
and central mainland Greece as far south as Boeotia in the Neolithic, and that its
presence was limited to some islands in the Aegean and Ionian seas at the end of
the Neolithic.

From the EBA onwards (3300/3100 BCE), the visibility of the olive in the archaeo-
botanical record, especially in southern Greece, including predominantly Crete (e.g.
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at Petras, Knossos, and Myrtos) and the Peloponnese (e.g. at Tsoungiza and Lerna),
but also the Cyclades and the north-eastern Aegean islands, starts to increase (in
comparison to its scarcity in the Neolithic) and culminating during the LBA (Foxhall
2007; Hansen 1988; Hansen and Allen 2011; Margaritis 2013; Renfrew 1972; Riley
2002, 2004; Sarpaki 2012; Valamoti et al. 2017 and references therein) (Fig. 4).

The charcoal from Akrotiri (Thera), which is present in large quantities and high
frequencies, suggest widespread exploitation of the fruit (wild and/or domesticat-
ed) and regular harvesting of the wood for firewood during the EBA (Asouti 2003).
Although this evidence supports Renfrew‘s thesis on EBA use of the olive (possibly
wild oleaster), it does not imply early domestication or cultivation. Mavromati (2017)
argues that the presence of degenerate growth rings, which may suggest pruning of
cultivated olive trees, is not enough for secure conclusions about cultivation due to
the small sample size of specimens. However, it is clear that the archaeobotanical
macroremains, together with the anthracological evidence, suggest cultivation at
least during the LBA.

In sum, while the use of olives and olive oil during the EBA is still debated in
terms of cultivation/domestication status and the scale of production/economic im-
portance (small, perhaps household-scale) (Margaritis 2013; Runnels and Hansen
1986), evidence for larger-scale olive processing is much stronger by the LBA, for
example, in Cyprus (Hadjisavvas 1992) and in Crete (Hamilakis 1996).

Palynological evidence from the Aegean

For most areas of Greece, olive pollen values increased relatively later than they do
in the Levant (Runnels and Hansen 1986). Olea is quite sporadic in the pollen records
from central and southern Greece before the EBA (Carrién et al. 2010). Moreover, the
visibility of Olea in the pollen records from Greece is not pronounced in comparison
to that of the Levant.

In Crete, Olea pollen appears to be more clearly visible in the Late Neolithic, which
suggests that the olive was present before olive pollen became frequent on the Greek
or Turkish mainland (Bottema and Sarpaki 2003; van Zeist and Bottema 1991).

By the EBA, Olea pollen starts to display continuous curves by becoming a
regular element of the Aegean landscape, especially in Crete (reaching about %40,
Moody etal, 1996), and interpreted as the cultivation of the tree (Gennett, 1982).
In the Peloponnese, higher Olea pollen values are registered during the LBA, espe-
cially in the Argive plain (Jahns 1993; see Fig. 4), Kleonai (Atherden et al. 1993), and
the Kotihi lagoon (Lazarova et al. 2012). For northern Greece, the earliest evidence
for the olive is recorded in the LBA pollen record (e.g. Limni Kopais and Tenaghi
Philippon), while there is no indication in the archaeological and archaeobotanical
records (Greig and Turner 1974; Turner and Greig 1975).

A second peak in Olea pollen values is recorded in different parts of Greece from
around 1000-800 BCE until 550-200 BCE, indicating extensive cultivation from the
Late Protogeometric until the Hellenistic period (Bottema 1982; Greig and Turner
1974; Jahns 1993).

Archaeological evidence from the Aegean

Available evidence indicates that the emergence of olive cultivation happened later
in the Aegean region than in the Levant. The olive and olive oil play an important
role in prehistoric Aegean communities, as these, together with cereals and wine,
are the components of the so-called ‘Mediterranean polyculture’, also termed the
‘Mediterranean Triad’ by Renfrew (1972) and later modified to the ‘Mediterrane-
an Quartet’ with the addition of pulses by Sarpaki (1992). There is a long-standing
debate regarding the beginning of intensive cultivation of the olive in the Aegean
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and its relationship with the economic transformation in the 3rd millennium BCE.
In the highly influential, ‘anti-diffusionist’ book The Emergence of Civilisation, Colin
Renfrew (1972) discussed the possible relationship between the establishment of
agricultural diversification and the rise of the Aegean civilisation in the EBA. He
proposed that the plains and the valleys were more suitable for grain cultivation,
while the foothills and the highlands were better for horticulture/arboriculture.
According to Renfrew, the use of marginal land for intensive cultivation of the olive
induced important socio-economic changes, including the creation of production
surpluses, the growth of inter-regional exchange, and population increase. The
usage of different topographical features led to an increased economic interdepend-
ence among various regions and the emergence of a stratified society. Renfrew*s
model has attracted some criticism (e.g. Halstead 1988), especially about the timing
of intensive cultivation (see Runnels and Hansen 1986) on the basis of the limited vis-
ibility of the olive in the archaeobotanical record from Greece as discussed earlier.
Residue analysis by gas chromatography on pottery sherds from the site Aphrodite’s
Kephali shows strong oleic acid peaks thought to suggest the presence of olive oil in
the EBA (around 3200-2700 BCE) (Koh and Betancourt 2010). Moreover, the process
for the extraction of oil from olive fruits seems to have been known by the EBA. For
example, at Myrtos, spouted clay tubs possibly used for separating the oil from the
residue were recorded together with olive stones and olive wood remains showing
possible evidence of pruning (Warren 1972), and a jug containing traces of oil and
two oil lamps were found on the island of Naxos (Renfrew 1972).

However, Boardman (1976) emphasised that the olive was not the most signifi-
cant economic factor in the EBA. Moreover, the available evidence is not enough to
support a widespread use of olive oil for culinary purposes before the LBA (around
the first half of the 2nd millennium BCE). In contrast to Renfrew, Hamilakis (1996)
argued that oil production had increased in the LBA on Crete and that olive oil as
well as wine were consumed as luxury products (the oil being used as a perfume
and unguent, possibly for anointing) by the elites based on the fact that the majority
of the evidence comes from high-status sites and palaces. The number of olive trees
presumably of distinct types or possessing distinct qualities are also mentioned in
the written LBA sources (e.g. clay Linear B tablets on Knossos and Pylos) (Killen
2016; Melena 1983). Based on more abundant archaeological evidence, including
stone olive presses, storage containers for oil, and clay spouted tubs, accompanied
by epigraphic evidence, it is becoming clear that olive cultivation and oil production
were well established in the southern Aegean region, especially in Crete, by the LBA
(Riley 2002, 2004). From the LBA to the Hellenistic period (around the end of the
1st millennium BCE), the spread of the olive was at its maximum extent, extending
from the warm lands of southern Greece to the more marginal areas for olive
growing of northern Greece, an extension that is assumed to be due to the increased
need for olive oil accompanying Greek colonisation (Valamoti et al. 2017).

Climatic implications of the expansion of the olive
after the Late Bronze Age-Iron Age transition: the
3.2 cal kyr BP abrupt climate change event

The olive tree is cold-intolerant and limited to climates where the mean tempera-
ture of the coldest month (the January isotherm) is no lower than approximately
3°C (Polunin and Huxley 1965). Therefore, growth of the olive would have been
promoted by the warming of the climate after the mid-Holocene-late Holocene
transition (Sadori et al. 2011). However, flowering productivity is reduced with less
rainfall and dry conditions. Thus, in warm weather, olive groves on high hills or
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slopes are probably less stressed than those on low altitudes or coasts, where olives
may become less productive (Ozdemir 2016).

At the Bronze Age-Iron Age transition (1200-1000 BCE), most eastern Mediterra-
nean urban centres (especially in Greece, Turkey, and the Levant) were destroyed,
abandoned, or under stress (see Cline 2014). This occurred following a large-scale
shiftto more arid conditions (a drop in precipitation/palaeo-rainfall; a drop in sea-sur-
face temperatures), reconstructed from multi-proxy records from various regions,
termed the 3.2 cal kyr BP abrupt climate change event (around 1550-550 BCE), espe-
cially in the eastern Mediterranean (Boyd 2015; Cheng et al. 2015; Dean et al. 2015;
Drake 2012a, 2012b; Finné et al. 2011; Finné et al. 2017; Goktirk etal. 2011; Issar
2003; Jalali et al. 2016; Mayewski et al. 2004; Schilman et al. 2002; Schimmelpfennig
etal 2012;Wick et al. 2003). The following period in the Aegean region (from the
Early Iron Age until around 700 BCE), referred to as the ‘Greek Dark Ages’, is charac-
terised by rural settlements, population migration, and limited long-distance trade
(Drake 2012b). Kaniewski and van Campo (2017) argue that the ‘LBA crisis’ coincided
with the onset of an approximately 300 year megadrought (see also Kaniewski et al.
2015). This is supported by textual evidence in tablets found at Hattusa, Ugarit,
Emar, and Aphek indicating droughts and famine at the end of the LBA (Langgut
etal 2013 and references therein). However, how changes in settlement patterns
as well as political, economic, and climatic factors influenced agricultural organi-
sation at the end of the LBA is still unclear due to a paucity of archaeological and
archaeobotanical evidence. Moreover, the climate proxies available for the eastern
Mediterranean are based on low-resolution data with chronological uncertainties,
making it difficult to pinpoint correlations with archaeological data (for a further
discussion, see Knapp and Manning 2016). As olive trees require at least 400 mm of
annual precipitation to be profitable, reduced precipitation may lead to a decrease
in productivity (Langgut et al. 2016). The seeds, fruits, charcoal remains, and palyno-
logical data from Tell Mastuma indicate that the prosperity seen at the site in EBA —
which was based on the cultivation of the olive (in addition to that of wheat and
barley) — abruptly ended in the LBA due to drought, which was accompanied by the
abandonment of many sites in north-western Syria around 1600 BCE (Yasuda 1997).
Yasuda (1997) stated that these sites were re-occupied by the Iron Age due to a shift
towards wetter conditions. As we have mentioned above, although the palynological
data from the Levant indicate a reduction in Olea pollen, confirming the occurrence
of a dry phase at the end of the LBA, discrepancies resulting from low sampling
coverage and dating resolution preclude the identification of the exact time and
duration of the dry event at the end of the LBA (Langgut etal 2013). In contrast
to the situation in the Levant, in Turkey, the pollen data suggest the flourishing of
oleiculture during the BOP, over an exceptionally long duration of more than a mil-
lennium. In addition, the vegetation composition suggests that the economic system
was sustainable without any specific signal despite climate change suggesting a dry
period and drought spikes between the second half of the 2" millennium BCE and
start of the 1*millennium BCE in Turkey (Kuzucuoglu 2012; Lespez et al. 2016).

Although there is general agreement from different proxies regarding more arid
conditions in the last centuries of the 2" millennium BCE in the eastern Mediter-
ranean region (Roberts et al. 2011), there is a lack of information about the nature
and temporal extent of this complex climate event to infer precipitation changes
throughout the circum-Mediterranean that might enable us to correlate it precisely
with archaeological and historical data. Clear conclusions about the climatic impli-
cations of the 3.2 cal kyr BP abrupt climate change on olive cultivation and on the
expansion of olive growing cannot be drawn, due to the low resolution and the high
level of uncertainties in the chronology of the available sedimentary records from
the eastern Mediterranean.
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Conclusions

Unlike is the case for other crops, genetic evidence demonstrates that for the olive,
domestication is an ongoing, regionally and temporally diverse process (Besnard
et al. 2017). Therefore, tracking the early origins of olive domestication and the es-
tablishment of olive cultivation is a challenging task. As there is a rich corpus of
archaeological evidence for human exploitation and usage of the olive, the southern
Levant region remains the putative place of origin for domestication at the moment
(see summaries by Kaniewski et al. 2012; Weiss 2015; Zohary et al. 2012). Temporal
differences in the origins of olive domestication across the Levant indicate that the
process of domestication and, correspondingly, cultivation was not spatially uniform
throughout the eastern Mediterranean.

For the Levant, available information from the archaeobotanical, archaeologi-
cal, and palynological records suggests that olives (mostly from wild oleasters) were
exploited from the Chalcolithic period onwards, especially in the southern coastal
region, where oleaster forms a natural component of the vegetation. The evidence
from the Chalcolithic in the southern Levant, with the exception of Teleilat Ghassul,
suggests manipulation and nurturing of already existing olive trees, rather than estab-
lished cultivation. Therefore, the Chalcolithic in the southern Levant can be accepted
as the period of the onset of olive cultivation, accompanied by a continuation of the
exploitation of wild trees. The visibility of olives in the archaeobotanical, archaeo-
logical, and palynological records increases during the EBA in the southern Levant,
indicating a widespread existence of olive trees (especially represented by the highest
peak of Olea in the palynological record), the systematic exploitation of olives, and
possible intensive olive oil production in the southern Levant starting in the EBA.

However, the available data still remain patchy and unconvincing regarding
the cultivation status of the olive. Although it is clear that the EBA saw a boost in
the selective exploitation and management of already existing wild oleasters, it is
difficult to infer the existence of established arboriculture during the EBA based
on both archaeological and archaeobotanical data. On the other hand, all evidence
(especially when complemented by epigraphic sources) peaks in the LBA, indicating
that by then the olive had spread outside of the natural distribution area of oleaster,
especially into the western part of northern Mesopotamia, suggesting the cultivation
of the olive tree.

For the Aegean, there is no concrete evidence that olive cultivation was practiced
before the EBA. Similarly, the available data are inconclusive regarding the idea of
extensive cultivation and the production of olive oil during the EBA. Starting in the
LBA, the olive seems to have been economically significant and olive oil production
was common practice.

For Anatolia, there is very sparse evidence regarding olive use for the early
periods of prehistory. Although archaeobotanical research in Turkey has increased,
available data in support of the cultivation of the olive are temporally and spatially
fragmentary, and they are inconclusive before the LBA. Archaeobotanical evidence
indicates an increased presence of olives starting in the EBA, which is mostly re-
stricted to areas of the natural geographical distribution of olive trees near the
Mediterranean coast of Turkey, especially in Cilicia, but the data are not enough to
support cultivation of olive trees or production of olive oil before the LBA, when the
palynological data strongly indicate olive arboriculture, during the Beysehir occu-
pation phase.

Hitherto, based on multi-proxy evidence from the Levant, Anatolia, and the
Aegean region, there is no concrete data to support the hypothesis of a westward
diffusion or adoption of olive cultivation. The question of when and where olive cul-
tivation first took place will have to remain unanswered until more data (especially
archaeological evidence) become available from EBA and MBA contexts. Moreover,
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the geographical and temporal distribution of archaeobotanical data in the eastern
Mediterranean are limited, especially in Turkey. Further studies are needed with a
focus on high-resolution palynological reconstructions from or near archaeological
sites and more archaeobotanical data with absolute dates in order to fill significant
gaps of knowledge on the history of olive cultivation.

Although the Persians, the Greeks, and especially the Romans were well ac-
quainted with gardening traditions, the existence of knowledge and the availabil-
ity of the necessary technology regarding olive cultivation (ranging from simple
cuttings to more advanced grafting) before classical times cannot be excluded.
However, the available data are insufficient to make reliable, conclusive statements
about the status of the existing technology, it is unlikely to assume the existence of
a widespread olive oil ‘industry’ in the eastern Mediterranean before the Iron Age.

In sum, the cultivation of the olive in the eastern Mediterranean region
commenced at different times in different places, but from the Late Bronze Age
onwards, the archaeobotanical evidence, especially when complemented by pal-
ynological, archaeological and textual data, is in good agreement regarding the
existence of well-established olive arboriculture in the whole of the eastern Med-
iterranean region. We suggest that researchers should consider the possibility that
climatic conditions until the end of the LBA may have provided optimal conditions
for the expansion or cultivation of the olive in areas outside its original range of
distribution.
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On-site palaeoecological investigations
at the Hinenburg hillfort-settlement
complex, with special reference to non-
pollen palynomorphs

Magdalena Wieckowska-Liith," Immo Heske’

Abstract

To highlight the potential of non-pollen palynomorphs as an additional source of
information within archaeological contexts, palynological samples from settlement
layers of the Hiinenburg hillfort-settlement complex were analyzed. In addition,
some new non-pollen palynomorph types, mostly fungal spores, are described, il-
lustrated, and discussed. The study provides new on-site data relating to the living
conditions during the Late Bronze Age/Early Iron Age. Samples taken from the
horizons of two superimposed pits show microscopic evidence for stockpiling, plant
processing, waste management, and hygienic conditions within the settlement area,
whereas samples taken from the ancient watercourse deposits provide insights into
local land use, water quality, and fire management.

Keywords: NPPs, pollen, ancient watercourse, pits, Late Bronze Age/Early Iron Age

Introduction

With the establishment of the analysis of non-pollen palynomorphs (NPPs: fungal
spores, eggshells of parasitic worms, algae, cyanobacteria, dinoflagellate cysts,
remnants of invertebrates, etc.) in palynology, new opportunities have been opened
up for more detailed reconstructions of the archaeological contexts. Many of the
NPPs occur only under certain circumstances, such as the presence of decaying
plant matter, wood, and dung (e.g. Dietre et al. 2012; Prager etal 2012; van Geel
and Aptroot 2006); under specific moisture, nutrient, and salinity conditions (e.g.
Haas and Wahlmiiller 2010; Marret et al. 2009; van Geel 1976); during parasitic in-
festation (e.g. Le Bailly et al. 2007; Maicher et al. 2017; Racz et al. 2015); or after fire
or erosion events (e.g. Hillbrand et al. 2014; Innes et al. 2004; van Geel et al. 2003).
Furthermore, in contrast to pollen, most of these microfossils are of autochthonous
origin, making them valuable indicators for on-site characterizations (Blackford
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etal 2006; Marinova and Atanassova 2006; van Geel 2001). With regard to archaeo-
logical stratigraphies, the analysis of NPPs can provide information about temporal
and/or spatial changes in specific conditions, thus helping to reconstruct how struc-
tures and settlement areas were used in the past. Another characteristic of NPPs is
their strong resistance to decay. Especially in minerogenic deposits of archaeological
sites, NPPs often remain preserved when pollen grains have disappeared as a result
of corrosion and oxidation (e.g. Medeanic et al. 2008; Prager et al. 2006). This makes
them an important alternate source of information when there is a scarcity of pollen
in the settlement layers.

Despite all these advantages, NPPs are still given too little attention, as shown by
the small number of studies of NPP assemblages from archaeological sites (e.g. Bosi
etal 2011; Brinkkemper and van Haaster 2012; Chichinadze and Kvavadze 2013;
Kvavadze and Kakhiani 2010; Revelles et al. 2016; Swie;ta-Musznicka etal 2013; van
Geel et al. 1986, 2003).

As demonstrated by previous, off-site palynological investigations, the surround-
ings of the Late Bronze Age/Early Iron Age Hiinenburg hillfort-settlement complex
exhibited quite intensive land-use in the past (Heske and Wieckowska 2012). In order
to complete the picture, at the local level, and to take advantage of the potential of
the analysis of NPPs, samples were taken from archaeological features of the outer
settlement of the Hiinenburg hillfort and from an ancient watercourse at the foot of
the hill. The palynological investigations of these samples were aimed at bringing
new insights into the living conditions during the occupation phases, that is, crop,
waste, and fire management; hygienic conditions; and water quality. The overall,
additional objective was to obtain new information or support existing information
on the ecological significance of NPPs in order to increase the potential for recon-
structions associated with archaeological contexts.

Archaeological setting

The Hiinenburg, located on the hill called the Heeseberg, near Watenstedt, central
Germany (Fig. 1), is a Late Bronze Age/Early Iron Age hillfort-settlement complex in
the northern foreland of the Harz Mountains. Since 1998, the area of the western
plateau of the Heeseberg has been investigated as part of the project titled ‘The
Hiinenburg near Watenstedt, Kr. Helmstedt — A prehistoric hillfort and its associat-
ed area’, by archaeologists from the state museum of Braunschweig (Braunschwei-
gisches Landesmuseum) and the Georg-August-Universitit Gottingen (Heske 2003,
2006). In this framework, both a hillfort and an outer settlement of about 400,000 m?
have been prospected. During this project, particular emphasis was placed on the
building history of the rampart and the use of the interior space of the hillfort. In
the framework of the succeeding project, ‘Periphery and centre: the Hiinenburg near
Watenstedt, Helmstedt district — A hillfort in the contact zone between the Lusatian
culture and the Nordic Bronze Age’, which started in 2005, a settlement area of about
3,500 m? was investigated by means of excavations (Heske 2016a). According to the
ceramic chronology and a series of *C dates, a small settlement was built as early as
the 14" century BCE. After the erection of the rampart, around 1130 cal BCE (Heske
2006, 2017), the hillfort was used continuously until the 7% century BCE, whereby the
highest intensity of the settlement was reached between 900 and 750 BCE (Period V of
the Northern Bronze Age). During this time, new contacts with the northern European
region are evidenced in the finds of the settlement, and also in new features near the
river Soltau (Heske 2013, 2015), located at the foot of the Heeseberg.

The areas below the hillfort excavated thus far show a picture of an open settle-
ment with a large number of settlement pits located close to each other. In general,
the multiple settlement pits yielded stone tools, bronze objects, and bones, as well as
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plant remains, including cereal grains, legumes, and associated crop weeds (Heske
et al. 2010). Beyond that, the cultural layer included evidence of a plurality of similar
post houses, pointing to a dense construction of buildings. Further finds are indica-
tive of metal workers and ritual depositions.

Geomagnetic surveys found evidence for an ancient watercourse under the
recent agricultural surface (Fig. 2). In the Bronze Age, this stream ran through the
upper and lower settlement areas and then flowed into the Soltau. During excava-
tions within the ancient watercourse in the lower part of the outer settlement area,
pottery, decorated pieces of wood, and animal bones were found. In addition, some
metres east of the stream, hundreds of cooking pits aligned in rows were detected.
Some of them were excavated, too. The cooking pits are interpreted as the remains
of ritual celebrations (Heske et al. 2012).



Figure 2. Map showing

the western plateau of the
Heeseberg and the wet
depression of the Soltau. The
rampart of the Hiinenburg
hillfort is still visible today on
the western spur. The figure
also shows the location of
geomagnetic surveys within

the outer settlement area. The
crosses mark the approximate
location of the samples taken
for palynological investigations
(blue cross: ancient water
stream;, white cross: pit context)
(graphic: M. Posselt and H. Marx,
modified by the authors).
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The settlement activity at the Hiinenburg ended around 650 BCE, in the middle
of the Iron Age, once new resources and additional living space were needed. During
this time, long-distance communication, connections for the trade in metals, and the
exchange of other resources, such as salt and livestock, become less important in the
entire region and beyond (Grefen-Peters and Heske 2018; Heske 2018).

Materials and methods

In order to obtain information on the living conditions during the use of the
Hiinenburg hillfort-settlement complex, microfossil analyses were conducted on
the stratigraphies of two archaeological contexts, the ancient river course and two
superimposed pits in the occupation layer of the outer settlement area.

Several samples were extracted from two overlapping sediment profiles (WAT
I/ID) taken from the cross-section of the ancient watercourse (SIV M 646-645 north
profile), within the ceremonial area, at intervals of 10 cm (Fig. 3). The profile origi-
nated from the gently rising, western part of the stream. The two lowermost samples
came from a sediment layer below the stream bed, which contained Late Neolithic
pot shards (late 4th-3rd millennium BCE). The next six samples above them in the
sequence were obtained from natural infill layers of the stream comprising Late
Bronze Age/Early Iron Age pottery fragments (Period IV-VI of the Northern Bronze
Age: 1100-550/530 BCE), wood, and bone (Heske et al. 2012). Radiocarbon dating of
one these bones revealed an age of 1005-889 cal BCE (Heske in preparation). Located
just above this bone find was a burial urn dating to the Early Iron Age (Period VI of
the Northern Bronze Age: 730/720-550/530 BCE) (Heske 2016b). The next samples
were taken from shore zone deposits (two samples) and subsequent natural infill-
ings of the stream (two samples), containing bones dating from the Roman Iron Age
(1st-2nd centuries AD). The six uppermost samples came from artificial infilling of
medieval and modern date.

Eight sediment samples were taken from occupation layers within the outer set-
tlement area, again at intervals of 10 cm. Apart from the uppermost two samples
(30-40 cm), which originated from younger cultural layers, all the others were
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extracted from two archaeological contexts (profile SIV A 046). Samples 3 to 7
(50-90 cm) were taken from a pit located next to a house. The lowermost sample, 8
(100 cm), originated from a second pit, which was below the first one (Fig. 4).

All samples were prepared for pollen and NPP analysis according to the standard
techniques outlined by Moore et al. (1991). The calculation of pollen percentages is
based on the total terrestrial pollen sum (TTPS: trees, shrubs, and dwarf-shrubs +
pollen of herbaceous terrestrial plants). The TTPS averages 600 pollen grains in the
samples from the WAT I/II profile and 150 pollen grains in the samples from the
pit. The latter are considered very low pollen concentrations. Tablets containing a
known number of Lycopodium spores were added to enable calculation of pollen
and NPP concentrations (following Stockmarr 1971). The data from the micro-
scopic charcoal analysis are expressed as concentration per cm? of sediment. The
pollen and NPP diagrams were produced with the help of the program C2, version
1.7.7 (Juggins 2014). Nomenclature of pollen types follows Beug (2004) and that of
spores follows Moore et al. (1991). NPPs were identified using a reference catalogue
at Kiel University and available literature (Booth et al. 2010; Carrién and Navarro
2002; Florenzano et al. 2012; Gelorini et al. 2011; Guarro et al. 2012; Jones et al. 2016;
Menozzi et al. 2010; Schliitz and Shumilovskikh 2017; van Geel and Aptroot 2006;
van Geel etal 1981, 1983, 2003; Vanky 2013). Nomenclature of NPP types follows
the HdV-no. system (Miola 2012). The results of the pollen and NPP analysis from
the ancient watercourse and the outer settlement area are presented in Figures 5
and 6, respectively. During the microfossil analysis, some not previously recorded
NPPs were documented. These types are described in the present paper for the first
time and termed using the code KIU-xxx, whereby KIU stands for Kiel University,
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1a L

Figure 7. Non-pollen
palynomorphs types from
settlement layers of the
Htinenburg hillfort-settlement
complex. (1a,b) KIU-71
(Savoryella cf. lignicola); (2) KIU-
237 (cf. Chaetomium); (3) KIU-
257 (cf. Chaetomium); (4a,b) KIU-
233 (cf HdV-927); (5) HdV-1001
(Caryospora sp.); (6) HAV-1066
(Delitschia sp.); (7) Scleroderma-
type; (8) Dicrocoelium
dendriticum; (9) KIU-224 (cf.
HdV-989); (10a,b) Dinoflagellate
cysts; (11) Microppia minus;

(12) HdV-364 (Thecaphora

sp.); (13a,b) KIU-211 (Tilletia

cf. caries); (14a,b) KIU-235 (cf.
Spirogyra), (15) KIU-232 (photos:
M. Wieckowska-L(th).

1b

-

Germany, and -xxx is a sequential number. The new NPP finds (KIU-71, KIU-211,
KIU-224, KIU-232, KIU-233, KIU-235, KIU-237, and KIU-257) are illustrated in Figure 7,
together with selected, already known microfossils occurring in the settlement
layers of the Hiinenburg hillfort-settlement complex.

Results

The deposits of the ancient watercourse

In the profile from the ancient watercourse, six local microfossil assemblage zones
(WAT I/II 1-6) were distinguished based on major changes in microfossil proportions
(Fig. 5). The pollen (1.4-9.2 x 10° types/cm?®) and NPP (1.9-11.8 x 103 types/cm?®) concen-
trations are roughly equal, but the diversity of the pollen (22-36 taxa) is higher than
that of the NPPs (14-26 taxa).

The lowermost part of the palynological record — WAT I/II 1 - displays the envi-
ronmental conditions at the Heeseberg during the Late Neolithic period. Since this
zone is not relevant to the scope of the paper, this section will not be described in
detail here. The same is true for zones WAT I/II 4-6, representing the environmental
development from the Roman Iron Age to modern times.

WAT I/IT 1 is characterized by maximum values of pollen of deciduous trees (up to
4.8%), among which Alnus is the most common taxon, but saccate pollen of conifers
(Pinus and Picea: up to 12%) dominates the microfossil assemblages. Compared
with the subsequent zones, WAT I/II 1 is also distinguished by markedly higher pro-
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portions of cereals, mainly represented by Triticum-type. These finds are accom-
panied by crop weeds, such as of Agrostemma githago and Papaver rhoeas-type.
At the same time, the Poaceae, as the representatives of grassland, show relatively
high proportions amounts (up to 20.4%). Among the ruderal plants, the Liguliflo-
rae are the dominant taxon (up to 46.6%). The values of microcharcoal vary dis-
tinctly (3.5-11.8 x 10® particles/cm?). In addition, WAT I/II 1 features slightly elevated
values of the elements of wet meadows, as well as of plants of littoral habitats, such
as Catha, Valeriana officinalis-type, Cyperaceae and Alisma-type, along with some
unknown water-inhabiting NPPs, such as HDV-182 and HdV-182.

The Bronze Age and the early pre-Roman Iron Age settlement layers are reflected
in the pollen/NPP diagram by the local microfossil assemblage zones WAT I/II 2-3
(Fig.5), which are characterized by relatively low amounts of arboreal pollen
(16.9-22.7%). Both zones are still dominated by conifers (Pinus and Picea: up to
19.5%), but deciduous taxa (Quercus, Fagus, Carpinus, and Betula: up to 3.3%) and
riparian trees (Ulmus, Fraxinus, Alnus, and Populus: up to 0.7%) are also present.
Shrub pollen reaches minimum values (Corylus and Juniperus: up to 0.3%). Among
the non-arboreal pollen, Liguliflorae show the highest proportions (up to 76.3%).
Further elements of meadows and ruderal sites are Cirsium-type, Senecio-type,
Centaurea jacea-type, Matricaria-type, Caryophyllaceae, Persicaria maculosa-type,
Polygonum aviculare-type, Plantago major/media-type, Chenopodiaceae, Artemisia,
and Rumex acetosa-type (up to 13.3%). Compared with these taxa, the Poaceae
display rather low values (up to 6.7%). Concomitantly, Plantago lanceolata-type
was recorded only once, in WAT I/II 3, and single finds of the representatives of
crop weeds, such as Convolvulus arvensis-type and Scleranthus annua, also occur in
both zones. Regarding cereal pollen grains, of which Triticum-type is the predom-
inant taxon, their evidence drops slightly from WAT I/IT 2 (up to 4.7%) to WAT I/II
3 (up to 1.2%). Microcharcoal particles display the highest levels in the lowermost
part of WAT I/II 2. Their values, however, fluctuate strongly throughout the zones
(1.9-11.6 x 10%particles/cm?3).

WAT I/II 2 features evidence of fern and moss spores (Pteridium, Polypodiaceae
indet. Ophioglossum, and Sphagnum) indicative of the presence of damp to wet sites
as well as pioneer habitats, which increase in WAT I/II 3. The same is true for the
representatives of both wet meadows and littoral habitats (Valeriana officinalis-type,
Cyperaceae, Sparganium-type, Typha latifolia-type, and Alisma-type). In parallel,
there is a rise of stagnant, shallow water-inhabiting algal taxa from the Zygnemat-
aceae family (van Geel 1976), such as HdV-314 (Zygnema-type), HdV-130 (Spirogyra
sp.), and HdV-132 (Spirogyra sp.). In WAT I/II 3, HdV-303 (Chlamydomonas sp.) also
increases, representing a green alga (e.g. Andreev etal. 2014; Haas, pers. comm.;
Miola et al. 2006) that colonizes every kind of aquatic habitat, sometimes forming
blooms, especially in extremely nutrient-rich waters. Some members of this genus,
however, are also found on soil and terrestrial surfaces, snow, and ice (van Vuuren
etal 2006). In contrast, other algal and unknown water-inhabiting palynomorphs,
such as Botryococcus sp., KIU-235 (cf. Spirogyra), HAV-988, HdV-181, HAV-182, and
Pseudoschizaea, show elevated proportions in WAT I/II 2. According to Grenfell
(1995), the latter could belong to the hydro-terrestrial green algae of the Zygnema-
taceae family. At the same time, finds of cyanobacteria (Rivularia-type) were reg-
istered, which are known to be dominant in more eutrophic systems (Hutchinson
1957; van Geel 1994).

Additional NPP assemblages of these zones are fungal spores, of which the soil
erosion indicator HdV-207 (Glomus sp.) (van Geel et al. 2003) reaches its highest
amounts in WAT I/IT 2, along with KIU-224, KIU-233, and KIU-238. The presence
of decomposing fungi, such as HdV-55A (Sordaria-type), HAV-172 (Coniochaeta
ligniaria), HAV-7A (Chaetomium sp.), KIU-257 (cf. Chaetomium), and KIU-71 (Savory-
ella cf. lignicola), is also mostly restricted to this zone. What stands out is that these
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are lignicolous fungi, found on different woody substrates (van Geel and Aptroot
2006). Of particular importance is that Savoryella species have been reported from
submerged wood in aquatic habitats (Jones et al. 2016). Other representatives of NPPs
are smut fungi, such as HdV-364 (Thecaphora sp.) and KIU-211 (Tilletia cf. caries),
representing plant pathogens (Vanky 2013). Both types, like the other fungal spores,
display elevated abundance in WAT I/II 2. Beside this, WAT I/II 2-3 are characterized
by the occurrence of eggs of the parasite fluke Dicrocoelium dendriticum, of which
ruminants are the main definitive hosts (Florenzano et al. 2012). In addition, a find
of an eggshell of Trichuris sp. was made in WKS I/I; this is an intestinal parasite with
a significant number of species affecting humans and many other animals (Maicher
etal 2017). In WAT I/II 3, there was also a single occurrence of a dinoflagellate cyst,
which has been identified as marine (Marret-Davies, pers. comm.).

In the deposits of the Roman Iron Age, reflected by WAT I/II 4, there is a distinct
change within the microfossil assemblages. The pollen spectra now show a distinct
increase in Poaceae (up to 32.3%), together with Plantago lanceolata-type (up to
3.8%). In addition, elements of ruderal sites, which had up till now played a minor
role, such as Plantago major/media-type and Polygonum aviculare-type, gain in im-
portance, whereas Liguliflorae and Cirsium-type decrease temporarily. The propor-
tions of microscopic charcoal particles continue to fluctuate strongly.

WAT I/IT 4 is also characterized by a reduction in the representatives of a damp
to wet environment, wet meadows, and littoral habitats. In accordance with this, the
green algae almost disappear. In contrast, some fungal decomposers occur in this
section of the microfossil diagram, such as HdV-55A (Sordaria sp.), HAV-172 (Conio-
chaeta ligniaria), HAV-7A (Chaetomium sp.), and KIU-71 (Savoryella cf. lignicola). At
the same time, elevated finds of Trichuris sp. were registered, along with Dicrocoelium
dendriticum. In general, however, the quantities of the NPPs are at a rather low level
compared with the previous zones. In the two upper zones, WAT I/II 5-6, the amounts
of Poaceae, Plantago lanceolata-type, Plantago major/media-type, and Polygonum
aviculare decrease again markedly, whereas the values of Liguliflorae increase. Syn-
chronously, the proportions of cereals rise slightly (up to 6%), as do those of crop
weeds, such as Centaurea cyanus and Convolvulus arvensis-type. In WAT I/II 5-6, the
quantities of microcharcoal particles decline (2.9-6.1 x 10® particles/cm?®) and do not
show as strong a fluctuation as they do in the lower parts of the profile.

Within the lowland record, there is a renewed increase in the elements of a
damp to wet environment, especially in WAT I/II 5. At the same time, the values
of Cyperaceae rise, along with those of the representatives of green algae (KIU-235
(cf. Spirogyra), Botryococcus, HdV-314 (Zygnema-type), HdV-130 (Spirogyra sp.),
and HAV-303 (Chlamydomonas sp.)) and other aquatic organisms (HdV-170 (Rivu-
laria-type), Pseudoschizaea, HdV-181, and HdV-182). This increase is accompanied
by a distinct increase in the amounts of both the soil erosion indicator HdV-207
(Glomus sp.) and smut fungi, such as HdV-364 (Thecaphora sp.) and KIU-211 (Tilletia
cf. caries). Other fungal NPPs (KIU-224, KIU-233, and KIU-232) also increase visibly,
in particular in WAT I/II 5.

The pits

The archaeological layers of the pit contexts are reflected in the pollen and NPP
spectra of the samples taken at 50-100 cm (Fig. 6). The palynological results show
that the pit record includes a high quantity (1.1-3.5 x 103 types/cm?®) of different NPP
types (26-30 taxa), distinctly exceeding the amount (0.4-0.7 x 10® grains/cm®) and
diversity of pollen (13-18 taxa). Many of these microfossils are of unknown origin.
If we consider the pollen record from the pits as it stands, we can see that all of
the samples are characterized by extremely high values of non-arboreal pollen, of
which herbs of relatively dry ruderal sites and crop weeds, such as Liguliflorae, Cir-
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sium-type, Centaurea scabiosa, Senecio-type, Centaurea jacea-type, Caryphyllaceae
p-p-» Chenopodiaceae, Convolvulus arvensis-type, Polygonum aviculare-type, and
Liliaceae indet. have the highest proportions (up to 97.8%). The amounts of Poaceae
reach their highest levels (8.2%) in the lowermost sample. All samples contain finds
of cereals, of which Triticum-type is the most common (up to 3.5%). Beside this,
low palynological signals of the representatives of damp to wet locations, such as
Riccia (2.1%), Sphagnum (up to 1%), and Cyperaceae (up to 2.1%), were recorded.
The deposits of the pits are also distinguished by high quantities of microcharcoal,
whereby the maximum concentration was noted in the lowermost sample (46 x 103
particles/cm?).

With respect to the NPP record, all samples are characterized by a high propor-
tion of fungal spores (up to 248.2%), followed by algal palynomorphs (up to 53.2%).
The lowermost sample (100 cm) shows an elevated presence of spores from soil
fungi, decomposing dead plant remains, and wood, such as HdV-1 (Gelasinospora
sp.), HAV-55A (Sordaria sp.), HAV-55B, HAV-172 (Coniochaeta ligniaria), HAV-1001
(Caryospora sp.), HAdV-7A (Chaetomium sp.), and KIU-237 (cf. Chaetomium) (Guarro
etal. 2012; van Geel and Aptroot 2006). Other fungal taxa, such as KIU-233 and
Scleroderma-type, occur within this horizon in extremely high amounts. As for the
latter, the members of the Scleroderma genus are ectomycorrhizic with several trees
or shrubs and are found in sandy soils, in humus, in grasslands, and sometimes
on rotten wood (Guzmadn et al. 2013). Further fungal spores, such as KIU-224 and
HdAV-207 (Glomus sp.) — the latter of which colonizes roots of different plants (van
Geel etal. 2003) — were present in great quantities, too. Furthermore, smut fungi,
such as HAV-364 (Thecaphora sp.) and KIU-211 (Tilletia cf. caries), were also recorded.
While Thecaphora species affect several herbs, Tilletia caries parasitises on grasses
and cereals, such as Triticum and Secale (Vanky 2013). The lowermost sample also
contains high quantities of KIU-235, which is probably a zygospore from the green
algae genus Spirogyra. Finds of testate amoebae (Arcella-type), which appear, among
other places, in moist soils and wetlands (Booth 2002; Lamentowicz and Michell
2005), were also noted, along with elevated quantities of shallow water indicators,
such as HdV-181 and HdV-182 (van Geel et al. 1983). Microppia minus, which is a
representative of mites that inhabit highly eutrophic milieus (Schatz, pers. comm.),
makes its first appearance. The oldest horizon of the pit was also characterized by
the occurrence of two types of dinoflagellate cysts (Fig. 7), which have been identi-
fied as marine (Marret-Davies, pers. comm).

In the next sample in the sequence (90 cm), the quantities of some fungal de-
composers (Sordaria sp., Coniochaeta ligniaria) rise temporarily, and new types,
such as HAV-169 (Apiosordaria verruculosa) and Podospora decipiens-type, occur,
whereas others are no longer recorded. The saprobionts Apiosordaria verruculosa
and Podospora decipiens-type are coprophilous; Podospora decipiens is an obligate
dung inhabitant that is prevalent on cattle and horse droppings (Lundqvist 1972;
Schliitz and Shumilovskikh 2017). Other representatives of fungi, such as Scle-
roderma-type and KIU-224, also increase in this horizon of the pit, along with
some water-inhabiting organisms, such as KIU-235 (cf. Spirogyra) and HdV-181,
whereas the values of KIU-233 drop visibly. Beside this, other hydro-terrestrial
palynomorphs were recorded from this sample onwards, such as the green algae
Botryococcus, HAV-224 (Chlamydomonas sp.), HAV-314 (Zygnema-type), and Pseu-
doschizaea. The latter NPP is also linked to seasonal drying (Carriéon and Navarro
2002; Scott 1992).The subsequent samples (50-80 cm) initially show a decrease in
decomposers and other fungal NPPs, before most of them increase again in the
uppermost horizons of the pit, such as HdV-55A (Sordaria sp.), HAdV-172 (Conio-
chaeta ligniaria), Podospora decipiens-type, Scleroderma-type, KIU-224, HdV-364
(Thecaphora sp.), and KIU-211 (Tilletia cf. caries). In addition, new taxa of decaying
plant material-inhabiting fungi, such as HdV-55C (Neurospora crassa) (Guarro et al.
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2012) and UG-1066 (Delitschia spp.), were documented in the uppermost sample.
As for the latter, many Delitschia species are mostly coprophilous, occurring on
various kinds of dung (Gelorini et al. 2011). The proportions of HdV-1001 (Cary-
ospora sp.) and HAV-169 (Apiosordaria verruculosa), on the other hand, remain
approximately the same as before. Furthermore, the samples included scattered
finds of eggshells of parasitic worms, such as Trichuris sp. and Dicrocoelium den-
driticum. A single dinoflagellate cyst of marine origin was also recorded in these
samples. Beside this, there is a distinct reduction in some water cover indicators,
such as HdV-181 and HdV-182, whereas the representatives of testate amoeba (Cy-
clopixis-type) increase in the youngest horizons of the pit.

The uppermost two samples (40-30 cm) represent horizons that post-date the
settlement phase of the Hiinenburg. Their NPP and pollen spectra are briefly char-
acterized here in order to provide a complete overview of the sequence investigated.
Both samples still show relatively high amounts of both the smut fungi (HdV-364
(Thecaphora sp.) and KIU-211 (Tilletia cf. caries)) and the erosion indicator HAV-207
(Glomus sp.). Furthermore, the NPP spectra of the lower sample (40 cm) show a rise
in the amounts of fungal spores, such as KIU-233 (cf. HAV-927), Scleroderma-type,
and KIU-224 (cf. HAV-989), while in the sample directly above it their values sig-
nificantly decrease. Beside this, the number of finds of different fungal decom-
posers, such as HdV-55A (Sordaria sp.), HAdV-55B, HAV-172 (Coniochaeta ligniaria),
HAV-7A (Chaetomium sp.), KIU-237 (cf. Chaetomium), HdV-1001 (Caryospora sp.),
HdAV-169 (Apiosordaria verruculosa), and UG-1066 (Delitschia spp.), increases in the
uppermost layers, with the topmost sample exhibiting the highest proportions (up
to 54.6%). Both samples show the presence of eggshells of parasitic worms, such as
Trichuris sp. and Dicrocoelium dendriticum. In addition, the abundance of hydro-ter-
restrial palynomorphs, in particular HdV-235 (cf. Spirogyra), decreases compared
with the lower layers of the pit.

Regarding the pollen record, there is a marked rise in the values of arboreal
pollen (up to 33.1%), together with those of cereals (in particular Triticum-type and
Secale) (up to 16.2%), in the uppermost sample. At the same time, increased propor-
tions of the Poaceae were recorded (up to 7.7%), along with the first finds of Plantago
lanceolata-type. Synchronously, the values of Liguliflorae decline visibly, together
with those of Cirsium-type.

Discussion

The local environment

The pollen record from the stream profile indicates that the surrounding forest had
already been strongly opened and that cereal fields dominated the local landscape
during the Late Neolithic settlement of the Heeseberg. In addition, the simultaneous
relatively high proportions of grasses suggest woodland destruction by browsing
cattle. Due to the open vegetation structure, the saccate pollen of pine (Pinus) and
spruce (Picea), which can be subject to long-distance transport, in this case probably
from the Harz Mountains, is overrepresented in the pollen diagram (e.g. Heske and
Wieckowska 2012). Small stands of riparian forest vegetation were still present
along the watercourse.

As shown in the present palynological study, the landscape away from the
stream becomes treeless and the patches of riparian forest beside the stream almost
disappear during the Late Bronze Age/Early Iron Age. The scarceness of trees in
the surroundings of the Hiinenburg may be related to local construction activities,
metalworking, or even salt production.
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There is hardly any evidence of pastures, as suggested by the low values of
pastoral indicators, such as Plantago lanceolata. And although potentially copro-
philous fungal spores (Sordaria sp., Coniochaeta ligniaria, and Chaetomium sp.) are
present, in particular in the older deposits of the watercourse, these finds can also
be attributed to the presence of other decaying plant material, such as wood. The si-
multaneous occurrence of the fungus Savoryella cf. lignicola, causing soft-rot decay
of wood when wood is exposed to wet conditions (Jones et al. 2016), confirms this
assumption. Hence, records of these fungi may possibly be linked to the wood found
in the deposits of the stream. These pieces of wood may have washed out from the
upper settlement, or they may have got into the stream as part of activities related
to the use of the cooking pits. Eggshells of both the lancet liver fluke (Dicrocoeli-
um dendriticum) and the whipworm (Trichuris) could suggest deposition of human
excrement into the water. However, these intestinal parasites may also be associ-
ated with the consumption of ruminants or pigs (Heske 2016a). In this scenario,
they would have entered the stream with the slaughter waste, probably also in the
context of ritual celebrations. Alternatively, these parasites could have entered the
stream as part of household waste.

The decreasing evidence of cereal pollen over the duration of the settlement
suggests a landscape covered by extensive meadows and may indicate that agri-
cultural activities were becoming less important. It is conceivable that agricultural
products were just traded, but it is also possible that the arable fields were situated
at a greater distance from the settlement complex. Nonetheless, the high evidence of
microcharcoal, along with the erosion indicator Glomus sp., especially in the older
phases of the settlement, shows that the area around the watercourse had been used
intensively. The synchronous high amounts of plant pathogens (in particular The-
caphora sp.) and other fungal spores (KIU-224 and KIU-233) may also be related to
soil erosion processes.

The rise in plant communities of damp and wet habitats during the younger
occupation phase of the Hiinenburg hillfort-settlement complex may refer to en-
croachment of terrestrial vegetation into the stream. This may have been due to
progressive nutrient enrichment, as indicated by the occurrence of cyanobacteria
(Rivularia-type) and the remains of the green alga Chlamydomonas sp. Strong eu-
trophication of the watercourse may have been related, for example, to the intensive
use of the adjacent ceremonial area. It is likely that there was an increased disposal
of the leftovers from ritual celebrations, which would have had a negative effect on
the water quality. Alternatively, it is possible that the stream was about to run dry
during that time, as shown by the reduction in several aquatic organisms (Pseudo-
schizaea, HdV-181, and HdV-182). In accordance with this, the increased evidence of
green algae that colonize hydro-terrestrial environments (Zygnemataceae) suggests
the existence of temporary pools of shallow, stagnant water.

After the demise of the Hiinenburg hillfort-settlement complex, a change in land
use is visible in the pollen record. During the Roman Iron Age, increased propor-
tions of grasses, along with the grazing indicator Plantago lanceolata, suggest that
the area of the Heeseberg was used as pasture land. As regards the watercourse, it
seems to have dried up at that time. This is suggested by the almost complete disap-
pearance of both hydro-terrestrial and aquatic microfossils.

At some point after the Roman Iron Age, cereal cultivation becomes more
important for some centuries, before extensive meadows once more characterise
the landscape. High signals of NPPs indicative of erosion may be associated with
advanced soil degeneration in the recent past due to more intensive agricultural
activities. Contemporaneously, the stream bed appears to have been fed by water
again, at least temporarily, as indicated by the presence of different green algae and
other aquatic organisms within the microfossil record.
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On-site conditions

The changing microfossil spectra in pollen and NPP data from the two superimposed
pit contexts indicate different functions of this structure over time. The oldest horizons,
for example, are characterized by the presence of decomposing fungal spores, along
with maximum quantities of microcharcoal, demonstrating the presence of charred
organic material. At the same time, they contain marine dinoflagellate cysts. These
cysts probably originate from salt-bearing minerals formed at the Jurassic/Cretaceous
transition (Heunisch et al. 2007), which were subsequently dissolved in the form of
salt springs. Today, the nearest salt spring rises at the western foot of the Heeseberg,
between the villages of Watenstedt and Barnstorf (Lachmann 1827). Thus, the evidence
of these microremains may be indicative for salt extraction from salt springs. Subse-
quently, salted food could have been stored in pits. Such supplies could have been
kept in containers or baskets made of wood or other plant material that subsequently
suffered a fungal attack, which would explain the occurrence of saprobiontic fungi. It
should also be mentioned that the dinoflagellates could have their source in marine
substrates that entered the pit horizons due to soil erosion and/or rainwater run-off.
At the same time, the elevated abundance of pollen of cereals, grasses, and herbs
suggests that herbal supplies may also been stored there. It is conceivable that these
also suffered from fungal attack. One possible explanation for the high levels of mi-
croscopic charcoal particles documented in this horizon of the pit is that the storage
pit caught fire, in turn providing an adequate substratum for pyrophilous fungi, such
as HdV-1 (Gelasinospora sp.) (Lundqvist 1972; van Geel 1978). The simultaneous high
proportion of HAV-207 (Glomus sp.) and Scleroderma may be related to increased soil
erosion after such a fire event.

Later on, the pits apparently lost their (presumed) storage function. An indication
of this is the presence of obligate coprophile fungal spores (Podospora decipiens-type
and Delitschia sp.) in the layers that follow. This demonstrates that grazing livestock
were present in the outer settlement area, and that their droppings were disposed
of in the pit. Furthermore, the occurrence of intestinal parasitic eggs indicates that
animal and/or human excrement was also disposed of there. Additionally, their oc-
currence reveals that both the livestock and the inhabitants of the settlement suffered
from parasite infestation. The evidence for plant pathogenic fungi (Thecaphora sp.
and Tilletia cf. caries) also points to the removal of plant material from the surround-
ings, which was possibly processed in the vicinity of the pit. The presence of fungal
decomposers (Apiosordaria verucculosa and Caryospora sp.) attests to the existence
of plant debris. The simultaneous appearance of pollen of cereals and crop weeds
(Convolvulus arvensis-type) could indicate the remnants of the harvest. In addition,
the presence of testate amoebae, green algae, and other water-inhabiting organisms
suggests that the pit content was directly exposed to the elements. No device to cover
the pit could be detected archeologically, but since such a pit cover would probably
have been made of wood or other organic material, it would be difficult to detect it in
archaeological deposits with dry preservation. The presence of a mite, being strongly
dependent on nutrients in its life needs, illustrates a highly eutrophic deposition
milieu. However, it is also possible that the various microfossils found in the pit ended
up in it accidentally. As the study location is on a gently rising hillside, the pit may
have trapped any material transported by rainwater running down the slope. Indeed,
high proportions of spores of ecto- and endomycorrhizal fungi (Scleroderma-type and
Glomus sp.) may be the result of rainwater run-off and/or soil erosion.

Finally, the uppermost horizon, in particular, reflects a completely different mi-
crofossil distribution compared with the lower levels of the pit. The strong presence
of fungal decomposers, some of which have a coprophilous affinity (Sordaria sp., Co-
niochaeta ligniaria, Chaetomium sp., Delitschia spp.), along with the finds of parasitic
worms and the increased amounts of Poaceae and Plantago lanceolata-type, point
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to the use of the area as pasture land. It is also conceivable that the NPPs registered
indicate the use of manure that was applied to the soil to increase the crop yield. The
relatively high quantities of cereal pollen grains show that, at the very least, arable
fields were present in the immediate vicinity at that time.

Descriptions and interpretation of new NPP types from the
Hiinenburg hillfort-settlement complex

KIU-71: Ascospores three-septate, elliptic, constricted at the septa, psilate, middle
cells brown, end cells pale white to hyaline and often totally destroyed, 45 x
21.4-36 x 16.5 pm. This type is similar to HdV-121 (Pals et al. 1980), EMA-108
(Prager etal 2012), and UAB-35 (Revelles et al. 2016). KIU-71 was identified as
Savoryella cf. lignicola (Jones et al. 2016).

KIU-211: Spores globose to subglobose, single-celled, yellow-green to reddish brown,
coarse reticulate wall, 29.6-34.7 um in diameter. KIU-211 was identified as Tilletia
cf. caries (Vanky 2013).

KIU-224: Probably a fungal spore, single-celled, globose to subglobose, thick
verrucose wall, yellowish green, 43-46 ym in diameter. This type is similar to
HdV-989 (Carriéon and van Geel 1999). KIU-224 occurs continuously in both
records, along with the highest values of other fungal spores, but has much
higher proportions in the deposits of the pits. This type may be indicative of soil
erosion.

KIU-232: Probably a fungal spore ball, globose, ovoid, or irregular, composed of
single, elongated to polyhedral cells, yellow to pale brown, 72-105 pm in diameter.
This type is restricted to the deposits of the stream, where it occurs together with
increased finds of green algae. This type may be related to an aquatic organism
or may occur on organisms that colonize waterlogged habitats.

KIU-233: Fungal spore, single-celled, globose to subglobose, with a protruding pore
of about 3.4-4.5 pm, often split, smooth, dark brown, 52-78 ym in diameter.
KIU-233 is similar to HdV-927 (Garneau 1993). This type was documented from
both sampling sites; however, it showed significantly higher amounts within the
pit records. Its strongest evidence co-occurred with the highest values of Glomus
sp. During our own observations on recent material, a similar type was recorded
on charred wood.

HAV-235: Probably an algal zygospore (cf. Spirogyra), oblong with tapering ends,
with longitudinal ribs, hyaline to slightly brownish, smooth or covered with fine
granules, 140-200 ym in length. This type is similar to HdV-956 (Garneau 1993).
KIU-235 was recorded at both sampling sites, but again in considerably higher
quantities within the pit records. This type may be indicative of shallow water
cover and highly eutrophic conditions.

KIU-237: Fungal ascospore, single-celled, fusiform, with two apical pores, smooth,
light brown, 26-28 x 10-14 ym. This type is restricted to the pit samples, where
it occurs together with fungi related to decomposition. KIU-237 may comprise
some Chaetomium species (Guarro et al. 2012).

KIU-257: Fungal ascospore, single-celled, lemon-shaped, brown to dark brown, with
two apical pores, 34.4-36.2 x 27.2-28.7 ym. This type is similar to UAB-4 (Revelles
etal 2016). KIU-257 is restricted to the deposits of the stream, where it was docu-
mented together with HAV-7A (Chaetomium sp.) and Savoryella cf. lignicola. KIU-257
may represent a fungal decomposer, probably a member of the genus Chaetomium.
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Conclusions

Both the deposits from the ancient watercourse and those from the pit contexts include
pollen and different known and unknown NPPs, providing important information on
how settlement areas and former structures within the Hiinenburg hillfort-settlement
complex were used in the past. Their study also shows that the two archaeological
contexts differ strongly in terms of pollen preservation, it being quite poor within the
pit fill. The preservation of NPPs was, in contrast, extremely good in both archaeologi-
cal settings. This illustrates, on the one hand, the significant value of NPPs and, on the
other hand, the necessity of combining pollen and NPP data in archaeological contexts.

The NPP evidence shows that the pit may have been initially used as a storage pit,
before it lost that function during the succeeding occupation phases. In the younger
horizons, the occurrence of coprophilous fungi, along with eggshells of parasitic
worms, points to the presence of herbivores within the outer settlement area and
on-site removal of dung and/or animal and human excrement. In parallel, high
amounts of both smut fungi and plant debris indicators, along with the presence of
cereal pollen grains, suggest on-site processing of crops.

In terms of water quality, there is some evidence that this must have been quite
poor, at least within the ceremonial area. The existence of both parasite eggs and
wood-decomposing fungi in the deposits of the stream may be indicative of the
disposal of habitation debris and/or leftovers from ritual celebrations into the water.
At the same time, the appearance of cyanobacteria suggests progressive eutrophica-
tion, while huge proportions of microcharcoal demonstrate extensive fire activities,
which may be related to the use of the cooking pits within the ceremonial area.
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Creating an understanding of life in
and around a Bronze Age house through
science-based artist impressions

Yvonne F van Amerongenl

Abstract

The house is often thought of as the basis for studying pastliving conditions. However,
a “house” in archaeology is often nothing more than a collection of posthole features
or an empty reconstruction. For subsistence to be successful, many activities and
their related objects are needed, and they would be reflected in the house furnish-
ings. In this paper, an overarching approach to subsistence and the research towards
living conditions is presented which is applicable to any time period, geographical
location or climate. By viewing subsistence as a form of survival, basic activities
and objects were identified that form an expectation for what minimally must have
existed in a household. As a case study for the study of the interior of a house, the
large dataset available from Bronze Age West Frisia, The Netherlands was used. A
catalogue of European Bronze Age finds was used to compare with the expected
activities and objects, and to confirm find categories or recognise missing elements
in the archaeological record. Finally, based on this comparison and other lines of
evidence, five science-based artist impressions were constructed of the interior of a
Bronze Age house. These and future (3D) reconstructions can be used to stimulate
ideas and discussions on (pre)historic living conditions and hopefully remedy the
simplified view about people in the past.

Introduction

When studying past living conditions, we often think of the house as a basis from
which subsistence is practiced. A house in north-western European archaeology
however, is often represented by nothing more than a collection of (digitalised)
posthole features, sometimes superseded by a digital or life-size reconstruction. In
many cases, such houses are portrayed empty, so that the audience viewing such
reconstructions, be it lay or peer, gets a clear idea of the dimensions of the house
and its different spaces, as well as the construction of the building itself. It is striking
that the house is often shown as an empty space, since it forms the most important

1: Archaeological Research
Leiden (Archol); Einsteinweg 2,
2333 CC Leiden, The
Netherlands;
y.amerongen@archol.nl

187



188 I HOW’S LIFE? - LIVING CONDITIONS IN THE 2ND AND IST MILLENNIA BCE

Figure 1. West Frisian Bronze
Age house plan with the different
types of features related to it
(from: Roessingh 2018).

Posthole related to the wall
construction

Area where sometimes
extra postholes are found

Roof-bearing posthole of
the main construction

House ditch dug outside
the outer wall

centre of any form of subsistence for people and would surely have contained many
of their things, including the tools, equipment and furniture essential to daily life.

There exist five basic requirements for subsistence: procuring food, water,
shelter, fire and clothing (United States Dept. of the Army 2009). The approach
presented in this paper works under the assumption that subsistence in its purest
form can be viewed as a form of survival, which means that it is certain that these
five basic requirements must always be met. Even if in archaeology we deal with
many different time periods, geographical locations and cultures, these five basic
requirements could be used as an overarching basic approach that is applicable to
any form of subsistence regardless of the aforementioned variables.

Approaching the research into living conditions and the house from this angle
means that it is necessary to first study the tasks required on an annual basis to
meet basic demands and make/keep subsistence successful. Then, according to these
reconstructed activities, it is possible to define the objects and resources required
for subsistence and create an expectation for the house inventory. Finally, through
comparing the expectation with archaeological finds, more insight is gained into the
actual content of past houses as well as missing elements.

As a case study for this research the Bronze Age houses of West Frisia, the Neth-
erlands are used, since there is much data available on both this time period and this
research area (Van Amerongen 2016 and references therein).

Methodology

Bronze Age West Frisia

The Bronze Age in The Netherlands lasted from c. 2000-800 BCE. During this time,
several cultural groups existed within the Netherlands, of which the Hoogkar-
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spel culture within the region of West Frisia is one. West Frisia is situated in the
north-western part of The Netherlands. It is characterized by a clayey subsoil and
a high water table, which results in excellent preservation conditions for organic
remains. In the Bronze Age, West Frisia was surrounded by peat to the north and
south, the North Sea to the west, and large freshwater/slightly brackish lakes to
the east (see also Van Amerongen 2015). The Hoogkarspel culture is characterized
by its unique style of pottery and houses in comparison to other cultures in the
Netherlands. House-plans are clearly recognisable by the distinct configuration of
their post-holes and surrounding house ditches (Figure 1). In some house plans,
an extra set of post-holes is present in the western part of the house, between the
roof-bearing posts.

Subsistence in Bronze Age West Frisia consisted of a mix of crop and animal
husbandry, evidenced by the presence of many remains of several domestic animal
species and the presence of numerous macro remains of cultivated crops and fields
with ard marks. The combination of both crop and animal husbandry practiced by
a limited number of residents of one farm results in a small-scale mixed farming
subsistence. The sheer quantity of data supporting this farmer’s lifestyle has long
led people to believe that this was the only type of subsistence practiced. However,
recent research (Van Amerongen 2016) has revealed that also hunting and in par-
ticular wild plant gathering were essential to life in the Bronze Age. The four sub-
sistence strategies (i.e. crop and animal husbandry, hunting and gathering) within a
small-scale mixed farming subsistence were used as a basis from which an expecta-
tion of related activities was made.

Expectation for the basic house inventory

The expectation for a basic set of activities and a basic house inventory was
made based on the identified subsistence strategies mentioned in the previous
paragraph. These established basic activities were then used to create the expec-
tation of required objects for the West Frisian Bronze Age. It was subsequently
established for each of the activities which tools would be needed to accomplish
each task (Table 1). Waste and other by-products of practices of daily life are not
included for clarity of the reconstruction, but these must of course also have been
present in the house.

Archaeological finds

Archaeological finds provide a direct insight into prehistoric life. Numerous
examples of furniture, household supplies, tools, and equipment have been discov-
ered at several Bronze Age sites throughout Europe. Often however, a particular
site does not yield enough data to justify a complete reconstruction of household
furnishings, but the combined finds from Bronze Age sites together hold a wealth
of information. The presence of objects shows that certain knowledge, skills and
objects must have existed in the European Bronze Age as a whole, and can thus form
a general basic set of objects used in daily life. Therefore, several sites with excellent
preservation conditions were used to construct a catalogue of direct examples of a
Bronze Age house inventory.®

The major site used for this purpose is Hauterive-Champréveyres, Switzer-
land. Must Farm, United Kingdom has many excellently preserved Bronze Age
finds as well, but since the post-excavation is still taking place, only one find is
added here. Several single finds from sites in The Netherlands, Germany, The

3 To prevent copyright issues of the images used in the catalogue, see Van Amerongen 2016a,
279-89.
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|t cupmem e
1. Diet

1.1 Huntin knife
9 stick net, weir, trap, spear, sling,
bow and arrow, hook, etc.

1.2 Animal husbandry knife rope halter
cheese strainer bit and bridle
shearing tool? milking container (bucket?)

1.3 Crop husbandry sickle
digging stick, hoe
pestle/mortar plough/ard
pounding tool yoke
sieves, winnows, baskets
quern

1.4 Gathering (wild plants and basket
animals) digging stick
knife

1.5 Consumption pot

whisk hearth
plate, cup, ladle, bowl

2. Clothing (textiles and hides) carding/combing tool
spindle whorl
needle
awl
scraper

loom and related objects loom stool

3. Shelter axe benches/chairs

chisel beds (and bedding)
hammer stools

shelves
hearth
hooks

4. General rope
containers (wood, ceramic,
baskets)
fire making tools

shovel
boat
cart

sweep/besom
ladder

Table 1. List of required basic tools for daily life in prehistoric small-scale mixed farms. Many objects which were expected to be necessary for daily life
were also uncovered at many Bronze Age sites throughout the Netherlands and north-western Europe (in bold). In addition, many objects made from
organic materials (highlighted in grey) are often not recovered at sites.

United Kingdom and Denmark were also included. The catalogue has been made
as a starting point for future research into this subject and is therefore far from
complete. Surely, when sites such as Must Farm are completely excavated and
analysed, much more information can be added to improve prehistoric house
reconstructions in the future.



CREATING AN UNDERSTANDING OF LIFE IN AND ARGUND A BRONZE AGE HOUSE I

around floor
I
A B '
|
g ; : T 2
s . | s
- p=
5 , . 1. A
5 :
C |
]
N
G ! I
| I |
| E | |
| | |
| | |
dm, o N - “ls-tﬂéor
Results

Comparing expectation and finds

Only considering archaeological evidence in the reconstruction of the interior of
a house means that much information is potentially missed: there will be many
aspects of the house interior and of daily activities that will rarely or even never
preserve because of taphonomy and other (archaeological) formation processes. For
this reason, the expectation of objects was compared with the constructed catalogue
of actual Bronze Age archaeological finds.

In Table 1 it can be seen from the expected furnishings, that only some objects are
usually well represented by archaeological finds. These finds often include objects
made from flint, stone and ceramics, and are related to activities such as processing of
hides (flint awls and scrapers), textile production (stone or ceramic loom weights), food
production (ceramic tableware) and active hunting (flint arrow heads). Only rarely
are objects found made from organic material, which means that activities such as
for example gathering, passive hunting (i.e. with (fish)traps), basketry/vessel making,
and furniture making are highly underrepresented. Exceptional sites sometimes
yield these rare organic objects, but on average it is safe to say that the majority of
(essential) objects related to daily life is missed during and after excavation. Some
finds, although essential to subsistence, have never been found or recognised and
remain exclusively known (and are only missed) because an expectation was formed
beforehand. An example of this is the consumption of vegetative wild plant parts.*

Reconstructing daily life in and around the Bronze Age house

The reconstruction of the Bronze Age West Frisian house interior® was made
by using both the known finds from Bronze Age sites from the Netherlands

4  SeeVan Amerongen 2016b.
5  The architecture of the house was not the main focus of the paper and is therefore left
comparatively vague in construction and outline.

Figure 2. Top view of the
simplified interior of a West
Frisian Bronze Age house with
ground floor (above) and first
floor consisting of an attic
(below). The first floor has a
smaller surface area due to
the slope of the roof. Dashed
small circles indicate postholes,
the dashed large circle the
assumed location of the hearth,
and dashed straight lines a
possible division of living area/
stable/storage areas. A: textile
production area, B: food
production area and storage
of related objects; C: sleeping
area and storage of tools and
valuable objects, D: barn and
fodder storage; E: attic with food
storage.
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Figure 3. Area A: Textile
production area. 1: warp-
weighted loom*; 2: basket;

3: ball of yarn; 4: needle; 5:
spindle whorl; 6: loom weight, 7:
stool*; 8: carded wool; 9: linen*
(but flax was cultivated); 10:
hide*; 11: mat. *Objects not
found archaeologically.

5 yA

Figure 4. Area B: Cheese making and north-western Europe, as well as the expectation of objects when no direct

area and storage of consumption examples were available. The house interior reconstruction has ultimately

reloted material. - bowl, 2: bone resulted in the creation of science-based artist impressions (made by the author).
3k 4

pestle; 3:whisk; 4: spoon Science-based in this respect means that most of the information portrayed on

5: miniature bow; 6: i . . . . .
INIGETE O, b ceramic these images was supported by either archaeological, botanical, ethnographical

and/or zoological studies, including the location of the different activity areas,
cloth* 11 pot; 12 sieve*; 13- quern; the' tool‘s and egulpment, and the different types of fooq that. formed thfe dle‘F. '1“he
14: basket; 15: winnowing basket™; artist’s impression was used to create a plausible house interior and fill in existing
16: dried herb. *Objects not found gaps of knowledge until confirmations or contradictions with scientific evidence
archaeologically. become apparent and changes are required.

container; 7: cheese strainer with
lid; 8: cheese; 9: knife*; 10: cheese
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Impressions were made of five different areas within the house (Figures 2-7), Figure 5: Area C: Sleeping and
where actual Bronze Age archaeological finds from different areas in Europe are ool storage area. 1: broom*;
indicated with numbers.® Objects that were not found archaeologically in the list  2:axe’ 3: chisel; 4: wooden
presented here are indicated with an asterisk. hammer; 5: awl; 6: slaughter

The western part of the West Frisian Bronze Age house was most likely used  knife” 7: rope; &: sickle;

9: adder; 10: bed*; 11: sheep
skin*; 12: wooden bow;

13: clothing, 14: shoes. *Objects
not found archaeologically.

as the human living area, whereas the eastern part was presumably used as a
barn (assumption based on differences in distance between roof-bearing posts;
Roessingh 2018). Area A is the potential textile production area of the house
(Figure 3). This areais chosen to have been suitable for textile production because
of the favourable light conditions during the day. So, when textile production
took place inside the house, it was most likely in this area. Area B is located at the
northern part of the house and is therefore the coolest location of the living area.
It is therefore likely to have been used to produce food, such as cheese (Figure 4).
Evidence for cheese production in West Frisia consists of the find of a ceramic
cheese strainer and the presence of ruminant milk fat residue in pots (Roessingh
and Lohof 2011). Possibly, the food production area was also used for the storage
of tools and equipment related to consumption. The southern part of the living
area, Area C, is the warmest section of the house, both due to the constant
exposure to sunshine during the day and the close proximity to the hearth at
night (Figure 5). This area is therefore well-suited for sleeping. Perhaps it was
also used for the storage of valuable tools, that were kept close to people and
therefore were safer during the night. In the eastern part of the house, Area D,
is most likely where the barn was located (Figure 6). Here, there is enough room
for both the storage of large tools as well as the stabling of different domestic
animal species (cf. Kveiborg 2009a). Area E is located above the extra setting of

6 For references to actual finds, see Table 2.
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Figure 6. Area D: Barn. 1: ard;
2: bit and bridle; 3: shovel;

4: rope head gear 5: milking
bucket*; 6: cattle skull hung
from leather straps, 7: repellent
(Mentha sp.); 8: wattle pen,

9: broom*; 10: yoke, 11: fodder;
12: hearth, 13: cow; 14: sheep;
15: pig. *Objects not found
archaeologically.

Figure 7. Area E: Attic with food
storage. 1: wooden container;
2: linen sack*; 3: dried herb;

4: leather bag; 5: dried meat;
6: dried fish; 7: ceramic
container; 8: ladder. *Objects
not found archaeologically.

post-holes, and may have functioned as an attic for food storage (Figure 7). Food
storage usually takes place above living areas, where it is dry and well-ventilat-
ed, and stored food is easily accessed.
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Discussion

The primary aim of the reconstruction is to stimulate the discussion on (the ap-
pearance of) the interior of the house and its many challenges and opportunities
for practicing daily activities. Such a reconstruction helps in creating new ideas for
future research on daily life in (pre)history.

The applied overarching approach used in this paper mainly focuses on the
survival side of life, since for survival it is possible to arrive at a basic set of needs. But
of course, life consists of more than just survival, and includes activities and objects
related to e.g. music, local appearances of people and objects, and religion. Research
into aspects of life surpassing the survival threshold are left out of this paper on
purpose, since they cannot be generalised in an overarching approach. When pottery
is analysed on a functional level, this can plausibly be assumed to be similar between
regions or cultures. However, when researching expressions of (local) identity such
as specific pottery decorations and house ornamentations such as carving/painting
it is important to use only finds from the site that is studied. In that manner, we
stay as true to the studied culture in the reconstruction as possible. The construc-
tion of a general catalogue of archaeological finds is comparably focused on a basic
set of house furnishings for survival. It would be very interesting to expand such a
catalogue in the future when more finds related to subsistence are found. Perhaps
a separate part should be made within this catalogue or even an entirely separate
catalogue that includes finds related to aspects of daily life surpassing survival. Such
an overview could add to the understanding of the range of possibilities of expressing
(local) identity and create a more wholesome view of past daily life.

The science-based artist impressions presented in this paper were originally
made with paper and pencil. Even though this should already raise many questions
and points of discussion, a more malleable type of reconstruction is required to test
research hypotheses more easily. Ideally, a digital reconstruction in the form of a
3D house should be made, in which many variables and layouts can be created.
Testable variables could for example include temperature and light to assess the
plausibility of activity areas. In addition, these digital reconstructions could allow
for the substitution of furnishings from the general catalogue with local finds when
they are uncovered. Another advantage of a 3D reconstruction is that it can easily be
adapted to different house types and time periods, as well as geographical locations.
Currently, a 3D house reconstruction is being made for Bronze Age West Frisia to test
the plausibility of the here presented reconstruction.

A second aim of the reconstruction of the interior of the house is to attempt to fill
gaps of knowledge about past practice and skill.

Our view of daily life in the past is limited when we solely rely on (rare) archae-
ological finds. At the moment, this view is probably the most important factor in
our assessment of (pre)historic people’s knowledge, skills and appearance. When
including an expectation of what must have existed, as well as examples from other
areas within the same time period, it is clear that people were able to create a range
of tools, equipment and furniture that was paramount to daily life (and survival)
in the past. Table 1 has illustrated this very clearly. The absence of many find(cate-
gorie)s may very well be related to issues with preservation, a lack of recognition by
the excavator/specialist or a combination of both: and not the actual absence in the
past. These problems are potentially the main reasons why house reconstructions
usually remain empty.

The overarching approach and reconstructions presented in this paper, as well
as future models and finds, will hopefully aid a better understanding of past daily
life and its many tasks and objects. Eventually, it may help to remedy a potentially
simplified existing view of the capabilities of prehistoric people by providing an
image that is more nuanced and more scientifically proven.
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Loom weights
Ball of yarn
Awl and needle
Spindle
Spindle whorls

Cheese strainer

Ceramic containers,
bowls, small bowls and

spoons

Whisk

Wooden containers

Quern

Baskets

Clothing and shoes

Axe

Hammer

Chisel

Sickle and holder

Rope

Bow

Ladder

Rope head gear
Horse bridle-bit
Ard

Shovel head
Skull with straps
Yoke

Wattle pen

Storage containers

Plants and animal species

and their products

Zutphen Loderenk
Emmererfscheidenveen
Enkhuizen Kadijken, West Frisia
Hauterive-Champréveyres
Enkhuizen Kadijken, West Frisia

Zwaagdijk-Oost, West Frisia

Enkhuizen Kadijken, West Frisia

Hauterive-Champréveyres
Hauterive-Champréveyres
West Frisia

Hoogkarspel, West Frisia/
Hauterive-Champréveyres

Emmererfscheidenveen

Hauterive-Champréveyres/
Must Farm

Voorburg Park Leeuwenstein
Westwoud, West Frisia

Heiloo/
Hauterive-Champréveyres

Hoogkarspel, West Frisia
Noordwijkerhout - De Zilk
Enkhuizen Kadijken, West Frisia
Siggard
Sigmaringen
Donneruplund
Hoogkarspel Tolhuis, West Frisia
Tiel-Medel
Flag Fen, Peterborough
Ngrre Tranders

Several locations

West Frisia

Netherlands

Netherlands

Netherlands

Switzerland

Netherlands

Netherlands

Netherlands

Switzerland

Switzerland

Netherlands

Netherlands/
Switzerland

Netherlands

Switzerland/ United

Kingdom
Netherlands
Netherlands

Netherlands/
Switzerland

Netherlands
Netherlands
Netherlands
Denmark
Germany
Denmark
Netherlands
Netherlands
United Kingdom
Denmark

Denmark

The Netherlands

Bouwmeester et al. 2008
Van Amerongen 2016a
Roessingh and Lohof 2011
Pillonel 2007
Roessingh and Lohof 2011

Van Amerongen 2016a

Roessingh and Lohof 2011

Pillonel 2007
Pillonel 2007

Kleijne 2015

Van Iterson Scholten 1977/ Pillonel 2007

Van Amerongen 2016a

Pillonel 2007/Must Farm 2016

Hagers et al. 1992
Van Amerongen 2016

Kleijne 2015/
Pillonel 2007

Van Iterson Scholten 1977
Van der Wal 1952
Roessingh and Lohof 2011
Kveiborg 2009b
British Museum 2016a
Denmark’s history 2014
Van Amerongen 2016a
Cavallo and Van Groenenstein 2005
British Museum 2016b
Kveiborg 2009a

Andreasen 2009 and references therein

Van Amerongen 2016

Table 2. Information about the actual archaeological finds and references to imagery of the finds used in the science-based artist impressions.
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Case Study ,,How was life in Early Bronze
Age Bruszczewo" - Archaeology and the
View on Bronze Age in Reconstruction
Images

Jutta Kneisel’

Abstract

This article concentrates on the comparison of reconstructed images of the past and
the archaeological reality. Today archaeologists have a wealth of information that
can be combined into reconstruction images of life in past societies. Even though
these images are largely intended for a popular scientific audience, they contain all
the information the archaeologist could provide about the past. Many pictures are
made for a specific, singular purpose, i.e. to show houses, craftsmanship, or clothes
worn in ancient times. The landscape is used as a decorative background while
houses, cattle, and individuals are placed in focus. In addition, a large number of
images or dioramas often leave an idyllic impression, especially of prehistoric times.
The period from the Neolithic to the Bronze Age is therefore generally represent-
ed as peaceful. But do these images reflect the real life of past peoples? In the last
several decades, a larger number of scientific analyses have yielded new insights
about past environment, diet, and health conditions that have only slowly been
adopted in the reconstruction images. Here, the site of Bruszczewo, Greater Poland,
is used as an example of how a slightly different picture of the living conditions in
an Early Bronze Age settlement could be designed.

Keywords: Reconstruction Images, Early Bronze Age, Living conditions

1: Institute of Prehistoric and
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Die Entwicklung der Menschheit

‘Einst haben die Kerls auf den Bdumen gehockt,
behaart und mit boser Visage

Dann hat man sie aus dem Urwald gelockt

und die Welt asphaltiert und aufgestockt,

bis zur dreifsigsten Etage.’ (Erich Késtner 1932)

The development of humanity

‘Once guys perched in the trees,

hairy with mean faces.

Then they were lured out of the jungle

and paved the world and built up

to the thirtieth floor.’ (Erich Késtner 1932)

Introduction

This article focuses on the comparison of reconstructed images of the past and the
archaeological reality in an Early Bronze Age site in Bruszczewo, Poland. Today, ar-
chaeologists have a wealth of information that can be combined into reconstruction
images of life in past societies. Even though these images are largely intended for a
popular scientific audience, they generally provide the information an archaeologist
could give about the past. Looking at a large number of images or dioramas, they
often have an idyllic impression; at least for prehistoric times. Houses, cattle and
individuals are represented. A lot of pictures are only made for a single purpose, to
show houses, craftsmanship or the ancient clothes that were worn. The landscape
is used as a decorative background. Whereas for the Mesolithic hunting scenes are
often staged as violent action scenes to illustrate the dangerous life of these people,
and battle scenes are typical for the Roman period, the period from the Neolithic to
the Bronze Age mostly appears as a peaceful period in these images (Mainka-Mahl-
ing 2008). But do these images reflect real life? Nowadays, a large number of scien-
tific analyses have yielded new insights about past environment, diet, and health
conditions that are only slowly adopted in the reconstruction images.

Archaeology does not only mean excavating, describing and cataloguing finds,
and determining their chronological order. The aim today is rather to create an
image of the past which is as complex as possible. As Alan Sorrell said after exca-
vation and the following written report, the reconstruction is the third step in the
scientific process (Sorrell 1977). Never before have the methods been as compre-
hensive as today. In addition to archaeozoology, physical anthropology and archae-
obotany, the environment and climate are increasingly taken into account. Isotope
research, aDNA and geological data allow us to make additional statements about
people’s origins, health status and nutrition, and environmental conditions. This
rich selection of information available to archaeologists today can be combined into
reconstruction images that contradict the ideas of the “noble savage” (Rousseau),
“Once guys perched in the trees, hairy...”. (E. Késtner 1932) or the “Bronze Age — The
first Golden Age of Europe” (Council of Europe campaign, Hiansel 1998).

This insight into past life is not only important for our historical understanding,
but also helps above all in public relations and education. The translation of expert
knowledge into generally understandable language is of particular importance.
Research into the past and current research questions are closely linked to current
problems and the major socio-political debates of the present. Reconstruction images
thus represent visualized, concentrated knowledge in which all the state-of-the-art
expertise on the life history of past societies is incorporated. They are used in exhi-
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bitions, display boards, school books, popular books and science magazines, among
others. Precisely because they are aimed at the public, and represent the public
outreach of our profession it is important to understand and critically question the
intentions behind the creation of these images.

However, reconstruction pictures are heavily ideologically loaded. The discus-
sion about reconstruction pictures and their reflection is a rather new direction
in archaeological research. The discussion has mostly taken place within French,
English and German speaking countries since the end of the 1980s. There are only a
few summarizing works and also the extent of the examined reconstruction pictures
differs strongly from each other (Mainka-Mahling 2008). The authors usually deal
with case studies on specific topics or periods of time. One of the early studies of this
topic is on Palaeolithic finds (Moser 1992). Here, reconstruction images have been
used to support theories and to propagate theories, as images are catchier than the
written word. It is therefore important to understand that reconstruction images are
a powerful weapon for our notions of the past. While in the 19" century pictures of
the Palaeolithic were mainly used as a tool for theory formation (Moser 1996), in the
early 20" century they were strongly political-ideological influenced. For example
the Bronze Age, which at that time was still regarded as “Germanic”, was heroized in
idealized (Miiller-Wille 1994). The depiction of the wild man with the club ultimately
goes back to antique elements (e.g. vase paintings) (Stoczkowski 1997) and served to
distinguish themselves geographically, culturally or chronologically from “others,
strangers, barbarians, ancestors” and to emphasize the own level of culture (Main-
ka-Mahling 2008). Since entire generations have been shaped by the image of the
“unkempt” prehistoric man or “heroic” warrior, it is time to put these images of the
past into a modern form. We have to know that images of past life reflect the society
which created them and its view of the past. And we want to create our picture of
the past with all the information available to us. Even though these reconstructions
are intended for a broad audience, they can contain more information about the
past than it is usually the case. But new insights like health status or a more scientific
based picture of the environment flow only slowly into the representations of the
past. In the case study of the site of Bruszczewo, Greater Poland, a slightly different
picture of the living conditions of an Early Bronze Age settlement could be designed
which has little in common with the idyllic Bronze Age settlements in reconstruc-
tions of the last 100 years. This article therefore tries to discuss the latest findings
from the settlement according the possibilities for creating a reconstruction of
Bronze Age settlement life. The author is fully aware that this new approach is also
ideologically influenced. Climate change, pollution and epidemics are current issues
and an important part of our current societal discussion. Of course, our interest as
archaeologists also focuses on these topics in the past. At the same time we have
to ask ourselves to whom is the reconstruction picture directed and what purpose
should it serve? Is it of showing the technological development of mankind as in
an exhibition, or is it of showing the composition of traditional costume elements
in an article? The aim for this paper is to create a picture of the living conditions
and to incorporate a broad spectrum of information into this picture. The success
and ideological background of this project may be judged by the readers of the next
generations.

Reconstruction pictures of the Bronze Age

For Bronze Age there is a multitude of illustrations. Still today a lot of pictures are
from the 1930ies and are heavily ideological loaded with the idea of the “Germanic
heroized” Bronze Age (Miiller-Wille, 1994). Surprisingly, these ideas of the “heroic
Teuton” go back much further into the early modern period (16®-17" century), in-
fluenced by the then published writings of Tacitus (Andraschko 1992). School wall
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Parasites?

-

Environment?

Figure 1. Picture of a Middle
Bronze Age farmstead in the
Netherlands (drawing by Kelvin
Wilson, words added by the
author).

pictures, as they still appear today on the Internet under the keyword “Bronzezeit
Lebensbilder”, were, on the other hand, a quick medium of propaganda during
the 1930ies to be able to react to current political events (Miuller 1983). These rep-
resentations “were intended to lay the foundation for a ‘Greater Germanic Empire’
which also included Scandinavia” (Miuller-Wille 1994, 33). And still today most
Bronze Age pictures adopt the Scandinavian dress style, among others for the lack
of other known prehistoric clothing. If we look into the reception of reconstruction
pictures, it becomes clear, that there exist no depiction of prehistoric life which is
free of ideology. However, they usually show an idealized landscape with houses,
cattle and individual people. A. Mainka-Mahling has dealt extensively with recon-
struction images in archaeology and has compiled an extensive catalogue. In her
work she concludes that the landscape is often only the framework for architecture
or technological achievements, e.g. metal casting in the Bronze Age (Mainka-Mahl-
ing 2008, 233). Although the landscape, in contrast to the Palaeolithic, is now an-
thropogenic, it mainly serves as a decorative background. But do these pictures
represent real life (Fig.1)? What does nutrition look like beyond agriculture and
animal husbandry? What about hygiene? Where did the waste go? Were there any
diseases and parasites? What was the drinking water like? What were the domesti-
cated animals doing? And what about the environment? Did the sun always shine,
as is so often indirectly suggested in images?

In the last 10years, a large number of scientific analyses have yielded new
insights that are slowly being incorporated into modern images of past life. The
Alpine pile dwellings and their western European representations from the Belgian
and French-speaking regions (e.g. ATELIER BUNTER HUND; http://bunterhund.
ch 15.1.2018) are pioneers for the transfer of current scientific results into pictures.
Although the landscapes in the background are generally stylized in the recon-
struction images of Flemming Bau, some focus on the structures of settlements and
agricultural as well forest ecosystems for different areas (e.g. in the Brandenburg
State Archaeological Museum; http://bau.nu 15.1.2018). With the representation of a
multitude of information on the reconstruction pictures this becomes more complex
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and the viewer has to spend more time to study them. This, however, prevents the Figure 2. Four aspects of living

viewer from memorizing a picture of the past that is all too idealized. conditions and the scientific
research cluster behind the
reconstruction of the Early

The miSSing activities Bronze Age Bruszczewo.

Reconstruction pictures for exhibitions mostly follow a technological development
from stone processing to iron production. Only new technologies are presented,
although it is forgotten that, for example, flint processing still took place in later
periods. Important Bronze Age themes include house building and burial custom:s,
as well as the new technology of bronze casting, which can be found in countless
depictions. Although bronze technology is new for this period, and it makes sense
to base museum concepts on the technological progress that has been made in each
period, there are many activities that are rarely or never depicted in large-scale
image reconstructions. Activities such as pottery or weaving have been part of the
pictures of the Neolithic, and are rarely found on depictions of the younger Bronze
or Iron Age. Hunting is reserved to the Palaeolithic. Also the processing of flint,
stone tools and bone artefacts is no longer depicted in the Bronze Age and remains
limited to older periods. But what about the production of the folding chairs we
know from the Danish graves, or shelves, roof tiles, woodcarvings, sewing, knotting,
or tanning? Such activities are rarely found, although we are aware of them through
the discovery of bone and wood artefacts from wetland settlements. After all, these
different activities were also part of the past lifestyle. As well as the processing of
grain, cooking of food, collecting of wild plants or hunting belong to Bronze Age life.
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The Case Study: Bruszczewo

In order to answer the question “how was life” in Bruszczewo, it is not only sufficient
to present the material culture, but also to implement the perception of modern
research into man and the environment. The starting point for the case study are
the various investigations and results of different disciplines (Fig.2), which have
been working together in the Bruszczewo team since 1991. (Miller and Czebreszuk
2003; Czebreszuk and Miiller 2004; Miiller et al. 2010; Czebreszuk and Miiller 2015;
Czebreszuk et al. 2015; Kneisel et al. 2008a).

Bruszczewo site 5 is located 60 km south of Poznan in Greater Poland, in an
area of a lowland mire as late succession state of a former lake. The settlement of
the Early Bronze Age (around 2200-1650 BCE) lies on a spur that is separated from
the hinterland by a ditch and rampart, and protrudes into the lowland. Below the
spur, directly on the lake shore, three rows of wattle-work fortifications and several
remains of the Early Bronze Age settlement were excavated. Four houses were
situated on the original lake shore, some of which survives under wet conditions.
Particularly noteworthy are one house overlaid with colluvial material that eroded
from the spur and preserved the house layers. Bruszczewo is one of the few fortified
settlements of the northern Unétice groups located at the eastern rim of their distri-
bution and the only one with wet area preservation. After a hiatus a late Bronze Age
settlement started around 1000 BCE.

The following article concentrate on four major sources ofliving conditions, which
are outlined in fig. 2, and are available for detailed information on the numerous
finds and samples. Their analysis give information about life and living conditions in
the Early Bronze Age settlement. In the following we will try to get an insight into the
human way of life of an Early Bronze Age Unétice Culture site based on the findings
of Bruszczewo. The selected examples are based on the available findings and from
that six categories were selected: human bones, hygienic conditions, food remains,
environmental data, the spectrum of different activities, and social differences. For
the appearance of the humans remains from burials and pits provide information
about the health and physical exertion of the inhabitants at that time. We know
quite well how the houses have must look like in sense of a hygienic perspective
and we can say something about the waste management. On the basis of the plant
macro-remains, a good overview of the vegetal nutrition and the use of medicinal
plants is given. Some pollen data from off-site and on-site allow us to reconstruct
the landscape in the surrounding of the site. Pollen and macro remain analyses as
well as dendrology allow statements about the intensity of human influence on the
surrounding ,nature“. The numerous finds from the material culture provide us
with evidence of a wide range of activities occurring locally from playing a flute up
to an intensive nightlife. And we can see the social differences between the people
according to their access to hunted animals or grave goods. And finally, the burial
rituals illuminate the social structure and social hierarchy of this society.

The ancients

An important aspect of reconstruction images is the representation of people. Only
rarely are items of clothing preserved. What we know in general are costume com-
ponents (metal/bone/antler) from the graves. However, the human bones also allow
conclusions to be drawn about the age distribution and the state of health of the pop-
ulation. Normally, people in the settlement context are usually visible through their
legacies and activities. In the Early Bronze Age, nevertheless, human burials in set-
tlement pits are not unusual (Hubensack, 2013). In addition to a single regular burial
in Bruszczewo, there were also quite a large number of human bones found in pits
and cultural layers. Of the more than 41,000 bones, about 146 fragments can be
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attributed to humans; 97 of which have been examined in more detail (Iwanek and
Piontek 2015, 293). The bones partly originate from pits, where they were deposited
together with ceramics and animal bones. Partly larger skeletal parts, ribs and skull
fragments were scattered over the whole settlement. In addition a complete skeleton
were found in a burial on-site (Jaeger et al. 2016, 52; Kneisel 2010c). The grave lay in
the eastern wet area under one of the houses (see fig. 5). The anthropologists were
able to determine a minimum number of 21 individuals (22 individuals including
the burial) for the Early Bronze Age settlement phase. Twelve individuals were from
the wet area close to the lake; 9 individuals were found from the spur. The age and
gender distribution is as follows (according to Jaeger et al. 2016, 62 Table 1):

« 6 male; 0 female
e 2InfansIl; 1 InfansII/juvenile; 3 juveniles; 10 adults; 1 adult/mature; 5 mature
e +1 settlement burial: juvenile male; 18-24 years; 168.8 cm tall

Despite the strong fragmentation, a number of morphological and pathological
changes could be observed. They give us information about the state of health of the
population in the settlement. These include:

. Degenerative lesions: on the spine (2 individuals), on the ribs (3 individuals),
on the hand (1 individual).

e Porotic hyperostosis of the parietal bone was observed on bones from an
elderly man; porotic hyperostosis could also be detected of the skeleton
from the burial.

e At the skeleton from the burial, cribra orbitalia also appeared in the porous
stage on humus and femur as well as other bones, Harris lines on the shins
and thigh bones, and musculoskeletal stress in the spine, in the thoracic,
lumbar and sacral areas were visible.

*  Osterophytes (2 individuals including burial).

* In addition, caries and tooth loss were detected sporadically (one individual
each).

*  On bones from the burial occurred indicators for anaemia during the
8t-13" year of life. Further degenerative changes in the bones were observed
that are triggered by heavy lifting and carrying (Iwanek et al. 2010, 737-742).

The grave in particular provides us with a lot of information about the state of
health. In his early youth (8 to 13 years of age) the man suffered from anaemia.
Further degenerative changes show great physical strain on the body. The signs of
wear and bone changes indicate heavy lifting and carrying on the right side of the
body, perhaps also with stabilisation through a carrying loop. It can be assumed that
the strain also led to a limp in the right leg.

The anthropological findings indicate hard physical work that led to degener-
ative changes in the skeleton. Tooth loss and caries were also part of the disease
pattern of the population at that time. In addition, there are times of lack of food,
which left clear traces on the bones in adolescence.

The depiction of physical malnutrition or physical impairment is, so far,
however, extremely rare in reconstruction pictures. (Mainka-Mahling 2008, 206).
Translating the results of Bruszczewo into a reconstruction image, we should find
different physical afflictions, bad teeth, people who are limping and bent by hard
work or marked by hunger.

Hygiene - a concept for maintaining health and waste
management

As already mentioned the sun shines on many pictures, the settlement and houses
look almost like new and apart from some free running animals the open spaces are
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Figure 3. Section of the western
house wall with a dense bone
distribution (1.5 m? detail).

X 43,00 m
y-90,00 m

X 43,00 m x 45,00 m
y-92,00 m y-92,00 m
+ + +

Detail of the house 4 with fallen clay wall

- Partly burnt clay (wall fall) - Cultural layer (house layer)
- Burnt clay (wall fall) - Ceramic
|:| Unburnt clay (wall fall) - Bones + sgm

clean and tidy. The interior of the house corresponds according to A. Mainka-Me-
hling mostly to ,prehistoric model homes“ (Mainka-Mehling 2008, 225). But how
clean or hygienic were the houses really? Hygiene is a modern term in the history
of medicine, which is primarily concerned with avoiding health-impairing dangers
and combating diseases. Per definition of Max Rubner in 1911 Hygiene or health
care is ,,the conscious avoidance of all dangers threatening health and the activity of
health-promoting actions“ (Siefert 2005, 647). Is it possible to detect these avoidance
of health threatening dangers also in the past? Or did people at that time know about
diseases and knew avoidance strategies? However, the increasing hygiene standards
of the Western world are also viewed critically, as they can lead to allergies and
autoimmune diseases (Strachan 1989). Our current standard can, therefore, hardly
be applied to past times. But even with the knowledge of a different standard of
hygiene in the past, the features in Bruszczewo sometimes seem strange to the
modern observer.

By the good preservation of a complete house floor with culture layer, which
was buried after the destruction of the house by fire under a fallen clay wall, it
is possible to describe the hygienic standard of this particular house interior. The
excavation of house 4 in the wet area yielded revealing findings in this respect. The
structure of the house, buried under a wall, made it possible to dig up the cultural
layer in the house right down to the floor. On a floor lined with twigs lay shattered
pots, charred grains and huge amounts of bones all buried by the collapsed wall
(Fig. 3). These include not only small bone fragments, fish vertebrae and bones that
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had accumulated in the corners and along the wall, but also fragmented extremities.
Obviously, the remains of meals were disposed of inside the house 4. The concentra-
tion of the bones along the western wall (Fig. 4) with up to 4,6 kg bones per square
metre underlines this. The waste disposal in the house contradicts the basic hygiene
standards we know today.

In the house itself several coprolites were excavated, which, according to N.
Erguez, were identified as from dogs (Erguez 2016). Beside a house further north
(house 2, Trench 31), a 0, 10 m thick layer of dung was found, which was probably
deposited around the house. The path between the houses and the fascine was
muddy and full of waste. Stepping stones and larch pieces of oak barks testify a
muddy surrounding (Fig. 5) close to the wattle-fence (Kneisel 2010b).

Not only there was there rubbish strewn around and within the houses, but
also the lake shore, which was only a few metres away, was full of garbage. Broken
tools, broken pots and large amounts of bone waste were found between reeds and
washed up wood remnants (driftwood). In the early Bronze Age, some of the settle-
ment waste was obviously disposed and thrown in the lake. While complete tools
were mainly from the house layers, broken tools and antlers were deposited in the
lake (Fig.5). It is easy to imagine a man or woman angrily throwing a just broken
antler hoe or hammer over the wattle-fence into the lake. The difference to some
modern polluted lakes today and human behaviour is small. Plastic bags, bottles and
driftwood at lake or sea shores is nowadays quite common; only that the organic
and ceramic waste of the past is nowadays replaced by plastic.

The living space of the settlement Bruszczewo would be catastrophic according
to today‘s hygiene standards. However, we must not forget that these living condi-
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Figure 5. Distribution of the
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tions were common in Europe well into the 19" century. Nevertheless the ,hygienic*
conditions are represented only on 1% of the reconstructions (Mainka-Mehling
2008, 226). To translate the results into a reconstruction image, refuse lies on the
paths, the animals do their business everywhere, and waste is carelessly disposed at
the lake shore and at the front door. And after heavy rains the ground must been so
muddy that it went up to the ankles of men and animals.

Not everything gets eaten...

The botanical plant spectrum provides a good overview of some parts of the vegetal
nutrition. Samples were taken from the pits on the spur and the culture layers in
the wet area and a grain depot was preserved under the collapsed wall of the afore-
mentioned house 4 (Kneisel et al. 2008b; Kroll 2010; Karg et al. 2004). For the Early
Bronze Age, we mainly know two types of grain: emmer and barley. According to the
weed composition, only the ears were harvested and stored; in addition, remains of
barley ears were found in the house. In the northern Early Neolithic farming was
first established with multiple cereal species (Kirleis and Fischer 2014) that already
towards the Middle Neolithic were reduced to the two species emmer and barley as
main crops. This tendency is continued into the Early Bronze Age and only in the
Late Bronze Age this limitation was overcome again (Effenberger 2018; Effenberger
2017; Kneisel et al. 2015). Pulses are rare in the Early Bronze Age and only in the Late
Bronze Age become more frequent, such as oil plants (Kneisel et al. 2015, 276 fig.1).
This pattern from a monotonously vegetable nutrition in the Early Bronze Age to a
more variable nutrition in the Late Bronze Age is also visible in the context of our
site Bruszczewo (Kroll 2010).

However, evidence of Harris lines on the human bones shows that enough food
not always was available for all, or that crop failures or long winters may have led to
malnutrition. Whether the puristical diet on barley and emmer leads to deficiency
symptoms has not yet been sufficiently investigated.

The large number of peeled acorns in the aforementioned EBA house 4 is
striking (Wolfle 2017). They were obviously not used as animal fodder, but as food
for humans. Acorns are known from numerous European sites of the Bronze Age,
yet it is still unclear whether this is a regular foodstuff or whether it was only a
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food substitute and was used in times of food shortage (Salkova et al. 2011). Acorns
need not to be bitter, and sweet acorn trees exists in Schleswig-Holstein, they can
be consumed without further processing (personal comment V. Arnold 2018). In
addition to cereal products, meat products from domestic and wild animals, as well
as fish, are also part of the diet of the Bronze Age population in Bruszczewo (Ma-
kowiecki 2004; Makowiecki and Drejer 2010; Makowiecki 2014). Even if the latter
are rarely found in bone material, the discovery of a fish trap proves that fish was
caught (Miiller 2004, 111 fig. 50). But hunting also played a role, at least for certain
households, as the distribution of wild animal bones on the settlement is irregular
(Kneisel 2010a).

Besides collected fruits such as hazelnuts and strawberries, rare plant species
such as fennel (Foeniculum vulgare) or donkey thistle (Onopordum acanthium L.)
were also found, whose use as food is well documented (Kroll 2012; Kroll 2010).
These plants, rarely preserved in archaeological evidence, show that the collec-
tion spectrum was rather larger than suggested by the usual plant macro-remains
preserved near the fire. In addition, there is also evidence for medicinal plants
or hallucinogens such as black henbane (Hyoscyamus niger) or mistletoe. Both
are known remedies against complaints (stomach cramps) and diseases (worm
infection) which we were able to document in humans and animals in Bruszczewo
(see below; Kroll 2010; Haas and Wahlmiiller 2004).

Apart from hunting and agriculture, the procurement of food is rarely the focus
of Bronze Age reconstruction images. Gathering is reserved for the Mesolithic. If
we translate the results of Bruszczewo into a reconstruction image, we are able to
detect a large number of gathered plants. These plants must be processed, stored
and processed. We also have to take differences among the population into account
when it comes to nutrition. Not every household had the same food resources. Staple
foods have only a small variance. Times of hunger are a regular experience for the
people of that time. But we should also take into account the use of rarely-discovered
plant remains, and eating habits that are no longer comprehensible to us, such as
the acorn or donkey thistle. The use of various wild herbs as medicinal plants or
even hallucinogens also belongs in the pictures.

An idyllic environment?

The representation of the environment in the reconstruction images serves either
as a decorative background or to illuminate the local flora and fauna. The landscape
is idyllic, and bad weather simply does not exist. A dramatic sky serves only to
underline a dramatic aspect of the scene, e.g. in armed conflicts (Mainka-Mahling
2008, 229-231). Only recently has the depiction of different environmental conditions
found its way into the reconstruction pictures. In Bruszczewo, it is possible to obtain
a detailed picture of the immediate surroundings of the site based on the environ-
mental analyses. The information comes from two pollen profiles, one from centre
of the former lake, another from the settlement layers directly on the lake shore
(Haas and Wahlmiiller 2004; Haas and Wahlmiiller 2010). The pollen data indicate
a clear eutrophication of the lake by algae growth for the Early Bronze Age period
of settlement. In addition, NPPs (non-pollen palynomorphs) indicate the entry of
manure and excrements (fungi — cercophora) into the lake. Increased erosion events
are also visible (Glomus fasciculatum). In addition, the number of whipworm eggs
(Trichuris sp) in the pollen profile proves that parasites were brought into the lake
by excrement. This deterioration in water quality is not unusual in the immediate
vicinity of a settlement. However, the aforementioned NPPs show peaks in the Early
Bronze Age, which can only be found sporadically in the pollen profile during the
Late Bronze Age use of the landscape (the settlement and cemetery). Erosion and
manure indicators only reappear in large numbers during the medieval settlement
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Figure 6. ,Building and living
(Neolithic)” in pile dwellings
(Studio “Bunter Hund"”,
Switzerland).

of the fortress complex at the northern end of the lake. In contrast, green and blue
algae (Pediastrum, Anabena sp.) and whipworm eggs (Trichuris sp.) only occur
during the Early Bronze Age settlement phase. The NPPs listed here prove that the
lake was significantly polluted. The consequences for humans and animals when
used as a source of drinking water (wells are still missing) can be mild to severe
stomach complaints. The mistletoe also found in the profile in the Early Bronze Age
is proven from ethnographic parallels as a remedy against worms, and the henbane
found in large quantities is used in medicine for stomach complaints. According to
this, the Early Bronze Age people knew about their problems and possibly also knew
remedies for them.

The erosion that can be detected in the lake profile could have taken place partly
through cattle movement. Cattle obviously also had free access to the lakeshore. In
some cases, rainfall on the open slopes will have led to erosion. Erosion channels
from the spur to the lake could be detected towards the end of the Early Bronze Age
settlement (Hildebrandt-Radke 2015).

On the basis of the plant societies in the pollen profiles, the Early Bronze Age
landscape appears as an open landscape. The wood used for the timber of the houses
and palisades shows that not only was suitable wood used for construction, but also
unsuitable wood such as poplar/willow. Obviously in the 18® century BCE there was
already a lack of timber on site when the lake-side fortification was erected (Kneisel
and Kroll 2010). Layers of windblown sand on the slopes of the moraines, erosion
on open arable land and open areas through cattle movement must have been an
everyday sight. Individual groups of trees and bushes formed the human-influenced
environment of the settlement surrounding already in the Early Bronze Age.

If we translate these results into a reconstruction image, the shore was softened
and muddy (and full of waste). Animals had direct access to the shore. Presumably
the animals were running around freely, which would explain the dung layers in
the settlement. Green and blue-green algae swam on the lake, at least during the
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summer months. The landscape was marked by individual groups of trees, where
the oak and hazel decreased more and more in the course of time. The remaining
trees were rather bushy, a sign of looping or coppicing (Klusek and Kneisel in print).
The high number of cereal pollen indicates fields in the immediate vicinity of the
settlement, probably on the surrounding moraine hills. But also larger erosion areas
caused by cattle movement and agriculture must have been visible on the slopes.
It is difficult to say whether the poor water quality severely affected humans and
animals at that time. In any case, remedies for worms and stomach cramps were
known. For Neolithic pile dwellings such a picture exists, which shows a lake in a
morning atmosphere, but the shore is contaminated with alluvial wood and waste,
and on closer inspection the idyllically-depicted lake turns out to be not quite so
clean (Fig. 6).

Human activities (sports, fun and games or hard work?)

As already mentioned at the beginning, most of the activities of the Bronze Age
reconstruction pictures refer to metal casting and perhaps still to weaving and
ceramics production. Overall, the diversity of the representations decreases
(Mainka-Mahling 2008, 114; 163). A. Mainka-Mehlig criticises the fact that recon-
struction paintings from the Bronze Age on are mainly based on new techniques
to the Bronze Age (ibid.). But other activities also belong to the normal settlement
picture. On the basis of the material from Bruszczewo considerably more activities
can be proven:

e The slaughter of animals and the tanning of skins can be proven by cutting
traces on the foot bones of animals. In Bruszczewo, this was also obviously
limited to certain areas (Kneisel 2010a).

*  The production of tools and jewellery from antlers and bones obviously
took place inside the houses based on the finds situation of semi-finished
products.

e The finds of a presumed weaving sword and loom weights prove the
presence of textile processing. Finds of flax and the age of the sheep prove
that both fibres may have been used (Kroll 2010; Makowiecki 2004; 2014).
The nettle cannot be ruled out as a textile raw material either, as its mac-
ro-residues were found in large quantities; in addition, H. Kroll points to
the donkey thistle as a source of fibre (Kroll 2012). Textile impressions on
ceramics prove different techniques of fabric production. Worn textiles
were recycled for ceramic production, as the imprints show (Schaefer 2016;
Kneisel and Schaefer-Di Maida in print).

e  Of course, metal processing is also a must. Tuyeres, casting moulds and
small drops of bronze (cast bronze drops) on site prove these. Findings also
show that experiments were made with various casting techniques, such as
cast-on technique for pins (Rassmann 2010; Miiller and Kneisel 2010, 773
fig. 14).

* In addition, less frequently proved activities like a wood processing
area, with remainders of wood chips, thin wooden planks, a wooden ball
of unknown function and a wheel hub belong to the diversity of wood
handcraft on site. In the Bronze Age, timber construction was by no means
limited to house building or palisade construction, but also produced much
finer pieces of thin timber or decorative elements (Wazny 2010; Kneisel and
Kroll 2010). Likewise, the cartwright or wagonry probably belongs to a set-
tlement of this size.

*  The wood chips in the area of the fascine prove that the piles were obviously
worked directly on site (Trench 31, area 6). The splitting of trunks and the

2l
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pointing of pales took place in the settlement. The marks on the woods found
correspond to the width of the flanged axes also found on site (Kneisel and
Kroll 2010).

*  Waste disposal is also rarely seen; the digging of pits and the disposal of
household waste, whether swept out of the door or pushed into a pit, is
sought in vain in reconstruction pictures (Mainka-Mehling 2008, 226 Anm.
693).

* Also so-called ,leisure activities, activities that do not contribute directly to
securing basic needs, are missing. Although we are familiar with depictions
of rituals such as burials or depositions, the discovery of a flute mouthpiece
is evidence of music-making, whether for ritual purposes or just for fun
(Kneisel et al. 2012, 85).

*  Pine chips with burnt points were used as small torches (kindling), which
were found in large numbers in the surroundings of house 2. They prove
activities during darkness and testify to a lively nightlife (Fig. 7).

*  Ceramicproductionis also proven. A piece of tempered clay with a handprint
shows the portioning of clay and thus also the local production (Kneisel et al.
2012, 36).

*  Exchange and trade would have also taken place. Copper and tin from the
south and amber from the north prove the networking of this settlement
within Central and Northern Europe (Muller and Kneisel 2010).

e Agricultural activities, field cultivation, ear harvesting, threshing and storage
of cereals are also present in the Bronze Age, as are livestock farming and
grazing, including animal husbandry.

* Evenif bones of game and fish are rare, they prove hunting and fishing, the
latter also by the discovery of a fish trap (Miiller 2004, 111 fig. 50).

By translating the activities listed here into images, we have a much wider range
of activities that go beyond the new technologies: Bronze Age life is not reduced to
metal casting. In each settlement there were activities such as butchery, carpentry,
tanning, an active nightlife and also music. Hunting may have been restricted to
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certain groups of persons or may have been carried out by certain persons only.
Fishing, plus flint, bone, antler, and textile processing also existed during the Bronze
Age. And certainly not only the adults were involved in these work processes.

All people are equal, but some are more equal than others

The Bronze Age was by no means a peaceful and idyllic time. Within the village
community clear social differences could be depicted. A comparison of the settle-
ment burial with other burials in the area reveals striking differences. The deceased
in the settlement was wrapped in a willow mat and had only two hammer stones
and a large sherd of a storage vessel as grave goods (Kneisel 2010b). On the other
hand, the burials of the princely burial mounds in Leki Male (15 km in distance) or
the grave of Przysieka Polska (only 1km in distance on the other side of the lake),
contain rich grave objects and have an elaborate tomb construction (Kowianska-Pi-
aszykowa 2008; Schwenzer 2004). It can be assumed that this inequality in access
to materials and the right to an extraordinary burial is also reflected in everyday
life and that these social differences are visible in a settlement like Bruszczewo.
Apparently not every individual had access to an elaborate burial. The numerous
scattered bones in the settlement testify to the fact that not even all individuals
(or only not all men?) were entitled to a burial. There are two other possibilities
for scattered distribution of single bones, of which a lot were found in the area
or within the wattle-work fence. They are either graves destroyed by a flood and
flushed out, or deceased people who could no longer be buried, for example after
a battle or epidemic. Although the number of sexually determined individuals with
six skeletons is very small, since they are all men, this would speak more for warlike
activities. Further “C-dating could provide clarification here.

If we translate these results into a reconstruction image social inequality
should also be visible in a settlement like Bruszczewo. Be it with different house
sizes, different clothes or jewellery. Here, too, new reconstruction images from
the ,Bunter Hund“ studio show a clear social gap between the Early Bronze Age
inhabitants in the Alpine region. People with worn clothes face people on horseback
with elaborate clothing and jewellery (http:/bunterhund.ch/Arbeiten/Geschichte/
geschichte.html, fig. Handel und Verkehr 15. 1. 2018).

Summary

The description of the Bronze Age way of life and a comparison with the reconstruc-
tion pictures clarifies that we need to consider more the downside of these settle-
ments. Maybe also a landfill beside the settlement or in the area of the lake shore,
dung and waste in the corners, inside and between the houses. Hard working people
and a wider spectrum of people with regards to age, health and poverty/richness.
Besides the waste laying around everywhere, animals should be walking around and
dogs doing the necessary. It would be interesting to see a rainy weather day with
muddy paths and people and animals walking through the mud. A wider range of ac-
tivities should be included and not only housebuilding, but also finer carpentry and
furniture-building and the repair of things like wagons. But also daily activities like
cooking or food preparation. And why do not someone play the flute? The landscape
could look nice in some parts, but we should not deny that there are also eroded
parts of the surface and that environmental pollution exists. In our first try to create
reconstruction pictures, the Bronze Age world was still in order (Kneisel et al. 2012).
Our second attempt, together with Samson Goetze (Schrader 2017), shows a livelier
picture with a lot of different activities going on and a darker view inside a house,
where not everything looked recently constructed (cover and fig. 8).
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Figure 8. Reconstruction of life
in an Early Bronze Age house
in Bruszczewo Greater Poland
(Samson Goetze).

We have to be opposed to the trend of decreasing information on such pictures
as A. Mainka-Mehling already mentioned in her book (2008). Life on a prehistoric
settlement is much more differentiated, as are the humans who inhabit it, and the
sun does not always shine. To conclude, we need to think more about the wide range
of living conditions, and acknowledge that life in the past was most often not easy.
Diseases and physical handicaps were surely more often seen then than today. They
have no doubt experienced a nice cool morning atmosphere at the lakeside, but such
idyllic scenery as reflected in the pictures from Switzerland - atelier ,Bunter Hund“
most probably were exceptional moments in everyday life.
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