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The Neolithic dualist scheme

Cédric Bodet
Mugla Sitki Kogman University, Kétekli, TR; cedric.bodet@yahoo.com, cedricbodet@mu.edu.tr

ABSTRACT - The monumental twin steles of Gobekli Tepe are one in a long series of isomorphic
compositions in Neolithic symbolism. Seemingly tracing back to the Palaeolithic, symmetry likely
Played a fundamental role for prehistoric societies. Ethnographers showed how hunter-gatherer ideo-
logy (mythology, totemism, etc.) is often structured around a dualistic worldview (male/female; sum-
mer/winter etc.) taking root in the kinship system through a division of the communily into exoga-
mic subgroups. 1t is this dualism that is argued to be embodied in the twin steles. The advent of au-
tonomous agricultural lineages could explain why this timeless principle appears with such promi-
nence in the Neolithic.

KEY WORDS - Neolithic symbolism; exogamy; kinship structure; hunter-gatherer ideology; incipient
Sfarmer

Neolitski dualizem

IZVLECEK - Monumentalna kamnita dvojcka na najdiscu Gobekli Tepe predstavljata eno od izomorf-
nih kompozicij neolitske simbolike. Simetrija je, domnevno Ze vse od paleolitika, igrala kljucno viogo
v prazgodovinskih druzbah. Etnografi so pokazali, kako je lovsko-nabiralniska ideologija (mitolo-
gija, totemizem ild.) strukturirana na osnovi dualistiCnega svetovnega nazora (moski/zenska, polet-
Je/zima itd.), ki temelji na sistemu delitve druzbe v eksogamne sorodstvene podskupine. Prav ta dua-
lizem naj bi poosebljala kamnita dvojcka. S pomocjo pojava avionomnih rodov poljedelcev morda
lahko razlozimo, zakaj je bil la brezCasni princip tako pomemben v neolitiku.

KLJUCNE BESEDE - simbolika v neolitiku; eksogamija; sorodstvena struktura; lovsko-nabiralniska

ideologija; prvi poljedelci

Introduction

The Neolithic site of Gobekli Tepe in Northern Me-
sopotamia has raised much interest, but the most
relevant questions have mostly remained unans-
wered. One reason is that the field of prehistory
alone is rather ill-adjusted to properly address mat-
ters of ideology. The ethnology of comparable ex-
tant societies offers an alternative means of explo-
ration (Forest 1992.28-31; Yakar 2005.111-112),
as it can reveal the concepts conveyed through the
symbolism.

The present discussion concentrates on the most
imposing feature of the Southwest Asian Neolithic

symbolic world, that is, the monumental pairs of
twin steles standing in the centre of the PPNA stone
enclosures (A to H) of Gobekli Tepe III (Fig. 1). How-
ever, these must be conceived just as one particular
case among the numerous contemporary isomorphic
(architectural, geometric and iconographic) repre-
sentations identified throughout (Fig. 2) the Neoli-
thic period (Peters et al. 2005.31-32; Stordeur
2003): symmetric clay poles, parallel lines painted
on floor, geometric figures on walls, antithetic or
converging animals, twin figurines, couple of human
skulls, symmetrical partition of communal buildings
or of entire sites. A non-exhaustive list of such items

DOI: 10.4312/dp.49.2



The Neolithic dualist scheme

is presented elsewhere (Bodet 2021; forthcoming).
The current paper concentrates on the likely mean-
ing enclosed in these isomorphic symbols, or rather,
on the ideology and the social structure they reflect.

Ethnoarchaeological analogy presents various prob-
lems (David, Kramer 2001.51-54), but the symbol
in question here appears remarkably central to both
archaeological and ethnographic societies. If the
analogy proves appropriate enough, the analysis
may somehow make the archaeological data ‘speak’
(Gould 1978.250), thereby unlocking some of the
meaning enclosed in the symbolism (Wilson 2020.6).

Problematic and methodology

The fact that the Neolithic symbolic material posses-
ses such a meaning is made explicit by the planned
and recurrent arrangement in which its various ele-
ments are invariably found. The symmetrical so-
called ‘pillars’ systematically hold a central position
in the communal buildings of a large number of spa-
tially and chronologically separated sites in North-
ern Mesopotamia, the Levant and all the way to Late
Neolithic Central Anatolial. Moreover, this element
often appears in association with the same set of fi-
gurative elements of strong symbolic connotation
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Fig. 1. Ground plan of Gobekli Tepe. GT_Gesamiplan_2014 (central area truncated), by Klaus Schmnidt
and Jens Notroff. © Deutsches Archdologisches Institut, Gobekli Tepe Projekt.

1 Little noticed, the female figure in Catalhéyik gives birth by unifying two parallel pillars (Forest 1993.7), while (symbolically sig-
nificant) parallel lines are recurrent in wall paintings. Again, see Cédric Bodet (2021; forthcoming) for a more detailed pre-

sentation.
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(Henderson 1964.154), in
particular predators, snakes,
birds (probably with a psy-
chopomp function), bucrania,
anthropomorphic statues or
smaller side-steles. The order-
ing and redundancy of these
symbolic compositions are
doubtlessly not arbitrary and
must correspond to a prede-
fined logical system, convey-
ing a particular message left
to be deciphered (Stordeur
2003.32; Testart 1987a.171).

This message carried by such

__ Sites with Neolithic__ |
- dualist symbolism ‘

0 100 200 300 km

- CAD: Bodet Cédric
Fonds de carte Helene Dovid (IFPO Damas/ 2003)

structures, together with the
fact that nothing indicates that
they supported anything (Jeu-
nesse 2020), is, in passing, the reason why the word
‘stele’ is preferred here to that of ‘pillar’ generally
used in the literature. In the same trend of thought,
the term ‘temple’ is ill-fated to designate these enclo-
sures, as these ceremonies probably do not imply a
‘cult of deities’ (Testart 2006a), which only arises
when required for the ideological unification of large
urban congregations during the much later Obeid/
Uruk horizons (Forest 1996a).

Though rarely or too briefly (Voigt 2002.254) menti-
oned (Roger Matthews 2003.37 is a significant ex-
ception), the decipherment of this symbolic message
was successfully initiated nearly three decades ago
by Jean-Daniel Forest (1993), providing a solid foun-
dation on which further elaboration ought now to
proceed.

Always placed in the centre, the twin composition is
suspected to symbolize the highest sphere of Neoli-
thic ideology. It is a simple symbol with which re-
searchers are doomed to start with in order to pati-
ently reconstruct the meaning it may hold in the so-
cial structure (Durkheim 1937.42-45). One precon-
dition is not to underestimate the capacity of early
communities to express abstract themes through
corresponding symbols.

A symbol is a signifier standing for a signified. Re-
peated over and over again in places dedicated to
communal matters, the signified in question must
indeed be very significant for the community. This
element can only be described, for now, as a sym-
bol of symmetry, but it makes sense within a system
of thought (ideology) deriving from a correspond-

Fig. 2. Distribution of Neolithic sites with identified dualist symbolism
(see Bodet (2021 forthcoming)).

ing social context (Yakar 2005.111). Disconnected
from this context, the symbol loses its meaning. This
implies that in order to decipher this symmetrical
symbol, the social context first ought to be recon-
structed, at least in broad strokes.

This social coherence is an indispensable basis to
start with, but without an intermediary reference,
without a Rosetta Stone infusing the structure with
meaning, the decipherment will be left to hollow
speculations (Schmandi-Besserat 2013.xxv). It hap-
pens that, for the present concern, a reference exists.
The latter is not a similar iconographic element but
an abstract concept, and the correspondence appears
too striking and the analogy too compatible not to
be considered.

Dualism as a prehistoric principle

This investigation was originally inspired by Alain Te-
start’s (1985) meticulous analysis of what he calls the
‘primeval communist’ societies. These are a pristine
form of hunter-gatherers, prior to the advent of bows
and arrows. This long Palaeolithic dawn of humani-
ty appears, though with much caution, accessible
through the abundant ethnographic documentation
of Australian Aboriginal societies (Testart 1988.12).
Any analogy led through the spectrum of a narrow
technological comparison is doomed to failure, and
absolutely no cultural comparison is attempted here;
the social structure, because of its theoretical and
universal nature, is the only element considered. ‘Uni-
versal’ is here to be understood in the sense that
every human community necessarily has an economy,
a kinship system, rules, customs and an ideology:
these are the main structures that concern us here.
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Australian Aborigines are the only living mirror of
Pre-Mesolithic-type of societies. A coherent and all-
encompassing theoretical reconstitution of their so-
cial structure was achieved by Testart, as stable and
lengthy as the Palaeolithic period itself, as it is
known from archaeology at least. But the ultimate
reason why Aborigines are of interest to us here is
that, together with Neolithic societies, they clearly
appear to hold dualism as a keystone of their ideo-
logical construction and that only a living society
can reveal its meaning.

A word of warning, however. This is not simply
about making “connection between two entirely
different societies on the basis that they use sym-
metrical symbols in their ideology”, as one revie-
wer of an earlier version of this paper suspected.
There could be a slight chance that isomorphism
may relate to something utterly different in the two
societies although as dualism and exogamy are ex-
tremely widespread (near universal) in the ethno-
graphic record, there is a much higher chance that
the Neolithic isomorphism is a delayed expression
of the Palaeolithic dualism. Moreover, the modern
understanding of dualism, “fwo irreducible, hetero-
geneous principles” (Britannica.com) must be here
understood as being thoroughly complementary in
their opposition, which is what we will try to report.

Ethnographers have been struck by the extreme at-
tention given to kinship by all traditional societies,
and in particular to one critical point (Spencer, Gil-
len 1899; Frazer 1910; Howitt 1905): such societies
are always divided into several subgroups, at least
two, exchanging sexual mates every generation for
the sake of procreation. This ‘artificial’ social divi-
sion is at the root of exogamy (‘marrying outside’),
an absolutely fundamental principle from which
later social and kinship systems evolved (Freud
2010[1913].39-53, 255-256; Levi-Strauss 1967.80-
97; Testart 1985; 1988). One direct consequence of
this law is that, as Robert S. Walker et al. (2011.1)
say, “arranged marriages [necessarily among rel-
atives] are inferred to go back at least to first mo-
dern human migrations out of Africa’.

The archaeological data offers monumental evi-
dence to support the idea that this arrangement per-
petuated at least until the Neolithic.

It is certainly biased and erroneous to designate a
society by what it does not have (bows and arrows).
What Palaeolithic-type societies do have, and even
more so than later hunter-gatherers, are relations of

production entirely based on and shaped by an elabo-
rate kinship system. In these small communities turn-
ed inward, ‘elementary’ to use Claude Lévi-Strauss’
(1967) term or ‘universal’ to use Alan Barnard’s
(1978.69-71; 2020.50-53), everyone is somehow
related to everyone else, and this kinship or mari-
tal relation dictates the modalities of their social in-
teraction in every way. The way individuals respect,
joke, avoid, command/obey, punish, teach/learn,
give/receive, conduct ceremonials (initiation and fu-
neral rites), and, most importantly, the way they
marry, are thus prescribed primarily by the subgroup
the people in interaction belong to (Malinowski
1926; Radcliffe-Brown 1952.90-104; Woodburn
1982; Ghasarian 1996.152-159,185-197; Walker
et al. 2011.2; Bird-David 2019.15-16).

“The fundamental feature in the organisation of
(...) Australian tribes, is the division of the tribe
into two exogamous inter-marrying groups. These
two divisions may become further broken up, but
even when more than two are now present we can
still recognise their former existence” (Spencer,

Gillen 1899.55). Even though odd numbers may also
be found (as a result of historically induced dispari-
ties), ‘primeval communist’ societies are often sep-
arated into parallel subgroups or phratries: eight sub-
sections, four sections, or, for the most genuine case,

two moieties (halves) (Barnard 2020.52). Dualism
is thus generally considered to be the most original
and purest form of this form of social organization
(Cook 2003.65; Freud 2010[/2013].50-51; Testart
1978.15-22; 1985.478-479). But whatever the num-
ber of subgroups, this plurality is necessarily reduc-
ed in conceptual terms to the number two, because
it is the number par excellence that embodies the
concept of ‘differentiation’ (Girard 1972.87-92),

making (equal) exchange possible.

Dualism is much more than a marital arrangement.
Organically articulated to the economic system, it re-
flects on the symbolic sphere: totemism, mythology,
rituals, efc. (Testart 1985.451-489). 1t finds in
nature an obvious mode of expression, through fixed
oppositions such as day (sun) and night (moon),
winter (cold, wet) and summer (hot, dry), and, more
particularly, males and females, the interdependence
of which is naturally indispensable for the perpetu-
ation of the cycle of life and death, oppositions them-
selves seen through their own interdependence.

This fecund sexual opposition was suspected by An-
dré Leroi-Gourhan (/964.108), among others (7e-
start 2006b.26), for Upper Palaeolithic societies, and
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by James Mellaart (1967.48, note 27-28), Ian Hod-
der or Forest (Matthews 2003.46) for Neolithic ones.
Dualism is also the principle behind the famous Yin
(female/earth/moon/water) and Yang (male/sky/
sun/fire) of the Chinese tradition (Granet 1929.
225). A similar symbolic partition of fundamental
opposite elements is still present today, for exam-
ple, in the arrangement of the Berber house in north-
ern Africa (Bourdieu 1980). The philosopher Vol-
kert Haas likewise refers to the concept of separa-
tion of the ‘undifferentiated’ cosmos in primeval
times into two sets of opposite but mutually inter-
dependent elements, in particular above-heaven-
male and below-earth-female (Becker et al. 2012.
30). This widespread differentiation is personified
in the antithetic heroes, twins or brothers/sisters
in many founding myths all over the world (Girard
1972.247-248).

Among Australian Aborigines, this binary interdepen-
dence becomes a ubiquitous principle encompassing
inorganic elements like mountains, water holes, stars
or meteorological events (storms, rainbows). The en-
tire world is thus systematically divided into sepa-
rated but interdependent halves, a reflection of the
society itself, as ideology generally does (Testart
1985.467-489). Dualism thus does not appear as a
cultural but as a structural element deeply wired in
the constitution of (all?) early human societies.

Barnard (pers. com.) tells me that this dualist divi-
sion of the society “is true for Aboriginal Australia,
but not necessarily for hunter-gatherers in gener-
al”. This is a crucial point because it shows the chro-
nological and structural evolution from ‘primeval
communists’, for which Australian Aborigines are
the sole ethnographic representatives, towards ‘la-
ter’ hunter-gatherers like the !Kung San, in which
relations of production seem to have been altered
by a certain spur of individualization (see below;
Testart 1985.56-60; 1987b). This evolution would
explain the distinction between the ‘socio-centric
system’ and the ‘ego-centric system’ made by Alan
Barnard (1978.77), as well as, the full “correlation
between the system of kin categorization as a
whole and the rules of marriage” (ibid. 75) that
characterizes the Australians but is not found among
the San. All this tends to show how ‘primeval com-
munism’ could represent the genuine social back-
ground, characterized by “a lack of ambiguity of
categorization” (ibid.) and from which later devel-
opments are likely to have derived.

Among these later developments there is the Neo-
lithic period. Right in the centre of the a priori my-
sterious symbolic repertoire on display at Gobekli
Tepe, there is a pair of huge parallel stone slabs
standing majestically, seemingly conveying an abs-
tract statement (Becker et al. 2012.14). They ap-
pear as nothing but a material representation of this
universal dualist scheme. This is the hypothesis that
will presently be explored by trying to understand
what this dualism is really about.

It goes without saying that Australian Aborigines
have absolutely nothing to do with Gobekli Tepe, it
is just that they seem to share a similar social sfruc-
ture, thus opening the door to a possible analogy,
which now needs to be questioned. A major obsta-
cle first ought to be removed: if the aspect and cen-
trality of the ‘primeval communist’ principle and
the Mesopotamian Neolithic symbol present a strik-
ing similarity, these societies must be somehow struc-
turally compatible for this analogy to function.

The analogy

Ideology is a central social organ in close interaction
with the relations of production (Giddens 1971.
42), which implies that, for the analogy to be ac-
ceptable, the mode of production of the societies in
question ought to be comparable2. From this point
of view, primeval hunter-gatherers appear starkly
different from Neolithic proto-farmers (Willcox,
Stordeur 2012.112; Asouti, Fuller 2013.308). How-
ever, a sociological rule needs to be considered here:
if technical and economic changes can diffuse ra-
pidly, their repercussions for ideology (and, subse-
quently, for symbolism) are always very much de-
layed. This fact has been well attested by anthropo-
logists studying the appearance of agriculture. “Peo-
ple can hold on to ideologies (mode of thought) re-
Slecting foraging for generations, even when their
systems of production have undergone transition”
“relations of production among proto-agricultur-
alists (...) tend to retain the structures of a hunter-
gatherer habitus” (Barnard 2007.8,14, quoted by
Asouti, Fuller 2013.300).

An ideological structure should not be seen here as
a conscious and planned construction, but, indeed,
somehow like Pierre Bourdieu’s (1980) habitus, that
is, continuously shaped by an everlasting accumu-
lation of practice and experience. The ideology of
the earliest farmers is thus likely to be largely inhe-
rited from a Palaeolithic background, built over hun-

2 In Marxian terminology, “the gathering of food (hunting included) is a form of economic production” (Ingold 1980.83).
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dreds of thousands of years: Forest (2006.126) thus
states without hesitation that “in the case of the
Pre-pottery Neolithic, the analogical basis to take
into consideration is of course the primeval com-
mumnism”. This implies that Neolithic people are like-
ly to have possessed a cosmogony organized around
some form of totemism, animism or shamanism (Ze-
wis-Williams 2002.132; Bischoff 2002.237; Yakar
2005.112).

From there, it is difficult to support the idea that
Neolithic people started to cultivate grains because
they would have begun (why?) to conceive differ-
ently (how?) their relation to deities (are there any?).
This is where Jacques Cauvin’s (1997) famous mo-
del is problematic, and why the chain of causal ef-
fects may benefit if reversed (Testart 1998.27).

The Palaeolithic ‘middle range’

The idea that the dualist ideology could be present
in Neolithic symbolism as a continuum of a much
older tradition would certainly gain some weight if
found directly in the Palaeolithic period proper. As
mentioned above, Leroi-Gourhan (7964) pointed out
such reciprocal dichotomy in the Franco-Cantabrian
cave paintings, Lascaux in particular. Horned ani-
mals (placed on protruding parts of the cave wall)
are supposed to represent a male abstraction (horns
being an obvious phallomorphic symbol, see Han-
sen 2017), while hornless animals (horses, in con-
cave spaces) a female one, their interaction leading
to fertility. These images are moreover painted in
the very depth of caves, an obvious symbol of Mo-
ther Earth’s vagina and womb, where not only hu-
mans but all organic forms come to life. “The earth
would have been considered the source of all life’s
elements” writes Yak Yakar (2005.111-112), speci-
fying that such “communal fertility-related rituals
may have originated in the period before farm-
ing became the principal subsistence economy’.
Dimitrij MlekuZ Vrhovnik (2021.3) further says that
a cave is “a womb and a tomb at the same time”,
which would fit well with the above-mentioned idea
that life is conceived as taking place in an eternal
cycle where death is its inevitable opposite (Gibson
2009/2010.23]). Jean-Loic Le Quellec (2015.259-260)
comes to the same conclusion after his comprehen-
sive studies of ancient myths from around the world,
where humans and animals emerge from a hole in
the ground, making the underground at the same
time the place where life originates and where the
deceased return. The cave paintings thus seem to
have put into action symbolically the “structuring
principle (of) vitality (fecundity, life-force)” (Ver-

hoeven 2002.244), astonishingly resembling the
‘tao’ of the Chinese (Granet 1929.293).

But if all forms of life are concerned, it is certainly
the community that is primarily envisaged by the
principle of fertility.

The dualist principle seems to have been known by
the Neanderthals as well (Fig. 3): the symbolic com-
position found at the bottom of the Bruniquel cave
(Jaubert et al. 2016) represents two piles of stalag-
mites (another phallomorphic symbol) in one circle
(a shape often connected with maternal womb and
fertility, see Haland 2017.166), making the com-
position strikingly similar to the circle surrounding
the twin steles of Gobekli Tepe III (Figs. 2, 3). Since
absolutely no cultural connection can be established
between these cultures, such similarity can, here
again, only make sense if dualism and exogamy are
understood as extremely widespread principles
among early humans (Freud 2010).

Because the animal species painted in the Palaeoli-
thic caves are represented as isolated groups, Testart
(1985.276-290; 2012.254-267) sees them as totems.
His analysis is based on the identification, mostly by
James George Frazer (1910) and Alfred William Ho-
witt (1905) (who were also Sigmund Freud’s main
anthropological sources when he wrote his famous
Totem and Taboo), of a strong correlation between
totemism and exogamy. Totems are natural species
(animals, sometimes plants) representing a specific
social subgroup, as if the natural world, classified
into species, was called in to naturally classify the
community among separate groups. Both Leroi-Gour-
han and Testart thus consider that Palaeolithic so-
cieties likely knew some form of ‘classification’, in
Lewis Henry Morgan’s (1871) use of the term (see
also Radcliffe-Brown 1972.98-103; Bloch 1983.8-
13), so as to ensure the practice of exogamy. And we
saw that every classification ultimately and theore-
tically resumes as a two-fold division, that is, dualism.

In the absence of writing, how are people to express
what matters most to them, that is, the (male) soci-
ety, the (female) engendering principle and exo-
gamy, if not by using elements with readily identi-
fiable characteristics, such as, respectively, the horn,
the circle and isomorphic forms?

It is remarkable how early anthropologists from all
corners of the world like Morgan in North America,
Marce Granet in China, Spencer and Gillen in Austra-
lia, Marshall Sahlins in Oceania, Claude Meillassoux
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in Africa or Marcel Mauss and
Bronistaw Malinowski in Me-
lanesia recognized related
practices of inter-clan exoga-
my, cross-cousin marriage or
‘classificatory’ structures to
describe the internal organi-
zation of pre-state societies,
an organization so different
from their own Western ‘com-
plex’ type of kinship (where
marriage is practiced with the
outside world, as opposed to
closed-in and ‘elementary’, sy-
stems to use Lévi-Strauss ter-
minology). This all-encompas-
sing dualist classification appears as the principle
according to which early human society coped with
the distribution of sexual mates in order to ensure
its own perpetuation. There is thus nothing surpris-
ing in finding it all the way to the Neolithic, before
the Agricultural Domestic system altered it profound-

ly (infra).

There seems to linger in Western thought an ethno-
centric reflex to consider pre-state societies as un-
familiar with elaborate forms of conceptualization
(Asouzu 2007.192). The ethnography of hunter-ga-
therer societies largely suggests the contrary (Bar-
nard 2020). 1t is much beyond the scope of this pa-
per to develop the Palaeolithic symbolic world, but
it was essential to show that the Neolithic dualist
system is a natural offspring of a much more ancient
and complex ideological background (Verhoeven
2001.84). We are now ready to investigate more
precisely what this ‘dualist scheme’ is all about.

The ‘primeval communist’ social structure and
its persistence in the Early Neolithic

The relations of production

According to the analysis that Testart (1985) pro-
posed of at least certain genuine (i.e. matrilineal)
Australian tribes (in the southeast, especially), the
hunter is not supposed to eat the prey he has killed,
but to give it away to the community. “For example,
in south-west Victoria, the hunter is said to receive
nothing, and his brothers are treated in the same
way (Howitt 1904.765)” (Testart 1987b.296). This
is the basic opposition this author makes between
‘primeval communists’ and later hunters who usual-
ly distribute their prey according to a pattern which
“leaves no doubt about the sharer’s close kinship
ties” (Bird-David 2019.17-19). Indeed, “possession
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Fig. 3. A likely dualist composition in the Neanderthal cave of Bruniquel.
© Xavier MUTH - Get in Situ, Archéotransfert - SHS-3D, base photogram-
métrique 3D Pascal Mora Courtesy of J. Jaubert (Jaubert et al. 2016).

of a kill in a hunting society confers not the right
to its consumption but the privilege of performing
its distribution” (Ingold 1980.158, citing Dowling
1968.505). Who, then, appropriates the prey among
‘primeval communists’ It is often individuals be-
longing to the social group opposite to that of the
hunter (Testart 1988.10). According to Morgan’s
(1871) ‘classificatory system’, these groups are de-
fined by filiation and generation, thus grouping all
siblings in the same class (Radcliffe-Brown 1952).
Because of exogamy, the opposite moiety is the one
where the hunter finds his spouse. His prey may
then go to his spouse’s parents. “Among the Ngatai-
jara, the parents-in-law take first and the broth-
ers last. (...) Among the Maljangaba of New South
Wales, the tribe is divided into matrilineal moi-
eties and a man gets very little meat from his ma-
ternal kin because they belong to the same kinship
group as he does. He receives much more from his
father, since he is not maternal kin (Beckett 1967.
459)” (Testart 1987b.296). There may be as many
rules as there are societies, but it is significant that
if the exchange of meat proceeds according to the
kinship system among hunter-gatherers, it is in par-
ticular the non-producers who generally appropriate
the product among ‘primeval communists’. Generally
speaking, the producer is never the consumer and
the consumer never the producer (Zestart 1987b.
294). Because the rule applies to every hunter, the
latter eventually always gets his share, and, if the
production is denied to the producer, it is, in the end,
to the benefit of the society as a whole. Reciprocity
as a rule of traditional economies is also well known
in the ethnography of Melanesia (Malinowski 1926.
33; Mauss 1924) and elsewhere (Barnard 2020.
31), but it is in Australia that this form of exchange
appears the most equalitarian. Comprehensive and
equal internal cooperation has thus been identified
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as the dominant mode of production (7estart 1985.
115,169).

The universality of this rule can be questioned for
the early stages of humanity, but the general para-
digm seems to be that sharing follows the division
traced by the kinship pattern in the social body
(Speth 2010.xiiiv). This could help shed light on
specific archaeological traces. For example, food
exchange can be inferred from such data in the
PPNA sites of the Northern Levant, where harvested
grains are assumed to have been stored in commu-
nal buildings (Stordeur 2000.3; 2003.20; 2012),
more or less symmetrically divided into two equal
parts along the axis of the building (Stordeur et al.
2001.32-33, Fig. 5/1). Though this is nothing but
the author’s speculation, it could be that this sym-
metrical division of the village granary was made
according to the kinship division within the com-
munity for matters of exchange (each subgroup pro-
ducing and storing for the other). This division goes
much beyond economic matters. At Faynan, in the
southern Levant, the communal buildings are cha-
racterized by “general symmetry to the structure
along an axis formed by a deep trough” (Mithen
et al. 2011.354). Sometimes, such complementary
division has been identified at the level of the entire
site: “the small settlement at Qermez Dere had
been laid out in two contrasting halves that per-
Sformed complementary functions. Part way
through its life, the village was re-formed, but once
again in two complementary halves” (Watkins
2006.16). Leaving aside the case of Asikli, which has
a street dividing the village (Ozbasaran et al. 2012.
140) but in less clearly symmetrical parts, Hodder
(2012.304) identified such an arrangement at Gatal-
hoyik, with “a large dip or trough across the mid-
dle, dividing it into two hills. The mound does
seem to have developed in two halves (north and
south). (...) In addition we have found some dif-
Serences in the genetic make-up of the humans
buried in the two halves”. Finally, in the late Neo-
lithic (but in fact, contemporary with the local emer-
gence of the farming system), Ulf-Dietrich Schoop
(2005.49), concerning the “/ines of parallel houses
Jfacing one another” in Hacilar and several other
western Anatolian Late Neolithic sites, writes that
“this brings to mind the social organization known
in the ethnographic record as the ‘moiety system’,
in which a community views itself consisting as
two competitive3 halves. I do not wish to elabo-

rate on this, for at the present state of investiga-
tion it would only be grasping at straws”4. This pre-
caution appears academically wise, but the straws
grasped here are arguably nothing but the very root
of prehistoric ideology.

A slow change can be detected in the following PPNB
period at Gayonii, with granaries attached to every
house from the Grill Building phase onward indi-
cating “that economic emphasis may have been
shifted from community to family based produc-
tion and consumption” (Yakar 2003.442). This re-
organization indeed seems to reflect a slow trend to-
wards an economic (and marital) autonomy of lin-
eages, following a “segmentation and separation of
balanced components arranged in relation to each
other” (Hodder 2020.49-51), and possibly leading
in late Neolithic Catalhoyiik to “the House as a his-
forical and genealogical social unit” (Kuijt 2018.
584; infra) based on a line of ancestors. This late
Neolithic fission into autonomous families apparent-
ly emphasizes, by contrast, the closed-in reciprocal
pattern that was arguably still strong in the earliest
Neolithic.

This economic evolution also seems supported by
the genetics of wild food. The PPNA plant material,
though anthropologically managed, is not morpho-
logically domestic yet. The subsequent physical do-
mestication, eventually including animals, implies
that the originally loose farming mode of produc-
tion is, relatively speaking, gaining in intensity dur-
ing the PPNB (Zeder 2011.230; Willcox, Stordeur
2012.112; Asouti, Fuller 2013.329). This trend goes
well with the idea of weak communal production
(PPNA) gradually intensifying (PPNB) towards the
specific interests of each lineage (PN), in particular
for the constitution of bride-prices (herd animals),
suspected elsewhere (Bodet 2019b) to have begun
in these latter periods. This morphological evolution
of resources emphasizes, by contrast again, the eco-
nomically loose, reciprocal and equal form of food
exchange expected to characterize the earliest Neoli-
thic groups.

The relations of reproduction

Economic reciprocity appears to reflect marital pat-
terns. Among hunter-gatherers “marriage prescrip-
tions commonly involve real or classificatory cross-
cousins and (...) exchange between two kin line-
ages” (Walker et al. 2011.4). The parents of ‘cross-

3 We will see that the division is, at this stage at least, not about competition at all, and in fact quite the contrary (infra).
4 T am thankful to Giler Cilingiroglu (pers. com.) for bringing this reference to my attention.
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cousins’ are the children of a brother and sister;
because the social affiliation comes from either the
father or the mother, cross-cousins necessarily be-
long to a different ‘class’ and are expected to marry.
This is just one straightforward example; there are
many possible types of marital alliance, with many
more subgroups but the founding exogamic princi-
ple remains everywhere the same: the hunter does
not ‘consume’ his sister but the sister of a hunter
from the opposite moiety (hence the famous ‘ex-
change of sisters’).

Close-kin mating is often thought to have been pro-
hibited to lessen biological complications coming
from consanguine mating, but there is no genetic
difference between a cross- (prescribed mate) and a
parallel-cousin (proscribed). The key point is that
healthy mate circulation in the long term implies
not only separate groups (at least two), but reci-
procity among them. It is obvious that this social di-
vision is not prompted by emulation or rivalry but,
quite on the contrary, by the welfare of the entire
society. “A social benefit results from an exogamic
marriage (...), the law of exogamy is omnipresent
(...). It is the archetype of all other manifestations
at the basis of reciprocity, it provides the funda-
mental and immutable rule ensuring the existence
of the group as group” (Lévi-Strauss 1967.551). Ex-
change and the social classification permitting it
thus appear again ultimately as modes of (re)pro-
duction. The tight infrastructural correspondence be-
tween the kinship system and the economy seems
to strengthen the fundamental role played by reci-
procity and dualism in the ideology (Lévi-Strauss
1967.48-170; Bloch 1983.9-10).

As for the reflection of these principles in archaeo-
logy, the internal subdivision of the PPNA commu-
nities suspected above may be continuing in PPNB
Gayont, where the two large buildings just north
of the Plaza could house the elder(s) of each moiety.
Another contemporary hint is found in Nevalt Gori
with “two groups of houses with different orienta-
tion (...) that could have belonged to two groups of
Jfamilies with different lineage” (Yakar 2003.443),
two groups expectedly related through permanent
intermarriages. Whatever the case, all hunter-gather-
er societies seem to know one form or another of
kinship classification (Ghasarian 1996.31; Walker
et al. 2011.1): there seems to be no viable reason
not to expect a similar system of reciprocal mate ex-
change among Neolithic communities. And this could
be what the twin steles state out-loud.

14

Totemism

Some form of totemism seems rather common
among hunter-gatherer communities, though its ab-
sence among the San shows it is not universal (7e-
start 2006c.149; Barnard 2020.46). 1t is neverthe-
less thought by a number of specialists cited by Freud
(2010.42, note 2), in particular Frazer (1910), to
have been very widespread at an original stage
which would correspond to ‘primeval communism’.
There is, again, no a priori reason to exclude its pre-
sence in the Neolithic, as strongly suggested by the
twin stele arrangement. The totem consist of natu-
ral species, usually an animal, considered to be the
ancestor of a clan or tribe. Individuals maintain a
very specific relationship with it, being strictly for-
bidden to consume it, except once a year during the
ritual known as ‘Intichiuma’, aimed at magically in-
creasing the totemic resource for the opposite moi-
ety to consume (Spencer, Gillen 1899.169). This is
the symbolic projection of the rule of reciprocity re-
viewed for production (the hunter not eating his
prey but hunting it for the other moiety to consume)
and for reproduction (individuals not marrying
within their own subgroup, but ‘producing’ children
to be ‘consumed’ by the opposite one). By way of
animal species, totemism can be conceived as a sym-
bolic representation of the dualistic kinship system
ongoing in the community (Freud 2010.203-204,
255-250).

Gobekli Tepe, sometimes seen as a place of inter-
clanic reunions for very extended kinship groups
(Schmidt 2001.52-53; Belfer-Cohen, Goring-Mor-
ris 2002; Peters, Schmidt 2004.210-212), would fit
well as a place where Intichiuma-type ceremonies
were taking place. In fact, if contemporary levels are
to be found, the high number of large early Neoli-
thic sites, like Karahantepe, recovered within a ra-
dius of about 20km all around Gobekli Tepe (see be-
low), may have composed this population (Bodet
2019a).

For Hans Georg K. Gebel (pers. com.), “the ideolo-
gy of the early Gobekli Tepe Culture represents a
symbolically sustained system needed to serve the
integration of growing group numbers (...). Mu-
tual understanding and conflict management of
groups not knowing each other were reached by
commonly accepled strong and binding ideologies
and conventions. One may speak of ideocratic ter-
ritories mediated through the fixed image pro-
grams”. A common ideological background indeed
certainly played an important binding role among
all these communities, and, looking at the homoge-
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nous symbolic program on the entire site, this bind-
ing element must have been related to an isomor-
phic, i.e. dualist conception, shared long before the
construction of Gébekli Tepe.

The Neolithic iconography could fit neatly with the
totemic analogy, by supposing, like the excavators
of Gobekli Tepe and other specialists (Peters,
Schmidt 2004.209-212; Kornienko 2018.17-18),
that the animals carved on the steles represented
totems. However, for Forest (2006.134) this is pro-
bably not the case, because these elements interfere
with each other, being complementary or synony-
mous, so as to convey a message, while totemism
simply classifies in purely equal terms. Totemism
and message/law indeed stand at different levels in
the ideological structure, but are not at all incom-
patible (Testart 1985.510). The numerous animals
represented on the side steles could fall under Fo-
rest’s warning (Bodet 2021), while the few ones on
the central steles, absolutely alone, may be more in
tune with a totemic classification. Though intrinsi-
cally related in form and signification, we will see
that side and central steles may hold a different
symbolic value.

The rich animal repertoire represented on the side
steles is very similar to that deciphered by Forest
(1993; 2003) at Gatalhoyiik: bulls, predators, psy-
chopomp birds, found to symbolize the society,
death of the body and transportation of the soul,
respectively. Gobekli also has many snakes, under-
stood as lineages (Forest 20006). The same geomet-
ric elements, thought to symbolize the two moieties
or the sexual mates they exchange, are also found
on both sites (and many others): parallel lines, zig-
zags, triangles, and chevrons. The several side steles
could then represent the subgroups the community
is composed of, linked to each other by the circu-
lar stone wall, forming a large matrimonial self-suf-
ficient unit. The non-totemic (message-delivering)
symbolic animals carved on them would suggest the
endless (feminine) cycle of life (snakes) and death
(birds, predators) in which these groups were in-
volved (Bodet 2021). On the other hand, if the cen-
tral parallel steles stand for the dualist subparts of
the (masculine) society (product of the feminine
principle), the isolated animals carved on them may
indeed be totemic. For example, the reflecting foxes
on the twin steles of enclosure B (Pefers, Schmidt
2004.184) would represent the two inseparable but
distinct subparts of the same totemic clan (see Ma-
linowski 1926 for compatible ethnographic exam-

ples).

A look at a tightly interwoven subject - mythology -
will allow a more comprehensive understanding of
the dualistic nature of totemism.

The mythology

The species included in the totemic partition have
a correspondence in the mythology. The main char-
acters of the Australian Aboriginal myths of the
Dream Time (Zestart 1978; 1985.390-395), with a
correspondence worldwide (Girard 1972), are gene-
rally divided in two types: the violator and the coun-
ter-violator. For anything to happen in the founding
myths, the fundamental rule (exogamy) must be
violated, which invariably entails a counter-violation.
The widespread myth of the eagle (the hunter, the
creator, the counter-violator) and the crow (the sca-
venger, the trickster, the violator) illustrates this
point. The crow steals the fire from the eagle (viola-
tion), and, as he escapes, he drops the fire, allowing
humans to capture it and cook food. The eagle aven-
ges himself by causing a huge fire that threatens
humans (counter-violation). Some variants of this
myth are about stealing water (violation) and so
permitting life but provoking floods when uncon-
trolled (counter-violation). Myths thus explain the
origin of the society as an interaction between two
opposite but interdependent poles (Testart 1978.95,
118-125; 1985.384-387,432-444). Just like later
religions, mythology aims in the end at securing the
social order through ideology.

Forest (1993.17-21; 2006.134) reads the elements
in the iconography of Gatalhéyiik as principles con-
veying a message: life and death on a vertical line,
two exogamic moieties on a horizontal one, all inter-
secting in a cross pattern to permit the existence of
the community, thus recalling its fundamental rule
(exogamy). This message is essentially the same as
the one present in myths. It is open to question whe-
ther the animals in the iconography, strikingly simi-
lar in Gobekli Tepe and Gayonii despite a wide chro-
nological and spatial gaps, directly represent mythi-
cal characters. But in the end it matters little, since
they are likely to stand for the same opposition
among interdependent elements (as an image,
again, of the subgroups of the society). Just like in
many myths of the primeval world, a dualistic oppo-
sition can be suspected with a certain degree of con-
fidence among the antithetic heroes of Neolithic my-
thology, symbols of a fertile opposition.

René Girard (1972.88-95) presents a somewhat dif-

ferent interpretation of early myths and rituals, fo-
cusing on sacrifice as catharsis, expelling the tensions
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accumulated within the community on an innocent
victim, but the ultimate goal remains to prevent the
‘divided’ community from the risk of becoming “un-
differentiated’. Jungian psychology also notes the
case of twin snakes in mythology. “These are the fa-
mous Naga serpents of ancient India; and we find
them in Greece as the entwined serpents on the
end of the staff belonging to the god Hermes3. An
early Grecian herm is a stone pillar (...). On one
side, are the intertwined serpents (in the act of se-
xual union) and on the other an erect phallus: we
can draw certain conclusions about the function
of the herm as a symbol of fertility. (...) But Her-
mes is (also) Trickster (...) the leader of souls to
and from the underworld” (Henderson 1964.155).
The two snakes appear as the dualist lineages whose
union alone can engender society.

The blood ideology

Based on ethnographic data, Chris Knight ef al.
(1995.89,93-97) have proposed a Palaeolithic “sym-
bolically structured sexual division of labour
where, notably, the recurrent use of red ochre
would be utilized in menarchal rituals to symbolize
fertility. This interpretation could fit well with Te-
start’s (1985.345-475) reconstitution of the prime-
val mind, according to which the female compen-
sation for the masculine blood-soiled meat brought
by the hunter is the feminine blood-soiled newborn
child.

The widespread presence of red paint on the floor
of special buildings all through the Neolithic of south-
western Asia (Gokce 2021) supports the idea that
blood played a fundamental symbolic role. At Gayo-
ni, actual traces of human (and animal) blood have
been detected on a one-ton slab in the courtyard of
the so-called ‘Skull-building’ (Ozbek 2004.20). Given
what is known about these societies, notably the
classification according to generations, it seemed li-
kely to Forest (1996b) that this blood was that of
initiation rites. The blood of circumcision (symboli-
zing the first hunt?), equivalent to that of the (first)
menstruations (Doyle 2005.280; Knight et al. 1995.
95), can be understood as a separation between two
crucial statuses: not simply synchronically between
male and female (or between their respective moi-
eties), but diachronically between consumers (chil-
dren) and (re)producers (adults).

Through its intimacy with both life and death, blood
is thus considered by Testart to have played a syn-
thetic role in the primeval communist ideology. A

5 This is the caeduces, still symbol of modern medicine.
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symbol of order and life when running in the closed
system of the veins (=exogamic rule respected),
blood represents chaos and death when running out
of a disrupted vein system (=exogamic rule violat-
ed). Just like for the mythical figures (divided into
violators and counter-violators), for the natural spe-
cies in totemism (divided among social subgroups)
and for society (divided into parallel moieties),
blood, the one and same blood, is artificially divided
and separated into distinct but mutually interdepen-
dent classes so as to promote their mutual interde-
pendence and strengthen the unity of the whole.

Synthesis: the dualist scheme

Because the data mobilized here is not archaeologi-
cal in nature, it is perhaps not superfluous at this
point to synthesize what we have proposed. The kin-
ship dual classification of the society is reflected in
the economy and ideological structures, such as tote-
mism, mythology and blood ideology. Beyond a me-
chanical Marxist view that would present the social
superstructure as invariably determined by the eco-
nomic infrastructure, kinship thus appears to domi-
nate the primeval communist relations of produc-
tion, making the reproductive infrastructure the very
root of dualism. Yet, as Alan Barnard (1978.78-79)
writes, “Australian systems differ from other uni-
versal systems in that Australian universality is
not confined to kinship”, it is “closely connected
with totemism and with other aspects of cosmol-
ogy” (which) “divide the universe -nature and cul-
ture alike- into named categories [which] repre-
sent a concept of world order in which kinship is
only a part”. 1t thus seems that what determines kin-
ship and all other structures is, in fact, the exogamic
principle which must be conceived as an overarch-
ing pattern imposed on the entire social fabric. Op-
posing sets of the natural world like male/female,
sun/moon, winter/summer, water/fire, dry/wet or
life/death are ‘given’ to humans, who use them as
symbols to express and justify the only opposition
on which they have a hold, the division of society
itself into exogamic lineages or moieties. In other
words, just as in later religious systems (Forest
1996a), the cosmos is mobilized to promote, through
its own perpetual and fecund oppositions, the perpe-
tuation of the fragile opposition between lineages or
sub-clans in order for the society as a whole to re-
produce. It is this all-encompassing exogamic divi-
sion that is termed the ‘dualist scheme’ by Testart
(1985.207-218, 477-515), and which, as we intend
to show, was still very vivid in the Neolithic.
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The Neolithic dualistic symbolism

Two parallel steles seem to be the symbol chosen by
Neolithic people to represent the concept of exoga-
my/dualism. Given the pervasive twin steles present
in a large number of sites (Bodet forthcoming), it
appears that early Neolithic communities felt the
urge, maybe more than Palaeolithic ones, to recall
and impose this principle. Is it possible to be more
precise as to the message conveyed and to the cause
of the monumentality given at this precise moment
to an immemorial principle?

The stele as a symbol of the lineage

In the communal building of Nevali Cori (devoted
to reunions, given the bench running at the base of
the surrounding wall), Alexis McBride (2013.54) pro-
posed that the anthropomorphic steles inserted in
the bench are ‘participants’ along with the real hu-
mans seating there. This makes sense indeed, but
the verticality of the stele must be meaningful. Ac-
cording to several researchers, like Forest (1993.7),
Tatiana V. Kornienko (2018.17) or Christian Jeunes-
se (2020.54), the stele stands for a genealogical line
of ancestors related over time, that is, a lineage,
built up generation after generation. This interpre-
tation is well supported by ethnographic observa-
tions: in the American North-West coast, the “fotem
poles, house posts, memorial posts (...) record the
household’s lineage” (Banning 2011.626). The end-
less continuity in time of the lineage could be the
reason why certain Neolithic steles are reused at the
same location phase after phase (Watkins 1996),
while others are buried or ritually broken.

Seeing side steles as lineages implies that each cir-
cle could represent a larger social group, like a tribe
or clan, divided into a number of subsections, an
idea already alluded to, in one way or another, by
several authors (Belfer-Cohen, Goring-Morris 2002;
Yakar 2013.438; Hodder 2020.50). Beyond the re-
presentation of the cycle of life and death as suggest-
ed above, the surrounding wall of the Gobekli Tepe
enclosures could bind the lineages in an endless cir-
cle of marital exchange, a stone materialization of
a closed-in ‘generalized-type’ of kinship pattern® (Z¢-
vi-Strauss 1967), where lineage A gives a mate to
lineage B, B to C... back to A (Bodet 2012). There
would then be between four and twelve subsections
for each tribe; interestingly, twelve is also the num-
ber of subgroups chosen by Freud (2010/1915/.51)

to present a typical totemic society. The intercon-
nected side steles would then stand, like a temenos
wall, as a transition between the real world and the
sphere of pure abstraction, which, we will now see,
seems to take stage at the centre of the circle.

The reciprocal relationship

Central and side steles have the same monolithic
structure and same morphology, the latter being
simply smaller and less well executed. For the sym-
bolic program in question, they are likely to be a re-
lated signifier standing for a related signified, but
on a different scale. If side steles may represent the
actual lineages making up the community, the cen-
tral twin steles would then represent two parallel
lineages, but on a purely conceptual level. They seem
to stand for an abstract idea, an allegory of the exo-
gamic rule, the active (feminine) principle of ferti-
lity. Parallel, isomorphic and face-to-face, the twin
steles seem to express a bilateral relation of strong
symmetry, where each subgroup is at the same time
the donor and recipient of a (marital) transaction.
Behind the exogamic rule (Forest 1996b.29), the
composition seems to express the type of social re-
lation that exogamy entails, one of pure reciprocity.
As Lévi-Strauss (1967.97) puts it, the dualist prin-
ciple is itself only a modality of the principle of rec-
iprocity.

This emphasis on the relation itself appears hindered
precisely by the fact that the twin steles do not ge-
nerally enter in relation with each other, just like
parallel lines painted on floors (also recalling line-
ages). The relation between the steles is suggested
elsewhere: a low bench, a slight clay lip or a slab set
on edge at Qermez Dere, Beidha, Cayoni (Skull Buil-
ding), Musular and at late Gobekli Enclosure A (E
PPNB) (Watkins 1996; Makarewicz, Finlayson 2018;
Erim-Ozdogan 2001.208; Ozbasaran et al. 2012;
Schmidt 2001.50 respectively). In the enclosures of
Gobekli III, twin steles can be said to be connected
by the ground, Mother Earth, of which we saw the
importance for the concept of fertility. But there is
more. The lack itself of any obvious connection be-
tween the parallel steles implies exactly the con-
trary: perpetually reflecting each other (as well as
the - totemic? - decorations carved on them), one
is nothing but the permanent counterpart of the
other, each stele fundamentally dependent on the
other to exist. The intrinsic relation between the two
steles is conspicuous by its absence.

6 https://www.britannica.com/topic/kinship/Alliance-theory - for an introduction in English to the work of Lévi-Strauss. An inspired
interpretation of his work has also been proposed by Barnard (1978).
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The composition seems to be bluntly saying: a moi-
ety is the mirror of its counterpart, and only the two
together, as equal partners in the (marital) exchange,
can engender the society altogether, which, in turn,
can only exist divided into equal subparts intrinsi-
cally bound to each other. But if twin steles repre-
sent an abstract sphere of symbolization with such
majesty, it is exactly because this notion is not sim-
ply an allegory: reciprocity must be conceived as a
law governing social conduct. In other words, the
full message conveyed by the twin composition ap-
pears as such: ‘marital reciprocity must be respected
for the sake of the whole society’. We will later see
why this antediluvian rule took such a ‘monumental’
urgency in the Neolithic.

The twin steles as a symbol of fertile regenera-
tion

Let us first complete our reflection on the striking
fact that the most central place of the entire com-
position at Gobekli Tepe (see also Jerf el-Ahmar) is
the space left ‘religiously’ empty between the twin
steles (Fig. 4). This vacant space must have been
filled with meaning in the eyes of the audience. We
saw that at Gatalhéyiik two symbolic pillars are con-
nected by the limbs of a feminine figure giving birth
to a bull (which is a good enough reason to see this
representation as a metaphor and not as a realistic
scene). Again, according to Forest (see English sum-
maries in Bodet 2012.7 and 2021.149-151), this is
not a woman, but the personification of the princi-
ple of regeneration, engendering the society. On the
same line of thought, the space between the twin
steles at Gobekli can be understood as a threshold
to life (a symbolic vulva?) and death
(a symbolic ‘swallowing’ mouth), be-
cause it is a representation of the va-
gina dentalia, the ‘toothed vagina’,
a widespread mythological female
principle of both regeneration and
destruction among traditional socie-
ties (Forest 1993.22; Ross 2021).

This invisible principle of the regene-
ration of society and all life forms
would then be put into action by the
mutual interaction existing between
the exogamic moieties represented
by the two monoliths. This is a prac-
tical illustration of Trevor Watkins’
(20006.21-22) statement that “archi-
tecture is a specially powerful mode
of external symbolic storage”. And
these symbols convey a specific me-
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aning. The Neolithic twin steles seem to state: ‘the
eternal cycle of life and death can only be put into
action by the principle of pure reciprocity’. Such pre-
historic capacity of abstraction can only be a surprise
to ethnocentric prejudices.

McBride (2013.59) further suggests that the partic-
ipants in a ritual or ceremony may have been asked
to walk through the central steles at Gobekli Tepe.
The idea deserves attention. This particular space,
here putatively interpreted as the principle of rege-
neration of both life and death, would indeed be the
ideal place to have adolescents pass through dur-
ing their initiation ceremony, initiation being con-
ceived in many societies as the death of the child
and rebirth as an adult (Weiss 1966.72; Henderson
1964.120-121; Forest 1996b.28). According to Max
Weber (1920/1996.184)), initiated aristocrats in Chi-
na or India call themselves ‘the twice-born’. The link
between dualism, totemism and initiation is further
supported by the fact that in order to become hun-
ters, young Aborigines are systematically initiated by
the opposite moiety. The same holds true for funer-
als and Intichiuma ceremonies (7estart 1987b.299).

Regeneration may also be the main principle dis-
played in the Franco-Cantabrian caves (also an ideal
place for ceremonies of initiation). In that case, the
cave paintings would ‘magically’ assist these princi-
ples by being represented in the ‘womb of Mother
Earth’ (Henderson 1964.146-153), the latter also
being a recurrent theme in Carl Jung’s ‘collective un-
conscious’. An analogy can also be made with the
Turkish custom of Hidirellez, still performed today,

Fig. 4. Empty space between the twin steles of enclosure D. © Deu-
tsches Archdologisches Institut, Gobekli Tepe Projekt. Picture No.
GT10_AnlD_ 5807, by Nico Becker. Courtesy of the DAL
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where the drawing of babies and cradles on the
sand or earth in springtime (when nature comes
back to life) is believed to enhance fertility7. The be-
lief that the mere representation of symbols has a
‘magical’ active power is universal: it is the same
when Christians hang a cross in their homes or Mus-
lims a picture of the Mecca. This (and probably not
a belief in a deity) would also explain why so many
crude female figurines (representing the same alle-
gory of fertility) were so common in domestic con-
texts in the Levant or Central Anatolia (Cauvin
1997.46-49), as well as many hand-size T-shaped fi-
gurines in the Urfa area (Hodder 2020). This same
belief could finally explain why symbolic enclosures
in sites like Gobekli Tepe, Nevali Gori, Sefertepe, Ka-
rahantepe (Moetz-Celik 2012.699) and as far away
as Gayonti, Qermez Dere (Upper/Middle Tigris ba-
sin), Jerf el Ahmar (Middle Euphrates) and Beidha
(Jordan), were carefully buried upon abandonment3,
arguably so as to preserve the active principle of fer-
tility they enclosed.

Epilogue: a likely cause for the monumentality
This investigation must now be placed in its socio-
economic context, thereby answering a last impor-
tant question: why such monumentality, especially
if, as discussed above, the displayed concept had
been a basic one for tens of millennia?

We must come back to the idea that in spite of its
‘universality’ (Malinowski 1926; Levi-Strauss 1967.
3-29,49), the division of society into subgroups is
not founded in nature, it is a social product; this im-
plies that nothing can physically guarantee the re-
spect of exogamy, and that its importance must be
permanently reinforced in the community, in parti-
cular to the newly initiated generations.

In hunter-gatherer societies marriage is not left to
the free-will of individuals; it is codified by tradition
and contracted among more or less closely related
individuals, like cross-cousins (Lévi-Strauss 1967;
Walker et al. 2011; Barnard 1978; Ghasarian 1990.
147-174; Bird-David 2011). The distribution of se-
xual mates is thus regulated so as to avoid a dange-
rous anarchy for the entire community. Once set-
tled, communities naturally continued this immemo-
rial tradition of ‘prescriptive’ (or pre-arranged) mat-
ing, every new generation being bound to stay with-
in the village so as to comply with this systematic
exchange. Coupled with the fact that settled life and

farming naturally lead to a strong demographic
growth (Bellwood 2005.61-64), the consequence of
this alliance system is that this growth is largely
local. This age-old inward-looking ‘elementary-type’
(whether ‘restricted’ or ‘generalized’) of marital al-
liance rule (7.e. among the subgroups of the tribe)
is most likely the ultimate cause for the appearance
of Late Neolithic mega-sites like Gatalhéyiik, Halula,
Ain Ghazal, Shu’eib or Basta (Forest 1993; Bodet
2019a; this probably goes also for Neolithic mega-
sites elsewhere like the Trypillian sites). Thus, if at
Gobekli the symbolic emphasis is monumentally
placed on the community altogether, in the much la-
ter Gatalhoyiik horizon the same concern gradually
shifts towards the intimacy of the (autonomous) li-
neage itself, or “multiple single-family households”,
to use Kuijt's (2018.565,584) words.

Such evolution did not go without problems. In farm-
ing families the elder son traditionally inherits from
his father not only the estate, land and animals, but
also a decisional power over his younger brothers
and sisters, especially in terms of alliances. This leads
to a growing internal stress with younger individu-
als searching to withdraw from the domination of
their elders by splitting from the group, a situation
well described in comparable ethnographic cases
(Sahlins 1961.324-327; Meillassoux 1991.51-52,
122-124). For Gatalhoyik, Forest (1996b.5) devised
a similar incongruous situation, all the more so that
farming allows for (and is much more efficient with)
small producing units (nuclear families) spread over
the landscape, each family/farm on a separate piece
of land. The resolution of this inextricable situation
had to wait for the abandonment of the prescribed
‘elementary-type’ alliance system (among related in-
dividuals). This is indeed what seems to have hap-
pened nearly everywhere by 6500/6000 BCE at the
latest, as suggested by the (gradual, then total) de-
sertion of all mega-sites, followed by the establish-
ment of gradually smaller farmsteads spread around,
wherever land allowed for farming and herding.
Huge Catalhdyiik East thus gives way to relatively
smaller Gatalhéyiik West (though this site still re-
mains rather large); relatively small Musular, found-
ed towards the end of large Asikli, may represent an
earlier (Late Neolithic), because eastern, example of
the same process of site segmentation. This trend
will continue throughout the early Chalcolithic, rea-
ching its apex with the Halaf culture (Forest 1996a.
27-35).

7 See ethnographical support for this idea in the authors’ video (in Turkish): https://youtu.be/hTI3eGowWTqM
8 This could still hold true even if the burying of Gobekli Tepe was initiated by slope-sliding and inundation (Kinzel, Clare 2020. 33).
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The expected tense social context just referred to is
crucial to understand the monumentality of the ste-
les of Gobekli Tepe. In charge of maintaining the
moral conduct of the society, the elders are con-
stantly recalling, imposing and teaching the new
(initiated) generations about the old traditions, in
particular the reciprocal exchange of mates. They
would have been particularly anxious and careful to
avoid any disruption in the smooth circulation of
women, and therefore, to counter, with the help of
symbolism, the splitting of younger people from the
larger kin-group. Indeed, the elders of each social
subgroup, responsible for giving mates to the other
subgroup(s), could not fulfil their duties if these
younger individuals had left. From their point of
view, such a fission would invariably lead to an out-
break of the inextricable internal violence that is
known to have scared these societies so much (Gi-
rard 1972).

The fear of the loss of reciprocal exchange and of
the cohesion of the community is hypothesized to
have pushed the elders to express the old rule of
(exogamic) alliances with much force and promi-
nence by ordering the erection of the monumental
twin steles. It is in this sense that we propose to illu-
strate Thomas Zimmerman’s (2020.14-15) intuition
that the symbolic program of Gébekli Tepe reflects
much more a Palaeolithic cultural collapse than the
advent of a new one, the way Cauvin (1997.50-55)
sees it. “It is doubtful that the supernatural world-
order envisaged by earlier hunter-gatherers would
have been entirely altered by new spiritual con-
cepts”; (the Neolithic) “repertories of symbols (...)
seem to have their origins in earlier periods” (Ya-
kar 2005.111).

“The establishment of such symbolic systems, or
the externalisation and canonisation of symbols,
is not the result of a cognitive process but rather
the result of a basic need, the need to sustain a
current life mode by coping with newly arising
social and ideological challenges of fast growing
social aggregates in the Upper Mesopotamian gras-
slands”: this statement of Gebel (2013.40) applies
very well to our views, provided that the “basic
need’ in question is first and foremost that of a su-
stained marital alliance system.

The monumental isomorphic steles understood as
an enforcement of respect for the old reciprocal al-
liance rule, can thus be seen as a form of propagan-
da, erected in the face of the threat of being aban-
doned at a time when Agricultural Domestic lineages
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were gaining economic and marital autonomy. These
‘monumental’ fears were indeed justified as, in
spite of all these efforts, elementary alliances will
prove obsolete by the Chalcolithic. This necessarily
implies that nuclear families (a married couple and
children), breaking free from their larger family
groups, proceeded to ‘complex’ types of marriages
taking the form of ‘contracts’ (hence called ‘allian-
ces’) among unrelated larger families, probably se-
cured by material transactions like the bride-price
(herd animals) (Bodet 2019b). In such a context,
exogamy became reduced to the prohibition of in-
cest (Ghasarian 1996; Forest 1996a) and dualism
naturally lost its ground as a principle of alliance to-
gether with its ideological relevance. In Gebel’s words
(pers. com.), “dualist schemes may even become
extinct in early productive environments when
strong relational ordering principles help or suf-
fice to organize lineages and the societies they are

part of.

Synthesis: Dualism as a Neolithic scheme

By shedding light on the archaeological data using
ethnographic social structures, we have here attempt-
ed to review how the Neolithic revolution transform-
ed the Palaeolithic society into an Agricultural Do-
mestic one. We were greatly helped in this task by
the Neolithic symbolism on which social changes
were invariably projected. This structural evolution
is synthesized in Table 1 and Figure 5.

We started our investigation on the premise that
hunter-gatherer societies do not marry with outsi-
ders and are, as a rule, divided into (at least two)
subgroups (moieties or lineages) as a direct outcome
of the universal rule of exogamy so as to secure the
distribution of mates and reproduction of closed so-
cieties: the hundreds of early societies reviewed in
The Elementary Structures of Kinship by Lévi-
Strauss (1967) as well as general handbooks (Gha-
sarian 1996) or articles (Barnard 1971; Walker et
al. 2011) on early kinship make this point clear. This
seems to apply during much of the prehistoric peri-
od, as symbolic representations in the depths of Mid-
dle and Upper Palaeolithic caves seem to suggest.
Throughout the Mesopotamian and Anatolian Neo-
lithic, this tradition continues with an impressive se-
ries of isomorphic representations, in particular twin
steles. The message seemingly conveyed by this dua-
list symbolism can be read as follows: ‘only the rec-
iprocal (marital) relationship ongoing between the
moieties (lineages) composing the society can allow
for the society to reproduce safely’. Beyond the kin-
ship pattern, reciprocity encompasses all other as-
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Period Economic Social st. Relations of Dualist Compatible
structure Kinship production symbolism Ethnog.
Paleolithic communism Nomadic Closed-in Primitive Neandertal Aust. Abori
Hunter-gather Moiety sys communism Bruniquel Spencer&Gill.
Late Up. Pal. Meso-Epip. Hunter-gath. Classificat. Egalitarian Franco- IKung, Inuit
w/ bows/arrows Morgan (Woodburn) Cantabrian Barnard
PPNA (N. Mesop) Pre-dom. Agric. Lineage Communal Monumental Trobriand
(Willcox) formation reciprocity Gobekli Malinowski
PPNB/PN (C. Anat) Domestic Agric. Segment. Lineage Domestic Baruya
(Peters, Zeder) lineage based Catal Godelier
Chalco (Halaf) ‘Agricultural Do- ‘Complex’ Domestic Lineage-base Gouro
mestic’ (Sahlins) (open) hierarchy Latmos Meillassoux

Tab. 1. (Very) rough evolution of prehistoric social structures (a preliminary attempt).

pects of the hunter-gatherer social structure, first
and foremost its economy. Testart has therein come
to the conclusion that dualism generally represents
a fundamental scheme determining the structural
and ideological composition of pre-state communi-
ties. It is suggested here that this dualistic ideology
finds its most phenomenal transcription in the mo-
numental central twin steles of Gobekli Tepe, at a
time when it was in danger of being supplanted by
the advent of a whole new social and ideological or-
der, the Agricultural Domestic System, founded on
autonomous (unrelated) agricultural lineages orga-
nizing marital alliances (with bride-pri-
ces) freely among themselves. As agri-
culture diffuses towards the west, and
is appropriated by local hunter-gather-
ers, the same emphasis on dualism ap-
pears, this time on 2 more modest scale
but widespread in every domestic con-
text, as in Gatalhéyik. This latter social

ber of sites up until Gatalhéyiik could show that this
scheme may apply all the way to incipient farmers.

It is now possible to clarify a theoretical problema-
tic raised above, and state that there is no coinci-
dence in recognizing dualism in the ideology of so-
cieties as geographically, chronologically and cultu-
rally distinct as the Neanderthals, Australian Abori-
gines, Magdalenians, Ancient Chinese, SW Asian Neo-
lithic or early historical Mesopotamians. This conver-
gence becomes structurally logical when the ideolo-
gy of these societies is ultimately determined by

Paleolithic
Dualist
scheme/
closed-in
kinship

system (lineages, autonomous in mari-
tal terms) was destined, a few millennia
later, to aggregate hierarchically into
city-states on the pattern of the status

N. Mesop.
Holocene

sedentary
autonomous
farming lineages

Ideological
conservatism:
pervasive
dualist
symbolism
(Gobekli, Catal)

differentiation between elder males and
women/youngsters in the agricultural
family itself (Forest 1996a; Meillassoux
1991).

According to the dictionary, a scheme is
“a large-scale systematic arrangement
Jor attaining some particular object or
putting a particular idea into effect”.
For hunter-gatherers, the ‘arrangement’
is the reciprocal partition, and the ‘ob-
ject put into effect’ the regeneration of
the community. The symbolic reperto-
ire of Gobekli Tepe and of a large num-

Chalcolithic
Domestic
societies:

nuclear family
open kinship

Fig. 5. The Neolithic Dualist scheme seen as an evolution of so-
cial structures (synthesizing graphic). Dualist and closed-in
(‘elementary’) Palaeolithic societies confronted with growing
autonomous Neolithic farming lineages trigger an ideological
conservative reaction (monumental: Gobekli III, omnipresent:
Catalhéyiik), but finally evolve towards open (‘complex’) Chalco-
lithic Domestic lineages.

9 https://www.encyclopedia.com/science-and-technology/computers-and-electrical-engineering/computers-and-computing/scheme
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strictly equal relations of (re)production (compen-
sating for low productive forces). The human consti-
tution, physically weak but with a very high poten-
tial for intra-specific communication, is such that the
survival of the species is mostly dependent on the
process of exchange between individuals. This per-
petual need to distribute food and especially mates
within the subgroups of the community and across
generations required the adoption of a form of so-
cial conduct based on pure reciprocity. Dualism ap-
pears as the ideological result (and not the cause ex-
nihilo) of this chain of causal factors. This is the
reason why dualism should not be seen as a mere
cultural tradition which, among others, would have
been miraculously preserved until the Neolithic. It
can be presumed to have been ‘socially selected’ in
the Darwinian sense of the expression, that is, un-
consciously over countless generations, for having
provided humanity with the highest, maybe the
only, probability of survival.

Evaluation

It should be noted here that Testart is suspected of
having somehow distorted the ethnographical facts,
although this is certainly due to the goal he set him-
self: not that of describing specific communities, but
instead uncovering the purely theoretical structure
that binds them all. He was thus able to reconstruct
a coherent social system where every structure (pro-
duction, reproduction, ideology) is absolutely in tune
with all the others. The best clue to support the co-
herence of this reconstitution is that everywhere so-
cieties reproduced successfully the hunting-gather-
ing way of life throughout the entire Palaeolithic pe-
riod (one to two million years?). We saw how this
success was achieved through the total annihilation
of individual interests to the benefit of the whole,
and that dualism has been identified as the keystone

of this remarkably stable social construction. But the
ultimate illustration for the central position held by
dualism in prehistory, and without which dualism
would have never occurred to the author’s mind as
a way to enlighten the Neolithic ideology, is the set
of central monumental twin steles of Gobekli Tepe.

Conclusion

The following quote on the Australian Aboriginal so-
cial and ideological structure seems appropriate to
conclude this paper: “to affirm that appropriation
is the fact of the community as a whole only, to af-
[firm that the latter is an inseparable totality, it was
first necessary to break it into two, into two parts
each closely dependent on the other. Each part was
conceived from the start as part of the whole” (Te-
start 1985.478). It is remarkable and fortunate that
these lines were written about a decade before the
excavation of Gébekli Tepe. Today, the twin steles
stand as a monumental confirmation of Testart’s
(1988) audacious intuition that Australian Aborigi-
nes likely reflect an extended Palaeolithic ideologi-
cal background.
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ABSTRACT - The Neolithic way of life was first established in Northwest Analolia before the middle
of the 7! millennium BC. The recently excavated sites of Barcin Hoyiik and Bahgelievler have yield-
ed archaeological evidence for the earliest Neolithic levels in the region and provide new archaeo-
botanical datasets. To compare different adaptations to the changes brought on by the Neolithization
processes, we studied 348 archaeobotanical samples from Phases Ve and VId1 at Barcin and 63
samples from the contemporaneous levels, Phase 6 and Phase 5, at Bahgelievler. The economic plants
include hulled and naked six-row barley, einkorn, emmer, bread/hard wheat, small-sized naked
wheat, lentil, bitter vetch, pea, chickpea, flax, hazelnut, bramble, and pistacia. Our analyses show
small but significant differences between the sites in the selected economic plant ranges, among the
cereals, pulses as well as gathered plants.

KEY WORDS - archaeobotany; Neolithization; Northwest Anatolia; Barcin Hoyiik; Bahcelievler

Razlicne oblike neolitizacije v severozahodni Anatoliji?
Arheobotanicni pregled v Barcin Hoyiiku in Bahgelievlerju v Turciji

IZVLECEK - Neoliiski nacin Zivljenja se je v severozahodni Anatoliji uveljavil pred sredino 7. tisoc-
letja pr. n. §t. Nedavno raziskani najdisci Barcin Hoyiik in Bahgelievler sta prinesli arheoloske do-
kaze in arheobotanicne zbirke podatkov o najzgodnejSem neolitiku v regiji. Primerjavo razlicnih pri-
lagoditev spremembam, ki so jih prinesli procesi neolitizacije, smo opravili s pomocjo analiz 348 ar-
heobotanicnih vzorcev iz naselbinskih faz Vie in VId1 v Barcinu in 63 vzorcev iz socasnih_faz 6 in
5 v Bahgelievlerju. Gospodarske rastline so olusceni in goli Sestvrstni jeCmen, enozrnica, dvozrnica,
krusna Zita, drobnozrnata pSenica golica, leca, grenka grasica, grah, cicerika, lan, lesnik, robida in
pistacija. Nase analize kaZejo na majhne, a pomembne razlike med najdisci v izboru gospodarskih
rastlin, tako med Ziti in strocnicami kot tudi nedomesticiranimi rastlinami.

KLJUCNE BESEDE - arheobotanika; neolitizacija; severozahodna Anatolija; Barcin Hoyiik; Bahge-
lievier

Introduction

Archaeological evidence indicates that sedentism,
domesticated plants, and herded animals made their
way from the Fertile Crescent and Central Anatolia
towards the Aegean and the Marmara Region in the
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first half of the seventh millennium BC. How this
spread occurred and how societies adapted to Neo-
lithic lifestyles exhibit great variability. Studies on
the Neolithization processes suggest that while some
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communities established Neolithic habits from the
outset, others fused two diverse ways of life; a hun-
ter-gatherer lifestyle with agriculture (for Europe see
Robb 2013; Zvelebil 2001). Recent studies on modes
of subsistence illustrate heterogeneous and complex
processes and a mosaic of adaptations (Ivanova et
al. 2018; Jovanovic et al. 2021; Kotzamani, Livar-
da 2018; Zeder 2011). These data challenge the idea
of the spread of a uniform ‘Neolithic Package’, but
much remains to be done to understand how the
processes took place from region to region. Macro-
botanical and micro-botanical analyses can be im-
portant to understand the variability of Neolithic
adaptations and subsistence strategies during this
process of expansion and colonization.

How processes of expansion took place in Northwest
Anatolia remains an important question given that
this region was among the first territories that Neo-
lithic pioneers coming from the core regions of Neo-
lithization encountered (Fig. 1a). While all early
settlements in the region display an established Neo-
lithic way of life, it is still unclear whether these
Neolithic societies incorporated Mesolithic foragers
present in the region. Hypotheses have been formu-
lated about a merging of forager and farmer groups
in Northwest Anatolia (M. Ozdogan 2013; 2014),
but the supporting evidence at hand is far from con-
crete. Differences in architectural styles and mater-
ial culture have led to theories regarding the pres-
ence and continuity of local pre-Neolithic communi-
ties at some sites (Diiring 2013; Ozbal, Gerritsen
2019; E. Ozdogan 2016). While such a mosaic mo-
del in the Neolithization process is well-documented
for Europe (Zvelebil 2001), Northwest Anatolia faces
a general lack of data with regard to

nal heterogenization (Kiing et al. 2016; Marchi et
al. 2022; Yaka et al. 2021).

Botanical remains provide an important dataset
through which the process of Neolithization can be
studied. After all, what people cultivated and gath-
ered must be viewed as a reflection of their life-
style choices and could provide important insights
on the Neolithization process. Botanical remains can
act as a proxy, not only for the reconstruction of the
local environmental or ecological situation but also
for the incorporation and transmission of cultivated
plants (Balci 2018; Gaastra et al. 2019; Kotzamani,
Livarda 2018; Kraujs et al. 2017; Marinova, Kraujs
2014; Popova, Marinova 2007). How much did peo-
ple engage in and exploit their local environments,
especially in the incipient phases of occupation? Is
there a predominant dependence on farmed Neoli-
thic founder crops or do we find evidence for the
persistent utilization of local gathered resources? In
what ways could the ratio between the wild and do-
mesticated correlate with the habits of migrant far-
mers and local hunter-gatherers?

To explore these questions regarding Neolithization,
this article makes use of two new Neolithic archaeo-
botanical datasets from the contemporaneous North-
west Anatolian sites of Barcin Hoyiik and Bahgeliev-
ler. These sites are less than 40km apart and appear
to be in the same vegetational zone, making them
ideal case studies for a comparative analysis of ma-
cro-botanical data. The site of Barcin Hoytik (Bursa)
was excavated between 2007 and 2015 (Gerritsen,
Ozbal 2019); Bahgelievler (Bilecik) between 2019
and 2021 (Fidan 2020; Kolankaya-Bostancs, Fidan

Mesolithic lifeways, except, poten-
tially, Agacli to the north of Istan-
bul (Gatsov 2001; Gatsov, Ozdogan
1994; Ozdogan, Gatsov 1998). Re-
cent aDNA studies have shown that
early Neolithic populations in West
Anatolia and the first farmers in Eu-
rope belong to the same gene pool
(Hofmanova et al. 2016; Lazaridis
et al. 2016, Mathieson et al. 2015;
2018). Much less clear at present is
the genetic history of Anatolia be-
fore and during the period of initial
Neolithization, but there are indica-
tions for complex processes during
and after the Late Glacial that in-
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Fig. 1a. Excavated Neolithic sites in Northwest Anatolia.
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2021). Both sites have levels dating to the first half
of the seventh millennium BC and yield evidence for
the earliest Neolithic communities in their respective
sub-regions. Investigating the plant remains from
the early and comparable levels of each site provides
a firsthand way to observe similarities and differ-
ences in subsistence strategies. This, in turn, offers a
window into their relative reliance on local resour-
ces and/or introduced founder crops. Our aim is to
furnish our interpretation on the Neolithization pro-
cess of Northwest Anatolia with new, first-hand data.
What subsistence strategies did the inhabitants of
each site adhere to, especially when it comes to
plant use? When establishing Neolithic settlements
where farming became the prominent form of sub-
sistence, how much of the local flora was utilized?

Different manifestations in the same region?
A case study of Barcin Hoyiik and Bahcelievler

Northwest Anatolia includes the region to the south-
east of the Marmara Sea that extends from the Bos-
phorus to the Eskisehir Region. The latter provides
direct access to the Anatolian Plateau. In the past, as
today, this region represented a diverse vegetatio-
nal, geographical, and palaeogeographical structure
consisting of coasts, mountain thresholds, moun-
tains, plains, and valleys irrigated by rivers (Afalay,
Mortan 1997; Clare, Weninger 2014; Kayan 2014;
Roberts 2014). Climatically, it has mild/Mediterra-
nean conditions (Clare, Weninger 2014). Given the
humid climate of Northwest Anatolia around 11 000
BC, the predominant tree species were birch, oak,
pine, and juniper. These species also formed the
main tree taxa during the Late Glacial period (Ro-
berts 2014.Fig.1a).

A general vegetation history covering most of the
Holocene indicates that the lowland hills and moun-
tain slopes of this region were covered with wood-
lands dominated by deciduous oak from about
10 000 to 6500 BC (Bottema, Woldring 1995; Bot-
tema et al. 2001; Kayan, Woldring 2002). Pollen
studies from a location in the Yenisehir lake basin
near Barcin Hoyiik revealed that the vegetation was
also comprised of fir (4bies), pine (Pinus), elderber-
ry (Sambucus), hornbeam (Carpinus), hazelnut
(Corylus), beech (Fagus), cedar (Cedrus), linden (7i-
lia), and elm (Ulmus) (Bottema et al. 2001). A re-
cent wood charcoal study by Schroedter and Nelle
on data obtained from the Late Neolithic layers at
the site of Aktopraklik - located near Lake Ulubat,
fifty kilometres to the West of the Yenisehir Plain -
yielded oak, pine, mock privet, and pistacia as well
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(Schroedter, Nelle 2015). Despite the geographical
proximity, the latter two species are not documented
in the pollen study from Lake Yenisehir (Boftema
et al. 2001; Schroedter, Nelle 2015.92).

Today, about a third of the region remains covered
with forests (Atalay, Mortan 2011; Roberts 2014).
Due to the felling of oak and red pine forests in hi-
storical times, dense maquis shrubland covers the
landscape. Vegetation includes species such as rock
rose (Cistus creticus), hazel (Corylus), tree heath
(Erica arborea), prickly juniper (Juniperus oxyce-
drus), mock privet/green olive tree (Phillyrea lati-
Jolia), pistacia (Pistacia terebinthus), and plum
(Prunus) (Atalay, Mortan 2011.153).

Archaeologically, the Istanbul region, the Yenisehir
Plain, the foothills overlooking Lake Ulubat, and the
Bilecik-Eskisehir region fall within what has tradi-
tionally been called the Fikirtepe Culture zone (Fig.
1a) (Ozdogan 2014). Evidence for agriculture and
animal husbandry is most prevalent here, but minor
amounts of hunting, gathering and fishing are also
evident across the communities of the Neolithic and
Chalcolithic in the Fikirtepe Culture zone at sites in-
cluding Pendik, Fikirtepe, Yenikap1 in Istanbul pro-
vince, Barcin Hoytik, Mentese, Aktopraklik, Ilipinar
in Bursa province, and Bahcelievler in Bilecik and
Kecicayir1 in Eskisehir provinces in Northwest Ana-
tolia (Arbuckle et al. 2014; Balci 2018; Balci et al.
2019; Boessneck, von den Driesch 1979; Budd et
al. 2013; 2018; 2020; Buitenhuis 2008; Cappers
2008; 2014; Cakiwrlar 2013; 2015; Galik 2013; Gou-
richon, Helmer 2008: Izdal Caydan 2018: Karul
2011; 2017; Kiziltan, Polat 2013, Kiziltan 2013;
Kolankaya-Bostanc, Fidan 2021; Ozdogan 1983;
Sari, Akyol 2019; Thissen et al. 2010; Ulas 2020;
Wiirtenberger 2012).

A noteworthy element with regard to the architec-
ture is that we see variability across sites. While
those like Barcin Hoyiik (Gerritsen, Ozbal 2016),
Mentese (Roodenberg et al. 2003), lipinar X-IX (Ro-
odenberg 2008), and Aktopraklik B (Karul 2010)
display rectilinear architecture, others including Ak-
topraklik C (Karul 2011; Karul, Avcy 2011), and
Bahcelievler (Fidan 2020; Kolankaya-Bostancs, Fi-
dan 2021) yield evidence for round semi-subterra-
nean structures. Both round and rectangular buil-
dings have been discovered and excavated at Yeni-
kapt (Kuzltan, Polat 2013) and Pendik (Harmanka-
ya 1983; Ozdogan 2013; Pasinli et al. 1993), while
Yarimburgaz (Ozdogan 2013) stands alone as a
slightly later cave settlement. If architecture is a phy-
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sical manifestation of world views and lifestyles
(Lefebure 1991), then the variability observed across
Northwest Anatolia in the seventh and sixth millen-
nia BC may be noteworthy. The contrast that the
sites of Barcin Hoyiik and Bahcelievler show with
regard to architecture, with the former yielding rec-
tangular and the latter round structures, juxtaposes
these two pioneering Neolithic sites. This allows us
to consider any notable differences in botanical re-
mains in a larger context. We may ask whether di-
vergences in assemblages may reflect indications of
diverse representations of lifestyle preferences or
whether they are, in fact, a result of micro-regional
adaptations. Are there indications that we are deal-
ing with immigrant farmers at one community and
a representation of local hunting and gathering com-
munities who adopted agriculture in another?

Barcin Hoytik and Bahcelievler were inhabited par-
tially contemporaneously, as demonstrated by both
absolute dates and material assemblage comparisons
(Fidan 2020; Gerritsen, Ozbal 2013a; 2013b; Ozbal,
Gerritsen 2019). Bahcelievler Phase 6 is likely con-
temporary with Phase Vle at Barcan Hoyik, while
Bahcelievler Phase 5 corresponds timewise with
Barcin Hoyiik Phase VId1. The later levels at both
sites, beyond the scope of this paper, show paralle-
lisms with the Fikirtepe culture (Fig. 1b).

Barcin Hoyiik general background

Barcin Hoyiik is located in the Yenisehir Plain, Bur-
sa, and was excavated between 2005-2015. The
Neolithic levels are separated into seven distinct
phases from the uppermost VIa to the lowest Vle
(Gerritsen et al. 2013a; Gerritsen, Ozbal 2019). The
most important result of the Barcin Héyiik excava-
tions is possibly its contribution to the reconstruc-
tion of a continuous developmental sequence for the
Neolithic of the Marmara Region. The stratigraphic
sequence from the site, supported by 80+ radiocar-
bon dates, enables us to restructure the period from
the first half of the seventh millennium to the begin-
ning of the sixth millennium BC with associated ma-
terial culture, architecture, and subsistence strate-
gies (Gerritsen, Ozbal 2016; 2019; Ozbal, Gerritsen
2019).

Excavations at Barcin Hoyiik yielded rectangular
houses. This article discusses Phases VIe and VId1,
for which the botanical remains have been extensi-
vely studied (Balc: et al. 2019). While two posthole
structures dating to the earliest phase (Vle) were
unearthed, excavations also brought to light a row
of four slightly smaller structures dating to VId1, the

overlying phase (Gerritsen, Ozbal 2016; Ozbal, Ger-
ritsen 2019; van den Bos 2021). Courtyards were
discovered north and south of the structures in both
phases. Posthole architecture was the primary buil-
ding technique in Phase Vle, but in VId1 consider-
ably smaller posts set into foundation trenches were
used instead (van den Bos 2021.168). Most notably,
there are differences between the two phases with
regards to material culture as well. The scarcity of
archaeological materials in the earliest layers, in-
cluding pottery, is noteworthy. By Phase VId1 the
range of objects available increases both in quanti-
ty and variability (Gerritsen, Ozbal 2016; Ozbal,
Gerritsen 2019).

Bahgelievler site general background

The site of Bahgelievler was discovered on an empty
land parcel between apartment buildings in the city
centre of Bilecik. The Neolithic settlement was lo-
cated on the eastern bank of a small stream that has
subsequently dried up. The Neolithic layers have
been divided into seven different phases, from Pha-
ses 8 to 2. Preliminary radiocarbon dates suggest
that the earliest levels of Bahcelievler correspond to
the first half of the seventh millennium BC (Fidan
2020). The exact dates are difficult to ascertain given

cal BC Bahgelievler Barcin Hoyiik

6000

6100
6200
6300
6400
6500
6600
6700
6800
6900 ——

7000 ——

Fig. 1b. Comparative chronological table for Bah-
celievler and Barcin.
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the problems with the calibration curve, but the ear-
liest dates fall between 7192-7052 BCE.1 Excava-
tions at Bahcelievler in Phases 3-8 yielded oval/
round structures with diameters of 3-5m and walls
up to 45-50cm thick in some structures. The walls
were strengthened in some instances by mud or
mudbrick, and post-holes traces are visible in some
walls as well as clusters of small pebbles (Fidan
2020.36). Workshop and courtyard areas were disco-
vered between the structures, yielding most of the
artifact assemblages with the exception of stone tools,
which for the large majority come from inside the
buildings (Kolankaya-Bostanc, Fidan 2021.102).

Materials and methods

The macro-botanical samples collected at both sites
were floated in water, not more than two litres at
a time, by means of manual flotation in buckets.
Chiffon fabric was used for drying the light materi-
al and a lmm mesh was used for the heavy materi-
al during the flotation for collecting and drying. The
dried samples were sifted through steel test sieves
of 0.24<0.5<1.0<2.0<3.0mm and placed inside zip-
ped plastic bags and centrifuge tubes for sorting. A
triocular 0.6-4x stereo zoom microscope was used
for identification and photography. The plant re-
mains were compared with plant catalogues to aid
with the determination of genus and species (Boj-
nansky, Fargasova 2007; Cappers et al. 2012; Cap-
pers, Bekker 2013; Cappers et al. 2016; Neef et al.
2012).

For Barcin Hoyik, a systematic sampling strategy
was applied to the site during the excavations. A to-
tal of 163 samples corresponding to 480 litres of
soil from Phase Vle and 185 samples corresponding
to 580 litres of soil from Phase VId1, all collected
during the 2013-2015 seasons, have been analysed
within the scope of this study. The samples repre-
sent different contexts including layers, surfaces,
platforms, pits, foundation trenches, pyrotechnic fea-
tures, postholes, and burials. The frequent burned
contexts at Barcin Hoyiik facilitated excellent pre-
servation of plant remains as well as substantial
amounts of wood charcoal. There is no particular
context in which we find a high percentage of plant
remains in Barcin Hoyiik except a single burned
store of lentils from structure 2a in level VId1 that
yielded around 28 000 seeds. However, no special
wild plant group was found among the samples
(e.g., Fairbairn et al. 2007). A large proportion of

the wild plants consists of field grass/weeds. The
wild plant group is part of another study (in prep.).
The archaeobotanical samples were studied by the
first author in several places including the Barcin
Hoyiik Excavation House in Yenisehir, Bursa, the
Netherlands Institute in Turkey in Istanbul, and the
Koc University Archaeology Laboratory in Istanbul
under the supervision of René Cappers of the Uni-
versity of Groningen.

For Bahgelievler, a total of 134 archaeobotanical
samples corresponding to 650 litres of soil sampled
from the Neolithic phases during the 2019, 2020,
and 2021 seasons were analysed. Included here in
this study are 40 samples (248 litres) from Phase 6
and 23 samples (108 litres) from Phase 5. The sam-
ples were taken from surfaces, courtyards, hearths,
and burials, yielding great variability in the num-
ber of archaeobotanical samples for each phase. The
preservation of the plant remains was notably po-
orer than at Barcin Hoyik, probably due to the lack
of burned deposits, but it may also reflect the circum-
stances of plant use at the site. Most of the cereal re-
mains were fragmented, making species identifica-
tion difficult and wood charcoal remains remain li-
mited. The archaeobotanical samples have been stu-
died in the Bilecik Museum by the first author.

Archaeobotanical results from Barcin Hoyiik
and Bahcelievler

Overall, the crop range between the two sites is si-
milar. Both sites display an increase in quantity and
variety of plant remains from the earliest phases
Barcin Vie and Bahgelievler 6 to the subsequent
phases Barcin VId1 and Bahcelievler 5 (Fig. 2). This
may be to some extent a result of factors like preser-
vation and sample numbers, but despite these issues
a remarkable increase in the variety of cereals and
pulses at both sites is noted over time.

At Barcin Hoyiik Phase Ve, investigations yielded
economic plants from the grass (Poaceae) family
which constitute the main cereal group. This includ-
es six-row barley - hulled and naked (Hordeum vul-
gare ssp. vulgare L.), einkorn wheat (Triticum mo-
nococcum ssp. monococcum L.), emmer wheat (7ri-
ticum turgidum ssp. dicoccon (Schrank) Schiibl.)
and bread/hard wheat (Triticum aestivum L./du-
rum Desf.). Among the pulses (Fabaceae), lentils
(Lens culinaris Medik.), peas (Pisum sativum 1.)
and bitter vetch (Vicia ervilia 1.) were identified.

1 The 14C results of the settlement are being prepared for publication by Erkan Fidan and TUBITAK MAM.
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In this phase, excavations yielded only fifteen pulse
fragments, while flax (Linum usitatissimum L.) was
represented by a mere seven seed fragments (Fig.
2). In summary, barley (hulled and naked), einkorn,
and emmer hulled wheats, bread/hard wheat (na-
ked), lentils, bitter vetch, peas and flax represent
the main documented economic plants from VIe at
Barcin Hoyiik.

In Phase VId1, in contrast, we find an expansion of
types and a greater variety than in Vle. The main
cereals remain identical with the Phase VIe but we
also begin to find a small-sized naked wheat type
(not exactly defined wheat species between Triti-
cum ssp. aestivum/ssp. durum and T. turgidum ssp.
dicoccon) added to the cereal range in this phase.
Likewise, we see a real presence of pulses - especial-
ly lentils - of the pulse family. Identified species are
similar to those from Phase Vle, but we find that
the chickpea (Cicer arietinum) begins to appear
among the pulses range in this Phase. Flax is also
present as observed in Vle in small quantities. Phase
VId1 also yields species gathered from the surround-
ings including 22 fruits of hazelnut (Corylus avella-
na L.) and two fruitlets of bramble (Rubus).

As mentioned above, the plant preservation at Bah-
celievler is poor compared to at Barcin Héyiik, and
many samples yielded hardly any remains. Phases
8 and 7 at Bahcelievler with a total of four and 21
plant remains, respectively, are not considered in
this paper because the botanical yields are too low
to make meaningful interpretations (Fig. 2). The lack
of botanical remains in the two lowest phases at
Bahgelievler may be a result of sampling sizes, pre-
servation and restricted exposures of the excava-
tions, but could potentially reflect the limited use of
farming plants. Instead, this paper focuses on Pha-
ses 6 and 5 where the counts are not only adequate
but the dates for these levels align well with Barcin
Hoyik’s Phases Vle and VId1. Thirty-eight of the
samples, mostly coming from Trench B3 and dating
to Phases 6 and 5, show somewhat higher concentra-
tions. In Phase 6, the cereals include six-row barley -
naked/hulled (Hordeum vulgare ssp. vulgare), ein-
korn (Triticum monococcum ssp. monococcum,),
emmer (Triticum turgidum ssp. dicoccon), and
bread/hard wheat (Triticum ssp. aestivum,/durum).
However, the einkorn wheat is only represented by
two fragmented grains. Likewise, two seeds of len-
til (Lens culinaris) have been identified for Phase 6
at Bahcelievler. Though minimal, this phase also
yielded evidence for gathering with two fruits of pi-
stacia (Pistacia ssp.).

In the subsequent Phase 5, however, six-row barley
- hulled/naked (Hordeum vuigare ssp. vuigare),
emmer wheat (Triticum turgidum ssp. dicoccon),
and bread/hard wheat (Triticum ssp. aestivum/
durum) were identified within the grass family
among the main economic plants, while this time
einkorn wheat (Triticum monococcum ssp. mono-
coccum) was represented by a single grain. Pulses
remain poorly represented and lentil (Lens culina-
ris) continues to be represented by no more than
two seeds. While this points to the presence of the
species, it may not effectively show that this species
had a significant role in the diet, at least within the
excavated contexts. At the same time, however, ga-
thered plants may suggest a different exploitation
strategy of the immediate landscape in this phase.
Pistacia, which was found in negligible quantities
in Phase 6, becomes represented by 77 fruits from
five different samples from the courtyard areas of
Trench B3, suggesting a much larger emphasis on
gathering by Phase 5. The gathered plant remains
also include two grape seeds.

Discussion

Comparing the results for Barcin Hoyiik and
Bahcelievler

As at Barcin Hoyiik, the results also show an increase
in botanical remains through time at Bahcelievler
as well. While by Bahcelievler Phase 5 the variety
of economic plants parallels that at Barcin Héyiik,
there are a few elements that show dissimilarity
(Figs. 3-4). Barain Hoyik yielded small-sized naked
wheat and flax, both of which were lacking at Bah-
celievler, and the presence of einkorn wheat, rep-
resented by only two grains at Bahgelievler Phase 6
is debatable. In addition, the cereals remain the do-
minant group of edible plants at both sites when
compared with other plant remains, where it com-
prised 95% of the assemblage at Barcin Hoyiik (Fig.
5a) and 72% at Bahgelievler (Fig. 5b). The pulse
group comes second and retains a minor place, es-
pecially at Bahcelievler.

However, the most meaningful results that differen-
tiate the sites derive from gathered plants. Though
still preliminary, the results raise the question as to
whether gathering at Bahgelievler contributed to
the diet in a more substantial way than at Barcin Ho-
yik. Pistacia, a gathered resource, comes second in
quantity after the cereal remains, suggesting that it
played a significant role at this site (Fig. 5b). Pista-
cia is represented in this area within a range of trees
with edible fruits including pistacia/terebinth (Pi-
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stacia terebinthus 1.). At Barcin Hoyik, in contrast,
gathering remains almost trivial, and hazelnut and
bramble fragments, especially when compared to
the high quantity of samples, remain negligible (Fig.
5a). On the other hand, it may not always be consi-
stent to emphasize the importance of a species based
on the number of remains discovered, given that a
range of criteria including preservation, fruit mor-
phology,2 food preparation, and consumption, may
affect the ultimate proportions. Nonetheless, the use
of economic plants remains notably important at
both sites in the earliest phases.

Local adaptation: pulses

Both Barcin Hoyiik and Bahcelievler yielded small
quantities of pulses in their earliest phases, suggest-
ing that pulses may be rare in general in the region
in the first half of the seventh millennium BC. At
Barcin Hoyiik, only fifteen pulse seeds were found
in Phase Vle (Fig. 2), strikingly low, especially given
the rich array of cereal remains recovered from the
same contexts. However, we do see a significant in-
crease in pulses by VId1 when we find a store of
them in situ clustered in a lentil storage bin as well
as from several other contexts. Bahgelievler, like-
wise, yields a similar picture with regards to pulses
where they remain conspicuously lower in quantity
when compared with cereals (Fig. 6). There may be

2
C mm

Small-sized naked
wheat

_ present
hazelnut
Gathered plants t

Fig. 3. The differences in plant selection between
Barcin Hoyiik and Bahgelievler.

present not present

not present

pistacia, grape

several reasons underlying the near lack of pulses
in the earliest phases of these sites. The earliest in-
habitants, whether incipient pioneer settlers or de-
scendants of local foragers, might initially have
briefly experimented with pulses but may instead
have chosen to target cereal cultivation during the
first occupation Phase Vle.

On the other hand, the rarity of pulse species has
also been interpreted as a result of preservation-de-
pendent factors, and the scarcity of pulses might be
a result of post-depositional processes specific to the
species (Cappers 2008; Kotzamani, Livarda 2018;
Marinova, Popova 2008). If taphonomic, the chal-
lenge is to explain the significant difference in the
pulse ratio between Phases Vle and Vd1 at Barcin

f 10x

Fig. 4. a small-sized naked wheat; b flax; ¢ hazelnut; d bramble (a, b, c, d from Phase VId1, Barcin Ho-
yiik), e pistacia, f grape (e, f from Phase 5, Bahgelievler).

2 For example, the number of fruitlet endocarps for someone who eats five brambles would be ¢. 300-350. Post-depositional dis-
persal might dilute the number concentrated in feces (personal communication with René Cappers).
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Hoyiik. Except for the burned store of lentils in
structure 2a in Barcin VId1, we know that there is
no significant difference in terms of the preservation
conditions across the site. Aside from the store, 182
pulse seeds were discovered in the 580 litres sorted
for Barcin VId1 across a range of 35 different con-
texts. But only 14 pulse seeds were documented for
the 480 litres analysed for Phase Vle. Preservation-
related factors are often suggested to diminish the
importance of pulses in the diet, but the discovery
of a dense store of lentils in Phase VId1 questions
the assumption that they were insignificant. The
pulse spectrum at Barcin Hoyiik is paralleled at Bah-
celievler, where we see an increase in quantities over
time. A question that comes to mind is whether this
increase is a result of the changes in social behavi-
our, the household structure, and/or the subsistence
strategies of the inhabitants which may collective-
ly have contributed to major shifts in the exploited
species. Limited exposures and the low level of pre-
servation of plant remains at Bahcelievler make it
difficult to make a direct quantitative comparison,
unlike at Barcin Hoyiik. However, it can be suggest-
ed that the first settlers of Barcin Hoyiik must have
applied different strategies regarding the growing,
storing and processing of pulses.

Local adaptation: gathered plants

A major factor differentiating the sites of Barcin Ho-
yiik and Bahcelievler with regard to their subsistence
strategies lies in the approaches that their inhabi-
tants took with regard to gathered plants. Barcin Ho-
yiik lacks the general exploitation of edible fruits.
Analyses only documented a single fruit of hazel in
level Ve, though this number approaches 22 fruits
by Phase VId1, which come from seven different con-
texts. The presence of hazelnut increases in the la-
ter levels of the site (Balc: et al. in prep.). This could
be considered an indication of how people interact-
ed with their immediate environment. At Barcin Ho-
yiik, the exploitation of gathered plants was quite
limited, and instead, cultivated, and harvested agri-
cultural plants were favoured. At Bahcelievler, on
the other hand, as demonstrated by the courtyard
area of Trench B3 in Phase 5, the gathered plant pi-
stacia and most likely Pistacia terebinthus was col-
lected, where it comprised 25% of the assemblage
demonstrating definitive utilization of this species
in the diet.

An interesting aspect of the gathered plant remains
found at both sites is that they are typically from re-
stricted numbers of contexts in comparison with eco-
nomic plant groups such as cereals and pulses. This
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Barcin Hoyiik Phases Vie - Vid1

M cereal
M pulse

m gathered plants

n=4305*

Fig. 5a. The proportions of economic plant groups
in Phases Vle and VId1 at Barcin Héyiik. * The
28 000 lentil seeds from Barcin Hoyiik are not re-
presented in the pie chart.

Bahgelievler Phases 6 - 5

m cereal
M pulse

m gathered plants

n=317

Fig. 5b. The proportions of economic plant groups
in the Phases 6 and 5 at Bahgelievler.

raises the question of full-time exploitation. Unlike
cereals, which are particularly hardy and are excep-
tionally suited for long-term storage, gathered plants
are typically seasonal, and thus collection and ex-
ploitation times must have been limited. In addi-
tion, the location of the consumption of gathered
plants such as hazelnut/pistacia and bramble/grape
show differences with regard to depositional proces-
ses. In this context, we can ask whether the lack of
hazelnut at Bahcelievler, and, despite the large sam-
ple sizes, the complete absence of pistacia at Barcin
Hoyiik, was a result of sub-regional vegetation boun-
daries. While pistacia was not documented in the
pollen study from Lake Yenisehir (Botfema et al.
2001; Schroedter, Nelle 2015.92), the presence of
this species is well attested in the Late Neolithic la-
yers at Aktopraklik (Schroedter, Nelle 2015) and in
the early Chalcolithic layers from Ilipinar X (Cap-
pers 2008) which are 75 and 40km away, respecti-
vely. Tim M. Schroedter and Oliver Nelle (2015) sug-
gest that pistacia is a plant that thrives in open Me-
diterranean type environments with shrub-like ve-
getation. Barcin Héyiik was located in a valley bot-
tom with ample potential for agriculture while Bah-
celievler was in an upland region, so the differences
in the setting may have contributed to the micro-en-
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vironmental juxtaposition. On Barcin Bahgelievler
the other hand, we think that Vie | Vidi 8 7 6 5
sample number 163 185 12 20 15 23 |sample number

the near by Slope? al(_)ng the Economic Plants Economic Plants
edges of the Yenisehir plain  [pulse 15 | 28186* 6 6 3 |Fabaceae
could have been used for agri-  |pulse unknown 3 1 |Fabaceae
culture as well (BﬂlCl 201 8) bitter vetch 6 88 1 Vicia ervilia

.. chickpea 7/ Cicer arietinum
Hazelnuts often FhI'IV? 1n opeén lentil 28075 6 2 2 Lens culinaris
woodlands, which likely de- [pea 1 16 Pisum sativum

scribes the situation for Bar-
cin Hoyiik. We cannot rule out
that the differences across the
sites with regard to their reliance on gathered plants
was a result of micro-climatic and vegetational as-
pects and hence different methods of adapting to
the environment. The data from Barcin Hoyik does
not point to an intense reliance on other micro-cli-
matologically suitable gathered plants. It is there-
fore possible that part of the divergence may be a
result of the ways in which the residents of each
site interacted with their immediate surroundings
and exploited the local vegetation.

A comparison of subsistence strategies in the
region

Most of the Neolithic sites in Northwest Anatolia
have levels dating to the end of the first half and
second half of the seventh millennium, and yield
evidence for what appears to be the earliest Neoli-
thic inhabitants in their respective sub-regions, sup-
porting our interpretation of the Neolithization pro-
cess for Northwest Anatolia. Bahcelievler (Balcs, in
prep.), Barcin Hoyik (under study by Cappers, Bal-
c; Balcy 2018; Balc et al. 2019), Aktopraklik (Ka-
rul 2017; Kabukgu et al. in prep.), Mentese, and Ili-
pmar (Van Zeist et al. 1995b; Cappers 2008; 2014),
Pendik (Ulas 2020), Fikirtepe, Yenikap1 (Ulas 2020),
and Neolithic Yarimburgaz provide insights on the
Neolithic way of life across the Eastern Marmara Re-
gion (Fig. 7). Even though not all excavations have
yielded archaeobotanical data such as Fikirtepe, we
do have ample data on their subsistence economies.

In general, a terrestrial diet, rather than an aquatic
or wild game-based one, is predominant at the in-
land settlements of Bahgelievler, Barcin Hoyiik, Ba-
sal Mentese, Aktopraklik C, and Ilipinar X (Arbuc-
kle et al. 2014; Balc: et al. 2019; Buitenhuis 2008;
Budd et al. 2013; 2018; 2020; Cappers 2008; Galik
2013; Gourichon, Helmer 2008: Izdal-Caydan
2018; Karul 2017; Kolankaya-Bostanci, Fidan
2021). In addition, based on the presence of marine-
based and hunted foods at coastal sites like Pendik
and Fikirtepe, it is possible to interpret these subsi-

Fig. 6. The quantities of pulse remains from the early phases at Barcin
Hoyiik and Bahgelievier.

stence practices as a continuation of Mesolithic cus-
toms (Boessneck, von den Driesch 1979; Cilingi-
roglu 2005; Diiring 2011; Evershed et al. 2008; Oz-
dogan 1983b; 2010; 2011; 2013; Rohrs, Herre
1961; Thissen 1999; Thissen et al. 2010). Burhan
Ulas’ (2020) study on plant subsistence in Pendik
also supports this suggestion. Though a coastal site,
Yenikapi1 presents a different picture than the agri-
cultural communities at Fikirtepe and Pendik, which
also appear to have practiced fishing and hunting,
probably because Yenikap1 primarily represents the
sixth millennium and is thus later (Kiziltan, Polat
2013; Ulas 2020).

In Bursa province, archaeobotanical data has been
obtained from Barcin Hoyik, Aktopraklik, and II-
pinar. At Neolithic Aktopraklik C, we know of the
presence of six-row barley, emmer, lentils, bitter
vetch, and flax (Karul 2017). At lipinar, excava-
tions yielded 24 samples from the earliest Phase X
and 20 samples from the overlying Phase IX dating
to just after the turn of the sixth millennium BCE.
The data suggests that barley, emmer, small-sized
wheat, einkorn, lentil, bitter vetch, grass peas, peas,
flax, figs, and bramble were used as economic plant
species in the two earliest phases. However, the ear-
liest Phase X only yielded a single non-economic
plant (Cappers 2008).

In Istanbul province archaeobotanical data has been
obtained from both Pendik on the Asian side and
Yenikapi on the European side. At Pendik, archaeo-
botanical analyses yielded limited results. These
comprised only a few cereals including a single em-
mer grain, and a single barley grain as well as only
a couple of pulses, including one-seed of a grass pea
and one-seed of a pea. In addition, seven seeds of
flax and two fruitlets of bramble were identified
within the economic plant data. Other identified
plant remains are included in the wild plant group
(Ulas 2020.30-31). At Yenikapy, there is a higher va-
riety in the economic plant range. The cereal group
includes emmer, einkorn, bread/hard wheat, and
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new glume wheat, 7. spelta, T. compactum, which
is a species related to bread/hard wheat (Ulas 2020.
32). Overall, this yields a different picture than the
general regional crop range. The pulse group in-
cludes lentils, chickpeas, grass peas, bitter vetch,
peas, and faba beans (Vicia faba var. minor, Ulas
2020). In addition, a range of gathered plants in-
cluding figs, grapes, and bramble have been docu-
mented (Ulas 2020.32-33).

Consequently, we find notable dissimilarities in foun-
der crops across sites. While it is possible to talk
about a transition to farming and husbandry in the
region, simply applying a universal ‘Neolithic Pack-
age’ idea does not embody the complexity that is
present across different sites. From this point of
view, inhabitants at most sites within the region
knew and practiced agriculture, and some also seem
to have had a keen understanding of the immediate
environment. Overall, each settlement appears to
have opted to apply individual behaviours at a small
scale.

In addition, it has been shown that dairy products
typically comprise a significant amount of the diet
for many Marmara Region residents during the
Neolithic Period (Evershed et al. 2008: Ozbal et al.
2013; Thissen et al. 2010). Meat would naturally
also have contributed to the nutrition needs, but it
is still generally thought that economic plants and
mostly cereals formed the largest percentage of
these communities’ diets, because they were also
intensive farmers. We know this especially from the
carbon and nitrogen isotope analyses on bone col-
lagen from individuals at Aktopraklik and Barcin
Hoyitik from the work of Chelsea Budd et al. (2013;
2018; 2020). Fish consumption also seems to play a
notable role at some sites, but it mostly appears as
a supplementary food in the diet. Given this com-
plex picture, our archaeological interpretation must,
for the moment, remain incomplete and perhaps in-
accurate until multi-proxy subsistence research is car-
ried out for each settlement.

Conclusions

The main aims of this study have been to use the
archaeobotanical datasets from Barcin Héyiik and
Bahcelievler to discern variability in Neolithization
processes in Northwest Anatolia in the seventh mil-
lennium BC, and to compare local community-based
adaptations with the macro-regional phenomenon
of Neolithization. A careful study of the datasets
from each site shows various nuances in the specific

economic plant packages, which can be clustered
under four groups. First, cereals such as barley, ein-
korn, emmer, and bread/hard wheat, are identified
with certainty for Phase Vle at Baran Hoyik, but
barley and einkorn are not favoured in the contem-
poraneous Phase 6 at Bahcelievler. Second, the data
did yield some differences in the presence of flax
and a small-sized naked wheat, which are both pre-
sent in Phase VId1 at Barcan Hoyiik but have not
been found at Bahgelievler. Third, the presence of
pulses such as lentils, peas, chickpeas, and bitter
vetch differs between phases at both sites. Although
lentils, bitter vetch, and peas were identified in near-
ly negligible amounts in Phase Vle at Barcin Hoyiik,
these pulses become common in the subsequent
phase and chickpeas also emerge within the local
inventory at this point. At Bahcelievler, on the other
hand, lentils and a single seed of bitter vetch were
identified in Phase 6, while lentils continue to be
the only identified pulse species in the overlying
Phase 5. Finally, the presence of gathered plants,
conspicuously lacking from the earliest phases, ap-
pears in the subsequent levels of both Barcin Ho-
yik and Bahcelievler. Hazelnut and bramble are
found at Barcin Hoyiik while pistacia and grape oc-
cur at Bahcelievler. Despite the proximity of the two
sites, the results show distinct local food practices
and potential re-interpretations of the process of
Neolithization.

Based on the current evidence, the pioneer settlers
at Barcin Hoytik appear to have brought their full
subsistence package with them. The data from Bah-
celievler also suggest a reliance on non-local econo-
mic plants. However, the inhabitants of Bahcelievler
appear to show more readiness to exploit local wild
resources and to integrate gathered plants into the
local subsistence strategies in Phases 6 and 5. We
observed that the economic plant range in both
sites remains limited, especially when compared
with the later levels. While some of the differences
observed between Barcin Hoyiik and Bahcelievler
may be related to sub-regional climatic variability,
local geographical conditions, or vegetational diffe-
rences and the particulars of the plant economies
at each site were the outcome of the choices made
by their respective communities, based likely on lo-
cal cultural preferences and social practices.

Suggesting that this results from the divergent path-
ways that the inhabitants of these sites took in the
process of Neolithization admittedly requires a large
leap. Whether the reliance on gathering at Bahge-
lievler, with its semi-subterranean round houses,
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was a remnant of a practice the inhabitants held
onto since the pre-Neolithic periods is difficult to
ascertain and cannot be addressed confidently with
macro-botanical data alone. Nonetheless, we can at
least propose that the behaviour that emerges from
the choices that the inhabitants of each site made
were due to a complex set of habits and environ-
mental circumstances. This notion poses new ques-
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tions about this region’s transition to the Neolithic.
Overall, though, at both sites the majority of the
botanical remains, and hence the main subsistence
strategy, remains one that is based on the cultiva-
tion and dominance of economic plants, yet there
are clearly unique ways in which the inhabitants of
each site perceived and incorporated wild resources
within their diet.
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ABSTRACT - Food is essential for survival, but how humans obtain and manage it is regulated so-
cially. The life of Neolithic and other non-industrial communities depended on environmental varia-
tions - temperature patterns and precipitation. For farming communities, even minor changes in
those patterns could have led to periods of food scarcity. In order to overcome and prepare for pe-
riods of scarcity, non-industrial communities applied different social buffering strategies. In this pa-
per, the social buffering strategies Early/Middle Neolithic Starcevo and Late Neolithic Vinca culture
communities applied in overcoming the environmental variability are tested and the most plausible
ones are considered.

KEY WORDS - Neolithic; Balkan Neolithic; subsistence; mobility; farming

Kaj naredimo za hrano — socialne strategije za premagovanje
pomanjkanja hrane v neolitiku na srednjem Balkanu

IZVLECEK - Hrana je bistvena za prezivetje, in druzbe urejajo, kako jo ljudje pridobivamo in uprav-
liamo. Zivljenje neolitskih in drugih predindustrijskih skupnosti je bilo odvisno od sprememb v oko-
lju - temperaturnih in padavinskih vzorcev. Ze manjse spremembe v teh vzorcih bi lahko povzroci-
le pomanjkanja hrane. Da bi to preprecile in se pripravile na pomanjkange, so predindustrijske skup-
nosti uporabile razlicne strategije socialne varnosti. V clanku preverjamo in predstavijamo najbolj
verjetne strategije socialne varnosti, ki sta jih uporabili kulturi Starcevo in Vinca v zgodnjem, sred-

njem in poznem neolitiku za premagovanje posledic spreminjanja okolja.

KLJUCNE BESEDE - neolitik; Balkan; strategija prezivetia; mobilnost; poljedelstvo

Introduction

The Neolithic is traditionally perceived as a time
when farmers lived in permanent settlements, but
this simplified generalization cannot be universally
applied. By introducing the concept of the ‘Neoli-
thic package’, archaeologists tried to unify cultural,
economic, social and ideological innovations which
occurred in the Near East during the Neolithic. These
innovations spread beyond the original territory,

leading to the emergence of a new lifestyle in a wi-
der area. The Neolithic package is often described as
several factors that differentiate the Neolithic from
previous lifestyles and it includes agriculture (plant
domestication and cultivation), domestic animal
farming (animal domestication), the emergence of
sedentism, pottery production, polished stone tools
and an ideology compatible with the new lifestyle

1 This paper is a result of the work on the project ‘Humans and Society in Times of Crisis, Archaeology of Crisis’ (Faculty of Philo-
sophy, University of Belgrade). In the first phase of the project social buffering strategies applied by Early/Middle Neolithic commu-
nities at the Central Balkans were studied (Puricic 2021). This paper is a result of a second phase of the project, where this sub-
ject is further elaborated and social buffering strategies applied by Late Neolithic communities are added to the study.
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(e.g, Cilingiroglu 2005; Cauvin 2000; Duricic 2021),
which led to new subsistence strategies and new
risks.

At the territory of the Central Balkans, the Neolithic
lifestyle arrived already formed together with a new
population around 6250 cal BC. (Boric, Dimitrijevic
2007; Boric 2014; 2016, Cramp et al. 2019; Ivano-
va 2020; Stojanovski et al. 2020; Puricic 2021). The
area these early farming communities of the Early
and Middle Neolithic Star¢evo culture (6250-5300
cal BC) occupied was predominantly previously non-
inhabited, except from the Danube Gorges, where
the local Mesolithic population was still thriving
(where the local Mesolithic and new Neolithic popu-
lations came in contact) (Boric, Dimitrijevic 2007;
Boric 2014; 2016; Cramp et al. 2019; Puricic 2021).
The arrival of the Neolithic population coincided
with the 8.2-kiloyear event (Porcic et al. 2021),
which affected the temperature and precipitation
patterns in the Central Balkan region (Bonsall 2007;
Kobashi et al. 2007; Gronenborn 2009). The Late
Neolithic Vin¢a culture (5350/5300-4500 cal BC)
(Porcic 2020), occupied similar territory as the Star-

Cevo culture, but their settlements and material cul-
tures differed significantly (Fig. 1).

Even though the process of cereal and animal domes-
tication was a long-lasting one, fully domesticated
plants and animals were documented in numerous
settlements in the Near East, dating back to the Pre-
Pottery Neolithic (having a dominant role in the sub-
sistence from the Pre-Pottery Neolithic B) (Kuijt, Go-
ring-Morris 2002; Gibbs, Jordan 2016). A sedentary
lifestyle forms a base for the intensification of the
economy, population growth and increase of social
complexity (Neil et al. 2016.1). However, Neolithic
innovations were applied differently in different re-
gions, resulting in a non-uniform Neolithic lifestyle
with diverse sedentism and mobility patterns (see
Neil et al. 2016). Agriculture and husbandry usually
form the base of Neolithic subsistence. The amount
of food in farming communities depends on predic-
table seasonal changes and unpredictable weather/
climate factors (temperature, amount of precipita-
tion, type of precipitation during certain seasons,
droughts, floods, climate change...). Predictable fac-
tors (seasonal changes) are something that cannot

| [ |

Fig. 1. Distribution of Starcevo-Korés-Cris and Vinca cultures. Sites: 1 Blagotin, 2 Starcevo, 3 Medjurec,
4 Drenovac, 5 Nosa - Biserna Obala, 6 Donja Branjevina, 7 Golokut - Vizic, 8 Gomolava, 9 Opovo, 10 Se-
levac, 11 Vinca - Belo Brdo, 12 Stubline - Crkvine, 13 Banjica - Usek, 14 Divostin, 15 Grivac, 16 Med-
vednjak, 17 Valac, 18 Pavlovac - Cukar, Gumniste, 19 Lepenski Vir, 20 Zadubravlje, 21 Galovo, 22 Zvec-

ka, 23 Vinkovci (map by S. Zivanovic).
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be avoided, so the communities apply different buf-
fering strategies to obtain a balanced diet through-
out the year. But even minor changes in tempera-
ture or precipitation patterns can sometimes endan-
ger the existence of farming-based non-industrial
communities, due to crop failure and lack of fodder
for animals. Bad conditions can last one or multi-
ple years, forcing communities to employ one or se-
veral survival strategies, based on the duration of
the unfavourable period and their cultural, social,
economic and ideological preferences (Halstead,
O'Shea 1989; Puricic 2021). The Neolithic lifestyle,
being completely different from the previous ones,
with the increase in population and reliance on do-
mesticates, resulted in new survival strategies.

Four social buffering strategies for overcoming food
scarcity have been proposed by Paul Halstead and
John O’Shea (1989): (1) diversification, (2) storage,
(3) exchange and (4) mobility (Halstead, 0’Shea
1989; Groot, Lentjes 2013). These buffering strate-
gies are not applied only when food shortages occur,
but also refer to actions undertaken to prevent the
lack of food and prepare for inevitable periods of
the year when food is less available in nature (Pu-
ricic 2021). In this paper, the social buffering stra-
tegies Early/Middle Neolithic Starcevo and Late Neo-
lithic Vinca culture communities applied in order to
prepare for, prevent and overcome periods of food
scarcity caused by environmental variability are te-
sted and the most plausible ones are considered. The
similarities and differences between social buffering
strategies practised during the Early/Middle and Late
Neolithic of the Central Balkans will also be com-
pared.

Overcoming the environmental variability

Food scarcity is not connected solely to natural disa-
sters, and lack of food can occur due to different fac-
tors. Solar radiation influences ecosystem dynamics.
Temperate climate zones, like the Central Balkan re-
gion, have uneven solar radiation, leading to pro-
nounced differences between seasons (Rowley-Con-
wy, Zvelebil 1989.41; Duricic 2021). During spring
vegetation grows suddenly, giving the plants limited
time for growth, development and reproduction.
Summer is the season of abundance with numerous
migratory animal and plant species - cereals, fruits,
vegetables and berries. A decrease in resources, both
local and migratory, is visible during autumn, whilst
winter is the most difficult period, with the least
amount of available food (Rowley-Conwy, Zvelebil
1989.41). These are seasonal fluctuations or varia-
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tions, which are predictable and cannot be avoided,
so people apply previously established mechanisms
for overcoming periods of food scarcity, to obtain a
balanced diet throughout the year (Rowley-Conwy,
Zvelebil 1989.41; O’Shea 1989.57; Halstead 1989.
71; Duricic 2021). Interannual fluctuations or va-
riations depend upon numerous unpredictable fac-
tors. They can depend on climatological factors
(droughts, frosts, storms, hail, excessive rain at the
wrong time, floods, and so on), animals, insects, pla-
gue, plant and animal diseases or human activity. In
farming communities, interannual variations like
drought can affect crop yields or animal disease can
increase domestic animal mortality rates, forcing
people to compensate for the losses in alternative
ways. Even though these variations are mainly un-
predictable people know how to deal with them,
using experience gained from previous similar situ-
ations. (O'Shea 1989.58: Halstead 1989.72; Duricic
2021). Long-term fluctuations or variations are the
results of climate or natural changes and often last
for a longer period of time. To survive these, commu-
nities have to make considerable adaptations (Row-
ley-Conwy, Zvelebil 1989.44-45; Duricic 2021). In
facing these different types of variations the strate-
gies communities apply can vary and change, but
they are always in accordance with their specific na-
tural environment, social, cultural and economic
norms (Puricic 2021).

Farming communities depend on plant and animal
annual reproductive cycles which are controlled by
regular seasonal patterns. Even minor shifts in sea-
sonal patterns can influence the amount of food
available, whether of plant, or animal origin. To
overcome a lack of food, either due to predictable or
unpredictable factors, communities apply one of the
previously mentioned strategies: diversification, sto-
rage, exchange and mobility (Halstead, O'Shea
1989.3; Groot, Lentjes 2013.9; Puricic 2021). The
inclusion of a greater variety of food sources is called
diversification. This also includes keeping certain
types of food exclusively for ‘rainy days’ and the cul-
tivation of different crops on different soils. For far-
mers, agriculture and herding are forms of diversi-
fication, but it also includes hunting, fishing and ga-
thering. Saving food for annual periods of food scar-
city is called sforage. Exchange includes different
social practices - trade, food sharing, obligatory re-
ciprocity and negative reciprocity (theft). Relocation
of a group of people or the whole community to-
wards areas with available food sources is called
mobility (Halstead, O’Shea 1989.3-4; Groot, Lent-
Jes 2013.9-10; Puricic 2021).
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Communities usually mix several buffering strate-
gies. Depending on their preferences, certain strate-
gies can be practised as prevention, while others
could be applied as a last resort. Also, different cul-
tures can apply the same strategy differently (Duri-
cic 2021). A typical agricultural/herding community
shows some degree of diversification. They cultivate
multiple crop types and keep at least two types of
livestock, with additional hunting, fishing and ga-
thering that provide a balanced diet and year-round
food supply. In situations when a plague or a disease
attack crops or animals, diversification provides an
effective fall-back strategy, ensuring that at least
some food will remain for human consumption.
Every society has a tendency to accumulate a sur-
plus. Early agricultural communities accumulate a
surplus as a result of seasonality, as a strategy to
overcome colder periods of the year. During bad
years they may have switched to hunting and gath-
ering, which was also documented in the archaeo-
logical record (Groot, Lentjes 2013.9). On the other
hand, hunter-gatherers rely on different wild resour-
ces, making their diversification strategy dependent
on a variety of wild animal species and wild plant
taxa that are available during different seasons (Hal-
stead, O'Shea 1989; Duricic 2021). According to
Paul Halstead, every community generates a surplus,
but they define it differently. A distinction should be
made between direct and indirect storage. The accu-
mulation of food for later consumption is direct sto-
rage, but food sharing with other members of the
community, expecting reciprocity in time of need, is
an example of indirect storage - social storage. With
indirect storage the risk of food spoilage is reduced,
as the food often cannot be stored for a long period
of time (Halstead 1989).

Evidence for diversification in the Neolithic of
the Central Balkans

Diversification is a survival strategy applied by both
farming and hunting-gathering communities. Hun-
ter-gatherers rely on different wild resources, making
their diversification strategy dependent on a variety
of wild animal species and wild plant taxa that are
available during different seasons (Halstead, O 'Shea
1989; Duricic 2021), while farming communities
rely primarily on agriculture and domestic animal
herding with the addition of hunting and gathering,
which is often accompanied by a sedentary lifestyle

(Cilingiroglu 2005; Cauvin 2000). Diversification
is suitable for overcoming seasonal, interannual and
long-term variations. It not only implies the exploi-
tation of alternative resources, but also the cultiva-
tion of different types of cereals and pulses of diffe-
rent growing patterns and endurance levels on diffe-
rent soil types. By applying this strategy, a commu-
nity can potentially reduce the possibility of crop fai-
lure (Groot, Lentjes 2013; Duricic 2021). Subsis-
tence based on domesticated plants and animals is
also a form of diversification. Domestic animals can
convert agricultural waste and plants unsuitable for
human consumption into edible food (meat, milk
and fat), further reducing the potential for food
shortages (O’Shea 1989; Duricic 2021).

Archaeobotanical analyses conducted on various
StarCevo culture sites have revealed a broad spec-
trum of plant food used in the human diet, and
these can be divided into cultivated crops and wild
plants. However, the results of the archaeobotanical
analyses were affected by the lack of systematic
sampling, which was conducted only at two sites
(Blagotin and Drenovac), while at other sites only
contexts marked as interesting or important by ar-
chaeologists (‘judgement’ sampling) were sampled
(Filipovic, Obradovic 2013; Puricic 2021). The
greatest plant taxa diversity was recorded at Dreno-
vac, but it was also at this site that the most exten-
sive sampling was conducted. Archaeobotanical re-
mains from the sites of Blagotin, Drenovac, Medju-
rec, Starcevo and Nosa-Biserna Obala have confirm-
ed the cultivation of five crops2 (for distribution see
Filipovic, Obradovic 2013.41): einkorn (Triticum
monococcum), emmer (Triticum dicoccum), hulled
barley (Hordeum vuigare, hulled), lentil (ZLens culi-
naris) and pea (Pisum sativum) (Filipovic, Obrado-
vi¢ 2013; Filipovic 2014; Duricic 2021). A total of
nine wild taxa has been documented so far (for dis-
tribution see Filipovic, Obradovic 2013.41): corne-
lian cherry (Cornus mas), apple (Malus pumila),
fruit from the malus genus (Malus sp.), fruit from the
pear genus (Pyrus sp.), acorn (Quercus sp.), beech
nut (Fagus sp.), blackberry (Rubus fruticosus), un-
identified berries (Rubus sp.) and dwarf elder (Sam-
bucus ebulus) (Filipovic, Obradovic 2013; Duricic
2021).

Over 70% of the examined faunal assemblage be-
longed to domestic animal taxa, indicating a reliance

2 Even though broomcorn millet (Panicum miliaceum) was found at Neolithic sites in the Central Balkans, recent studies have dis-
puted its cultivation during the Neolithic in Europe, so all millet samples should be treated as an intrusion (Filipovic et al. 2020),

which is why they were excluded from this paper.
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on domesticates at the majority of Starcevo culture
sites (for detailed archaeozoological analysis and di-
stribution see Orton 2012) (Greenfield 2008.108:
Duricic 2021). Cattle is the most dominant domestic
animal taxa, with the exception of Donja Branjevina,
where goats/sheep dominate (Orfon 2012), while
pigs were barely represented in the faunal assem-
blage (Orfon 2012; Ethier et al. 2017; Duricic 2021).
Dogs were also present, but were probably not con-
sumed. However, sites in the Danube Gorges, Golo-
kut-Vizi¢ in Southwestern Backa and Nosa-Biserna
Obala in Northern Backa show different patterns. At
these sites, a higher percentage of wild than domes-
tic animal taxa have been documented (Orton 2012;
Duricic 2021). Red deer, roe deer, wild boar, fish,
birds and smaller mammals, dominated amongst the
wild taxa remains (Greenfield 2008; Duricic 2021).
The analyses of faunal assemblage from the Early/
Middle Neolithic layers from the Danube Gorges
sites show the significance of migratory fish for lo-
cal subsistence (Dimitrijevic et al. 2016). Recent
pottery lipid analysis has shown that the majority of
vessels in the Danube Gorges settlements were used
for cooking aquatic resources, contrary to the data
from the sites in the rest of the Central Balkans
(Cramp et al. 2019), where pottery was used for
processing meat, milk/dairy, plant food and storing
beeswax (Ethier et al. 2017; Stojanouvski et al. 2020;
Duric¢ic 2021). Stable isotope analyses have shown
almost exclusive reliance on terrestrial resources of
the Starcevo culture communities with mixed terres-
trial and aquatic diet in the Danube Gorges and in
certain settlements located in close proximity to ri-
vers - Vinca - Belo Brdo, Sremski Karlovci, ObreZ -
Bastine, and Klisa (Jovanovic et al. 2019; 2021). Do-
mestic animals were not only used as a meat and
fat source, as recent lipid analyses undertaken on
Starcevo culture pottery confirmed milk and dairy
consumption during the Early/Middle Neolithic (£#-
hier et al. 2017; Cramp et al. 2019; Stojanovski et
al. 2020).

Archaeobotanical analyses from Vinca culture sites
have shown a greater variety of domestic crops. Ar-
chaeobotanical remains from the sites of Drenovac,
Gomolava, Opovo, Selevac and Vinca - Belo Brdo,
have confirmed cultivation of 11 crops (for distri-
bution see Filipovic, Obradovic 2013. 41): einkorn
(Triticum monococcum), emmer (Triticum dicoc-
cum), hulled barley (Hordeum vulgare, hulled), na-
ked barley (Hordeum vulgare, nudum), free-thresh-
ing wheat (Triticum aestivum/durum), a new type
of wheat (Triticum sp., ‘new type’), lentil (Zens culi-
naris), pea (Pisum sativum), bitter vetch (Vicia er-
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vilia), flax/linseed (Linum usitatissimum), grass
pea (Lathyrus sativus/cicera) (Filipovic, Obradovic
2013; Filipovic 2014). A total of 17 wild taxa have
been documented so far (for distribution see Filipo-
vic, Obradovic 2013.41): cornelian cherry (Cornus
mas), hazel (Corylus avellana), wild strawberry
(Fragaria vesca), crab apple (Malus sylvestris), com-
mon reed (Phragmites communis), Chinese lantern
(Physalis alkekengi), fruit from prunus genus (Pru-
nus sp.), fruit from pear genus (Pyrus sp.), acorn
(Quercus sp.), beech nut (Fagus sp.), blackberry
(Rubus fruticosus), dewberry (Rubus caesius), un-
identified berries (Rubus sp.) elderberry (Sambucus
nigra), dwarf elder (Sambucus ebulus), water chest-
nut (Trapa natans), wild grape (Vitis vinifera (ssp.
sylvestris)) (Filipovic, Tasic 2012; Filipovic, Obra-
dovic 2013) and sloe berry (Prunus spinosa) (Fili-
povic, Tasic 2012; Borojevic et al. 2020).

Archaeozoological analyses have confirmed that do-
mestic animals (cattle, sheep/goats, and pigs) play-
ed a dominant role in the subsistence strategies of
Vinca culture communities. While the most signifi-
cant animal was still cattle, the most dramatic shift
occurred with pigs, who played an extremely impor-
tant role in the diet of the Vinca culture communi-
ties. The results of organic residue analysis conduct-
ed on two Vinca culture sites so far - Drenovac and
Motel-Slatina, confirmed the consumption of differ-
ent types of meat, milk and dairy products (Kruger
et al. 2019). Two different studies have confirmed
the presence of beeswax in Vinca culture pottery,
confirming the exploitation of honeybees during the
Late Neolithic in this region (Roffet-Salque et al.
2015; Kruger et al. 2019). The majority of the wild
taxa remains still belonged to red deer, roe deer,
wild boar, auroch and smaller mammals (Orfon
2012). At the site of Vinca - Belo Brdo, apart from
previously mentioned wild taxa, the remains of bea-
ver, rabbit, otter, badger, vole, fox, wolf, brown bear,
fallow deer, birds, tortoise, various Mollusca (mostly
unio shells) and fish, have been identified (Dimitri-
Jevic 2006). Moreover, 14.5% of the dog bones found
at this site between the years 1998 and 2003 show-
ed traces of burning, and one vertebra also had but-
chering traces, indicating the consumption of dog
meat, previously not documented in the Vinca cul-
ture (Dimitrijevic 2006.252).

Plant food can be used in different ways during dif-
ferent times of the year. Cereals could have been
sown in autumn, as they need a long period of ver-
nalization to produce seed and legumes could have
been sown in spring, due to their shorter growing
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season (Filipovic, Tasic 2012), securing the crop
yields in case of unpredicted interannual variations.
At the Late Neolithic site of Opovo, autumn/ winter
sowing has been proposed for some of the identified
cereals. Analysis of weed flora can help in determi-
ning crop sowing time, but those analyses have ei-
ther not been conducted or the results have been
inconclusive (as in the case of the Vinca - Belo Brdo
site) (Filipovic, Tasic 2012). Information about dif-
ferent soil types in the immediate vicinity of settle-
ments has been provided for several Vinca culture
sites. The majority of settlements in the Morava Val-
ley are surrounded by multiple soil types, some more
suitable for autumn/winter, and others for spring-
sown crops (Milanovic 2019). Cereals could have
been used in several different ways - they could
have been used for bread production or cooked as
porridges or gruels. Porridges could have been en-
riched with legumes, and legumes could have been
added to stews and soups. Acorn is also very versa-
tile, and it could have been consumed roasted, dried
or ground into flour. Fruit and berries could have
been eaten fresh, but also dried or cooked, which
prolonged their shelf life (Atalay, Hastorf 2006; Du-
ricic 2021). The consumption of milk and dairy pro-
ducts and their combination with other food catego-
ries further increases the variety of food sources in
the Neolithic period.

During the Early/Middle Neolithic in the Central Bal-
kans, diversification as a social buffering strategy
was practised through different procurement stra-
tegies - agriculture, domestic animal herding, hunt-
ing, fishing and gathering. A broad variety of domes-
ticated and wild plant and animal resources were
used, which enabled Starcevo culture communities
to obtain a year-round balanced diet and reduce the
potential for food shortages. One definite model for
diversification cannot be provided, however, as food
procurement strategies could differ from settlement
to settlement (Greenfield 2008; Orton 2012; Filipo-
vi¢, Obradovic 2013; Cramp et al. 2019; Duricic
2021). Each settlement should be approached indi-
vidually, providing opportunities for further studies
on differences and similarities between communi-
ties, which surpasses the scope of this paper. Never-
theless, certain tendencies can be distinguished,
such as higher dependence on domesticates in the
human diet at the majority of the sites, both of plant
and animal origin (Orfon 2012; Filipovic, Obrado-
vi¢ 2013; Duricic 2021). Archaeozoological analy-
ses have helped in determining the seasonality of
occupation of certain settlements. By analysing the
seasonal availability of the represented taxa, occu-

pation patterns have been determined for several
settlements. Archaeozoological analyses of Early Neo-
lithic sites in the Danube Gorges show patterns of
seasonal habitation, based on the faunal, specifically
migratory fish remains (Dimitrijevic et al. 2016).
At the site of Golokut, analyses of faunal remains
have indicated that the settlement was occupied sea-
sonally between late autumn to late winter (Zivalje-
vi¢ et al. 2017; Puricic 2021). Similarly, archaeozo-
ological analyses from the site of Blagotin suggest
seasonal occupation between late autumn and late
spring (Ethier et al. 2017; Puricic 2021).

Vinca culture communities used even broader spec-
tra of domesticated and wild plants and animals (Di-
mitrijevic 2006; Orton 2012, Filipovic, Obradovic
2013). The introduction of new types of domesticat-
ed cereals (Hordeum vulgare, nudum, Triticum ae-
stivum/durum and Triticum sp., ‘new type’) and
legumes (Vicia ervilia, Linum usitatissimum and
Lathyrus sativus/cicera) could further reduce the
possibility of crop failure (Filipovic, Obradovic
2013; Filipovic 2014). With regard to domesticated
animals, while pigs had negligible significance dur-
ing the Early/Middle Neolithic, they were important
in the diet of the Late Neolithic communities in the
Central Balkans (Orfon 2012). Furthermore, the ex-
treme diversity of the faunal repertoire at the site of
Vinca - Belo Brdo, including previously not register-
ed food sources, specifically in the excavated area of
later occupational horizons at this site, raises a que-
stion about living conditions at this particular time.
It is still not clear whether this broader spectrum of
food sources reflects a period of crisis or if this in-
clusion of more diverse animal species represents
the typical diet of Vinca settlement residents. After
these occupational horizons, the habitation of the
settlement continued, but archaeozoological analy-
ses of faunal remains of the final occupational phase
show typical Vinca culture dietary choices (except a
smaller representation of pigs) (Dimitrijevic 2000).
It is possible that this variety of food sources repre-
sents evidence of interannual or even long-term va-
riations leading to food scarcity and the application
of diversification as a survival strategy, by the intro-
duction of an even broader spectrum of animals. Ne-
vertheless, one universal diversification pattern can-
not be applied to every Vinca culture settlement. In
some settlements, for example, hunting played a
more significant role than in others (Orfon 2012),
indicating differences in procurement strategies
throughout the Vinca culture. Comparison between
procurement strategies during the Late Neolithic of
the Central Balkans can provide important informa-
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tion regarding the Vinca culture economy, but these
analyses surpass the scope of this paper.

Evidence for storage in the Neolithic of the Cen-
tral Balkans

Storage is a common practice, not only among farm-
ing communities but also among hunter-gatherers.
Even though cereals are the most common type of
stored food, fruit, meat and fish can also be stored
(Madge 1994; Duricic 2021). For seasonal and some-
times interannual variations storage is an extremely
effective buffering strategy, but it would not be ef-
fective if long-term variations affecting the crop yield
occur (0O’Shea 1989; Halstead 1989; Duricic 2021).
In those situations, meat, fish or wild plants can still
be stored.

In the archaeological record, storing features (silos,
built-in storage containers, such as storage bins, sto-
rage pots or pithoi) or concentrations of carbonized
plant remains are good indicators of storage. Other
types of food, although stored, are less likely to be
preserved in the archaeological record. The proper-
ties of the manufacturing material determine the
preservation of certain objects or features in the ar-
chaeological record, so storage containers from pe-
rishable materials - wooden crates, boxes, baskets,
sacks or bags made from leather, wood, plant fib-
res, branches and cork - would be hard or impossi-
ble to identify in the archaeological record (Filipo-
vic et al. 2018.34; Puricic 2021).

Storage containers in the Starcevo culture are rare-
ly found, so this practice is usually determined via
concentrations of carbonized grains. At the site of
Nosa - Biserna Obala, more than fifty clay-lined pits,
resembling silos (with a pear-shaped cross-section),
were found. Inside those pits, small amounts of car-
bonized grains were detected, together with other
fragmented material (Garasanin 1960.229). The fill
of the pits corresponds to the fill of the refuse pits,
including carbonized remains, which were charred
before they were thrown away. If they were silos
then those remains either would not have been car-
bonized or would not have been mixed with other
material categories. Still, there is a possibility that
those pits were primarily silos, but were secondarily
used as refuse pits (Filipovic, Obradovic 2013; Fi-
lipovic et al. 2018). Pithoi, large pots that would in-
dicate storage, are scarce at the StarCevo culture si-
tes. A large vessel containing barley was found at
the site of Bandovici (Filipovic et al. 2018), making
it the only reported case so far (Puricic 2021). Grains
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and other plant-based products could have been
stored inside smaller vessels, but their volume does
not seem sufficient for extensive storage (7ripkovic
2011). At the site of Drenovac, in the house destruc-
tion layer of burnt daub, a concentration of carbo-
nized seeds was found (Filipovic et al. 2018.35; Pu-
ricic 2021). 1t contained predominantly legumes
(75% lentil, 20% peas, small amounts of emmer and
einkorn, and several fruits remains). This concentra-
tion suggests that these different plant foodstuffs
were probably stored separately in organic contai-
ners - baskets, bags, or wooden containers with se-
veral compartments (Filipovic et al. 2018.35; Pu-
ricic 2021). At the Early Neolithic site of Tsangli in
Greece, indications of baskets lined with clay plaster
or dung were documented, showing another possible
storing option, which would hardly leave any archa-
eological record (Halstead 1989.71).

At the sites of the Late Neolithic Vinca culture, sub-
stantially more evidence for storage has been found.
Storage containers were predominantly found in-
side houses and used for short-term storage. Large
storing pots (pithoi) and smaller vessels were found
at the majority of the Vinca culture sites, some of
which contained remains of carbonized grains, con-
firming their presumed role based on the pottery
typology (Jovanovic, Glisic 1961; Tripkovic 2011;
Vukovic 2011; Filipovic et al. 2018). Pithoi could be
found inside separate architectural features - stor-
age bins, made from mud plaster, usually located
next to an oven (Fig. 2). The walls of those features
were about 50cm high. Storage compartments, toge-
ther with ovens and querns located in their proximi-
ty, form a food processing set (Spasic, Zivanovic
2015). Storage bins were found in numerous houses:
house 01/06 at Vinca - Belo Brdo (7asic et al. 2007
Vukovic 2011; Filipovic et al. 2018; Borojevic et al.
2020), the house at the depth of A 6.73m from 1912
at Vinca - Belo Brdo (Fig. 3) (Vasic 1912.94; Duri-
cic¢ 2019), house 11/1912 at Vinca - Belo Brdo (Va-
si¢ 1912.21), house 1 from the trench XIX at Dreno-
vac (Peri¢ 2017), house 1/2010 at Stubline - Crkvi-
ne (Crnobrnja 2012; Spasic, Zivanovic 2015), house
2/79 at Banjica - Usek (Todorovic 1981; Tripkovic
2013; Spasic, Zivanovic 2015), house 2 at Opovo
(Tringham et al. 1992), and houses 13 and 17 at Di-
vostin (Bogdanovic 1988). One of the best exam-
ples comes from house 01/06, at the Vinca - Belo
Brdo site, where two pithoi filled with carbonized
(predominantly) emmer grains were found in one of
three storage bins located next to an oven (Vukovic
2011; Spasic, Zivanovic 2015; Filipovic et al. 2018;
Borojevic et al. 2020). Next to them, without a con-
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tainer, the remains of emmer, water
chestnut and pears were located (Bo-
rojevic et al. 2020). Another type of
storage bin has been found in Vin-
¢a culture houses. Although conne-
cted to the house wall, they were
smaller and shallower and were not
located near ovens or other architec-
tural features. Such containers were
found in house 1/2008 at Stubline
(Spasic, Zivanovic 2015), house 21
at Grivac (Bogdanovic 2008), house
1 at Jakovo (Jovanovic, Glisic 1961),
house 15 at Divostin (Bogdanovic
1988) and house 1 from the trench
XIX at Drenovac (Peric 2017). The
number of these fixed storage bins
is certainly higher, but the preserva-
tion of these features depends on
multiple factors (the most significant
being house destruction by fire), as they were built
from mud plaster, a material which deteriorates
with time (Puricic 2020).

In house 01/06 at Vin¢a - Belo Brdo, multiple caches
of cereals without containers were found, but one
of them was in association with carbonized wooden
planks, which may imply the existence of a wooden
crate. In one emmer deposit, relatively large quanti-
ties of flax/linseed and bitter vetch were document-
ed, probably stored separately in perishable contai-
ners (wooden crates with multiple compartments,
baskets or bags). Similar contexts were found at the
sites of Medvednjak and Valac, suggesting the usage
of containers from perishable mate-

Fig. 2. Experimentally reconstructed Vinca culture oven and a sto-
rage compartment (clay bin) (photo by A. Duricic).

Vin¢a culture communities can be answered (see
Tripkovic 2013), but detailed analyses of these is-
sues surpass the scope of this paper.

Raw cereals are prone to spoilage and due to their
exposure to insects or rodents, they cannot be stor-
ed for a long period of time. Bulgur (cooked and
dried cereals) or trahanas (dried fermented cereals)
are good options for prolonging their shelf life. Bul-
gur is prepared by first cooking, then drying and fi-
nally grinding cereals. With this process, the grain
gets a hard texture, less prone to spoilage and infes-
tation. (Valamonti 2011; Bayram 2000; Duricic
2021). Indications for bulgur production were found

rials throughout the Vinca culture.
In house 02/06 at Vin¢a - Belo Brdo,
a cache of well-preserved wild pears
was discovered. Those pears could
have been stored in bags hung on
the house wall, or in pots placed on
shelves (Filipovic et al. 2018). Pears
and berries could have been dried
and stored for winter consumption.
Herbs, certain grass types and weeds
could have been dried, stored and
used as medicines or spices (Filipo-
vi¢, Tasic 2012). Storage practices
in the Vinca culture are an important
and interesting topic. By following
changes in these, broader sets of
questions about diachronic changes
in social organization, architectural
practices and the economy of the

Fig. 3. House at the depth of A 6.73m from 1912 at Vinca - Belo
Brdo - storage compartment (front) next to an oven (photo: Ar-
chive of the Archaeological Collection, Department of Archaeology,
Faculty of Philosophy, University of Belgrade).
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on emmer grains detected next to a quern in house
01/06 at Vinca (Borojevic et al. 2020). Trahanas is
similar to bulgur, but it involves cooking either bul-
gur, raw grains or flour in milk or soured milk (Va-
lamonti 2011; Duricic 2021). After cooling, the mass
is formed into balls or rectangles, which are dried in
the sun and stored. Trahanas can be stored for up to
two or three years (Valamonti 2011). Lactic acid fer-
mentation from milk also preserves food, protect-
ing it from microbes and toxins, making trahanas
perfect food for prolonged storage (Daglioglu 2000;
Duricic 2021).

Long-term storage is possible when a year has been
particularly good, creating a considerable surplus.
One part of the surplus can then be used as an in-
vestment for the future - feeding cattle that will be
slaughtered during times of food scarcity. This type
of storage is intended for feeding the community on
an interannual level (Halstead 1989.73).

Evidence for exchange in the Neolithic of the
Central Balkans

Exchange is a broad term for social practices of shar-
ing resources between communities, social groups
or individuals. It does not have to be literal - goods
for goods or goods for services - but also includes
an exchange of goods or food between households
in social settings: feasts, house hospitality and gifts/
treats (Sahlins 1965; Duricic 2021). These actions
consolidate social bonds and obligations, forming a
base for reciprocity. Food can be exchanged for la-
bour or for tokens which symbolize the commitment
of a household to return the favour, establishing the
grounds of social storage. Social storage and these
exchange practices are hard to detect in the archaeo-
logical record. An exchange between households
within one community can be performed only on
seasonal and interannual levels. By living in the
same settlement, long-term bad conditions would
deprive every household of food supplies, so they
would have to ask for help either from neighbours
or allies that live in different territories (Halstead
1989; Duricic 2021). Possible ways to create allian-
ces with outside communities are marriages or trad-
ing partnerships. These partnerships create bonds
and can prevent the emergence of hostile relation-
ships (Sahlins 1972; Duricic 2021). Even though ex-
change and contact between close settlements is
always a possibility, they are difficult to detect in the
archaeological record, due to probable similarities in
the material culture (Duricic 2021). Two categories
of exotic materials speak of contacts and long-dis-
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tance trade between the Starcevo/Vinca culture com-
munities and distant populations - Spondylus/Gly-
cymeris shells and obsidian. Objects made from ja-
deite/nephrite can also imply contacts with distant
populations, as sources of these minerals were not
documented in the territory of the Central Balkans,
but due to the lack of analyses the provenience of
raw materials used for the production of these arte-
facts has never been determined (Balaban 2013).
Even though these objects cannot provide insight in-
to communication routes with distant communities
at this moment, they should be taken into considera-
tion for further studies, when more data is available.

The presence of thermal structures in the open spa-
ces within a settlement is considered as an indicator
of food-sharing practices between households (Byrd
1994). Fire installations found at Starcevo culture
sites were located both inside and outside dwellings.
So far, only four hearths (Bogdanovic 1988: Minich-
reiter 2001; Petrovic 1984-1985; Duricic 2019;
2021) and six cooking trenches (Fig. 4) (Puricic
2019), previously interpreted as tubular ovens (Mi-
nichreiter 1992; Banffy et al. 2010), have been
found in open spaces within a settlement (Puricic
2021). 1t should be noted that no cooking trenches
were present inside the houses (Puricic 2019). So
far, all of the ovens (total of 16) and the majority of
hearths (total of 11) that have been found were lo-
cated inside dwellings (Bogdanovic 1988; 2008; Mi-
nichreiter 1992; 2001; 2007; Banffy et al. 2010;
Maric 2013; Duricic 2019; 2021). The location of
fire installations in the Starcevo culture settlements
implies that at least a portion of cooking activities
was conducted in a communal setting. To date, how-
ever, it cannot be concluded if these activities were
performed on a daily/seasonal basis or on special
occasions, nor which part of the community was in-
volved in this process (Puricic 2019; 2021). Intra-
settlement food-sharing was proposed as one of the
social buffering strategies practised by the Early
Neolithic communities in Thessaly, Greece. Food-
sharing activities were practised regularly, not only
in times of need, resulting in the consolidation of
neighbouring relations. Besides intra-settlement re-
lations, they had contact with other settlements.
Those contacts were documented through fine pot-
tery, suggesting some degree of inter-settlement ex-
change (Halstead 1989; Duricic 2021). Similar food-
sharing practices could have been performed by the
Starcevo culture communities (Puricic 2021).

The presence of artefacts made from materials of
non-local provenience suggests contacts with distant
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populations. In the Early/Middle Neolithic of the
Central Balkans, obsidian finds are scarce and most-
ly concentrated in the Danube Basin. However, the
research on exchange networks has not been exten-
sive enough, so definite distribution patterns are yet
to be determined (7ripkovic 2003-2004). Ornaments
from Spondylus/Glycymeris shells have been con-
firmed at only three Starcevo culture sites with a
total of 11 pieces of jewellery. They were probably
imported as finished products, as manufacturing de-
bris has not been detected. Additionally, ornaments
typologically correspond to the examples from the
rest of Europe (Vitezovic 2012; 2016; 2019). These
sporadic finds of exotic materials in the Early/Mid-
dle Neolithic of the Central Balkans, confirm some
degree of contact with distant communities, but not
the nature of the contact (trade or maybe dowery
upon marriage). Stable isotope analyses can offer
more information about the relationships between
different settlements and communities established
by marriage partnerships. Strontium and oxygen sta-
ble isotopic analyses conducted on Starcevo culture
individuals from several sites in the Hungarian
Transdanubia have shown that there was a higher
proportion of non-local and regional females than
males. If these data do not point to the migration of
the Starcevo culture population to the new territory,
they could imply patrilocal marriage arrangements
with women from different settlements, within and
outside the region (Depaermentier et al. 2020).

There are few indications of food-sharing practices
in the Vinca culture. Two indicators for individual

Fig. 4. Experimentally reconstructed Starcevo culture cooking
trench (photo by A. Duricic).

food preparation are household storage and indoor
thermal structures (Byrd 1994), and both have been
documented at the Vinca culture sites (Puricic
2019). Contrary to ovens which were always locat-
ed inside houses, hearths (hearth-pits) were only
found at two sites, Pavlovac - Cukar (Puricic 2019)
and Pavlovac - Gumniste (eight in total) (Peric et al.
2016, Duricic 2019). These types of hearths indi-
cate either communal (Byrd 1994), seasonal (Rol-
lings 1989) or some specialized activity. Due to the
scarcity of these finds, further studies should be
conducted in order to determine their practical and
social role. Still, even though cooking activities were
probably conducted on the household level, this
does not exclude other food-sharing practices like
feasts, household hospitality or gifts.3 Even though
the inter-settlement exchange is hard to determine
and identify in the archaeological record, certain pro-
ducts could have been used in negotiations between
close settlements. For example, access to pastures in
the vicinity of one settlement, by herders and cattle
from other settlement, could have been compensat-
ed for with products like milk, butter, cheese, meat
or some other trade goods (Gillis et al. 2021). Cop-
per can also be used in determining inter-settlement
and regional contacts between Vinca culture commu-
nities and contemporary non-Vinca culture sites in
modern-day Bulgaria. Copper ores used for the pro-
duction of copper objects found at the Vinca culture
sites of Belovode, Plocnik, Vinca - Belo Brdo, Gomo-
lava, Selevac and Gornja Tuzla and Ruse and Duran-
kulak in the Lower Danube region in modern-day
Bulgaria came from deposits located mainly in east-
ern Serbia. The social dynamics of
these inter-settlement and intercultu-
ral contacts have not been determin-
ed so far (Radivojevic et al. 2021).

Exotic materials are found more fre-
quently at Vinca culture sites. A num-
ber of settlements, especially those
located in the Tisa Valley, the South
Banat and the Morava Valley, show
a considerable amount of obsidian
objects. The most abundant collec-
tion of obsidian finds comes from
the site of Vinca - Belo Brdo, where
this material makes up 69.5% of the
chipped stone industry (7ripkovic
2003-2004; Tripkovic, Milic 2009).
Analyses shows that the obsidian

3 Although there is no evidence of places for gathering and communal feasting in the Vinca culture settlements, one interesting
context found at the Late Neolithic site of Kleitos 1 in Northern Greece can offer some insight how this practice was conduct-

ed (Kalogiropoulou, Ziota 2021).
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came from the source in the Carpathian Basin, im-
plying strong and long-lasting connections with Tisza
culture communities (Tripkovic, Milic 2009). Con-
nections with these communities are further docu-
mented by unique finds from the site of Vinca - Be-
lo Brdo, with pottery and other ceramic objects of
Tisza provenience (including the famous Mayres pi-
thos) (Ignjatovic 2008). Spondylus/Glycymeris shell
ornaments were more common and present in more
varying forms than in the previous period. Their
finds were especially abundant at the site of Vinca -
Belo Brdo (Dimitrijevic, Tripkovic 2002; Vitezovic,
Antonovic 2020). Spondylus/Glycymeris trading
routes have not been determined yet, and several
options are plausible. Even though it was common-
ly assumed that these shells came from the Aegean
Sea, the lack of Spondylus/Glycymeris finds along
the presumed trading route via the Vardar and Mo-
rava River valleys opens the door for new options.
The trading network between the communities in
the Central Balkans with the communities living on
the coast of the Adriatic Sea was established either
directly or via intermediaries in what is today cen-
tral Bosnia. Spondylus/Glycymeris objects and raw
material were found at the sites along this route,
suggesting that VinCa culture communities could
have been a part of this exchange network (Dimit-
rijevic, Tripkovic 2006). The number of exotic finds
at the site of Vinca - Belo Brdo distinguishes it from
the rest of the Vinca culture settlements, indicating
a prominent role of this community in trade and ex-
change, with long-lasting and well-developed conne-
ctions throughout south-eastern and central Europe
(Vitezovic, Antonovic 2020).

Evidence for mobility in the Neolithic of the
Central Balkans

Mobility is considered the ‘easiest’ survival strategy,
and it is undertaken when a community encounters
a lack of resources. This strategy is typical for hunt-
ing-gathering and pastoral communities. Certain ar-
chaeologists consider mobility as an unfavourable
option for agricultural communities, as storage (cha-
racteristic of agricultural communities) and mobility
are mutually exclusive (Halstead, O'Shea 1989.3-4;
Duricic 2021). 1t is thought that forced mobility in
agricultural communities occurs when long-term va-
riations make arable land unsuitable for farming for
a prolonged period of time, and thus these commu-
nities would perceive mobility as a last resort (Row-
ley-Conwy, Zvelebil 1989.46; Duricic 2021). But
mobility is not rigid and not all mobile communities
have the tendency to become sedentary. Equally it
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does not mean that sedentary communities cannot
become mobile in certain situations. Even in fully se-
dentary communities, there are certain social groups
with a higher level of mobility (Zeary, Kador 2016).
Mobility is thus an extremely complex term that can-
not can be defined just as relocation but also through
movement (a certain period of time, season), mo-
tion (mobility pattern), motivation (resources, cul-
tural identity, social or economic circumstances) or
segment (parts of the population) (Wendrich, Bar-
nard 2008.8). Nevertheless, as a social buffering
strategy practised by communities to overcome en-
vironmental variability, mobility mostly refers to
group or settlement relocation towards areas with
available food resources (Halstead, O’Shea 1989;
Groot, Lentjes 2013; Duricic 2021).

It is considered that the level of sedentism of a cer-
tain community is most accurately determined
through architecture. The model for determining
mobility/sedentism came from cross-cultural studies
conducted on modern non-industrial communities.
Those studies have suggested that mobility is imp-
lied by settlements with pit-dwelling house types
and sedentism by above-ground houses (Greenfield,
Jongsma 2006.67; Nicholas 2002.75; Duricic 2021).
Ethnographic studies show that pit-dwellings are a
preferable choice for communities with increased
mobility during the colder months (Nicholas 2002.
75). The development of agriculture is followed by
the reduction of mobility. Sedentism forms a base
for economic intensification, population growth and
an increase in social complexity (Veil et al. 2016.
I). This approach, even though suitable for some
Neolithic communities, cannot be applied universal-
ly, as a number of Neolithic agricultural communi-
ties display a certain degree of mobility (Veil et al.
2016; Depaermentier et al. 2020; Puricic 2021).
Although architecture can be a good indicator of mo-
bility, stable isotopic analyses offer the most accu-
rate data. Stable isotopic analyses performed on the
material from the Early Neolithic sites in this region
have been primarily focused on dietary practices,
not mobility patterns (Jovanovic et al. 2019; 2021;
Stojanovski et al. 2020), so future studies can offer
more clarification on this subject.

The most prominent Starcevo culture architectural
features are pits, and due to the fact that above-
ground structures are rare it is considered that these
Early Neolithic populations lived predominantly in
pit-dwellings. Although pits at Starcevo culture sites
can be very large with large quantities of material, a
pit cannot be determined as a dwelling purely on its
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size. In order to be interpreted as a pit-dwelling, a
pit should have thermal structure remains (Garasa-
nin 1949.52-54). Unfortunately, Early Neolithic Cen-
tral Balkans sites have not been excavated exten-
sively, so the data we have is still fragmentary, espe-
cially when architecture is concerned. Pits that meet
the criteria for being interpreted as dwellings have
been identified at several sites: Divostin (Bogdano-
vic 1988), Lepenski Vir (Srejovic 1969), Donja Bra-
njevina (Karmanski 2005), Drenovac (Peric 2008),
Grivac (Bogdanovic 2008), Zadubravlje (Minichrei-
ter 1992; 2001) and Galovo (Minichreiter 2001;
2007). Their interiors are divided by platforms, ni-
ches or differences in floor levels (Petrovic 2001;
Duric¢ic 2021) and the presence of a superstructure
is indicated by postholes or daub remains (Bogda-
novic 2008; Puricic 2021). The roofs were thatched,
made from straw or reed (Bogdanovic 1988.37-39;
Petrovic 2001). Architectural featu-
res made from mud plaster, indicat-
ing fixed house furnishing, are not
present in these dwellings (Duricic
2021). Additionally, almost all of the
ovens were underground, not built
or modelled from mud plaster, and
they were easy to make by digging
niches (Fig. 5) or chimney-like featu-
res (Fig. 6) into the sides of the pit-
dwelling. The walls of these ovens
were made from burnt soil, due to
exposure to fire. The only examples
of ovens modelled from mud plas-
ter, similar to the ones found at the
Late Neolithic sites, were found at
the site of Lepenski Vir, but they
were also located inside pit-dwel-
lings (Duricic 2019). These types of
houses and ovens, with all of their
characteristics, show less investment
in the living spaces, suitable for a
community with increased mobility
(Puricic 2019; 2021).

Besides pit-dwellings, above-ground
houses were also found at Starcevo
culture sites, but in a significantly
smaller number. They were found at:
Divostin (Bogdanovic 1988), Nosa -
Biserna Obala (Brukner 1979), Gri-
vac (Bogdanovic 2008), Zvecka (To-
dorovic 1966), Zadubravlje (Minich-
reiter 2001), Vinkovci (Dizdar, Krz-
naric Skrtvanko 2000) and Galovo
(Minichreiter 2007). These houses

are poorly preserved and are only detected based
on the postholes, trenches and poorly preserved
daub fragments (Bogdanovic 1988.34; Duricic
2021). Regarding fire installations, a total of four
hearths and no ovens were registered inside these
houses. Postholes, trenches and daub fragments in-
dicate that they were made using the wattle and
daub technique and the roof was probably thatched
and made from straw or reed (Bogdanovic 1988;
Duricic 2021). Spatial organization is unknown, and
the determination of potential separate rooms has
not been possible (Puricic 2021), which is in com-
plete opposition to the later Vinca culture house or-
ganization and furnishings.

Both strontium and oxygen stable isotope analyses
have been conducted on several Starcevo culture
sites in Transdanubia in modern-day Hungary. The

Fig. 5. Experimentally reconstructed Starcevo culture dug-in dome
oven (photo by A. Duricic).

Fig. 6. Experimentally reconstructed Starcevo culture chimney-like
oven (photo by A. Duricic).
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majority of analysed individuals found at these sites
were either mobile or of non-local origin (21 out of
37). However, the non-local individuals may have
belonged to the first generation of settlers (12 out
of 37) or could point to marriages with partners
from different regions. Nonetheless, the number of
individuals who led a mobile lifestyle should not
be neglected (nine out of 37) (Depaermentier et al.
2020). Studies like these performed on the material
from other Starcevo culture sites can enable the re-
construction of mobility patterns of these Early Neo-
lithic communities.

Vinca culture houses were rectangular in plan, with
one or multiple rooms, made using the wattle and
daub technique with a thatched
roof (Jovanovic, Glisic 1961; To-
dorovic 1981; Tripkovic 2007;
2013; Crnobrnja 2011). Each
house had at least one, but usu-
ally multiple domed ovens (Fig.
7), with rebuilt floors (up to six
at the oven from house 01/2010
at Stubline) (Crnobrnja 2012).
Sometimes an oven was inside
each room (Tripkovic 2013; Ta-
sic et al. 2007), and on occasion,
two ovens could have been lo-
cated in the same room (Vasic
1932) (Fig. 8). Next to ovens, clay
bins and composite grinding sto-
nes have have been found (7o-
dorovic 1981; Bogdanovic 1988:
Tasic et al. 2007; Tripkovic 2013;
Spasic, Zivanovic 2015; Peric
2017; Borojevic et al. 2020; Du-
ricic 2019). Symbolic elements,

with houses built one on top of the other, during
multiple settlement phases (Vasic 1932; Kraiser,
Voytek 1983; Peric 2008). Settlement duration, ar-
chitecture, subsistence and extensive storage, all in-
dicate increased sedentism of the Vinca culture com-
munities. Nevertheless, certain social groups could
have been more mobile (Leary, Kador 2016). Even
some settlements show different occupation pat-
terns. A good example for this is the site of Opovo.
This settlement was occupied for a shorter period of
time, which is implied by its stratigraphy, architec-
ture, scarcity of storage features, pottery, tools and
a lower percentage of domesticated plants and ani-
mals (Tringham et al. 1992). Archaeozoological ana-
lysis has shown that 65-70% of faunal material be-

Fig. 7. Oven from the northern room of the house at the depth of A
3.20m from 1911 at Vinca - Belo Brdo (photo: Archive of the Archa-
eological Collection, Department of Archaeology, Faculty of Philoso-
Phy, University of Belgrade).

such as bucrania, when present, |

were fixed to a post next to an
oven (Spasic 2012). Some furni-
shing regulations are observed
inside Vinca culture houses, es-
pecially in the food processing
area, where fixed architectural
features (ovens, clay bins, com-
posite querns and bucrania) were
located. All of the fixed architec-
tural features were built from
mud plaster, implying time-con-
suming activities with intention-
al placement of furnishings (Du-
ricic 2019). Contrary to the Star-
Cevo culture settlements, Vinca
culture ones are multi-layered,
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Fig. 8. 3 ovens from house at the depth of A 3.20m from 1911 at Vin-
¢a - Belo Brdo (one in the northern room and two in the southern
room) (photo: Archive of the Archaeological Collection, Department of
Archaeology, Faculty of Philosophy, University of Belgrade).
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longed to wild animal taxa (Orfon 2012), indicat-
ing that hunting was the dominant procurement
strategy (Tringham et al. 1992). Furthermore, cat-
tle remains represent 22.6% of the archaeozoologi-
cal assemblage, while pigs were not detected at this
site (Orton 2012). All of these data have led archa-
eologists to propose an interpretation that the site
had a shortterm or seasonal occupation. Opovo
could have been formed as a specialized settlement
oriented toward the exchange and procurement of
raw materials like venison or antler (Trinhgam et
al. 1992.384). So even within fully sedentary com-
munities, there are examples of partial, maybe
seasonal mobility of certain groups due to some spe-
cialized activity they were conducting. Recent stable
carbon and oxygen isotopic analyses conducted on
cattle, sheep/goats and pigs from the Vinca - Belo
Brdo and Stubline settlements have revealed new
herding patterns. During warmer months domestic
animals spent some time away from the settlement
in different natural environments (Gillis et al. 2021).
It is still unknown whether they were kept in the
vicinity of the settlements or if Vinca culture herd-
ing strategies required seasonal mobility of animals
and herders. Strontium stable isotopic analyses con-
ducted on cattle from the Neolithic site of Arbon
Bleiche 3 in Switzerland suggest three different herd-
ing styles - local herding, the seasonal movement of
cattle and non-local herding (Gerling et al. 2017).
Similar studies could help in reconstructing the mo-
bility patterns of one specialized social group within
the Late Neolithic communities of the Central Bal-
kans. Nevertheless, these social groups with differ-
ent mobility patterns point also to diversification
and exchange. With their lifestyle, they obtained
and managed different resources and enabled con-
tacts between settlements and communities.

Discussion

Each community applied one or several social buffe-
ring strategies in order to overcome environmental
variability, whether it is caused by seasonal, inter-
annual or long-term fluctuations. Most of the pro-
posed buffering mechanisms (diversification, stor-
age, exchange and mobility) are complementary, but
the ways in which they were implemented was com-
munity specific. The difference is how dependent
each community was on each of these strategies and
which were applied as the last resort. By presenting
the Early/Middle and Late Neolithic examples which
point to each of the four social buffering strategies,
we were able to examine which strategies were pre-
dominantly used during these periods in the Central

Balkans. Members of both Starcevo and Vinca cul-
ture communities practised agriculture and animal
herding, but it seems that they used differing buf-
fering strategies in order to prepare for, avoid and
overcome periods of food scarcity.

Early/Middle Neolithic communities of the Central
Balkans practised agriculture and herding, but the
evidence for storage is scarce, with caches of plant
food indicating storage inside perishable contain-
ers (Filipovic et al. 2018; Duricic 2021). The cur-
rent data does not allow the determination of the
amount of surplus they produced or the extensive-
ness of their storage, so it is difficult to assess how
reliant they were on this buffering strategy (Puricic
2021). They cultivated crops with diverse growing
patterns, that could have been sown during different
seasons (Atalay, Hastorf 2006), which could pro-
vide a balanced food supply on the seasonal level
and diminish the risk of crop failure in case of un-
predictable interannual variations. In addition to the
cultivation of multiple crops, domestic animal herd-
ing, hunting and wild plant gathering form part of
their diversification strategy. By applying these mu-
tually complementary procurement strategies, the
community can obtain a balanced diet on the seaso-
nal and interannual levels. Even though evidence of
long-distance exchange is scarce, there are elements
which would point to certain food sharing practices
within settlements. While exchange between neigh-
bouring settlements is a possibility, the available
data still does not allow determination and recons-
truction of inter-settlement relations (Puricic 2021).

Nonetheless, the majority of settlements of these
farming communities imply increased mobility (Krai-
ser, Voytek 1983; Greenfield, Jongsma 2006.66-67;
Whittle 1996.52; Duricic 2021). The architecture of
Starcevo culture communities with pit-dwellings and
above-ground houses, which a lack of thermal struc-
tures and fixed architectural features, indicate less
investment in house construction and furnishing
(Puricic 2021). Recent studies offer some insight
into potential reasons for this increased mobility of
Starcevo culture communities (Ethier et al. 2017; Sto-
Janovski et al. 2020; Ivanova 2020; Duricic 2021).
Domesticated plants and animals were brought to
the Central Balkans by the new population of Early
Neolithic Near Eastern migrants. These plant and
animal taxa did not have wild relatives in this re-
gion, so their relocation to the temperate climate of
the Balkan inland may have created problems for
these Mediterranean crops and animals, accustomed
to warmer and dryer climate. The climate in the Bal-
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kan inland was harsher, with winter frosts and a
more precipitation. Acclimatization to new condi-
tions was certainly a long-lasting process, so com-
munities who previously primarily relied on agricul-
ture had to create new subsistence patterns (Ethier
et al. 2017; Stojanovski et al. 2020; Ivanova 2020;
Duricic 2021). The arrival of the Neolithic popula-
tion to the territory of the Central Balkans around
6250 cal BC coincided with the 8.2-kiloyear cold
event (Bonsall 2007; Kobashi et al. 2007; Gronen-
born 2009; Porcic et al. 2021). This event lasted for
roughly 200 years (approx. 6250-6050 BC) (Por-
Cic et al. 2021), resulting in 2-3°C lower tempera-
tures in the northern hemisphere in comparison to
the previous period. In the territory of the Central
Balkans this also resulted in an increase in precipi-
tation, both in winter and summer months (Bonsall
2007). These conditions could have been unfavour-
able for the newly arrived Mediterranean plant and
animal taxa, but further studies are necessary for
the determination of the effects this event had on
the environment. In order to compensate for losses
in agriculture due to this acclimatization process,
Early/Middle Neolithic communities may have relied
more on cattle meat, and dairy products (Stojanov-
ski et al. 2020; Duricic 2021). Furthermore, goats/
sheep also did not have wild relatives in the Cen-
tral Balkans, so they may have had problems ad-
justing to the new climate, resulting in changes in
their reproductive patterns, which may have led to
the increased role of cattle (Ethier et al. 2017; Iva-
nova 2020; Duricic 2021). In contrast to goats and
sheep, pigs had wild relatives in the Central Bal-
kans, and this territory is favourable for them, but
their significance in the diet of the StarCevo culture
population was negligible. Pigs, being less prone to
transhumance, are usually a good indicator of seden-
tary settlements (Ethier et al. 2017; Duricic 2021).
Archaeozoological analyses conducted on the mate-
rial from the sites of Golokut and Blagotin provided
information about the seasonality of these settle-
ments (Zivaljevic et al. 2017: Ethier et al. 2017: Du-
ricic 2021). These analyses are crucial for the deter-
mination of the seasonal occupation of the settle-
ments and understanding of the mobility patterns
of the Starcevo culture communities. By comparing
the data, it is evident that Starcevo culture commu-
nities had an increased level of mobility, but the cha-
racter of their mobility is still unknown. Sites with
both types of dwellings are often interpreted as mul-
ti-seasonal settlements (NVicholas 2002.75). Milutin
GaraSanin argued that Early Neolithic mobility was
cyclic (Garasanin 1979.138), while Dragoslav Srejo-
vi¢ noted that Starcevo culture communities inha-
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bited a location while the soil was fertile, abandon-
ing it afterword (Srejovic 1988.15).

In contrast to Starcevo culture communities, Vinca
culture ones show less reliance on mobility as a buf-
fering strategy but are more dependent on storage.
They cultivated an even wider range of crops with
diverse growing patterns, possibly sown during dif-
ferent seasons (Filipovic, Tasic 2012; Filipovic, Ob-
radovic 2013). They could rely more on cereals,
which enabled storage as a buffering strategy. Sto-
rage was well documented on the Vinca culture sites,
with numerous pithoi, food caches and clay bins
found inside houses (Vukovic 2011; Tripkovic 2013;
Spasic, Zivanovic 2015; Filipovic et al. 2018; Boro-
Jevic et al. 2020; Puricic 2019). Even though Vinca
and Starcevo culture communities based their diet
on the same domestic animals, cattle and pigs had
a more prominent role during the Late Neolithic (Or-
fon 2012). Hunting and gathering were also practis-
ed as a form of a diversification strategy. Interesting-
ly, a wide variety of previously undocumented ani-
mas (wild animals and dogs) was consumed during
later phases of the Vinca settlement. Archaeozoolo-
gical analysis conducted on the faunal material from
the final occupational horizon at this site shows
the typical Vinca culture diet, indicating that the in-
clusion of new animal species in previous phases
could have represented application of diversification
as a buffering strategy during periods of food scar-
city. Nevertheless, final conclusion cannot be made
before the material from other excavated areas is
analysed (Dimitrijevic 2006.252). The longevity of
Vinca culture settlements, with numerous occupatio-
nal horizons and houses built one on top of the
other, rectangular buildings with fixed mud plaster
architectural features and regulations in house fur-
nishings, attest to the sedentary lifestyle of these Late
Neolithic communities (Vasic 1932; Peric 2008).
Pigs, which were well represented in the archaeozo-
ological assemblage (Orfon 2012), are a good indi-
cator of a sedentary lifestyle, as well (Ethier et al.
2017). Even within sedentary communities, certain
social groups could have been more mobile (Zeary,
Kador 2016). Residents of Opovo, a settlement with
short-term occupation, could have conducted some
specialized activities - the procurement of certain
raw materials or exchange (Tringham et al. 1992).
The mobility of these social groups could have fur-
ther pointed to diversification and exchange, as they
performed specialized activities and came in contact
with members of different communities. For seden-
tary communities, storage and diversification are
suitable buffering strategies, especially on the seaso-
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nal and interannual level. For them relocation would
be applied when no other options were available.
The evidence for food sharing within a settlement
is limited, but this practice should not be excluded
as it is hard to confirm this in the archaeological re-
cord. Further studies could point to contacts between
settlements and exchange networks within the re-
gion. Nevertheless, Vina culture communities had
established connections with communities of other
contemporary cultures (Tripkovic, Milic 2009), so in
times of need they could have contacted their dis-
tant ‘allies’. Even though this strategy could have
provided some level of security, the exchange would
not be a long-time solution.

Conclusion

In order to avoid periods of food scarcity, Starcevo
culture communities relied primarily on diversifi-
cation and mobility. Based on the current archaeo-
logical evidence, storage seems to have been limit-
ed. Even though exchange was practised, as we
have indications for food sharing activities within
settlements and confirmations of contacts between
communities, it is hard to assess how dependent
they were on this strategy. The increased mobility of
these farming communities could have been caused
by long-term variations. Whether the 8.2-kiloyear
event had an effect on the adaptation of the Mediter-
ranean crops and animals (sheep/goats) in the Cen-
tral Balkan region has not been established, but cur-

rent data suggests that these new plant and animal
taxa, accustomed to a warmer and dryer climate,
had problems acclimating to the harsher conditions
of the Balkan inland. Starcevo culture farmers were
prevented from being fully reliant on agriculture, re-
sulting in their increased mobility (Puricic 2021).
On the other hand, Vin¢a culture communities relied
primarily on diversification and storage. Exchange
within the settlement and between different Vinca
culture communities was probable, but we still need
more studies to determine these social practices.
They had established relations with communities
form other cultures, so in times of need they could
have contacted ‘allies’ from distant territories. Vin-
¢a culture communities lived in permanent settle-
ments, so mobility during the Late Neolithic was dif-
ferent from the Early/Middle Neolithic one. Specia-
lized short-term settlements, like Opovo, could point
more to the mobility of certain social groups, diver-
sification or exchange than to settlement relocation
as a buffering strategy. Vinca culture communities
did not rely on mobility as a buffering strategy on a
seasonal or interannual level, but they applied it as
a last resort, when no other options were available.
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ABSTRACT - This paper presents new archaeobotanical data from the Lower Cerovacka Cave locat-
ed in Dalmatia, Croatia. At the site a high densily of carbonized plant remains was recovered, indi-
cating the remmants of a burnt crop store dating to the Late Bronze Age. Overall, the assemblage is
dominated by lentil (Lens culinaris) and free-threshing wheat (Triticum aestivum/durum), and to a les-
ser extent, emmer (Triticum dicoccum), einkorn (Triticum monococcum), spelt (Triticum spelta) and
broomcorn millet (Panicum miliaceum). In general, the large botanical collection from Lower Cero-
vacka Cave fits with what is already known about Bronze Age agriculture in Croaltia, yet the unique
nature of this site brings to the fore questions around storage practices and the use of caves in pre-
history.

KEY WORDS - crop processing; carbonized chaff and grain; south-east Europe; cave storage

Pozno bronastodobna shramba hrane v Spodnji Cerovacki jami, Hrvaska:
arheobotanicni dokazi

IZVLECEK - V clanku predstavljamo nove arheobotanicne podatke iz Spodnje Cerovacke jame v Dal-
maciji na Hrvaskem. V jami so odkrili mnogo karboniziranih rastlinskih ostankov, ki kazejo na
ostanke pozgane shrambe pridelkov iz pozne bronaste dobe. Med njimi previadujejo leca (Lens culi-
naris) in neplevasta Zita (Triticum aestivum/durum), manj pa je dvozrnice (Triticum dicoccum), eno-
zrnice (Triticum monococcum), pire (Triticum spelta) in prosa (Panicum miliaceum). Na splosno se ve-
lik botanicni zbir iz Spodnje Cerovacke jame ujema s tem, kar Ze vemo o bronastodobnem kmetijst-
vu na Hrvaskem, vendar izjemno mesto najdbe postavija v ospredje vprasanja o praksah shranjeva-
nja in uporabi jam v prazgodovini.

KLJUCNE BESEDE - predelava pridelkov; karbonizirano pleve in zrnje; jugovzhodna Evropa; shram-
ba v jami

Introduction

The seasonality of the agricultural cycle means that
some degree of storage is inevitable. In prehistory,
seasonal and intensive storage of major food re-
sources for the short, medium or long-term would
have been directly related to coping with seasonal
variability in agricultural productivity and seden-
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tary overwintering strategies (e.g, Halstead, O'Shea
1989). In addition, large-scale or centralized stor-
age has been seen as an indication of social comple-
xity, surplus production, and redistribution, as well
as emphasizing socio-economic inequality (e.g., Bo-
gaard et al. 2019; Forbes, Foxhall 1995). Surplus
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also links to networks and trade, whereby an indi-
vidual or group does not have to store everything
themselves but can count on others to provide food
at certain times (Angourakis et al. 2015; Hastoryf,
Foxhall 2017; Winterhalder et al. 2015). Subse-
quently, storage has been conceptualized in three
different ways (Ingold 1983; Soffer 1989): (1) as in-
tra-corporeal, where body fat helps survival through
lean times; (2) social storage where formalized ex-
change systems and social obligations can be recon-
verted into food in times of shortage; (3) and mate-
rial or practical storage that involves the processing
and accumulation of food resources, and the con-
struction of immovable storage features such as sto-
rehouses and pits that encourage permanent resi-
dence. Recognizing different modes of food storage
in prehistory is therefore critical to assessing the
roles that the environment, mobility, settlement
size, and socioeconomic circumstances play in the
development of different storage behaviours.

Interpreting the economic and/or social motives for
storage facilities in prehistory is challenging. Was
their use temporary, seasonal, or long-term? Were
they managed by households, networks of extend-
ed kin, entire communities, or aspiring or established
elites? Were they securing food resources, and/or
other goods? In order to help with this interpretation
scholars typically look at food storage and prepara-
tion facilities, as well as primary deposits of ecofacts,
such as in-situ food storage (e.g., Bogaard et al. 2009;
Sadori et al. 2006). Here we present unique archaeo-
botanical evidence of Late Bronze Age crop storage
within Lower Cerovacka Cave, located in Dalmatia,
Croatia. We will examine the use of caves as storage
contexts and how this site can expand our under-
standing of Bronze Age communities in Dalmatia.

Fig. 1. Location of Cerovacke caves, Croatia.

The site

The Cerovacke caves are located on the south-east-
ern part of Mt. Velebit (Fig. 1), on the steep north-
ern slopes of the massif of Crnopac, on the edge of
Gracac field (elevation 550m). They are represented
by three sub-horizontal cave channels, namely the
Lower (Donja), Middle (Srednja) and Upper (Gornja)
Cerovacka Cave. The Lower Cave was discovered in
1913 and since then the caves have been a focus for
speleologists and other geoscientists (Kurecic et al.
2021). The first exclusively archaeological excava-
tions in the Lower Cave were conducted by RuZica
Drechsler-Bizi¢ in 1966 and 1967. They recovered
fragments of ceramic vessels and a few metal arte-
facts attributed to the Late Bronze Age (Drechsler-
Bizic 1970; 1983; 1984).

In 2019 new archaeological excavations were con-
ducted in the Lower Cave in response to the con-
struction of a new visitor’s path running 120m from
the entrance (Fig. 2). Excavations covered an area
of 173m2, i.e. 120m in length and from 0.5-6m in
width. Six phases were identified; Phase 1 was the
bedrock, Phase 2 the first human occupation at the
beginning of the Late Bronze Age, Phase 3 a further
Late Bronze Age layer, Phase 4 the end of the Late
Bronze Age, Phase 5 which dated to the Middle Ages
(13th century AD), and Phase 6 which dates to the
modern era. The Late Bronze Age Phases 2 to 4 were
thin layers that together did not exceed 10cm.

A large amount (3.5 tons) of Late Bronze Age pot-
tery fragments were recovered, as well as several
objects made of bronze, amber, bone, ceramics and
stone, identified mainly as dress ornaments. Only a
small number of animal bones and utilitarian ob-
jects (needles, awls, vertebrae) were found, suggest-
ing that the cave was not used regularly. Instead, it
is suggested that the cave functioned mainly as a
storage location during the Late Bronze Age, with
periodic episodes of temporary occupation. Three
radiocarbon dates (tooth, charcoal and grain) were
taken from different locations within Phase 4 and
all had similar dates of ¢. 2870-2910 BP (Tab. 1).
Phase 3, dated to ¢. 2950 BP, and Phase 2 to ¢. 3090
BP. It is likely that the period of use was relatively
short and ended abruptly at the same time in the
whole occupied area of the cave, possibly due to
fire, resulting in large areas of burnt archaeological
features. This was particularly evident in quadrant
D21 where a large deposit of carbonized plant ma-
terial was found, along with possible remains of a
woven basket or other type of receptacle, as well as
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ceramic fragments (Fig. 2). In the same area three
postholes were discovered, which may indicate the
presence of a wooden structure, possibly linked to
some sort of storage shelf or structure. Clusters of
carbonized plant remains were also found in other
layers, but in much smaller numbers and are largely
isolated cases (Tresic Pavicic 2020).

Materials and methods

Twenty-three samples were collected for archaeobo-
tanical analysis during the 2019 excavation (Tab. 2).
Four samples were taken from Phase 6, sixteen from
Phase 4, two from Phase 3 and one from Phase 2.
Soil samples and hand-picked archaeobotanical re-
mains were collected. The samples were taken to the
Division of Botany, Department of Biology, Univer-
sity of Zagreb. No flotation was conducted due to
the high density of plant material in the soil sam-
ples, and instead the samples were dry sieved to al-
low easy sorting under the microscope (Radakovic
2021). All samples were 100% sorted, except sam-
ples U-130, U-131, U-132 and U-134 (Tab. 2). Due to
the high density of the remains, further subsampling
was required for samples U-130, U-131, U-132, U-134
and U-135, where the >1mm fraction was fully sort-
ed, but only 1/3 of the <Imm fraction was sorted,
including only a 1/3 of the chaff remains (Radako-
vic 2021.15). Subsequently, the Supplementary Data
contains the multiplied estimates for the plant ma-
croremains identified within these samples and not
the actual subsampled counts.

The carbonized plant remains were sorted and iden-
tified under a zoom stereo microscope at a magnifi-
cation of 7-45x with the help of reference literature/
seed atlases (Cappers, Neef 2012), as well as the
modern carpological collection (under establish-
ment) of the Division of Botany. The nomenclature
of scientific plant names follows Daniel Zohary and
Maria Hopf (2000) for cultivars and the Flora Croa-
tica Database (Nikolic 2018) for wild plants. Whole
grains were counted as one, and two longitudinal
fragments and embryos of grains were also counted
as one. Glume bases were counted as one, while

whole spikelet forks were counted as two glume ba-
ses. Cereal remains classed as fragments had to be
at least 1/4 of the original grain/seed, and anything
smaller was not counted. The fruit and weed seeds
were counted as one, even when only a fragment
was found, except where large seeds were broken
and clearly represented the same parts of the same
seed (e.g., Quercus sp.).

Results

All 23 samples contained carbonized plant macro-
remains, totalling approximately 1179 000 items
(see Supplementary Data). Lumps of broomcorn mil-
let (Panicum miliaceum) were recovered from U-
201 (20ml, Phase 3) and U-137 (20ml, Phase 4) and
have been estimated to contain up to 4000 grains
per sample (Fig. 3a). Overall, preservation was good,
especially the plant remains recovered from quad-
rant D21. The bulk samples taken from Phase 4 had
the highest density of remains that were dominated
by lentil (Lens culinaris) and free-threshing wheat
(Triticum aestivum/durum) grains, as well as em-
mer (Triticum dicoccum), einkorn (Triticum mo-
nococcum), spelt (Triticum spelta) grains and chaff
and broomcorn millet. The other phases have gene-
rally very low quantities of remains, since the plant
remains were handpicked during the excavation. For
Phase 2 a few acorn fragments (Quercus sp.) were
picked out, while four lentil seeds were identified
from Phase 3, along with a lump of broomcorn mil-
let grains, approximately 20ml (=4000 grains). Phase
6 contained mostly broad beans (Vicia faba) and a
few cereal grains and acorn fragments, totalling no
more than 76 items.

The largest quantity of plant remains were from the
burnt area identified in quadrant D21 (Fig. 4). Sam-
ples U-130, U-131, U-132, U-134 and U-135, in par-
ticular, contained a large quantity of cereal grain
and chaff (Fig. 3b), as well as pulses, but only a
small proportion of wild/weed type taxa (Fig. 5a).
The composition of these samples is relatively sim-
ilar except for U-134, a posthole, which has a high-
er proportion of broomcorn millet grains and less

lume wheat chaff. The propor-
Sample | Laboratory Conventional | Calibrated age (cal BC, g.u W 1. Prop .
Type |Phase tion of crops within Phase 4 is
no. number +30 BP  (95.4% [ 20 hpd range) . .
dominated by lentil and free-
7 Beta-533949| Tooth | 4 2890 133-978 hreshi h hile th
140 Beta-533951 | Grain 2870 1127-931 t I‘?S. ing wheat, while the re-
152 Beta-533952 |Charcoal | 4 2910 1209-1011 malr(}lng crops only represent }lp
185 Beta-533953 |Charcoal | 3 2950 1236-1051 to 5.4’ of the assemblage ('n()t n-
228 Beta-533954 | Charcoal | 2 3090 1427-1277 cluding the cereal chaff, Fig. 5b).

Tab. 1. Radiocarbon dates from Lower Cerovacka Cave.
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Sample | Stratigraphic Quadrant | Phase Archaeological Litres | Litres size of the Whe,at and pulses_
(V) unit (SJ) context (L) | analysed correspond with measure
192 87 D21 2 Fill 0.01 0.01 ments  taken fr(_)m Eavte
. Bronze Age Kalnik-IgriSce;
201 e B19 3 Deposit 002 | oo a site located to the north-
216 132 E13 3 Deposit 0.01 0.01 y
119 72 D22 4 Deposit 0.01 0.01 east .Of Lower Cemvacka
130 72 D21 4 Deposit - North 28.7 2 C;VZ, 12 C().I}t;lOZnItal Croatia
131 72 D21 4 Deposit - Centre 34 2 ( ddarovic )
132 72 D21 4 Deposit - South 19.4 2 Discussion
134 73 D21 4 Fill - Posthole 1 0.33
135 71 D21 4 Deposit 3.5 3.5 Crop processing
137 72 o2 4 BERell 002 | o.02 The high density of plant re-
139 72 D21 4 DEECE]L oo | oo mains in the five samples
148 95 L2 4 Do 001 | oo from quadrant D21 and the
153 97 D20 4 Deposit oo1 | oo clear evidence of burning in
156 98 D20 4 Deposit eel || @O and around the deposit in-
159 93 D20 4 Deposit oo1 | oo dicate that the plant remains
172 104 D2 4 Deposit @en || @l were burnt in-situ. Unfortu-
21 168 E13 4 Hearth 0.07 | 0.07 nately, the similarities in
246 69 Ei4 4 Deposit o.o1 | o.01 composition of the plant re-
252 200 D16 4 Deposit o.o1 | o.0r mains recovered from the
116 42 D22 6 Fill from 1967 trench | 0.01 0.01 different areas in D21 pre-
117 42 D22 6 Fill from 1967 trench | o.01 0.01 vent any assumptions about
18 42 D22 6 Fill from 1967 trench | o0.01 0.01 how or where the different
233 194 D17 6 Fill from 1967 trench | o.01 0.01 crops were stored. Instead,

Tab. 2. List of archaeobotanical samples from the Lower Cerovacka Cave.

consisting of grasses, mainly Bromus arvensis and
B. secalinus, and cleavers (Galium aparine and G.
spurium), which can all be found as weeds in cere-
al crops.

Measurements were also taken of emmer, einkorn,
spelt and free-threshing wheat, lentil, and broad
beans recovered from quadrant D21 (Tab. 3). The

we can look at the level of
crop processing that may
have occurred before stor-
age. Predictive models have been created to iden-
tify which stage of the crop processing sequence an
assemblage represents, based on the assumption
that each stage produces a characteristically differ-
ent ratio of cereal, chaff and weeds within the sam-
ple (Hillman 1984; Jones 1984; Van der Veen 1992;
Van der Veen, Jones 2006). Here we can examine
the ratio of glume bases to glume wheat grains, as

Fig. 3. Carbonized (a) lumps of broomcorn millet (Panicam miliaceum) from U-134 and (b) glume wheat
(Triticum monococcum/dicoccum/spelta) glume bases from quadrant D21, Lower Cerovacka Cave.
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well as the number of weeds to the
number of grains to help determine
what crop processing has occurred.
Unfortunately, the third ratio look-
ing at the number of rachis intern-
odes to grains is not possible, as
these were not recovered for the
free-threshing wheat or barley. This
could be for several reasons, includ-
ing poor preservation, as experi-
ments have shown a taphonomic
bias against chaff, especially under
oxidizing conditions and high tem-
peratures (Boardman, Jones 1990).
However, the most likely reason for
the absence of rachis remains is that
the free-threshing wheat and barley
were already cleaned by the time
they reached the cave. This is because both barley
and free-threshing wheat grains easily detach from
the chaff during the early stages of crop processing
(i.e. threshing, winnowing and coarse sieving), whe-
reas glume wheats require a further dehusking stage
to remove the glumes from the grains (Van der Veen
1992.81).

For emmer and spelt the ear generally contains two
grains and two glumes, so the ratio of 2:2 = 1, while
einkorn has one grain and two glumes, so the ratio
of 1:2 = (.5. If we apply this to the glume wheats in
quadrant D21, we see that nearly every sample has
a high to very high ratio of glumes to grain (Fig. 6,
based on estimated numbers of remains). This means
that there is significantly more chaff than grain in
the samples. If we look at the ratio of grains to weed
seeds, a ratio of 1:1 = 1, the ratio is extremely low.
Of the crop processing stages, this could indicate
that the glume wheat grains had been cleaned but
not processed through the additional dehusking sta-
ges, which would remove the broken spikelet forks
(see Hillman 1984; Jones 1984;

Fig. 4. Image of the layer of carbonized botanical remains recover-
ed from stratigraphic unit 72, quadrant D21.

ducts could be used for a range of purposes, such as
a building material, for fuel, or as fodder for live-
stock (Van der Veen 1999; Valamoti, Charles 2005).
Cereal chaff is also used as temper in pottery, as seen
at Bronze Age Monkodonia, Istria (Hellmuth Kram-
berger 2017.418), as well as in Eneolithic loom
weights found at a Slovenian pile-dwelling sites (7o-
lar et al. 2016). In Palestine, ethnographic obser-
vations noted chaff was laid on top of stored grain
before the underground jar-shaped receptacles were
sealed with clay (Turkowski 1969.101-112). Thus,
there could be several reasons to find chaff in this
context. Comparing Lower Cerovacka Cave with si-
milar finds of cereal storage at two Late Bronze Age
caves in southern France, glume wheat chaff is strong-
ly underrepresented in relation to grains, suggesting
that the glume wheats were dehusked before stor-
age (Bouby et al. 2005).

Multi-cropping and mono-cropping
Multi-cropping, or maslins, have been used to de-
scribe the growing of more than one crop in a sin-

Stevens 2003). Thus, the grains

could have still been in their glu-

mes when they reached the cave.

Length (mm) Width (mm)  Thickness (mm)
Triticum aestivum 5.58 (4.66—6.25) 3.59 (3.11-4.08) 2.98 (2.47-3.4)
Triticum dicoccum 6.3 (5.6-7) 3.14 (2.75-3.57) 3.03 (2.64-3.35)

Once at the cave, dehusking could

Triticum monococcum

5.97 (4.56-7.42) 2.53 (1.93—2.88) 3.06 (2.35-3.51)

have occurred piece meal, as and | Triticum spelta

6.79 (5.56—7.82) 3.11 (2.45-3.69) 2.42 (2.04—2.85)

Vicia faba

7:31 (5.82-10.37) 5.72 (3.94-8.24) 5.64 (4.36-7.96)

when grain was required, and the
chaff discarded onto the floor of

2r (mm)

Lens culinaris

3.21 (2.55-3.99)

the cave or kept aside for other
purposes. Similarly, two different
types of storage could have oc-
curred where cleaned grains were
stored in containers and the glume

bases in another. Cereal by-pro- ka Cave.

Tab. 3. Measurements of free-threshing wheat (Triticum aestivam),
emmer (Triticam dicoccum), einkorn (Triticam monococcum), and
spelt (Triticam spelta) grains, and broad bead (Vicia faba) and len-
til (Lens culinaris) identified from Quadrant D21 at Lower Cerovac-
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100%

Percentage Presence

0%

U-130 1)-131 U132 U-134

a M Cereal grain M Cereal chaff ® Pulses Wild taxa

b 4%
90% 4%
80% 5%
70%
60%
50%
40%
— 22% 60%
20%
10%

U-135

3% 1%1%

B Lentil B Triticum aestivum Triticum dicoccum
Triticum spelta @ Panicum miliaceum @ Triticum monococcum
Vicia faba M Hordeum vulgare

Fig. 5. Composition of the carbonized seed assemblage for (a) each sample in quadrant D21, and (b) the
proportion of cereal grains and pulses,excluding cereals chaff, in total from Phase 4, Lower Cerovacka

Cave.

gle season on the same land (Halstead, Jones 1989;
Jones, Halstead 1995; Pelrie, Bates 2017). It is sug-
gested that a mixed crop could have been more re-
liable than a single-grain crop. For example, if the
season was colder then rye would flourish, but if the
season was hot then wheat would do better. The
crops are usually those with similar maturation and/
or crop processing stages, but a recent study by Alex
C. McAlvay ef al. (2022) highlights other benefits of
multi-cropping. This crop practice is distinct from
monocropping where only one crop is grown on the
same plot for one of more years. Although there are
benefits to multi-cropping in terms of reducing risk
of total crop failure, what type of grain crop grown
would have depended on the local soil and climate,
balanced with socio-economic de-
mands.

Where and when multi-cropping
may have occurred in the past is
debated, and identification in
archaeological contexts can be
difficult. Marijke Van der Veen
(1995) compared the relative pro-
portion of grain types and ana-
lysed the weed assemblages in
relation to growing conditions in
different crops to determine that
wheat and rye were probably
sown together in medieval west-
ern Europe. Weed ecology, such
as phytosociology, autecology and
FIBS (Functional Identification of

Ratio

U-130

M Triticum dicoccum (1)

der Veen 1992; Stevens 1996; Charles et al. 1997;
Bogaard et al. 1999; Jones et al. 2010). Ethnogra-
phic observations by Glynis Jones and Paul Halstead
(1995) on the Greek island of Amorgos found that
sown proportions of up to 80% wheat and 20% bar-
ley were considered mixed intercrops by farmers,
although this proportion could change depending
on the environmental conditions. However, they
also highlighted issues of contamination resulting
from crops from previous growing cycles becoming
incorporated in that season’s crop (Jones, Halstead
1995). Overall, these methods require the archaeo-
botanical remains to have enough weeds to study
the weed ecologies and be representative of one
harvest. However, plant remains that survive in the

U-134

U-131 U-132 U-135

M Triticum spelta (1) W T. monococcum (0.5)

Botanical Surveys), have been
used to understand cropping
practices in the past (e.g, Van
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Fig. 6. Ratio between the number of grains and number of glume
bases for emmer (Triticum dicoccum), spelt (Triticum spelta) and ein-
korn (Triticam monococcum) for each sample in area D21, Lower Ce-
rovacka Cave.
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archaeological record are typically either discarded
waste or accidentally preserved remains, which ge-
nerally result in contexts where crops from different
sources are combined over tens or even hundreds
of years, preventing any secure identification of crop
husbandry practices (Jones, Halstead 1995; Van der
Veen 2007).

In prehistoric contexts some suggest that the glume
wheats emmer and einkorn were grown as maslins
during the Neolithic (Kreuz 2007). Einkorn and
‘new’ glume wheat are also thought to have been
cultivated together as a mixed crop during the Neo-
lithic and Bronze Age (Jones et al. 2000; Kohler-
Schneider 2003). More recently Rebecca A. Fraser
et al. (2013) examined the stable isotopes of wheat
and barley from an LBK storage deposit at Vaihin-
gen in Germany, and found they shared distincti-
vely low 813C signatures relative to other samples,
suggesting that they grew in similar conditions, pos-
sibly in a similar location as a mixed crop.

Whether inter-cropping was practiced by the farm-
ers who used Lower Cerovacka Cave to store their
crops is hard to determine. There are very few
weeds, which prevents the analyses of weed ecolo-
gies. Most cereal remains are free-threshing wheat,
with only a very small quantity of barley grains pre-
sent, far less than 20% if we go with an 80,20 ratio
outlined by Jones and Halstead (7995). Thus, the
presence of barley could simply indicate contami-
nation of the free-threshing wheat crop, maybe from
a previous harvest, or could be remnants of a pre-
viously stored crop. The glume wheats, emmer, ein-
korn and spelt are found in smaller quantities, and
again it is unclear from the context whether they
were grown together. Instead, they could represent
smaller harvests or remnants of previously stored
Crops.

Storage location and containers

The utility of each type of storage depends on perish-
ability and distribution, the predictability and du-
ration of lean periods, as well as the settlement pat-
terns and social ethos of the society (Testart 1982).
A huge range of food-keeping practices have there-
fore evolved. Ethnography, historical documents,
and imagery highlight a wide range of storage facili-
ties, such as caves, pits, built silos, cellars, and barns,
a variety of accompanying equipment used, such as
bins, baskets, barrels, sacks, suspension hooks, jars
or chests, as well as different preservation methods,
such as drying, parboiling, fermenting, efc. (e.g., Pe-
na-Chocarro et al. 2015). For cereals and legumes,

controlling the humidity is the most important part
of maintaining the nutrient quality and usability of
the crop (Paun et al. 2021). Before storage, grain
must be dry (i.e. have a low moisture content) to
minimize infestation by insects and microorgani-
sms (bacteria, fungi, efc.), and to prevent germina-
tion (Rajendran 2003). The main objective of stor-
age systems is to therefore preserve food for an ex-
tended period with minimal loss.

The recovery of cleaned cereals and pulses in Low-
er Cerovacka Cave, along with other contextual evi-
dence, suggests that the remains represent stored
crops. The cave itself would have had its own mi-
cro-climate, though it is uncertain what the condi-
tions would have been in the Bronze Age. Today the
dark well-ventilated cave, with low but fluctuating
temperatures, could make a practical storage loca-
tion (Tresic Pavicic 2020). Yet the cave has a very
high humidity (around 90%), which could cause sig-
nificant spoilage of the crop, activating sprouting
in the surface layer of a store, as well as encourag-
ing contamination by micro-organisms, especially
mould. This was noted at Baume Layrou, a Late
Bronze Age cave situated in southern France, where
the high humidity in the cave was thought to have
caused germination in the stored grain (Bouby et
al. 2005). Yet in Anatolia, caverns in tuffs have been
used for food storage in the past and are still regu-
larly used today for wine and to extend the shelf
life of fruits and vegetables. The caves maintain a
relatively constant temperature of around 13°C,
with good airflow, and humidity can be as high as
80% in places, although it’s suggested that the tuff
rock holds dehumidifying properties making them
ideal caves for short-term food storage (Emir, Da-
loglu 2012; Aydan, Ulusay 2013). Experiments also
show that at low temperatures moisture changes in
wheat occur relatively slowly, compared to those
stored at higher temperatures (Pixton, Griffiths
1971).

At Lower Cerovacka Cave germinated grains were
not identified. This may suggest that the crops were
not stored for long periods within the cave, or that
these specific grains had not been in the cave for
enough time to allow germination before they were
carbonized. Storing grain in their chaff is also sug-
gested to be a way of protecting glume wheat grains
and could have helped preserve the glume wheats
discovered in Lower Cerovacka Cave (e.g., Meurers-
Balke, Liining 1992). As Laurent Bouby et al. (2005)
conclude, the conditions within the cave probably
suggest occasional shortterm storage, possibly
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through periods of insecurity. They suggest that
both caves in southern France are characteristic of
refuge caves; being difficult to access, have hidden
entrances and lack light. These characteristics are
also shared with Lower Cerovacka Cave.

One of the main problems with understanding stor-
age practices in prehistory lies in finding direct evi-
dence of storage, especially if more perishable items
such as woven baskets are used, as well as identi-
fying what exactly was being stored. At Lower Ce-
rovacka Cave fragments of ceramic vessels and thin
carbonized strips of vegetal material were found
within quadrant D21, which could suggest the pres-
ence of some sort of wicker basket (Figs. 7 and 8).
The carbonized strips have not been identified yet,
so it is unclear what type of plant could have been
used. Braided plant fibres and basketry are rarely
found in archaeological contexts, and mostly in
waterlogged contexts, so it is unclear the extent to
which these were used in prehistory. The discovery
of post holes at Lower Cerovacka Cave could also
suggest the presence of a wooden structure, or shelf,
that could have stored items off the ground. Seve-
ral methods of storage could thus have been used
within the cave that could have allowed short- to
long-term storage, under the right conditions.

Baskets and textiles are both the result of the inten-
tional weaving of fibres. The terms ‘basket’ and ‘tex-
tile’ are often definitionally separated, perhaps some-
what arbitrarily, by both end-use and construction
technique. Baskets generally serve as vessels or other
containers or as mats for sitting and sleeping on,
floor coverings, in the con-
struction of mud-brick archi-
tecture, and as burial shrouds
and grave liners. Textiles,
which are made from softer
and more pliable fibres, are
used for clothing, bed linens,
and to create soft bags or
other containers that need to
have more flexibility than a
basket. A large variety of fi-
bres are used in weaving tex-
tiles and baskets, including
bast fibres from plants and
trees as well as hair and wool.
Textile fibres generally receive
more pre-treatment than the
fibres used in basket making.
Baskets are created from plant
fibres that are generally thick-
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er and more resilient than textile fibres, and they
are often treated with splitting, heating, dying, bend-
ing, and bundling. Moreover, baskets are never wo-
ven on a loom and generally have a different end-
use than textiles (Adovasio 1977.1; Crowfoot 1954.
414; Wendrich 1999.31-35). Tools such as awls and
needles are often used in the construction of a bas-
ket, and thread or cordage may be used to create a
more secure weave or to fasten the end of the weav-
ing bundle or the baskets edge. The techniques of
basket making are generally classified into three
weave types: twining, coiling, and plaiting. Within
each of these three classes are many sub-classes; all
are mutually exclusive based on technique or “fea-
tures of manufacture” (Adovasio 1977.1; Wendrich
1999.41-42).

The archaeological visibility of storage methods and
stored goods varies widely, making it difficult to de-
termine the character, organization and importance
of storage within a specific context. For the prehisto-
ric Balkans a range of different storage methods
have been identified, but usually from indirect evi-
dence, such as the discovery of large vessels, clay
bins or subterranean features, and are usually inter-
preted from ethnographic analogies (Filipovic et al.
2018; Papaefthymiou-Papanthimou et al. 2013).
Observations on construction techniques and meth-
ods and materials used for lining and sealing stored
crops highlight the wide range of practices that can
be used (e.g, Mobolade et al. 2019; Pernia-Chocarro
et al. 2015). When storing crops, especially cereals,
it is important to keep both moisture and tempera-
ture levels low if the items are to be stored succes-

Fig. 7. Thin carbonized strips of vegetal material, possibly from a wicker
basket, found within carbonized botanical remains in quadrant D21
Lower Cerovacka Cave.
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Fig. 8. Image of the carbonized vegetal material, possibly from a wicker basket, found in quadrant D21

Lower Cerovacka Cave.

sfully for long periods (e.g., Reynolds 1979; Currid,
Navon 1989). Grain aeration is a technique that is
still used today to improve the storability of grain by
maintaining a cool, uniform temperature throughout
the storage. However, this only works if the aerated
air has a relative humidity below the grain’s mois-
ture content, otherwise the grain would still slowly
absorb water from the air (Jones, Hardin 2017).
Sealed, airtight, storage is an alternative method to
control moisture, and various methods have been
observed where things like dung, clay and straw
have been used to help seal containers or pits to
keep moisture levels low (e.g., Singh et al. 2017). In
Syria, clay lined baskets have been observed, as well
as sacks and wooden silos (Al-Azem 1992). While in
Palestine burgur and frikkeh were seen stored in
cloth sacks or in lined straw baskets with some form
of protective cover (Turkowski 1969).

Lower Cerovacka Cave in Bronze Age Croatia
The discovery of such a large archaeobotanical col-
lection at Lower Cerovacka Cave is unique in Dalma-
tia and Croatia as a whole. Although Bronze Age ma-
terial culture has been identified at several cave
sites along the Dalmatian coast, only one other site
has so far produced botanical remains. Grapceva $pi-
lja, a cave on the island of Hvar in Croatia, yielded
only a few plant remains from early and middle
Bronze Age occupation horizons, including a few
wheat grains (Triticum sp.) and acorns (Quercus
sp.; Borojevic et al. 2008). The cave is thought to
have had ritual connotations, but the botanical data
is inconclusive and could simply suggest transient
occupation. Burials in caves are also seen. A recent
study at the Middle/Late Bronze Age (1430-1290
BCE) Bezdanjaca Cave, located slightly inland in the
Lika region of Croatia, identified notable quantities
of C4 plant consumption, most likely millet, in 16 in-
dividuals (Martinoia et al. 2021). At Pupicina Cave,
located in NE Istria, evidence suggests the use of the
site periodically by herders as well as for other, as
yet unknown activities from the Neolithic through

the Iron Age, though a hiatus is noted from the Late
Neolithic to middle Bronze Age (Miracle, Forenba-
her 2005). The use of caves as animal stabling is
also suggested for four caves in the Trieste Karst,
north-eastern Italy (Boschian, Montagnari-Kokelj
2020). Caves were thus utilized in different ways
along the Adriatic coast.

At present only 17 sites have published archaeobo-
tanical evidence from Croatia as a whole, and the
quality and quantity vary greatly (Reed et al. 2022a).
Along the coast, we see a very limited repertoire of
remains, with only the settlement at Monkodonja
providing any clear evidence of crop cultivation, in-
cluding emmer (Triticum dicoccum), barley (Hor-
deum vulgare) and grape pips (Vitis vinifera). In
continental Croatia, the Late Bronze Age site of Kal-
nik-IgriSce revealed thousands of plant remains with-
in a burnt down house, with broomcorn millet, bar-
ley, free-threshing wheat (7riticum aestivum) and
broad bean predominating (Marekovic et al. 2015;
Reed et al. 2021). Broomcorn millet, barley and
free-threshing wheat are also frequently found at
other sites in the region by the Late Bronze Age
(Reed et al. 2002a). Recent research on the intro-
duction and adoption of millet has shown its arrival
into Croatia by the middle Bronze Age (Filipovic et
al. 2020; Reed et al. 2022b), but it is not until the
Late Bronze Age that we see clear evidence of its cul-
tivation as a crop within the Croatian assemblage.
Overall, the range of taxa identified from Lower Ce-
rovacka Cave fits well with what is already known
about Late Bronze Age agriculture in Croatia.

What is absent at Lower Cerovacka Cave is evidence
of the collection of fruits and nuts, such as cornelian
cherry (Cornus mas) and Chinese lantern (Physalis
alkekengi), from the local environment, which we
commonly see at settlement sites during this peri-
od in Croatia. We do find a few remains of acorns,
although these are largely present in Phases 2 and
6, with only one fragment found in Phase 4. There
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are many species of acorn, both sweet and bitter
and unfortunately here we have not been able to
identify to species. Acorns are nutritionally compa-
rable to cereals, being a good source of carbohy-
drates, fats, proteins, and vitamins, mostly A and C,
and have been consumed in the form of bread,
soups, porridge, or even as herbal coffee through-
out history (Sekeroglu et al. 2017). Acorns have
been found at other Bronze Age sites, including Kal-
nik-IgriSce (Marekovic et al. 2015), but it is unclear
whether the few acorns recovered here represent
deliberate collection.

Conclusion

At Lower Cerovacka Cave the unique discovery of a
large quantity of burnt plant remains dating to the
Late Bronze Age indicate crop storage in the cave. Si-
gnificant mixing of the crops prevents any assump-
tions about how or where the different crops were
stored. Yet the significant quantity of remains indi-
cate the storage of lentil (Lens culinaris) and free-
threshing wheat (Triticum aestivum/durum), as

well as emmer (Triticum dicoccum), einkorn (Triti-
cum monococcum), spelt (Triticum spelta) and bro-
omcorn millet (Panicum miliaceum). The large
quantity of glume wheat glume bases could also sug-
gest a multifunctional space where glume wheats
were also processed, or alternatively the separate
storage of chaff for other purposes. Whether the
cave was used for short- or long-term storage is de-
batable, as the high humidity could cause crop
spoilage. At the Late Bronze Age caves in southern
France, it was concluded that the caves were used
for short-term storage, owing to the high humidity,
and that people took shelter in these ‘refuge caves’
during disturbed times (Bouby et al. 2005). How-
ever, if air-tight storage is used then crops can be
stored for longer. At Lower Cerovacka Cave possible
evidence of woven containers is present, but it is un-
clear whether these were sealed or simply used to
contain each of the crops separately. The large quan-
tity of other materials found within Phase 4, such as
bronze dress ornaments and jewellery, and the short
date range (c. 940-960 BC), could indicate a period
of instability.
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ABSTRACT - The present paper explores the possibility to better understand the function of pits
through phytolith and starch analysis. A case study from the Late Bronze Age/Early Iron Age seltle-
ment phase of Rotbav in southeastern Transylvania is discussed in detail. It appears that a large sto-
rage vessel originally sealed with a bowl was kept in a pit filled with chaff or straw to preserve its
conlents.

KEY WORDS - Bronze Age; Transylvania; food storage; phytoliths

Hermeticno skladiscenje zit v bronasti dobi:
dokazi iz najdisca kulture Gdva v Rotbavu v Transilvaniji

1ZVLECEK - V clanku raziskujemo moznost za boljSe razumevanje namembnosti jam na podlagi ana-
liz fitolitov in Skroba. Obravnavamo Studijski primer iz pozno bronasto- in starejse Zeleznodobne fa-
ze naselbine Rothav v severovzhodni Transilvanifi. Gre za vecjo shrambeno posodo, ki je bila pokri-
la s skledo in bila postavljena v jamo, zapolnjeno s plevami ali slamo, z namenom konserviranja vse-

bine.

KLJUCNE BESEDE - bronasta doba; Transilvanija; shranjevanje hrane; fitoliti

Introduction

Several methods have traditionally been employed
to keep humidity, oxygen, and insects away from
field crops in order to preserve them, with airtight
sealed containers, along with pits lined with straw
or chaff, being among the most common (Reynolds
1974; Sigaut 1980; 1988; Fairbairn, Omura 2005,
Villers et al. 2006, Diffey et al. 2017; Urem-Kotsou
2017). However, it is difficult to find evidence for
such techniques in the archaeological record, parti-
cularly regarding regions with earthen architecture
and in the absence of carbonized cereals (Monah
2002; Marinova, Valamoti 2014; Hrisrova et al.
2017; Valamoti et al. 2019 for an overview of such
evidence from southeastern Europe). So far, the
identification of grain storage has mostly been based
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on the identification of characteristic archaeological
features (Sigaut 1988; Fairbairn, Omura 2005 with
references). This approach may to some degree be
hindered by the frequent and complex reuse of sto-
rage pit features (fvanova et al. 2020). This pilot
study sets out to highlight a pit type that with a high
probability is connected to a specific cereal storage
technique and a methodology that allows its iden-
tification by phytolith and starch analysis. Our case
study comes from the Bronze Age/Early Iron Age
settlement of Rotbav in Transylvania, a region and
time for which so far only scarce macrobotanical
evidence exists (Carciumaru 1996; Ciuta2012; Ciu-
ta, Bejinariu 2012; 2019; Ciuta, Molnar 2014 with
references).

DOI: 10.4312/dp.49.1
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The Gava culture settlement of Rotbav

The archaeological site of Rotbav-La Paraut is situ-
ated upon a high terrace formation above the River
Olt in southeastern Transylvania at 498 m.a.s.I (Fig.
1; 45°83'N/25°50°E). The plateau is delimited by
the Valea Cetitii stream to the north and a steep hill
to the west (Fig. 2); to the east, the Josephinian sur-
vey shows a swampy area with an arm of the River
Olt. This landscape was heavily transformed by the
creation of two lakes to the north of the site in the
1970s, and today the Olt flows at a distance of rough-
ly 500m to the east of the site. The form of the pla-
teau was not affected, but the site has been and still
is used for cultivation, the plough horizon reaching
a thickness of approximately 40cm.

The settlement has a size of around 4ha, of which
1800m?2 were excavated, and the site was additional-
ly investigated by archaeological and geophysical
surveys. Rotbav-La Paraut is thus the most extensi-
vely researched site of this period in the region so
far, and has been comprehensively published (Diet-
rich 2014a). Its importance lies in a long stratigra-
phy comprising the timespan from the Middle Bronze
Age (in Romanian terminology) to the Bronze Age/
Iron Age transition, being inhabited roughly between
1900/1800 BC and 1200/ 1100 BC, following radio-
carbon data (Diefrich 2014b). The stratigraphic se-
quence covers six distinct building phases. The first
three belong to the early Middle Bronze Age Wieten-
berg culture, followed by two of the Late Bronze
Age Noua culture. The last building phase belongs
to the Gdva culture, which marks the Bronze Age/
Iron Age transition (Diefrich
2012). The pottery from Rot-
bav (Dietrich 2012; 2014a.
211-214) places the Gdva set-
tlement into a developed
phase of the culture, described
by Marian Guma as horizon
Mahala IV-Somotor II-Medias
[-I-Teleac 1T and dated to Ha
B (Gumad 1993.190; cf. Ciugu-
dean 2009; 2011).

The remains of the Gdva set-
tlement phase were not pre-
sent in all sections excavated
at Rotbav, likely due to ero-
sion and ploughing, but they

@ lowland settlement

© settlement?
@ surface finds

@ lowland settlement /cemetery

could be excavated on an area
of 1372m? (Dietrich 2014a.
214-217). This allowed us in-

sights into the settlement structure, which is char-
acterized by large, regularly dispersed, partly subter-
ranean constructions (Fig. 2). Fireplaces and pit fea-
tures are located between these buildings. The cultu-
ral layer was situated immediately below the plough
horizon and had a thickness of approximately 15cm,
although likely it was originally much thicker. A to-
tal of four semi-subterranean houses could be par-
tially excavated in the main area of the settlement,
situated at distances of four to 15m from each other.
Postholes and burnt loam with impressions of
wickerwork hint at the superstructures, although
the entrances or inner divisions of houses could not
be identified. Near the houses, concentrations of
pottery and other artefacts suggest that activity areas
and pits were regularly associated with the dwel-
lings. Most pits were filled with domestic refuse or
settlement debris (Dietrich 2014a for an extensive
presentation of the features), and thus their original
functions could not be determined with security.
However, one, labelled feature 4/2008, stood out
because of its contents - two nearly complete ves-
sels, making an in situ use context highly likely.

Pit feature 4/2008

Feature 4/2008 was located approximately 5m to
the south of one of the houses (structure 10, Figs. 2-
3) and next to the remains of a fireplace (feature 2/
2008, Fig. 2) destroyed by ploughing. It first show-
ed as an oval-rounded yellowish spot of ¢. 110cm
maximal diameter. The pit filling proved to be very
homogenous loamy fine sand. Pottery fragments
and burnt loam were observed only in its upper-
most part, roughly within the first 10cm. The maxi-

ROTBAVe,

Fig. 1. Gava finds in southeastern Transylvania and location of the settle-
ment of Rotbav (findspots after Dietrich 2014a.322-332; base map Go-
ogle Satellite, hitps://mt1.google.com/vt/lyrs=s&x={x}&y={y}&z={z}).
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mum depth of the feature was 54cm, a part of the
pit likely being destroyed by the plough. After remo-
val of 10cm of sediment, finds became scarce, but
the rims of two large vessels became visible. One
was a large, bag-shaped vessel decorated with four
knobs at the shoulder and a rim drawn towards the
exterior (Fig. 3a). The vessel, of which all fragments
could be recovered, has a height of 42.7cm, a maxi-
mal diameter of 47.6cm and a rim diameter of 35cm.
The measurements and formal characteristics - a
wide stable bottom and large mouth to enable users
to reach the contents - speak in favour of a storage
vessel. The second vessel is a so-called ‘Zipfelschiis-
sel’, a bowl that originally had four pronounced lo-
bes, fluted in the interior (Fig. 3b). This vessel was
found broken in several fragments, but unlike the
first one not all fragments were present in the pit.
The preserved smallest width of the vessel is 41.8cm,

Rotbav 2007-2008
Central area. Gava Culture layer.

and thus it could have served well as a lid for the
larger vessel even in a damaged condition.

The sediments from the pit and the inside of the ves-
sel were separated, sieved through a Imm mesh and
flotated. This produced a number of small bone
fragments and <1g of charred wood from the pit fill-

pit features, date unclear
feature 21/2007
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Fig. 2. The Gava settlement phase of Rotbav and the location
of the pit feature 4/2008 (graphics by L. Dietrich).
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ing, but no other charred plant macroremains. As
charred grains and plant remains were recovered
from other contexts at Rotbav (cf. Dietrich 2014a.
Anhang 6), this is not due to preservation condi-
tions. The vessel contents were completely decayed,
or the vessel had been emptied (which could be
indicated by the position of the lid besides the large
vessel). No food crusts were observed on either ves-
sels’ inner surface. However, neither of the two ves-
sels had been placed on the bottom of the pit, indi-
cating that the latter had been filled with some kind
of material that held the vessels in place (Figs. 4-
5). We suspected that the vessels could have been
originally placed in chaff or straw. Accordingly, four
sediment samples were taken to check this hypoth-
esis.

Phytolith evidence

Phytolith analyses were conducted on the four soil
samples (Tabs. 1-2). RT08-1 is from the upper part
of the pit, RT08-2 from inside the pit next to the ves-
sels, RT08-4 is from inside the vessel and RT08-3
from the cultural layer outside the pit (sample loca-
tions are marked in Fig. 4).

Phytolith extraction of the samples followed the pro-
cedures outlined by Rosa Maria Albert et al. (1999).
To remove carbonates, phosphates, and organic ma-
terial, approximately 1g of the air-dried sediment
was treated with 3 N HCI, 3 N HNOs, and H,0,. The
mineral components of the samples were separat-
ed according to their densities using 2.4g/ml sodium
polytungstate solution [Nas (H:W12040) H20]. Slides
were prepared by weighing out about 1mg of sedi-
ment onto a microscope slide, mounting
with Entellan New (Merck). The count-
ing of about 1300 phytoliths per sample
was performed using a KERN OBE-114
microscope at 400x magnification. Un-
identifiable phytoliths were counted and
recorded as weathered morphotypes. To
allow quantitative comparisons between
the samples, phytolith numbers per

tillo et al. 2014). The International Code for Phyto-
lith Nomenclature was followed where possible (Ma-
della et al. 2005).

Phytoliths were abundant in all four soil samples
examined, ranging from 1.1 to 4.0 million phytoliths
per gram of sediment (Fig. 6a; Tab. 1). The highest
concentrations were observed in samples RT08-2
and RT08-4, while the lowest concentration was ob-
served for sample RT08-3. Phytolith preservation is
generally poor, as evidenced by high proportions of
weathered phytoliths (mean=21.4%, 6=1.5%, n=4;
Tab.1) and the absence of multicellular phytoliths,
likely in association with a varied range of deposi-
tional and post-depositional processes (Alexandre
et al. 1997; Cabanes et al. 2011; Madella, Lance-
lotti 2012).

The morphological analyses show that all samples
are similar in their morphotype assemblages (Tab.
1). Grass phytoliths, occurring at a rate of about
56.5% (0=0.6%, n=4), were the most common group
identified. According to their short cell morpholo-
gies, grasses belong mostly to the C3 Pooideae sub-
family that include common cereals, such as wheat
and barley. However, the absence of multicellular
phytoliths in the samples did not allow for identi-
fying the type of grasses and cereals. Grass short
cells, commonly produced in leafs, stems and inflo-
rescences, were abundant in all samples, averaging
40.4% (0=1.8%, n=4). Epidermal cells from grass
leaves and stems, including, for instance, prickles
and bulliform cells, show similar values with an ave-
rage amount of ¢. 40.3% (6=2.1%, n=4). Additio-

gram of sediment were estimated by re-
lating phytolith amounts and weights
of the processed sample material to the
initial sample weights. Morphological
identification of phytoliths was based
on standard literature (e.g., Twiss et al.
1969; Brown 1984; Mulholland, Rapp
Jr. 1992; Piperno 20006), as well as on
modern plant reference collections (4
bert 2000; Albert Weiner 2001; Tsartsi-
dou et al. 2007; Albert et al. 2011; Por-

[ == = = =)

Fig. 3. The two vessels from pit feature 4/2008 (photos/draw-
ings by 0. Dietrich).
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Sample 1D, description of sample location Relative abundances Anatomical origin
and phytolith amounts of phytoliths of grass phytoliths
R
Q [7) [/ . \? 9-\0— g —
Number of Layer/areal/ < § § R g|=m & S
Sample ID hyt. £ |8 sl x| s |8 & -
P P description £ EBRRE|E|55|5 |3 % R
of sediment w 2923 5 | 5|8 9| =
“ |8 ¢8| 8 |% &> |55 &
i L z|.2 0o =) 9 O S Q| < &= =
U B20 =0 |BE|ISS|w E| &
RTo8-1/MD 5309 2 675 000 inside pit, upper part 56.80 | 4.18 | 15.23 | 0.85 | 22.95 [ 37.24 | 42.78 | 19.98
RTo8-2/MD 5310 3 972 000 | inside pit next to vessels | 56.47 | 6.38 | 16.90 | 0.58 | 19.66 | 41.06 | 38.69 | 20.25
RTo8-3/MD 5311 1138 0oo | cultural layer outside pit | 55.72 | 6.97 | 16.18 | 0.53 |20.60|40.92 | 39.34 | 19.75
RTo8-4/MD vessel | 3 617 500 inside large vessel 57.08 | 6.27 | 14.03 | 0.20 | 22.42 | 42.07 | 40.82 | 17.11

Tab. 1. Description of samples, phytolith amounts, relative abundances of phytoliths and anatomical ori-
gin of grass phytoliths obtained from all sediment samples.

nally, grass phytoliths derived from their floral parts
(e.g., decorated elongate dendritic and elongate echi-
nate cells) account for 19.3% on average (6=1.5%,

n=4).

Dicotyledonous phytoliths occur at an average rate
of 21.5% (6=2.0, n=4; Tab. 1). Parallelepipedal blocky
phytoliths, for instance, one of the most common
wood/bark morphotypes, account for 12.5% (o=
1.7%, n=4) on average. Other diagnostic dicotyledo-
nous morphotypes such as globulars, polyhedrals or
jigsaw-shaped phytoliths were not observed.

Rotbav 2008, Pit 4

a contour of pit

b after removal of 10 cm
sediment

¢ section

red: burnt loam
blue: pottery, vessel
interior

grey: pottery, vessel
exterior

green: bone

Fig. 4. Pit feature 4/2008. a planum view, b after
removal of 10cm of sediment, c section of the pit
(drawings made by 0. Dietrich).
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Starch analysis

To confirm the original presence of cereals within
the large vessel, five subsamples from sample RT08-
4 (inside of the vessel) and the control sample RT0S-
3 (cultural layer outside of the pit) were subjected
to microscopic analysis in order to identify possibly
preserved starch granules. Sample preparation/mi-
crofossil extraction followed the protocol established
by Li Liu ef al. (2018) with a few modifications. The
sediment was mechanically crushed and homoge-
nized. One mg of sediment was put into 1.5ml test
tubes, dispersed in distilled water and centrifuged
for 5 minutes. Microfossil extraction then followed
two procedures: (a) EDTA dispersion; after centri-
fuge the supernatant was decanted, 0.4ml of EDTA
solution was added to each tube. The tubes were left
for 2 hours and vortexed each 10 minutes for 30 se-
conds to disperse the sediment, then filled with dis-
tilled water and centrifuged for 5 minutes at 3000
rpm, and the supernatant was decanted. (b) Heavy
liquid separation; 0.4ml of SPT at a specific gravity
of 2.35 was added to each tube. The tubes were then
centrifuged for 15 minutes at 3000rpm. The top la-
yer of organics was removed from each tube by a
new pipette and then transferred into a new tube.
Distilled water was added, and the samples centri-
fuged for 5 minutes at 3000 rpm to concentrate the
starch at the bottom of the tube, and the superna-
tant was decanted. The process was repeated two
more times.

The samples were mounted in 50% glycerol and
50% distilled water on glass slides and analysed
with polarizing filters at x400 for starch with a Bres-
ser Polarisation microscope. Photos were taken with
a Bresser Microcam of 12 MP for each slide. The re-
ference collection for starch granule types estab-
lished by Gismondi et al. (2019) was used for com-
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RTo8-1/ RTo8-2/ RTo8-3/ RTo8-4/
. MD 5309 MD 5310 MD 5311 MD Vessel
Phytolith morphotype inside pit, inside pit next  cultural layer inside large
upper part to vessel outside pit vessel
Bulliform 3 7 4 2
Cillindroid psilate 84 121 85 12
Cillindroid scabrate 33 51 45 49
Hair cell 33 65 60 70
Papillae cell 21 22 17 19
Hair cell (prickle) 22 29 32 21
Elongate dendritic 15 20 23 20
Elongate echinate 45 53 44 55
Elongate polylobate 20 24 14 15
Elongate wavy 16 16 15 16
Elongate verrucate 6 8 4 9
Elongate crenate 5 4 2 2
Elongate ruminate 3 5 1 2
Elongate granulate o 2 3 4
Elongate spilate 3 o o 3
Elongate corniculate o 3 2 o
Parallelepipedal blocky psilate square ends 60 86 60 72
Parallelepipedal blocky psilate rounded ends 28 44 29 16
Parallelepipedal blocky scabrate square ends 30 47 31 30
Parallelepipedal blocky scabrate rounded ends 20 11 10 19
Parallelepipedal blocky psilate irregular 11 9 9 8
Parallelepipedal blocky scabrate irregular 3 o 6 6
Parallelepipedal elongate psilate 12 8 17 22
Parallelepipedal elongate scabrate 7 8 13 9
Parallelepipedal elongate facetated o o o o
Parallelepipedal thin psilate rounded ends 6 11 10 16
Parallelepipedal thin psilate square ends 73 79 55 131
Parallelepipedal thin scabrate rounded ends o 2 5 4
Parallelepipedal thin scabrate square ends 17 18 21 38
Short cell rondel 187 213 171 226
Short cell tall rondel 2 o 3 5
Short cell trapeziform 68 67 56 95
Short cell saddle 10 8 6 3
Short cell bilobate 19 18 15 15
Short cell cross 1 2 4 5
Trapeziform sinuate 21 25 13 22
Trapeziform polylobate 8 14 13 6
Cylindric sulcate tracheid 8 3 4 5
Weathered morphotype 271 270 234 333
Total number of counted morphotypes per sample 181 1373 1136 1485

Tab. 2. List of phytolith morphotypes identified and their frequencies (counts) in soil samples and a pot-
tery vessel from Rotbav, giving the stratigraphic location and sample information.

parison. Starch preservation was overall bad, and
well preserved granules were only observed in three
subsamples of RT08-4. These allow a tentative deter-
mination as Triticum aestivum (common wheat, ¢f.
Fig. 6b and Gismondi et al. 2019.nr. 30a-b). Triti-
cum aestivum is not among the species identified
for the Wietenberg culture layers at Rotbav, from
which macrorests of Triticum monococcum, Triti-
cum sp. and Hordeum sp. have been recovered
(Dietrich 2014a.Anhang 6). For the Noua culture,
evidence is lacking so far.

Discussion

Phytolith analysis reveals that two samples have
particularly high phytolith concentrations. Sample
RT08-2 was taken inside the pit, next to the two pot-
tery vessels, RT08-4 is from the inside of the large
bag-shaped vessel. Another sample, RT08-1, was
taken inside the pit filling, but in a stratigraphical
position above the two vessels. Here, the phytolith
concentration is considerably lower. The lowest va-
lue comes from sample RT08-3 which represents a
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control sample from the cultural layer next to the
pit. The phytoliths stem mostly from the C3 Pooid
subfamily and come largely from stems and leaves.
Both concentrations and origin of the phytoliths fit
the hypothesis of a pit filled with chaff or straw to
protect the contents of the vessel. Starch analyses in-
dicate that the vessel contained cereals, likely Triti-
cum aestivum.

In addition to being covered with the bowl (frag-
ment), the vessel could have been sealed airtight
with clay. As the upper part of the pit was absent, the
possibility that also the pit was sealed in that way
cannot be excluded. Sealing in an airtight container
would have reduced moisture and kept insects or
mice away, conserving the grains for several years
(Diffey et al. 2017.1-3). The capacity of the vessel at
Rotbav may indicate that it was used to store a part
of the provisions for the winter or seed grains. The
find context with the bowl next to the large vessel
and the vessel itself filled with straw (phytoliths do
not form in grains, starch being scarce) makes it
highly possible that the vessel was emptied and then
left there (damaged during retrieval?) while the
straw/chaff decayed and the pit in its upper part was
slowly refilled with sediments. Originally there could
have been more such vessels stored in the pit.

Phytolith or starch analyses have so far not been
published for Gdva sites. Organic remains have only
sparsely been reported from contexts of the Gdva
culture or the Early Iron Age in general. From Sim-
leu Silvaniei - ‘Observator’ foxtail millet (Sefaria ita-

Fig. 5. Tentative reconstruction of the pit feature
with two vessels embedded in straw and the pit
sealed by clay (drawing by 0. Dietrich).

lica), and two wheat species (Triticum monococ-
cum and Triticum dicoccum) are mentioned (Ciu-
ld, Bejinariu 2019). Beatrice Ciutd and Ioan Beji-
nariu recently collected the evidence published to
date of other finds of cereals from Early Iron Age
contexts, and their list contains three more sites (Te-
leac: Triticum durum and Hordeum vulgare from
a grave; Bernadea: millet, Tasad: mostly Triticum
aestivum, but also Triticum monococcum, Triti-
cum dicoccum, Triticum spelta, and Panicum mi-
liaceum; Ciutda, Bejinariu 2019.47). Rotbav now
adds to this list, although any sensible discussion of
Early Iron Age cereal use still needs much more data.

Summing up, our case study proves that combined
phytolith and starch analysis are an interesting (and
not overly costly) approach to determine the proba-
ble use of prehistoric pits in the absence of pre-
served macrorests.

20pum
400X

a b

Fig. 6. a photomicrographs of selected phytolith morphotypes identified in the Rotbav samples. The photo-
graphs were taken at 400x magnification: 1 short cell rondel; 2 short cell trapeziform (left), short cell
bilobate (right); 3 elongate entire (left), short cell rondel (top view, right); 4 elongate dentritic; 5 elon-
gate echinate; 6 prickle (photos made by C. Binder). b photomicrograph of a starch granule (Triticam

aestivum), taken at 400x magnification.
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ABSTRACT - Despite their widespread presence and potential to shed light on various aspects of
prehistoric life, for a long time Neolithic macrolithics attracted little scholarly attention. The situa-
tion, however, is rapidly changing as more and more assemblages are being studied and published
systematically. The study of the grinding and abrading tools from the earlier Neolithic site of Ponto-
komi-Souloukia in northern Greece is part of this recent trend, as it integrates macroscopic exami-
nation, use wear, microbotanical and macrobotanical analysis, an experimental program, ethnogra-
Dhic data, as well as contextual analysis. In this article, we present the resulls of our study and make
comparisons with other assemblages, placing the Pontokomi-Souloukia material in its wider Aegean
Neolithic context.

KEY WORDS - Neolithic; Greece; grinding and abrading tools; use wear analysis; residue analysis

Mletje in brusenje v zgodnjem neolitiku v severni Grciji:
multi-proksi in komparativni pristop k najdiscu Pontokomi-Souloukia

IZVLECEK - Kljub razSirjenosti in sposobnosti osvetliti razlicne vidike Zivljenja v prazgodovini, so
neolitski makroliti pritegnili le malo raziskovalne pozornosti. Ocena se hitro spreminja, saj je siste-
maticno analiziranih in objavijenih vse vec zbirov. Mednje sodi tudi Studija orodij za mletje in bru-
Senje iz zgodnje neolitskega naselja Pontokomi-Souloukia v severni Grcifi, saj vkljucuje makroskop-
sko analizo, analizo sledov uporabe, mikro in makro bolanicne analize, eksperimentalni program,
etnografske podatke in kontekstualno analizo. V clanku predstavijamo rezultate nase studije in zbir
primerjamo z drugimi. Gradivo z najdiSca Pontokomi-Souloukia tako umescamo v Sirsi egejski neo-
litski kontekst.

KLJUCNE BESEDE - neolitik; Grcija; orodja za mletje in brusenje; sledi uporabe; analize rezidijev
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Introduction

Despite their ubiquitous presence at Aegean Neoli-
thic sites, involvement in most (if not all) chaines
operatoires, and potential to illuminate various as-
pects of prehistoric life, for a long time macrolithics!
attracted little scholarly attention. It is not an exag-
geration to state that traditionally they represented
one of the most neglected materials from Neolithic
Greece. When relevant information was reported, it
often consisted of a few cursory paragraphs in the
‘small finds’ section of a site publication (e.g., Evans
1964.229-231). Some tools, abandoned at the site
after the completion of the excavation, were not
considered worthy of even such a superficial treat-
ment. This is the bad news.

The good news is that the situation is rapidly chang-
ing. In the last fifteen years or so, the field of Aegean
Neolithic macrolithics has witnessed dramatic growth
as more and more assemblages are being studied
and published systematically. As a result, significant
progress has been made in exploring raw materials,
manufacturing processes, aspects of use, practices of
discard, as well as social and symbolic dimensions
(e.g., Almasidou 2019; Bekiaris 2007; 2018; 2020;
Bekiaris et al. 2017; 2020; in -~ 2o
press; Chadou 2011; Chon- _‘ 3 ¢
drou 2018: 2020: Chondrou  ©

etal. 2018: 2021; Chondrou,
Valamoti 2021; Lewis et al.
2009; 2011; Ninou 2006;
Stergiou et al. 2022; Stroulia
2002; 2010a; 2010b; 2018a;
2018b; 2020; Stroulia, Chon-
drou 2013; Stroulia et al.
2017; 2022; Tsoraki 2008;
2011a; 2011b; 201Ic).

Despite these developments,
the field suffers from two se-
rious imbalances. The first is
geographic. Much more is
known about the macrolithic
industries of northern Greece
than those from sites farther
south; reports (of varying
length and quality) are avail-
able for almost 30 assembla-
ges from Macedonia, Thrace,

Fig. 1. Map of prefecture of Kozani with
locations of Pontokomi-Souloukia and
JSour other sites in the Kitrini Limni Ba-
sin mentioned in the text. 1 Pontokomi-
Souloukia; 2 Mavropigi-Fillotsairi; 3 Klei-
tos; 4 Megalo Nisi Galanis; 5 Kremasti-Kilada. Kitrini Limni is indicated
by dashed line. Graphics by Sofia Viahopoulou.

and Thessaly compared to roughly 10 from the
southern part of the country. The second imbalance
is chronological. The available information for indu-
stries dated to the later part of the Neolithic by far
exceeds that for earlier materials; there are roughly
twice as many reported Late or Final Neolithic as-
semblages as those belonging to earlier phases (see
Bekiaris et al. 2020.146-147; Stroulia in press).2

By focusing on the earlier Neolithic material from
the site of Pontokomi Souloukia in the Kitrini Lim-
ni Basin, in the prefecture of Kozani, west Macedo-
nia, this article tackles none of the geographic bias
but does address the chronological one. As such, (1)
it sheds light on the macrolithic implements of the
first agropastoral communities that occupied the
Aegean; (2) it contributes to an understanding of the
diachronic evolution of the macrolithic industries
and related practices in this part of the world.

The Site

Kitrini Limni was a busy place in the Neolithic. As re-
vealed by surface surveys or accidental discoveries
related to various development projects, from the
7th to the 4th millennium BCE, this 35km?2 basin

0 10 20km
L m—

"Mt Askio-

1 For a discussion of the term ‘macrolithics’ and its advantages over the traditional term ‘ground stone’, see Adams ef al. (2009.

43-44) and Stroulia (2018a.202).

2 The few assemblages that span the Neolithic period were not taken into account in these calculations.
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served as the homeland for 30 settlements (Chond-
royianni-Metoki 2020; in press a; b; ¢). One of the
earliest among them is Pontokomi Souloukia (hence-
forth Souloukia) (Fig. 1).

Located on the western edge of the basin, Soulou-
kia covers ¢. 1.0-1.2ha and dates to the second half
of the 7th millennium and the beginning of the 6th.
Roughly half of the site was severely damaged in the
past few decades by the construction of a highway,
a railroad, and other infrastructure-related projects.
The other half (¢. 0.4ha) was targeted by salvage ex-
cavations in the context of large-scale coal mining
operations (Chondroyianni-Metoki in press b; Ka-
ramitrou-Mentessidi et al. 2010.39-406; Ziota et al.
2014.77-79).

Carried out by the Ephorate of Antiquities of Kozani
between 2010 and 2017, the excavations revealed
two contiguous but distinct areas. The centre of the
site has the form of a low tell with anthropogenic
deposits reaching a maximum thickness of 2m. This
represents the residential sector as indicated by the
remains of successive postframed buildings. Five
(mostly infant) human burials and one animal bur-
ial were found inside the buildings, while a concen-
tration of 15 or so pits was excavated immediately
to the south. A preliminary study of the stratigraphy
and pottery of a single trench revealed three Early
Neolithic building horizons and one dating to the
early Middle Neolithic. Only ¢. 0.1ha was dug, but
the residential area is estimated to have covered be-
tween 0.25 and 0.5ha (Chondroyianni-Metoki in
press b) (Fig. 2a-d).

The surrounding flat area comprises the non-resi-
dential sector and includes three types of features:
ditches, pits, and clay structures. Two ditches were
uncovered. The first - on the western edge of the
site - was linear, measuring ¢. 55m in length, 2m in
maximum width, and 2.1m in maximum depth
(Chondroyianni-Metoki in press b). The second -
on the site’s eastern part - was roughly curvilinear,
measuring ¢. 14.5m in length, 2.4m in maximum
width, and 1.4m in maximum depth (Karamitrou-
Mentessidi et al. 2010.41-43, 45). The functions of
the ditches remain enigmatic, as there is no evidence
that they connected with each other or surrounded
the site (Fig. 2e).

Dispersed around the non-residential area are more
than 40 pits of various sizes.3 Their contents consist
of pottery, lithics, faunal material, and figurines, but

generally speaking, they yielded a small number of
finds (Chondroyianni-Metoki in press b; Karamit-
rou-Mentessidi et al. 2010.43-44; Ziota et al. 2014.
78). It is tempting to interpret these features as con-
tainers for ordinary waste disposal, but their disper-
sal over a large area is certainly intriguing.

East of the residential area (not far from the eastern
ditch), the excavations uncovered a partially pre-
served clay structure with ashes - probably the re-
mains of a hearth. North of the residential area, a
second clay structure was excavated. It was ellipti-
cal in plan, with whitish clay coating the interior
walls. Another structure may have existed west of
the residential sector where masses of clay were un-
covered along with, among others, a large number
of grinding tools (Fig. 2f). Additional clay structures
are vaguely mentioned in the preliminary reports
(Chondroyianni-Mefoki in press b; Karamitrou-
Mentessidi et al. 2010.43; Ziota et al. 2014.78-79).

Significantly, the bipartite settlement structure, with
a tell-like residential centre and a surrounding flat,
extra-residential periphery, recognized at Souloukia,
does not characterize Mavropigi-Fillotsairi, the other
extensively excavated Early Neolithic site of Kitrini
Limni (Karamitrou-Mentessidi et al. 2013; 2015).
It has, however, been identified at Kremasti-Kilada,
which dates to the Late Neolithic (Chondroyianni-
Metoki 2009; 2020). To the best of our knowledge,
this settlement layout is not known from other parts
of Greece and thus may represent a regional varia-
tion. Whether regional or not, this bipartite configu-
ration argues against the long-held, simplistic dicho-
tomy between tell sites and flat/extended sites and
underlines the diversity of the ways in which Aegean
people organized their settlements in space during
the Neolithic (see also Kotsakis 1999.69-70; Krah-
topoulou 2019.77-82; Sarris et al. 2017; Toufexis
2017.23-30, 333-362).

Materials and methods

The Souloukia excavations uncovered large amounts
of pottery, various quantities of stone and bone
tools, an unusually high number of figurines, as well
as a few rather uncommon artefacts (i.e. two clay
house models, a marble vessel, and a bone flute)
(Chondroyianni-Mefoki in press a; b; Karamitrou-
Mentessidi et al. 2010.44-45; Ziota et al. 2014.79).

The stone tool inventory includes nearly 400 macro-
lithics. Among them are the roughly 170 grinding

3 Intriguingly, a single pit dates to the Final Neolithic (Chondroyianni-Metoki in press b).
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Fig. 2. Excavation views. Residential sector: a remains of burnt building; b postholes; c pits; d pot burial.
Extra-residential sector: e ditch; f area with grinding tools, pieces of raw material, as well as masses of
clay possibly from a clay structure. Photos by A. Chondroyianni-Metoki.

tools, abrading implements, and related pieces of
raw material that make up the focus of this paper.

The term ‘grinding tools’ refers to implements used
to pulverize or crush foodstuffs and minerals. These
artefacts operate in pairs comprising a lower statio-
nary component and an upper mobile one. In the li-
terature, the first is often referred to as a millstone,
quern, metate, grinding slab, efc., the second as a
handstone, mano, grinder, rider, roller stone, rubber,
efc. (e.g., Adams 2014.142-145; Cappers et al. 2016.
391-392; Elster 2003.186; Evans, Renfrew 1968.71;
Hamon, Le Gall 2013.113; Hayden 1987.187; Tso-
raki 200891, 97; Wright 1992.61; Wright, Baysal
2012.3). Here we use the more neutral terms ‘pas-
sive tool’ and ‘active tool’, respectively. The term
‘abrading tools’ refers to implements used without
a complementary component for shaping/maintain-
ing other artefacts (e.g., celts, bone tools, and orna-
ments) through abrasion. We should emphasize that

the differentiation between grinding and abrading
tools as well as that between passive and active
grinding implements serve analytical purposes. As
seen below, the Souloukia residents did not always
conform to these distinctions.

Since the systematic study of both the stratigraphy
and pottery is pending, a distinction between Early
Neolithic and early Middle Neolithic specimens has
not been possible. However, given that three of the
four building horizons in the residential area are
Early Neolithic, we assume this to be the date of the
majority of specimens. Be that as it may, in this ar-
ticle all specimens are referred to collectively as ear-
lier Neolithic.

All but six of the roughly 130 abrading and grinding
tools were subjected to use wear analysis with a ste-
reoscope (10-80x magnification) and a metallogra-
phic microscope (100x and 200x magnification) (Ro-
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bitaille). Preservation of microwear was moderate
to low. Acetate and polyvinyl siloxane casts were
made of used surfaces that were preserved reason-
ably well. Use wear analysis was conducted in con-
junction with an extensive experimental program
that involved a variety of materials: cereals, pulses,
nuts, bone, shell, stone, and wood (Robitaille, Strou-
lia). Microwear was identified on a total of 63 speci-
mens.

Residue analysis following a protocol and nomen-
clature defined by Rosa M. Albert et al. (1999) and
Marco Madella et al. (2005) was carried out on 14
unwashed specimens: 13 grinding tools (both work
and dorsal faces were sampled) and one abrading
implement (both used surfaces were sampled). Six
control samples were analysed as well. The detect-
ed phytoliths were examined with a Leica DM 750
microscope at 400x magnification. For each sample,
calculations were made for the number of phytoliths
per 1g of sediment, the percentages of grass and di-
cotyledonous phytoliths, as well as those of weather-
ed and multicellular morphotypes. Phytoliths that
can be associated to use with a reasonable degree of
confidence were identified on only five of the sam-
pled artefacts (Ogiit 2018).

The Souloukia grinding and abrading tools are among
the first from Neolithic Greece to have been subject-
ed to use wear and residue analyses.4 In this paper,
we present the general results of these analyses, but
more detailed data on both, as well as the experi-
mental program, will be published elsewhere.

While the analysis of microbotanical remains has
been completed, the examination of the macrobota-
nical material has not. No more than a small sam-
ple has so far been analysed (Kotsachristou). Only
preliminary observations have therefore been pos-
sible regarding the plants processed and consumed
at the site.

The study of the Souloukia grinding and abrading
tools is particularly important. The severe underre-
presentation of earlier Neolithic assemblages in the
literature (noted above) is one reason. There are
another two: these assemblages have been treated
superficially or happen to be very small. For exam-
ple, over 100 grinding and abrading tools from Achil-
leion were presented in fewer than two pages (Winn,
Shimabuku 1989.268-272), while the roughly 70
specimens from Nea Nikomedeia were discussed in

only seven paragraphs (Pyke 1993.103, 108-109,
111). The macrolithic material from Prodromos, on
the other hand, was studied systematically, but in-
cludes fewer than 15 grinding and abrading tools
(Moundrea 1975.92-99).

By integrating macroscopic examination with use
wear and residue analysis, experimental, macrobota-
nical, and ethnographic data, as well as contextual
analysis, our study of the substantial Souloukia as-
semblage helps fill this gap and thereby clarify the
role these implements played in the lives of the com-
munities that made Greece their home in the earlier
part of the Neolithic.

This paper operates at three levels: (1) It presents
the results of our multi-proxy study of the Soulou-
kia tools by discussing the raw materials and their
acquisition; the choices made in the context of ma-
nufacture and the priorities that these reflect; the
specimens’ morphometric and technofunctional cha-
racteristics; the processed food and non-food sub-
stances; as well as the tools’ spatial distribution and
processes of discard. (2) It makes references to as-
semblages from four sites in Kitrini Limni (Kremasti-
Kilada, Kleitos, Megalo Nisi Galanis, and Mavropigi-
Fillotsairi) as well as others elsewhere, placing the
Souloukia material in both its regional and wider
Aegean Neolithic context. (3) It utilizes the limited
available information on contemporary industries
and makes comparisons to later ones in an attempt
to place the Souloukia material in its synchronic and
diachronic framework.

Abrading tools

Only six specimens were securely identified as ab-
rading tools. All derive from the residential sector.
An additional specimen - found outside the residen-
tial area - carries no use wear but may represent raw
material intended for an abrading tool.

The Souloukia abrading tools share two basic com-
monalities: (1) all are a posteriori - the raw mate-
rial was put directly to use without modification; (2)
all were used passively. These tools, on the other
hand, exhibit significant morphological and litholo-
gical differences that allow a distinction between
two groups.

Group 1 comprises four specimens of tabular fine-
grained sandstone. This type of raw material is not

4 For other studies, see Danai Chondrou ef al. (2021) and Anna Stroulia et al. (2017.3-7).
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Fig 3. Abrading tools (Group 1): a faces A (left) and B (right), sections,
and use wear views of complete specimen 68325 (metallographic micro-
scope); b faces and sections of fragmentary specimen 6S895; ¢ faces and
sections of fragmentary specimen 6S190; d used face, sections, and use
wear views of fragmentary specimen GS56 (metallographic microscope).
Drawings by T. Gouliafas, photos by A. Stroulia and J. Robitaille.

found in the Kitrini Limni Basin, the bottom of which
consists of clay marl and lacks stones larger than
S5cm (Fotiadis 1988.45; Fotiadis et al. 2019.5-0).
It is not found anywhere else in the local landscape
either. The closest source is located on the slopes of
Mt. Vourinos, close to the village of Agia Paraskevi,
about 25km south of the site.> The sandstone crops
out naturally in the form of plaques of varying thick-
ness (Stroulia, Dubreuil 2011.3).

Only one tool in this group is complete. It is not how-
ever intact, as it was found in two pieces (the break-
age probably being post-depositional). This specimen
is polygonal and measures 14.3x13.8x3.4cm. The
other three are fragmentary. None appears to derive
from a tool larger than the complete one. On this
basis, it is fair to say that all specimens in Group 1
are small and thin.

The extent and intensity of use, as well as the ensu-
ing morphological changes, vary from tool to tool.
The two thickest specimens - one complete, the

other fragmentary - were used
on both faces. The use was in-
tensive enough to create con-
cave configurations. The faces
of the complete specimen are
parallel, but one (A) is deeper
than the other (B) (Fig. 3.a).
Face A features a central ovate,
concave ¢. 9x6cm area. Due to
the presence of concretion, no
microwear was identified on
this face, but that detected on
face B appears compatible with
the abrasion of bone. This is the
only abrading tool subjected to
residue analysis. A relatively
high proportion of wood phy-
toliths were detected on face A.
However, since many of them
consist of skeletons rather than
weathered morphotypes, they
may not be use-related (Ogiit
2018). The faces of the frag-
mentary specimen are diagonal
(Fig. 3.b). Again, one face is de-
eper than the other, but both
show an increasing depth to-
wards the thinnest edge. We
were not able to specify the ma-
terial that was processed on
these faces, but according to the use wear analysis,
it was neither bone nor wood.

200x

One of the thinnest specimens was also used on
both faces. Judging by the fact that one face is more
or less flat, while the other is lightly concave with
an increasing depth from one side to the other, the
two faces were not used with equal intensity. Use
wear analysis points to wood processing, at least for
one of the faces (Fig. 3.c). Finally, the fourth and
equally thin specimen was used on only one face,
resulting in the formation of a slightly concave area.
The processed material was most likely bone. This
is the least utilized of the Souloukia abrading tools
(Fig. 3.d).

Group 2 includes two tools. Both are much more
massive than those making up Group 1. This is well
illustrated by the complete specimen, which mea-
sures ¢. 31x19x11cm (Fig. 4). The raw material con-
sists of waterworn boulders, gneiss in one case and
sandstone of a coarser variety than that used for

5 This is probably the only primary source of fine-grained sandstone in the prefecture of Kozani.
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Group 1 in the other. In both tools, one of the faces
is lightly convex but has a lightly concave used area
measuring ¢. 15x8cm. In neither case has the proces-
sed material been determined.

Our general conclusion is that the Souloukia abrad-
ing tools were involved in the production (and/or
maintenance) of bone objects such as those that
were excavated (see Karamitrou-Mentessidi et al.
2010.45) as well as wooden artefacts that were not
preserved. It is important to note that bone or wood
abrasion has been hypothesized for certain Greek
Neolithic macrolithic tools on a macroscopic basis
(e.g, Bekiaris 2018.276-277: Chondrou 2018.227-
228; Fotiadis et al. 2019.31; Stroulia 2010a.40-
54, 2018a.211-212; Tsoraki 2008.102-10), but this
is the first time that such functions are documented
for the Neolithic Aegean.

Significantly, no wear related to stone abrasion was
detected. This is unexpected in light of the over 100
excavated celts. We find it plausible that celt shap-
ing and resharpening took place outside the settle-
ment. Such a hypothesis is compatible with the al-
most complete absence of unfinished specimens. On
the basis of ethnographic evidence, both practical
and non-practical considerations may have been be-
hind the off-site production and maintenance of celts
at Souloukia. Among several Irian Jaya groups, celt
grinding is carried out away from the compounds,
usually by a river or stream. This activity is invested
with a strict prohibition along gender lines as it must
take place out of view of women (Pétrequin, Pétre-
quin 1993.373).

Abrading tools of tabular fine-grained sandstone
have been uncovered at three other Kitrini Limni
sites: Kremasti-Kilada (Chondrou 2011.101-102;
Stroulia, Dubreuil 2011.1), Megalo Nisi Galanis (Fo-
tiadis et al. 2019.31), and Kleitos (Chondrou 2018.
200-230). Similar artefacts have also been report-
ed from Servia, a site in the prefecture of Kozani
but not in Kitrini Limni (Mould et al. 2000.155-157).
Microscopic analysis of a sample from Kremasti-Kila-
da by Laure Dubreuil revealed use wear somewhat
compatible to that produced experimentally through
stone abrasion and scraping unfired bone-dry clay
vessels (Stroulia, Dubreuil 2011.2). Kremasti-Kila-
da, Megalo Nisi Galanis, Kleitos, and Servia date to
the Middle, Late, or Final Neolithic and are thus later
than Souloukia, but the presence of such tools on all
five sites points to a certain regional tradition of ex-

6 They are referred to as ‘palettes’ by the excavators.
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Fig. 4. Complete abrading tool 65243 (Group 2):
work face and profile. Photos by A. Stroulia.

ploiting fine sandstone tabular pieces from the same
source for a variety of abrading purposes. Finally,
we should note that farther north and west, but
also in Macedonia, the Late Neolithic site of Avgi yield-
ed over 60 tabular pieces of fine-grained sandstone.
They are of generally larger dimensions than those
found at the above sites and were employed in a
cooking rather than an abrading context (Bekiaris
et al. in press).

Grinding Tools

Raw material type, procurement

The Souloukia excavations yielded a much higher
number of grinding than abrading tools. One hun-
dred twenty-six specimens were securely identified
as grinding tools, while one and possibly up to four
specimens represent roughouts (Figs. 5-9). In addi-
tion, 31 pieces of gravel were recovered of material
similar to that employed for grinding tools but with-
out traces of manufacture or use. At least 20 of these
are complete or substantially preserved and thus li-
kely represent unworked nodules intended for grind-
ing tools. Of the remaining specimens, some are very
fragmentary, while others have surfaces covered by
concretion or altered by fire. Whether these belong
to tools or raw nodules is impossible to tell.

If tabular sandstone was the preferred material for
abrading implements, it was used rarely for grinding
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tools. For the latter, Soulou-
kiotes almost always chose
gneiss in the form of cobbles
and boulders. In this sense,
the grinding tool assemblage
is remarkably homogeneous,
a reflection of a deeply em-
bedded tradition that span-
ned several generations. The
gneiss used comes in various
degrees of coarseness, is of-
ten oxidized with a characte-
ristic red/brown colour, has
a high quartz content and is
thus quite hard, typically in-
cludes no mica, and its surface
is usually anomalous and/or
has vesicular areas (Figs. 5-
9). As we found out by expe-
rimentally producing a work
face through pecking, this
type of gneiss is characteriz-
ed by high workability. Mo-
reover, because of its hard-
ness it does not require fre-
quent resharpening, nor does
it produce much grit during
use. Or so we discovered
through our grinding and co-
oking experiments. This was
a good choice.

= d

Fig. 5. Passive tools: a intended work face, dorsal face, and longitudinal

profile of complete roughout specimen 65307; b concave/concave work

Primary gneiss sources are
found on two of the moun-
tains surrounding Kitrini Lim-
ni: Mt. Askio to the west and
Mt. Vermio to the east (Fig. 1). Both sources are
extensive, but Mt. Askio is the closest to Souloukia.
Although no petrographic analyses have been con-
ducted, macroscopic similarities indicate that as a
rule Mt. Askio gneiss was utilized by the Souloukio-
tes. Nevertheless, with a handful of possible excep-
tions procurement did not take place at primary
sources. The material is waterworn and thus must
have been collected at more proximate secondary
locations.

A comparison between Souloukia and other Kitrini
Limni sites regarding the raw materials of grinding
tools revealed one fundamental similarity. In all ca-
ses, secondary sources were exploited (Kremasti-Ki-
lada: Chondrou 2011.81, 106; Stroulia, Dubreuil
2011.1; Kleitos: Chondrou 2020.291; Megalo Nisi
Galanis: Stroulia 2002.576).

Jace, dorsal face, and longitudinal profile of complete specimen G571; c
concave/convex work face and longitudinal profile of fragmentary speci-
men GS244; d concave/convex work face and longitudinal profile of frag-
mentary specimen 65250. Photos by A. Stroulia.

This comparison also revealed two patterned varia-
tions:

O The almost exclusive focus on a singular material
noted at Souloukia is not paralleled in the later Ne-
lithic assemblages of Kremasti-Kilada (Chondrou
2011.80-81; Stroulia et al. 2017.3), Kleitos (Chon-
drou 2020.290-291), and Megalo Nisi Galanis (Fo-
tiadis et al. 2019.30-31), which are characterized
by a variety of materials. Gneiss is part of this vari-
ety but never the dominant lithology. On this basis
and in a preliminary fashion, we would like to hy-
pothesize that in Kitrini Limni an earlier Neolithic
focus on a single material was followed by the ex-
ploitation of diverse lithologies. What needs and/or
opportunities could have led to such a diversifica-
tion cannot be systematically discussed with the
available data. However, a simplistic and straightfor-
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ward equation between the
number of raw material types
and processed substances does
not appear to be the answer.
As seen below, the use wear
of the Souloukia specimens
points to processing a variety
of substances. Be that as it
may, the nearly exclusive use
of a single material for grind-
ing tools appears to have been
rare in Neolithic Greece. To
the best of our knowledge, the
only other sites in which this
practice has been documented
are Dikili Tash (Bekiaris et al.
2020.147) and Alepotrypa Ca-
ve (Stroulia 2018a.205), in
the northern and southern
parts of the country, respecti-
vely. Both date to the later
part of the Neolithic.

® The Mt. Askio gneiss used
at Souloukia is macroscopical-
ly different from the varieties
employed at Kremasti Kilada
and Megalo Nisi Galanis (ob-
servations by Stroulia) that
appear to originate in Mt. Ver-
mio. Notably, these two sites
are located in the eastern part
of the basin and thus closer
to Mt. Vermio than Mt. Askio.
On this basis, we would argue
that western and eastern Kitri-
ni Limni communities exploited different regional
sources of gneiss. Since all these varieties are of good
quality, the distance from the sources may very well
have been the determining factor behind these choi-
ces. Hopefully, these hypotheses will be tested in the
future through comparative petrographic analyses.

C

Stroulia.

Manufacture

As mentioned above, the Souloukia excavations un-
covered at least 20 unmodified gneiss cobbles and
boulders that were probably intended for grinding
tools. Their presence is indicative of two practices:
(1) raw material was brought to the site without
prior processing at the sources; (2) larger quantities
of raw materials than those immediately needed
were periodically collected in anticipation of future
needs - the hallmark of curation practices. With
the available evidence, it is impossible to tell how
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Fig 6. Passive tools: a complete specimen GS277 with concave/concave
work face and dorsal face used in the context of recycling; b concave/
concave work face and longitudinal profile of fragmentary specimen
GS255; ¢ concave/concave work face and dorsal face of nearly complete
specimen GS324; d concave/concave work face and transverse section
of fragmentary specimen GS388. Drawing by T. Gouliafas; photos by A.

the collected raw material was distributed, but the
recovery of raw nodules from both the residential
and non-residential areas at the very least points to
the lack of a single communal spot where raw ma-
terial was kept awaiting future use. The fact, more-
over, that only one roughout was positively identi-
fied (Fig. 5.a) indicates that no designated manu-
facturing locus existed either (at least in the exca-
vated area).

The scarcity of unfinished specimens noted at Sou-
loukia matches that known from other Kitrini Lim-
ni sites; see Kremasti Kilada (Chondrou 2011.81-82,
134; Stroulia et al. 2017.4), Kleitos (Chondrou 2020.
291), and Megalo Nisi Galanis (observation by Strou-
lia). No such match applies to unworked specimens.
While by no means high, the number of such speci-
mens at Souloukia is rather substantial when com-
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pared to Kleitos (Chondrou 2020.291) and Megalo
Nisi Galanis (Stroulia 2002.576),7 which are charac-
terized by an almost complete absence of unmodi-
fied cobbles and boulders. Indeed, the combined
paucity of raw nodules and roughouts in the huge
assemblage of the almost fully excavated site of Klei-
tos led to the hypothesis that tools arrived in a more
or less finished state (Chondrou et al. 2018.31;
Chondrou 2020.291). A similar scarcity character-
izes assemblages from sites beyond Kitrini Limni
such as Makriyalos (7soraki 2008.81), Alepotrypa
Cave (Stroulia 2018a.234), Avgi (Bekiaris 2018.
221), and Platia Magoula Zarkou (Stroulia in press).
This pattern deserves systematic investigation, but
it appears to suggest a widespread practice of off-site
grinding tool production in Neolithic Greece.

Two manufacturing techniques were employed for
grinding tools at Souloukia: pecking and flaking
(Figs. 5.a, 9.2). Both are known from other sites in
Kitrini Limni and elsewhere; see Kremasti-Kilada
(Chondrou 2011.82-83, 106-107; Stroulia, Dubre-
uil 2011), Megalo Nisi Galanis (Stroulia 2002.570),
Kleitos (Chondrou 2020.291-293), Avgi (Bekiaris
2020.4), Makriyalos (Tsoraki 2008.114), Koroneia
(Almasidou 2019.90, 99-100), Franchthi Cave (Stro-
ulia 2010a.35), Alepotrypa Cave (Stroulia 2018a.
206), and Platia Magoula Zarkou (Stroulia in press).

The process of manufacture at Souloukia was nei-
ther comprehensive nor systematic: work faces were
most often created through pecking. Portions not
intended for use, on the other hand, were as a rule
left in their raw state or received localized treatment
in order to facilitate the tool’s gripping/resting or
ensure a specific plan (Figs. 5.b, 6.a and ¢, 9.a-c).

This manufacturing approach was aided by a raw
material acquisition strategy that favoured cobbles/
boulders with sizes and shapes similar to those of
the intended tools or with portions that could be
strategically incorporated into the final tool shape.
Two examples: the first is a roughout of a passive
tool measuring ¢. 33x23x5.5cm., with one naturally
flattish surface that could be converted into a work
face with minimal pecking (Fig. 5.2); the second
example - an active tool - measures ¢. 20x19x
17.5cm, pointing to use with two hands. Its dorsal
face has a naturally ridged shape that must have fa-
cilitated gripping during grinding (Fig. 8.c).

a
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Fig. 7. Passive tools: a concave/concave work face
and longitudinal profile of fragmentary specimen
GS389; b concave/concave work face and sections
of fragmentary specimen GS385. Drawings by T.
Gouliafas, photos by A. Stroulia.

The above strategy expedited manufacture, it did
result, however, in tools with uneven/anomalous
dorsal and peripheral surfaces or asymmetrical plans
(Figs. 5.b, 6.a and ¢, 8.c, 9.c). Clearly, this was not
considered a sufficiently serious problem to make
the people of Souloukia invest more effort in tool
making. Clearly, saving time and energy took prio-
rity over appearance. A similar attitude is reflected
in the assemblages of other Kitrini Limni sites and

7 The case of Kremasti-Kilada is ambiguous. More than 300 fragmentary specimens without traces of manufacture or use were
excavated, but how many represent unworked raw materials and how many consist of unmodified tool portions we cannot tell

(Stroulia et al. 2017.23).
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beyond, which are also characterized by a low ma-
nufacturing investment and/or non-comprehensive
treatment of the raw materials - see Megalo Nisi Ga-
lanis (Stroulia 2002.576), Kleitos (Chondrou 2020.
291), Kremasti-Kilada (Chondrou 2011.82-83, 106-
107; Stroulia et al. 2017.4), and Makriyalos (Tsora-
ki 2008.114).

Morphometric characteristics

Only 30 (24%) of the Souloukia grinding tools are
complete or nearly so. The vast majority (n=96) are
fragmentary. This imbalance is far from remarkable,
since Aegean Neolithic grinding tool assemblages (at
least those with available preservation information)
are dominated by fragments (see Bekiaris et al.
2020.157-158; Stroulia in press). What is notewor-
thy is the stark contrast between the frequencies of
complete specimens at Souloukia and other Kitrini
Limni sites. As it turns out, at Kremasti-Kilada, Klei-
tos, and Megalo Nisi Galanis, such specimens are ex-
tremely rare, accounting for <4%, 3%, and <1% of
the total, respectively (Chondrou 2011.91-95, 111-

Fig. 8. Active tools: a concave/convex work face and profiles of frag-
mentary specimen GS97; b concave/convex work face, dorsal face,
and sections of complete specimen 65292; c slightly concave/convex
work face, dorsal face, and profile of complete specimen GS247; d re-
cycled dorsal face and sections of complete specimen GS238. Drawings

by T. Gouliafas, photos by A. Stroulia.
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113, 164-165; 2020.290; Fotiadis et al. 2019.31;
Stroulia 2002.576; Stroulia, Chondrou 2013.125-
126; Stroulia et al. 2017.3). The hypothesis of de-
liberate breakage has been put forward for all three
assemblages. The fact that the Souloukia material is
earlier than the other three raises the possibility that
grinding tools were subjected to different treatments
and assigned different dimensions by earlier and la-
ter Neolithic communities in Kitrini Limni.

On the basis of microwear analysis, morphometric
characteristics and/or work face configuration, 63
tools (50%) were identified as passive, 47 (37%) as
active. All identifications refer to primary uses. Due
to fragmentation or surface alteration, it has been
impossible to determine whether the remaining 16
specimens were used passively or actively.

The numerical prevalence of passive tools is intri-
guing. As known from ethnographic sources, active
tools wear out faster and thus have shorter life spans
than passive ones (see Delgado Raack, Risch 2016.
\ 129; Hayden 1987.193; Nixon-
Darcus, D’Andrea 2017.2006;
Risch 2008.22; Robitaille 2016.
438). That is why, for example,
among the Minyanka of Mali two
active tools are produced for each
passive one (Hamon, Le Gall
2013.112), while among the Kon-
so, Hamar, Mursi, and Dorze of
Ethiopia each passive tool is used
with two active ones over its life-
span (Robitaille 2016.445; 2021.
240, 546). On this basis, one
would expect the Souloukia as-
semblage to feature precisely the
reverse imbalance, i.e., a higher
proportion of active than passive
tools.

What is even more unexpected,
similar discrepancies between
passive and active tools have
been noted at other Greek sites
such as Alepotrypa Cave (Strou-
lia 2018a.208), Franchthi Cave
(Stroulia 2010a.79-94), Ilioto-
pos (Chadou 2011.134), and Ma-
kriyalos (Tsoraki 2008.Tab.
5.28). They are also known from
other periods or countries; see,
for example, several Neolithic
sites in Serbia (Galdikas 1988.
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Fig. 9. Active tools: a concave/convex work face, dorsal face, and sections
of complete specimen GS257; b concave/convex work face, dorsal face,
and longitudinal profile of complete specimen GS254; ¢ concave/convex
work face, dorsal face, and sections of complete specimen GS289; d con-
vex/convex work face and transverse profile of fragmentary specimen
GS316. Drawings by T. Gouliafas, photos by A. Stroulia.

341; Vuckovic 2019. 228), the Greek Bronze Age
site of Toumba Thessalonikis (Tsiolaki 2009.61-62),
certain Pre-Dynastic and Bronze Age Egyptian sites
(Robitaille 2015; Samuel 2010.4606), as well as
Bronze Age sites in southern Iberia (Delgado Raack,
Risch 2009.10; 2016.129; Risch 2002.111-127). We
suspect that this is a widespread phenomenon, one
that has been severely underappreciated in the lite-
rature.

Risch and his colleagues attributed the predomi-
nance of passive implements in southern Iberian as-
semblages to the use of unpreserved wooden active
specimens (Delgado Raack, Risch 2009.17; 2016.
139; Menasanch et al. 2002.108; Risch 2002.111-
127). Such a hypothesis does not appear valid for
Souloukia. The microtopography of the work faces
of passive tools points to active counterparts made
of stone. There must be another explanation, and

this will be discussed later in
this work.

The Souloukia passive tools
are typically elongated. Their
plans are subrectangular, sub-
trapeze, or ovate, with occa-
sional subsquare or elliptical
cases (Figs. 5-7). Active tools
are also elongated, with sub-
rectangular, ovate, and, more
rarely, subtrapeze, subsquare,
or subtriangular plans (Figs.

8-9).

The eleven complete (or near-
ly so) passive specimens range
from ¢. 23 to 45.5cm in le-
ngth, from ¢. 15.5 to 28.5cm
in width, and from c. 4.5 to
17.5cm in thickness, averag-
ing ¢. 31cm, 19cm, and 7.7cm,
respectively. The 52 frag-
ments average c¢. 23.5cm in
length, 17cm in width, and
7.5cm in thickness. The aver-
age length of the complete
specimens is slightly over
the standard limit of 30cm
between small and large spe-
cimens. This may lead to the
general conclusion that the
Souloukia passive tools were
of moderate size. However,
the average length of the
many more incomplete specimens is relatively high
- an indication that most tools were originally large.
This hypothesis is reinforced by the fact that quite
a few of the fragments represent half or less of the
complete tool, as well as by the high mean width
and thickness of the fragmentary specimens in gene-
ral. On this basis, we would argue that the Soulou-
kia assemblage includes several small (mostly com-
plete) passive specimens, but large ones make up
the majority (Figs. 5-7).

The picture conveyed by the active tools is more
straightforward. The 17 complete specimens are
clearly large. They range from ¢. 16 to 30cm in
length, from ¢. 10.5 to 19cm in width, and from c.
4.5 to 9cm in thickness, averaging c¢. 23cm, 15cm,
and 6em, respectively. With respective averages of
¢. 15cm, 12¢m, and 6em, the 30 fragments appear
to derive from equally big tools. With one possible
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exception, we consider all active specimens to have
been two-handed (Figs. 8-9). The combined metric
data of all specimens (passive and active, complete
and incomplete) suggest that the grinding toolkits
employed by the residents of Souloukia were for the
most part large.

The active tools could have been used in conjunc-
tion with large passive implements such as those
found. Active specimens that would have been com-
patible with the identified small passive ones, on
the other hand, appear to be missing. This is a sec-
ond discrepancy between passive and active tools.

Given their large sizes, it is tempting to assume that
the active implements operated in an overhanging
manner. However, both macroscopic and microsco-
pic examination suggest that, as a rule, their length
was roughly similar to or slightly higher than the
width of the associated passive tools. Specimens
whose length substantially exceeded the width of
their passive counterparts are not common in this
assemblage. Overhanging specimens have been re-
ported from Kleitos (in Kitrini Limni), Ayios Vlasis,
Stavroupoli, and Dikili Tash (Chondrou 2020.293-
294; Chondrou et al. 2021.6-9). 1t is, however, un-
clear whether these tools were slightly or substan-
tially longer than the width of the associated passive
tools.

Given that a number of passive and active speci-
mens weigh over 7kg and 4kg, respectively, it is
also tempting to assume that at least some of the
Souloukia grinding toolkits were fixed in place. How-
ever, no grinding installations were uncovered by
the excavators. In fact, such an assumption projects
to the past our Western modern relationship with
heavy objects. The relationship of prehistoric peo-
ple with such objects may have been different, as
illustrated by ethnographic examples from Ethiopia.
Among the Dorze, passive tools weighing 11-25kg
are regularly moved from their storage location in-
side the house to the yard of the compound where
they are used. The Hamar passive tools range in
weight from 8 to 60kg. The heaviest among them
remain inside the house, but the lighter ones are
often moved between indoor and outdoor areas. In
most cases, tools are transferred on a daily basis.
Other movements are periodical, depending on the
season, the substances to be processed, or the con-
text of use of the ground product. With certain ex-

8 See also Bekiaris et al. 2020.154.

ceptions, the tools do not leave the boundaries of
the compound. The exceptions refer to special occa-
sions. Among the Mursi and the Hamar, tools are
taken to farther locations for processing large quan-
tities of grain in a group context. The processed grain
is then used to make beer for weddings or other fes-
tive events (Robitaille 2021.181; see also Hamon,
Le Gall 2013.117).

We close this section with the overall sizes of Neoli-
thic Aegean grinding tools. General claims have been
made about “the predominance of milling tools of
relatively limited dimensions in many...sites”
(Chondrou et al. 2018.37; see also Valamoti et al.
2013.171, 184). We disagree with this characteriza-
tion and consider it to be a misconception shaped
by high rates of fragmentation. Our examination of
the sizes of both complete and fragmentary speci-
mens has revealed a more nuanced picture. Some
Neolithic assemblages include both small and large
specimens; see Servia (Mould et al. 2000.146-155),
Stavroupoli (Alisoy 2002), and Platia Magoula Zar-
kou (Stroulia in press). Others comprise primarily
small tools; see Franchthi Cave (Runnels 1981.101;
Stroulia 2010a.37-38) and Lerna (Banks 2015.184;
Runmels 1981.101). Yet others, like Souloukia, ap-
pear to include primarily large specimens; see Kre-
masti-Kilada (Stroulia et al. 2017.4; observation by
Stroulia) and Alepotrypa Cave (Stroulia 20184.204,
208-209).8

With its earlier Neolithic date, the Souloukia assem-
blage demonstrates that the use of large-sized grind-
ing tools was not a later development. Rather, such
implements were a part of the material culture of
the first sedentary communities established in the
Aegean. What is more, the four largest specimens
from Souloukia (Fig. 5.b-c)9 are among the most
massive known from Neolithic Greece (for examples
from Kitrini Limni and elsewhere, see Chondrou
2011.83-84; Mould et al. 2000.150; Stroulia et al.
2017.4; Touloumis 2002.108-109). Not only did
early Aegean farmers have grinding tools of large
dimensions, they had some of the largest ones yet
found.

Morphofunctional characteristics

The Souloukia tools typically have only one work
face. There are nine exceptions to this rule. Two pas-
sive (3%), five active (11%), and two indeterminate
specimens have two parallel or diagonal work faces

9 They measure 45.5x21x17.5cm, 42x28.5x20cm, 41x28.5x9cm, and 40x19.5x7cm.

106



Grinding and abrading activities in the earlier Neolithic of northern Greece: a multi-proxy and comparative approach for the site of ...

with similar or different configurations. These num-
bers do not include tools with localized use wear
on the dorsal face (see below). The scarcity of dou-
ble work-face specimens indicates that creating two
work faces was not a common means for prolonging
a tool’s use life at Souloukia. The higher percentage
of active tools with two work faces, on the other
hand, suggests that these were considered more ap-
propriate for use with both faces than passive ones.

Regarding other Kitrini Limni assemblages, the si-
tuation varies. Double work-face tools are rare at
Kleitos (Chondrou 2020.299), but more common at
both Kremasti-Kilada (Chondrou 2011.74-113;
Stroulia et al. 2017.4) and Megalo Nisi Galanis
(Stroulia 2002.5706). Since all sites are found in the
same region, the variation cannot be attributed to
differences in raw material availability and accessi-
bility, and instead possibly reflects individual or cul-
tural preferences (see also Robitaille 2021.815).
Whatever the case, a similar variation characterizes
the Aegean as a whole. For example, specimens with
two work faces account for roughly a quarter of the
assemblage at Makriyalos (75oraki 200891, Tabs.
5.14 and 5.24), but close to 60% at Alepotrypa Cave
(Stroulia 20184.207, 209). There is a constant in
the midst of this variation, however. Among tools
with two work faces, active ones always represent
the majority.

As documented by use wear analysis, the Souloukia
grinding tools functioned in a reciprocal fashion.
None was used in a circular/elliptical manner, even
though such a suspicion was initially raised for a
couple of roughly square or elliptical passive tools
whose work face is concave along both axes. Use
wear analysis, macroscopic examination, and/or
morphometric characteristics of specimens from
sites, such as Kremasti-Kilada (Chondrou 2011.95-
96; Stroulia et al. 2017.4), Kleitos (Chondrou et al.
2018.31; Chondrou 2020.293), Avgi (Bekiaris 2018.
230, 243), Makri (Bekiaris 2007.45), Makriyalos
(Tsoraki 2008.98-100), Koroneia (Almasidou 2010.
100), and Franchthi Cave (Stroulia 2010a.40-40),
indicate that use in a back and forth manner was
typical not only in Kitrini Limni but Greece in gene-
ral (see also Bekiaris et al. 2020.143-144).

Due to fragmentation, it has not been possible to se-
curely identify the configuration of the work faces
of all the Souloukia specimens. That said, a variety of
configurations have been identified. Opposed work
faces may or may not have the same shape.

10 For some Copper Age Iberial parallels, see Risch 2008.20.

Most commonly, the work faces of passive tools are
concave both longitudinally and transversally (or
concave/concave). At least 30 such specimens (48%)
were identified (Figs. 5.b, 6-7). In this respect, the
Souloukia assemblage appears to be atypical. No
other assemblage from Kitrini Limni exhibits a pre-
ponderance of concave/concave passive tools; see
Kleitos (Chondrou 2020.293-294), Kremasti-Kilada
(Chondrou 2011.85-88; observation by Stroulia),
and Megalo Nisi Galanis (observation by Stroulia).
With a couple of exceptions, the same is true for as-
semblages from other sites, such as Franchthi Cave
(Stroulia 2010a), Makriyalos (Tsoraki 2008.99), 1lio-
topos (Chadou 2011.73), Platia Magoula Zarkou
(Stroulia in press), Dispilio (Ninou 2006.28-56),
and Apsalos (Ninou 2006.72-90). The exceptions re-
fer to the assemblages of Avgi (Bekiaris 2018.228)
and Alepotrypa Cave (Stroulia 2018a.207).

Nineteen of the Souloukia passive tools (30%) have
a work face that is concave longitudinally but con-
vex transversally (or concave/convex) (Fig. 5.c-d).
This is the second most frequent configuration
among passive specimens. Both concave and con-
vex curvatures can be only slight. Concave/convex
specimens tend to be larger than concave/concave
ones. Regarding other Kitrini Limni sites, con-
cave/convex passive tools represent the majority at
Kleitos (Chondrou 2020.293-294) but are rare at
Megalo Nisi Galanis (observation by Stroulia). Like-
wise, in the Aegean in general such tools are com-
mon at some sites (see Platia Magoula Zarkou: Strou-
lia in press), less common at others (see Avgi: Be-
kiaris 2018.228), and nearly absent at others still
(see Makriyalos: Tsoraki 2008.Tab. 4.39).

Lastly, four of the Souloukia passive tools have work
faces that are convex along both axes (or convex/
convex). This is an odd configuration and we can
only hypothesize that these specimens were used 4
posteriori, the convexity representing the natural
shape of the raw material.10

According to established typologies as well as ethno-
graphic and experimental data, passive tools with
concave/concave work faces are compatible with
active tools whose work faces are convex/convex.
Passive tools with concave/convex faces, on the
other hand, are compatible with active tools that are
also concave/convex (e.g, Delgado Raack, Risch
2009.7; 2016; Lidstrom Holmberg 2004.213; Risch
2008.20; Robitaille 20106.443; Stroulia et al. 2017,
19).
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Given the higher ratio of concave/concave vs. con-
cave/convex passive tools at Souloukia, one would
expect a concomitant higher ratio of convex/con-
vex vs. concave/convex active specimens. Yet this is
not the case: concave/convex active specimens sur-
pass convex/convex ones by a ratio of 2.5 to 1. There
are, moreover, three active tools with flat/flat work
faces. These would have been compatible with pas-
sive flat/flat tools. No such specimens have been
identified, however. The discrepancy between pas-
sive and active tools regarding work face configura-
tions is as intriguing as those mentioned above with
respect to numbers and sizes. More about this later,
but it is worth noting that a discrepancy regarding
work face shapes has also been noted in the assem-
blage of Alepotrypa Cave (Stroulia 2018a.209).

We close this section with two more morphofunctio-
nal features referring to active and passive tools, res-
pectively.

O A small number of active tools are characterized
by a wedge-like transverse section - the result of dif-
ferential wear between the proximal and distal sides
(Fig. 9.¢). A similar configuration has been noted at
Kremasti-Kilada (Chondrou 2011.108; Stroulia et
al. 2017.4) and Kleitos (Chondrou 2020.295). In the
literature, this uneven wear has been mainly inter-
preted as the result of application of extra pressure
on the proximal side of the tool during grinding
(Adams 2014.114; Bartlett 1933.11-16; Stroulia et
al. 2017.17-18).11 To avoid the negative effect of
this unevenness on the tools’ use lives, Hopi grin-
ders traditionally employed a specific wear manage-
ment strategy as they periodically rotated their ‘ma-
nos’ so that the proximal side became the distal one,
and vice versa (Bartlett 1933.15-16). Clearly, such
a strategy was not used for the wedge-like Souloukia
active tools. Yet it may have been popular among
the Souloukia grinders, or so is suggested by the lack
of a wedge-like configuration among the majority of
active tools.

@ The work face of a handful of passive tools exhi-
bits a very strong longitudinal angle (Figs. 5.d, 7).
We assume that highly inclined gravels were delibe-
rately selected. The rationale behind this choice re-
mains elusive, however. We are not aware of such
passive specimens from other Greek Neolithic sites,
and if they exist, they are rare.

Processed materials

Before discussing the substances processed with
grinding tools at Souloukia, we should note the fol-
lowing:

© Although almost all specimens were subjected to
traceological analysis, microwear was identified on
roughly half (n=59 or 47%). The microwear discus-
sed in this section resulted from primary uses (for
that pertaining to secondary functions, see next sec-
tion).

® The series of experiments conducted in conjunc-
tion with use wear analysis involved: grinding free
threshing wheat (both dry and parched); dehusk-
ing emmer wheat and subsequently grinding the
clean grain; dehusking hulled barley and subse-
quently grinding the clean grain; grinding lentils
(both dry and soaked); grinding dry and parched
chickpeas; grinding acorns. All these experiments
were carried out with the same gneiss grinding tool-
kit. The last two experiments - abrading a piece of
stone and a bovine femur - involved the passive
component of the toolkit only.

® Thirteen grinding tools (six passive, six active,
and one indeterminate) were subjected to residue
analysis. In eight cases, very few or no phytoliths
were detected (Ogiit 2018). A low amount of phy-
toliths may be the result of prehistoric cleaning or
a non-plant related use. The first hypothesis is like-
ly for five of these specimens, which according to
use wear analysis were used for plant processing.
The second hypothesis is plausible for two speci-
mens with use wear associated with an unspecified
abrasive but flexible material. None of these hypo-
theses could be evaluated for the eighth specimen,
whose use wear remains undetermined.

@ The excavations yielded a large quantity of char-
red macrobotanical remains, only a small sample of
which has so far been analysed. The sample is do-
minated by cereal remains - a reflection of the im-
portance of cereal cultivation, processing, and con-
sumption at the site. Four cereal varieties have been
identified: einkorn wheat (Triticum monococcum),
emmer wheat (Triticum dicoccum), ‘new’ glume
wheat type, and hulled barley (Hordeum vulgare).
A very high proportion of the assemblage consists of
glume wheat chaff, presumably the by-product of de-
husking. Whether the chaff was burnt in the context

11 But see Chondrou (2020.295), who considers the wedge-like transverse sections of active tools at Kleitos as the result of specific

raw material choices and/or design.
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Fig. 10. Use wear views of work faces of specific tools at 100x and 200x magnifications (metallographic
microscope): a GS252, use wear that appears consistent with cereal grinding; b GS268, use wear that
appears consistent with cereal grinding; ¢ G$292, use wear that appears consistent with grinding of wet
(possibly soaked) lentils; d GS288, use wear resulting from processing an undetermined flexible but
abrasive material; e GS285, use wear that appears consistent with grinding dry dirt or clay. Photos by J.

Robitaille and A. Stroulia.

of accidents or utilized as fuel is impossible to tell.
Pulses are present in low proportions, with lentils
(Lens culinaris) being the most common. Fruits,
such as cornelian cherry (Cornus mas), are also re-
presented in very small amounts, while wild/weed
species (Chenopodium sp. and Polygonum avicula-
re) occur very sporadically.

The cereal dominance noted among macrobotanical
remains is mirrored in the results of use wear ana-
lysis. Over 75% of tools with identifiable microwear
show traces compatible with processing cereals -
dry emmer and barley, to be more specific (Fig. 10.a
and b). Five of these specimens were subjected to re-
sidue analysis. Of these, the phytoliths found on the

109



Anna Stroulia, Jéréme Robitaille, Birgiil Ogiit, Areti Chondroyianni-Metoki, and Dimitra Kotsachristou

work faces of four also suggest a cereal-related func-
tion (Fig. 11). However, differences in the propor-
tions of weathered and multicellular morphotypes
lead us to suggest that two were used for grinding,
while the other two may have been used for de-
husking.12 The morphotypes found on the work face
of the fifth specimen were too weathered to allow a
determination of the processed plants (Ogiit 2018).
At any rate, it appears that cereals were processed on
passive tools with work faces of all configurations
(concave/concave, concave/convex, and convex/con-
vex). The active tools used for these tasks are both
concave/convex and convex/convex. Clearly, there
is no association between cereal grinding and a spe-
cific toolkit type.

Judging from the results of traceological analysis of
specimens from other sites - e.g., Kremasti-Kilada,
Kleitos, Ayios Vlasis, Stavroupoli, and Dikili Tash
(Chondrou et al. 2021; Stroulia, Dubreuil 2011.3)
- cereal processing may have been the dominant
function of grinding tools in both Kitrini Limni and
the Aegean as a whole. As a rule, clean grain was
ground. Only a few specimens from Ayios Vlasis,
Stavroupoli, and Dikili Tash carry evidence of hulled
grain grinding. However, an association with de-
husking was proposed with a reasonable degree of
confidence for only a couple of specimens from Ayios
Vlasis. In all other cases it was not possible to as-
sess whether the end goal of grinding was dehusk-
ing or the production of a fibrous meal that may or
may not have been later subjected to some kind of
cleaning (Chondrou et al. 2021.7-9; see also Proco-
piou 2003.23-33). Either way, the available data
suggest that in Neolithic Greece grinding tools were
not typically used for dehusking. Given the perva-
siveness of chaff (Valamoti 2010) and the paucity
of (suitable) stone mortars (Bekiaris et al. 2020.
144; Stroulia 2020.5), it can be assumed that this
task was carried out by pounding grains on wood-
en mortars or with other ethnographically known
methods that would leave no archaeological signa-
ture under ordinary taphonomic conditions (see Da-
vid 1998.25-28: D’Andrea, Mitiku 2002.204; Hil-
Iman 1984.129-131; Penia-Chocarro, Zapata 2003.
107-110; 2014.230-231; Robitaille 2021.241-242).

The use wear of a handful of Souloukia specimens
appears compatible with that produced by the ex-
perimental grinding of wet (probably soaked) lentils
(Fig. 10.c). Four are active with concave/convex or

convex/convex work faces, and one is passive with
a concave/concave work face, suggesting a lack of
differentiation between the toolkits employed for ce-
real and pulse processing.

While known for some time for Bronze Age Cycla-
des (Sarpaki 2001.32), legume grinding was docu-
mented only recently for prior time frameworks
through use wear analysis of later Neolithic tools
(Chondrou et al. 2021.2). The Souloukia findings
now extend Aegean pulse flour production farther
back, to the earlier part of the Neolithic, as do the
new findings from the neighbouring site of Mavro-
pigi-Fillotsairi (Vinou forthcoming).

Use wear analysis of four tools points to grinding
a flexible but abrasive material (Fig. 10.d). Residue
analysis carried out on two of these specimens de-
tected a minor amount of phytoliths, raising the pos-
sibility of a use unrelated to plants (Ogzit 2018). All
tools are passive, with work faces that are concave/
concave or concave/convex. What was processed on

Fig. 11. Cereal phytolith silica skeletons from pas-
sive grinding tool 65309. Photos by B. Ogiit.

12 Regarding dehusking, the results of use wear analysis were inconclusive. The possibility that the same work faces were used

for both grinding and dehusking cannot be ruled out.
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these tools will hopefully be clarified through fur-
ther experimentation.

No use wear compatible with acorn processing has
been detected on the Souloukia tools. Danai Chon-
drou ef al. (2021.5) reported Greek Neolithic speci-
mens with microwear consistent with processing of
‘greasy’ substances, but whether the term refers to
nuts, oily seeds, or both has not been clarified.

The Souloukia tools yielded no evidence of pigment
processing either. In this sense they appear to follow
a more general pattern. The association of grinding
tools with pigment is relatively uncommon in the
Neolithic Aegean. For some reported specimens, see
Makri (Bekiaris 2007.45), Theopetra Cave (Kyparis-
si-Apostolika 1996.68), Stavroupoli (Alisay 2002.
573), Dikili Tash (Seferiades 1992.91), Avgi (Bekia-
ris 2018.229-232, 244), Makriyalos (Tsoraki 2008.
95, 98), and Drakaina Cave (Bekiaris in prepara-
tion).

To conclude, the Souloukia grinding tools were pri-
marily meant for processing foodstuffs. This is pre-
cisely what is expected on the basis of ethnographic
data (e.g, Bartlett 1933.3; Hamon, Le Gall 2013.109;
Nixon-Darcus, D’Andrea 2017.193; Robitaille 2016.
433; 2021.773; Roux 1985.34-38; Searcy 2011.1).

Reuse, recycling, use intensity

With one uncertain exception, there is no evidence
of redesigning among the Souloukia grinding tools.
The assemblage, nevertheless, includes 27 specimens
(21%) with traces of reuse and recycling. The term
‘reuse’ refers here to similar uses of different parts
of a tool, while ‘recycling’ refers to different uses of
the same tool. Only one tool carries firm evidence of
reuse. It is active with two work faces, both of which
show wear consistent with cereal grinding. A large
portion of the tool is missing, but the two faces ap-
pear to have different configurations - possibly a re-
flection of use with different passive work faces or
kinematics.

Firm evidence of recycling has been identified on
many more tools. Most (n=13) are passive. We have
distinguished three varieties of recycling among pas-
sive tools. In none did recycling entail an active
function. In the first and most common variety, the
face which served the primary use was also involved
in recycling. There are several combinations. In the
most frequent among them, a work face was used
first for grinding and later (only locally) for abrad-
ing (five instances). Other combinations are rarer,

each typically represented by a single specimen:
grinding an undetermined substance followed by (a)
grinding a flexible but abrasive material; (b) grind-
ing an unspecified soft material; (c) grinding dry dirt
or clay (Fig. 10.e); (d) percussion. The last case in-
volves the largest specimen in the assemblage
(weighing over 25kg). Percussion took place in two
stages, resulting in a larger, roughly ovate, concave
area and an overlapping smaller, deeper, more cir-
cular area. Unfortunately, microwear was not pre-
served, leaving the precise use/s of these areas un-
determined. Given their shallowness and the lack
of clear borders, however, cereal dehusking is un-
likely. In the second variety, the primary use involv-
ed one work face, recycling another. This variety is
represented by two specimens: in the first, one of
the work faces was used for cereal grinding, the
other for processing a flexible but abrasive materi-
al; in the second, the work face was used for grind-
ing an unspecified substance, the dorsal one for ab-
rading. The third variety blends the previous two,
with recycling involving both the work and dorsal
faces. It is represented by a single specimen: its work
face was used first for grinding and then (locally) for
abrading, while the dorsal face was used for (localiz-
ed) abrading as well (Fig. 6.a).

Seven active specimens were recycled. In all cases,
recycling consisted of a double conversion of an ac-
tive grinding tool to a passive abrading one. In all
but one case, both primary and secondary uses in-
volved a single face (Fig. 8.b). In the exception, pri-
mary and secondary uses were carried out by the
work face and dorsal face, respectively (Fig. 8.d).

Finally, one of the indeterminate passive or active
specimens was first used for cereal grinding and
then for abrading with the same face.

Determining the abraded material was not possible
in all cases. When it was, use wear was associated
with bone or wood processing. No evidence of stone
abrasion was identified.

Generally speaking, the recycling of several grind-
ing tools at Souloukia into abrading implements sug-
gests a certain flexibility on the part of the users re-
garding the two categories. That most cases of recy-
cling involve such a conversion suggests that this
was considered an appropriate use life trajectory for
grinding tools. The fact, moreover, that most of the
grinding tools used for abrading are complete and/or
relatively thick indicates that recycling was not typi-
cally associated with breakage or exhaustion. Rather
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the choice was made to divert some perfectly good
grinding tools to abrading usages. The infrequent se-
condary use of active specimens for passive grinding
and the complete absence of the reverse type of re-
cycling, on the other hand, indicate that passive and
active grinding implements were largely conceived
as different categories. Finally, that only one grinding
tool was used in a percussive manner suggests that
grinding and pounding functions were largely per-
formed by different tools, and therefore grinding
and pounding implements were conceived as distinct
categories as well.

Not only do grinding tools exhibit a relatively low
rate of reuse and recycling, but they were also used
less than expected. This is well illustrated in both the
thickness range (3.1-20cm) and average (6.9cm).13
Schén and Holter (7990.362-363) reported that
among the Mahria of Sudan, a passive tool is consi-
dered useless “when it is thinner than Icm, i.e,
when a hole appears”. Active tools “become useless
when they ... get too thin, i.e. become barely 3cm
or less in the middle and measure only a_few milli-
metres at the edges”. Writing on Guatemalan tools,
Michael T. Searcy (2011.103) noted that: “It was not
uncommon to see manos that were extremely thin
(around 3cm), leaving the woman grinding only
enough stone on the edges to hold with her finger-
tips”. If the Souloukia grinders had similar degrees
of tolerance and similar ideas about the limits of
their tools as their ethnographic counterparts, then
none of the specimens can be considered exhausted.
However, the situation is slightly more nuanced, as
explained below.

Both the thickness range and average of the Soulou-
kia specimens mentioned above refer to maximum
measurements. However, minimum thickness is in-
formative about use intensity and exhaustion, too.
A handful of passive tools have a high maximum
thickness but a very low minimum one. In fact, these
specimens are broken in the area of minimum thick-
ness. We consider these to be worn out (Fig. 5.d, 6.d).

If thickness offers a way to assess tool exhaustion, it
is not the only one. The degree of concave curvature
can also serve as an exhaustion indicator, at least in
passive tools. According to Roux’s ethnoarchaeolo-
gical study in Mauritania, reciprocally operating pas-

sive tools with unrestricted work faces are discard-
ed when reaching a depth of 4-5cm since they are
not comfortable to use (Roux 1985.57). A compa-
rable limit has been noticed by Jérome Robitaille
(2021.398-399) among the Hamar of Ethiopia who
discard or recycle their passive tools when the work
faces become 4-7cm deep. On this basis, two Sou-
loukia tools with work faces deeper than 4cm can be
considered as exhausted, too (Fig. 6.b). However,
another Ethiopian group provides a note of caution:
some of the passive implements used by the Konso
are 25-30 cm deep. These tools are passed from ge-
neration to generation, their use lives reaching up
to a hundred years (Robitaille 2021.Appendix 138-
142) (Fig. 12).

Be that as it may, the vast majority of grinding tools
at Souloukia were abandoned long before the end
of their use lives. Why this is so is a question that
will be addressed when the study of the stratigra-
phy, features, and other finds is completed, and the
assemblage is viewed in the context of the site oc-
cupation as a whole. What we can say for the mo-
ment is that a similar conclusion was reached with
respect to the assemblage from Kleitos (Chondrou
2020.300-301). Indeed, as a rule, Greek Neolithic
assemblages are not dominated by exhausted tools.
For a couple of exceptions, see Dikili Tash and Ayios
Vlasis (Chondrou, Valamoti 2021. 68).

Spatial distribution, processes of discard

All six abrading tools, 45 grinding tools, three pos-
sible roughouts, and 15 unmodified pieces of raw
material derive from the main residential area of the
settlement.14 Forty percent of the tools are complete
or nearly so (15 grinding and three abrading tools).
These were not found in association with the sub-
stances and objects they processed or (in the case
of grinding implements) as parts of toolkits. The ma-
jority were likely not in situ. Both this and the ab-
sence of joining fragments suggest a certain post-use
or post-breakagel> movement of tools around space.
This hypothesis is supported by the fact that a cou-
ple of fragments were converted into building mate-
rials, while another ended its biography in a pit.

However, the largest portion of the assemblage (al-
most 60%) was excavated outside the main residen-
tial area. This material comprises 81 of the grinding

13 These numbers refer to both complete and fragmentary specimens.
14 Whether they come from house interiors or open areas is unclear since the analysis of the excavated features and stratigraphy

is pending.

15 As appealing as it may be, the hypothesis of storage of complete grinding tools in-between use episodes is not satisfactory, since
it raises the question as to why only one component of the toolkit was stored away.
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Fig. 12. Passive tools with very concave work faces
used by Konso women in Ethiopia. Photo by J. Robi-
taille.

tools (64%), one roughout, as well as 17 gneiss gra-
vels and one tabular sandstone piece without traces
of manufacture or use - a total of 100 specimens.
Notably, fifteen of the grinding tools are complete,
representing half of all the complete specimens
found at the site. Equally significant, grinding tools
make up the only macrolithic type with a higher re-
presentation in the non-residential sector. Abrading
tools, celts, hammerstones, and so on were exclusi-
vely or primarily found in domestic contexts.

Even more remarkably, most of the extra-residen-
tial grinding tools (n=63), along with several un-
worked gneiss cobbles and boulders, derive from
an area measuring ¢. 300m?2 and located about 40m
away from the house remains. These specimens were
found in no particular arrangement, along with
sherds, a substantial number of quartz pieces, a few
figurine fragments, a concentration of rocks, as well
as masses of clay probably from a small structure
(Figs. 2.f, 13). Residue analysis of soil samples from
this area detected a significantly lower density of
phytoliths than those found on the tools (Ogit 2018),
arguing against the in sifu use of these specimens.

This hypothesis is reinforced by both the extremely
high tool density in this area as well as the lack of
a match between the work face configurations of
passive and active specimens (most of the former are
concave/concave, while most of the latter are con-
cave/convex). More likely, these implements were
transferred to this spot after utilization somewhere
else. In fact, general differences in the characteristics
of phytoliths identified on the tools and the control
soil samples appear to indicate that these tools were
amassed not at once, but gradually, over a period of
time (Ogzit 2018). Where these specimens originat-
ed, we cannot tell for sure. Yet we consider the resi-
dential area as the most likely candidate, especially
given the aforementioned indirect evidence of post-
use and post-breakage movement of tools.

We do not know why this material would have been
taken out of the residential space. However, the hy-
pothesis that this area served as a locus of discard
for broken or worn-out grinding implements should
be ruled out, since this assemblage includes roughly
ten complete specimens, none of which is exhausted.
Nor is the provisional storage of tools with the inten-
tion of future reuse/recycling in the domestic arena
(see Tsoraki 2008.143) a better explanation, since
this assemblage includes several recycled specimens.

Be that as it may, the movement of material outside
the residential area is not new in Aegean Neolithic
archaeology. It is known, for example, from Krema-
sti-Kilada, a site in the Souloukia neighbourhood
where massive quantities of artefacts, animal bones,
building material, and so on were found within
roughly 460 non-residential pits (Chondrou 2011.
52; Chondroyianni-Metoki 2009.387-389; 2020.54-
56, Stroulia 2010b.63; Stroulia, Chondrou 2013.
109; Stroulia et al. 2017.2-3). It is also known from
Makriyalos, a site farther east in Macedonia, where
enormous amounts of material were deposited into
a huge negative feature known as Pit 212 (Pappa et
al. 2004.84; Tsoraki 2008.126, 135). Macrolithics,
and grinding tools in particular, feature prominent-
ly in both deposited assemblages. Both Kremasti-Ki-
lada and Makriyalos are later than Souloukia, but
the combined evidence from all three sites possibly
suggests that the transfer of material to areas outside
the residential space took place at a small scale in
the earlier phases of the Neolithic, but intensified in
the later ones.

Moving perfectly usable tools out of domestic con-

texts may have not been enough for the people of
Souloukia. The fact that the extra-residential concen-
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tration contains 66% of all active specimens but 51%
of the passive ones raises the suspicion of an extra
layer of manipulation. If our suspicion is correct, ac-
tive and passive tools were treated differently, or to
be more specific, the former were targeted for trans-
fer more often than the latter. Why Souloukiotes
would engage in such behaviour is anyone’s guess,
but if they did, they may have also moved active
tools to other portions of the site that remain unex-
cavated. That would explain both the discrepancy
between the numbers of passive and active speci-
mens and the mismatch between their sizes and
work face configurations mentioned above.

The differential treatment of passive and active tools
is unexpected in light of the practical complemen-
tarity of the two implements. As stated by Cecilia
Lidstrom Holmberg (2004.226), grinding toolkits re-
present “dual objects with fwo parts that continu-
ously construct each other”. 1t is also striking in
light of ethnographic evidence that underscores the
symbolic complementarity of the two grinding com-
ponents. Among the Bemba of Zambia and the Hopi
of the US Southwest, the relationship between a
passive tool and an active one was used as a meta-
phor for the relationship between male and female
identities and roles (Lidstrom Holmberg 2004.227),
while among the Mursi of Ethiopia (Robitaille 2016.
434), the Minyanka of Mali (Hamon, Le Gall 2011.
27), and the Zapotec of Mexico (Lidstrom Holmberg
1998.134; 2004.228), it is/was used to convey the
close link between a mother and a
child. According to the Mursi in parti-
cular, “the handstone must rest well
on the grinding slab, just as a baby
does on its mother’s back” (Robi-
taille 2016.434, Fig. 3) (Fig. 14).16

Unexpected as a differential treat-
ment of passive and active tools may
be, unequivocal evidence for such
behaviour has been identified at ano-
ther Kitrini Limni site. According to
Chondrou (2020.302-303), all but
one of the specimens found inside
pits at Kleitos (I) are passive. Com-
parable patterns are known from
two sites beyond Kitrini Limni. At
Stavroupoli, one of the pits included
mostly passive tools, while another
featured primarily active ones, indi-

16 For a different perspective, see Chondrou (2020.303).

cating a certain “structuring of how and where ma-
terial was deposited” (Alisay 2002.581-582). At Ma-
kriyalos, the passive specimens found within Pit 212
outnumber active ones by a ratio of ¢. 6:1 (Tsoraki
2008.143, Tab. 6.28).17

This phenomenon deserves systematic comparative
study, but at this point we would like to point out
three differences between Souloukia and these three
sites. The first has to do with the state of preserva-
tion of the tools subjected to differential treatment.
While at the other sites almost all specimens are
broken, at Souloukia some are fragmentary, others
are not. The second difference has to do with the
features from which these tools were recovered.
While at the other sites they were found in nega-
tive features, at Souloukia they were not. The third
difference has to do with time. While the other sites
date to the later Neolithic, Souloukia belongs to the
earlier Neolithic. The significance of these differences
remains to be investigated, but for the moment we
would like to suggest that Kitrini Limni was the lo-
cus of selective grinding tool deposition in both the
earlier and the later part of the Neolithic.

Epilogue

Despite the recent dramatic growth of Aegean ma-
crolithic studies, very little is known about materials
from the earlier part of the Neolithic. Our study of
the grinding and abrading tools from the site of Pon-

Fig. 13. Partial view of concentration of grinding tools and un-
worked gravels in the non-residential sector of the site. Photo by
A. Chondroyianni-Metoki.

17 For a few non-Greek examples of a differential treatment of passive and active tools, see Lidstrom Holmberg (2004.222, 229~

230).
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tokomi Souloukia, in the Kitrini Lim-
ni Basin, represents an attempt to
address this gap.

By integrating systematic macrosco-
pic examination, use wear and resi-
due analysis, as well as macrobota-
nical, experimental, contextual, and
ethnographic data, we explored these
tools’ raw materials, technomorpho-
logical characteristics, and functions,
discussed their spatial distribution,
and shed light on the ways they
were conceived by their producers
and users.

The assemblage includes a small
number of abrading tools. All are 4
posteriori and mostly of fine-grain-
ed sandstone obtained from a regio-
nal source. According to traceological analysis, wood
and bone are the two materials processed with these
tools. No evidence of stone processing was identi-
fied, but the several dozen celts excavated from the
site hint at the presence of unrecovered abrading
implements, perhaps close to sources of water.

The number of grinding tools is much higher, com-
prising over a hundred specimens. These were made
of gneiss (another regional material) in a manner
that was far from involved. Most were used in pro-
cessing foodstuffs, cereals being the most common.
A number were used for abrading purposes in the
context of recycling. Generally speaking, grinding
tools were not used as intensely as one would ex-
pect given the substantial masses of raw material
they represent. Our study, moreover, pointed to dis-
crepancies between the numbers and configurations
of passive and active specimens that possibly result-
ed from differential discard processes.

Throughout this paper, comparisons were made with
other sites in the area and elsewhere in an attempt
to place the Souloukia assemblage in both a region-
al and a broader Aegean framework. These compa-
risons revealed, for example, that: similar abrading
tools of similar material were employed at various
sites of the Kitrini Limni basin; sites located at diffe-
rent parts of the basin used the type of gneiss that
could be found in the nearest sources; the high pro-
portion of concave/concave passive tools noted at
Souloukia is not known from other Kitrini Limni as-
semblages and is extremely rare in Neolithic Greece
as a whole; and the deposition of substantial amounts

Fig. 14. Mursi lady grinding wheat outside the house with her baby
on her back. Among the Mursi, ‘golu oiné’, the term used for the
passive implement, means mother, while ‘golu joiné’, used for the
active tool, refers to a baby. Photo by J. Robitaille.

of material in non-residential areas at Souloukia pa-
rallels that known from a few later Neolithic sites in
Kitrini Limni and elsewhere.

For the most part, these comparisons refer to later
Neolithic assemblages. The one with which we close
this paper references earlier assemblages, offering
some insights into the roles of grinding tools in the
context of the first Aegean agropastoral communi-
ties. While sufficient data for a meaningful and sys-
tematic assessment of the morphometric, techno-
functional, and contextual characteristics of the few
known earlier Neolithic assemblages is for the most
part missing, basic information about the sizes of
some of them is available. It thus appears that at cer-
tain sites - e.g., Achilleion (Winn, Shimabuku 1989.
268), Sossandra (Georgiadou 2015.42-43), Revenia
Korinos (Besios, Adaktylou 2004.363), and Ayios
Vlasis (Bekiaris et al. 2020. 145) - grinding tools
were common as they were at Souloukia. At other
sites - e.g., Mavropigi-Fillotsairi (Ninou et al. in
press), Paliambela Kolindros (7sartsidou, Kotsakis
2020.11), and Prodromos (Moundrea 1975.92-99)
- they were rare. The paucity of grinding imple-
ments cannot be considered an artefact of excava-
tion biases since substantial areas were investigated
at these sites or other macrolithic tools were found
in considerable quantities. For example, the exten-
sively excavated site of Mavropigi-Fillotsairi yielded
only one specimen positively identified as a grinding
tool (NVinou et al. in press). Prodromos yielded over
40 celts but only two passive grinding tools and (as
far as we can tell) no active ones (Moundrea 1975.
92-99). The Early Neolithic strata of Paliambela Ko-
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Fig. 15. a Boiled wheat grains such as those used
Jor the traditional Greek dish koliva: b emmer
wheat flat cakes; c lentil flat cakes. Photos by A.
Stroulia.

lindros - one of the most systematically excavated
sites in Greece - are characterized by an almost
complete absence of grinding tools (Zsarisidou, Kot-
sakis 2020.11). This scarcity does not appear to re-
flect a different kind of occupation either. None of
these sites represents a special use or seasonal set-
tlement. Nor, lastly, does it appear to correlate with
an absence of cereals and pulses, the types of sub-
stances typically processed with grinding tools. Such
plant remains were found, for example, at both Mav-
ropigi-Fillotsairi (Karamitrou-Mentessidi et al. 2013.
2) and Paliambela Kolindros (Kotzamani, Livarda
2018.86-89; Tsartsidou, Kolsakis 2020.12).

Without a thorough study and publication of earlier
Neolithic assemblages, this discrepancy cannot be
explained systematically. However, we would like in
a preliminary fashion to offer two alternative hypo-
theses.

According to the first hypothesis, the discrepancy re-
flects two broad types of cereal and legume prepa-
rations. On the one hand, there were recipes that in-
volved boiling, toasting, or parching of whole, split,
or cracked seeds; e.g., soups, stews, gruels, bulgur,
koliva, efc. (for experimental versions of such pre-
parations, see Fig. 15.a, Dimoula et al. 2020.Fig
5g).18 Grinding had no part in these preparations.
On the other hand, there were recipes that involv-
ed flour/meal and thus required the use of grinding
tools; e.g., regular bread, flat bread (e.g., pita or
naan type), falafels, efc. (for experimental versions
of two of these preparations, see Fig 15.b-c). In the
context of this hypothesis, in some earlier Neolithic
Aegean communities there was an emphasis on the
first type of recipes. In others, the second type of re-
cipes was used, either exclusively or alongside those
of the first type.

If real, this distinction existed even within the same
area: Mavropigi-Fillotsairi is less than 3km from Sou-
loukia, while Paliambela Kolindros is not far from
Revenia Korinos. Such culinary identities may have
had a cultural/ethnic origin, reflecting the ancestral
homelands of the different groups that occupied the
Greek landscape at the beginning of the Neolithic
(see also Valamoti 2017.178-184).

According to the second hypothesis, the scarcity of
grinding tools at some sites is due to specific practi-
ces that involved the removal of tools from residen-
tial areas. Such practices would have amounted to
more massive versions of the deliberate transfer of
specimens identified at Souloukia.

We consider the former hypothesis as more likely
than the latter, but both (and possibly others) should
be tested when we acquire a better understanding of
each individual assemblage. Be that as it may, such
strong discrepancies in the sizes of grinding tool as-
semblages are not visible in the archaeological re-
cord of the later part of the Neolithic. During this pe-
riod, more or less substantial numbers were the
norm.

18 According to Sonya Atalay and Christine A. Hastorf (2006.298-311), these were common preparations for cereals and pulses in

the Early Neolithic component of Gatalhoyiik.
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ABSTRACT - This paper presents the results of the excavations carried out in the Chalcolithic con-
lexts from the walled enclosure of Ota (Alenquer, Portugal). Six new absolute dates allow the dis-
cussion of the stratigraphical evidence and chronologically frame the zooarchaeological and tapho-
nomical analysis of the faunal assemblage. Domesticaled swine, caprine and bovine are prevalent,
while wild species, most notably leporids, but also red deer, auroch and wild boar, among others, are
less common. Exploitation and management of animals for the acquisition of primary and secon-
dary products are inferred. Existing data suggests that the economic intensification that started dur-
ing the previous phases was ongoing.

KEY WORDS - Chalcolithic; southwestern Iberia; zooarchaeology; taphonomy; walled enclosure

Zivalska farma’: favnisticni zapis iz halkolitskega najdisca
Ota (Alenquer, Portugalska) in njegov regionalni pomen

IZVLECEK - V clanku predstavijamo rezultate izkopavanj halkolitskega konteksta v ogradi v Oti
(Alenquer, Portugalska). Sest novih absolutnih datumov omogoca razpravo o stratigrafiji in krono-
losko zamejuje arheozooloske in tafonomske analize Zivalskega zbira. V njem previadujejo udoma-
ceni prasici, drobnica in govedo. Manj pogoste so divje vrste, zajci, navadni jelen, tur in divji prasic.
Domnevamo, da so z Zivalmi upravljali in jih izkoriScali za primarne in sekundarne produkte. Po-
datki kazejo, da se intenzivna izraba, ki se je zacela v predhodnih fazah, nadaljuje.

KLJUCNE BESEDE - halkolitik; jugozahodni Iberski polotok; arheozoologija; tafonomija; ograde

Introduction

The third millennium BCE is a key phase of human
history in the Iberian Peninsula. It is marked by an
important social complexity and economic intensifi-
cation that started during the Late Neolithic (~3500/
3200-3000 cal BCE) and further developed during
the Chalcolithic (3000-2000 cal BCE). The appear-
ance and development of complex societies through-
out the Chalcolithic (Cruz Berrocal et al. 2013) and
the different social perspectives in the transition to
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the Early Bronze Age (Valera 2015) are some of the
important topics that have been a matter of debate
among our colleagues.

The beginning of the third millennium BCE marks
the emergence of new domestic architectures in the
archaeological records, understood as “Walled en-
closures” (Jorge 2003). Although not exclusive to
this area (Gongalves 1989; Molina, Camara 2005;
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Jorge et al. 2006; Mataloto 2010), the Portuguese
Estremadura presents a high density of these types
of sites. Its Western region concentrates 14 out of
the 22 known walled enclosures, but the informa-
tion on these is imbalanced - only four have had
archaeological excavations in the last decade and a
half, and only four have absolute chronologies, with
the large site of Zambujal having 25 dates and the
remaining three sites only having eight dates. Be-
cause they are generally placed on the top of hills
that grant them wide visual control of the surround-
ing landscape, these sites are characterized by a new
way of occupying space. They are recurrently placed
near water sources that would function as a source
of raw materials and subsistence, but also as a way
of communication and connection to other areas
and social networks. Other common characteristics
are architecture and construction techniques. Struc-
tures such as ‘walls’, towers and doors are built with
the drystone technique reaching areas with a maxi-
mum of 5ha (Kunst 2010) and structures with 200m
in length (Texugo 2022). These structures are a no-
velty in the region, and continuously go through re-
formulations and changes that might bias the preser-
vation of the archaeological record.

Fauna has also been an important part of the discus-
sion regarding economic intensification (Valente,
Carvalho 2014; Almeida, Valera 2021; Almeida et
al. 2021b). The larger sites from the Portuguese Es-
tremadura have historically been used as guidelines
for palaeoeconomic debates (e.g, Driesch, Boes-
sneck 1976; Cardoso, Detry 2001/2002), but at the
same time hindered the understanding of possible
variability. The publication of other assemblages
from the Estremadura (Correia 2015; Moreno-Gar-
cia, Sousa 2015; Detry et al. 2020) and the com-
parison with the southern Alentejo region (Arnaud
1993; Davis, Mataloto 2012; Costa 2013; Moreno-
Garcia 2013; Almeida, Valera 2021) is only more
recently being achieved. The first results for animal
diet and mobility have been published (Waterman
et al. 2015; Zalaité et al. 2018; Wright et al. 2019;
Valera et al. 2020b), showing differences in the ma-
nagement and exploitation of fauna not only be-
tween the Neolithic and Chalcolithic but also with-
in the Chalcolithic.

In the western region, the 666m Montejunto hill is
oriented NE-SW, visually impacting the area while
also polarizing the surrounding landscape and cul-
tures (Basilio, Texugo 2017; Basilio in press). This
hill has several river springs that determine its re-
lationship with the surrounding areas. From an ar-

chaeological perspective, its natural caves have fu-
nerary uses dated at least from the Middle Neolithic
(Carvalho et al. 2019) to the Bronze Age (Gongal-
ves 1992). This highlights that there seem to be dif-
ferent spatial relationships and meanings that might
dictate how the communities were spread through-
out the territory and the different cultural influen-
ces and expressions (Basilio in press), as is the case
of the archaeological site of Ota. In this paper, we
present the results of the archaeological excavation
of the Ota walled enclosure (Alenquer, Portugal), lo-
cated less than 10km from Montejunto hill. We will
focus on the unpublished absolute dates and the fau-
nal record aiming to contribute to debates on re-
source exploitation and management during the
Chalcolithic in western Iberia. We will also present
an in-depth taphonomical analysis of the assemblage,
uncommon for the period and region under analy-
sis, which will allow for a clearer understanding of
the faunal accumulation and site use.

Materials and Methods

Materials

Ota site is located about 50km north of Lisbon in the
heart of the Portuguese Estremadura region, and,
like its 22 counterparts, belongs to the walled enclo-
sure phenomenon (Fig. 1). It shares, along with the
great majority of these, chronological synchrony in
its discovery in the first half of the 19th century, by
Hipolito Cabaco, when the ground visibility scenario
was different, mostly due to efficient forest manage-
ment and the existence of communal herds. Current-
ly, Ota is densely populated with Quercus coccife-
ra, Olea europaea var. sylvestris, Rubus ulmifolius,
Pinus pinaster and, in scarce instances, Eucalyptus
Zlobulus. This vegetation results from thin soils, al-
ready attested in Ota during 2019, 2020 and 2021
fieldwork, reducing the surface visibility and the re-
sults of archaeological surveys. In lithological terms,
the region is composed of Mesozoic sedimentary
rocks and a small area of Cenozoic sediments, mean-
ing that past communities were surrounded by lime-
stones, sands and clays (Ramos-Pereira et al. 2020),
using them as the raw materials for different archi-
tectures and artefacts. The geological framework ori-
ginates in a landscape marked by small mountains,
hills, interior plateaux, plains, and littoral platforms
(Ramos-Pereira et al. 2020), with the western re-
gion, where Ota is integrated, being particularly re-
levant.

Regarding climate, paleoenvironmental reconstruc-
tions suggest that the first changes in regional vege-
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Fig. 1. Distribution of Walled Enclosures in Portugal (a) with a zoom-in at the western cluster (b), where
the Ota archaeological site is located. The sea level reconstruction is based on Lord et al. (2011). 1 Moin-
ho do Custodio; 2 Castelo; 3 Pedra d’Ouro; 4 Penedo; 5 Fornea; 6 Zambujal; 7 Pitagudo; 8 Praganca; 9
Columbeira; 10 Pago; 11 Outeiro de S. Mamede; 12 Outeiro da Assenta.

tation by anthropic influence, detected in pollen
shifts, occurred around 5400 BCE, with the begin-
ning of cereal cultivation (Lord et al. 2011). As for
the mean sea level and coastline changes, it was
observed that they remained stable between 9300
BCE and 2900 BCE (Lord et al. 2011). In this peri-
od, periodic floods were identified, a behaviour that
changed with the progression of marine transgres-
sion (Lord et al. 2011). In sum, the chalcolithic cli-
mate seems close to the current Estremadura cli-
mate, characterized by a ‘Csa’ hot-summer Mediter-
ranean climate (Kottek et al. 2006.Fig. 1) with ave-
rage temperatures of 17°C and annual precipitation
between 700mm and 900mm (Mora, Vieira 2020).

The archaeological site of Ota was the target of the
archaeological surveys in the framework of a more
exhaustive investigation (ROSETTA project) which
aims to study the Chalcolithic architectures of the
western walled enclosures through remote sensing.
In the case of Ota, the LiDAR survey allowed the dis-
covery of 21 high potential archaeological anoma-
lies through the use of the LiDAR sensor in a system
mounted in a UAS (a DJI Matrice 600 Pro with a
Phoenix LiDAR Scout-8). To understand, evaluate,
test and confirm the results obtained by remote sens-
ing, three excavation campaigns were carried out.
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These resulted in 90 days of intervention between
2019 and 2021.

The selected excavation areas relate not only to the
anomalies detected but also to potential chalcolithic
structures. The strategy adopted thus aimed to deter-
mine, in the first place, a vital structure for the defi-
nition of the walled enclosures - the wall. Next, and
based on the previous knowledge of Wall 1, we un-
derstood the potential use of the natural geological
platforms to define an occupation made in embank-
ments. This corresponds to Structure 9, which ma-
terializes the symbiotic relationship between the
anthropic architectures and the limestone substra-
tum. Finally, the area where more work has been
carried out relates to Structure 3, not only to under-
stand the structure itself, possibly unique within the
Chalcolithic walled enclosure phenomenon, but also
to understand the sites’ historiography and Cabaco
interventions, of which no records are available.

Structure 1

The two surveys carried out on the wall, at different
points of its layout, aimed at the typological classi-
fication and clarification of its construction rhythms
and temporalities. The first one is to the north end
(survey 1), and the second survey is in the south
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end, 150m away from the first one, giving a total of
38m? of excavated area (Fig. 2).

In stratigraphic terms, only two sedimentary depo-
sits were intervened. The first, [1007], is also the
oldest, lying directly on the limestone base platform.
In this one, there were few records of fauna, cera-
mic and lithic artefacts. However, there was very
considerable chronological homogeneity, with all

the elements pointing to prehistoric contexts. This
deposit was covered and sealed by a second deposit,
[1006], composed of a group of small and medium-
sized stones enclosed in compact clayey sediment.
The [1006] deposit contains the most significant ar-
chaeological materials from Structure 1 - the wall -
in which the bone of Ovis/ Capra was found, pro-
viding the absolute dating of this structure.

Structure 1

Structure 3

Structure 9

Fig. 2. Examples of the structures found in Ota: the final record of Structure 1 with the indication of pos-
sible wall alignments in red; different stages of the excavation process of Structure 3; final record and
section of Structure 9 with the upper and lower bedrock platforms separated by the structure.
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Both the information relating to the materials and
the 14C information (Tab. 1) allowed for the under-
standing that this structure was already active dur-
ing the third quarter of the third millennium BCE (the
regional Middle/Late Chalcolithic), serving as a posi-
quem indicator. As such, the identified dynamics that
were already broadly replicating some of the regio-
nal prehistoric behaviours seem to be chalcolithic.

Structure 9

The approach to Structure 9 (Fig. 2) arises from two
main vectors. On the one hand, following its identi-
fication through the data obtained by LiDAR. On
the other, the results and information gathered at
Wall 1, pointed to an occupation made through mul-
tiple platforms. These seemed to result from the na-
ture of the base geology and the addition of struc-
tures carried out by the first communities that oc-
cupied this site. With this in mind, a 2 by 6m survey
was set up between the two platforms to characte-
rise three apparently distinct spaces: (1) the upper
platform; (2) the lower platform; (3) the possible
natural or artificial structure between the two plat-
forms. The analysis determined that the bedrock
was between 5 and 20cm deep and that there were
no preserved deposits. However, it was clear that
the top and slope of the hill had an intense prehi-
storic occupation, since most of the collected mate-
rials corresponded to hand-made pottery, with and
without the traditional regional chalcolithic motifs,
siliceous lithic materials, and even a fragment of a
limestone vase.

Structure 3
This is the only ‘negative’

ceable in this structure, being partially modelled on
the limestone bedrock, complemented by the place-
ment of large stone blocks that help in the definition
of the apparently intended circular layout. Besides
these large blocks, which cover about 40 to 50% of
the circumference of the structure, a possible con-
tainment structure composed of an agglomerate of
medium and small-sized limestones was detected to
the west. Its functionality seems to be related to an
eventual stabilization and support of the larger blocks
(Texugo et al. in preparation). Another aspect of
the manipulation of the base geology is the surface
inside the structure. Relatively flattened outcrop ben-
ches were also detected at other points of the archa-
eological site; however, the interior of this structure
is perfectly smoothed, suggesting human activity in
the formation of a flattened floor.

Regarding its excavation, the sediments from this
structure were entirely sieved, and there was a dou-
ble approach to the fieldwork: interior and exteri-
or areas of the circular structure, resulting in an
excavated area of 98m?2. As for the stratigraphic se-
quence, we can state that the deposits around Struc-
ture 3 come from last century’s excavations, and that
the present materialities were selected with the clear
obliteration of materials with greater value - the de-
corated ceramics and other goods of greater aesthe-
tic value. This situation is opposite to that reflected
by the materials collected by Hipélito Cabaco, where
no undecorated ceramics are present. After the ex-
cavation of these superficial contexts - [1104] to
[1110] - it was possible to understand that none of
the deposits were preserved, either because they

structure identified so far at | Lab. Sample Context BP date | Cal BCE (20)
the Ota archaeological site |Beta-561854 |Ovis/Capra |Structure1[1006] [3960+30 |2571-2516 (32.8%)
(Fig. 2). It was discovered dur- rib 2502-2400 (52.7%)
ing the field surveys, but it : 2383-2347 (10%)
was also recorded in the Li- Beta-568786 | Capra hircus | Structure 3 [1103] |3970%30 |2575—2444 (87.6%)
DAR scanning. However, it cor- UEIEOC 2424-2404 (33%)
' i 2379-2350 (4.6%)
respon.ds to a StI'Uthre/ _al' Beta-612398 | Sus sp. Structure 3 3860+30 |2460—2276 (80.5%)
ready intervened by Hipolito phalange | (exterior) [1120] 22562206 (15%)
Cabaco, .althOUgh no .record Beta-612399 | Bos sp. Structure 3 [1115] 2576—2454 (93.4%)
or mention of its existence phalange 399030 |[2418-2409 (0.9%)
has been recovered. This is a 23692356 (1.1%)
reality of a circular tendency | Beta-612400 | Sus sp. Structure 3 3980430 |2576-2454 (93.4%)
that replicates the construc- cranium (exterior) [1120] 2418—2409 (0.9%)
tion strategy observed in the — - . 2362‘2326 (”%2/
- He .
other structures of Ota, based Cla-v12401 | ous Sp. R 4000£30 | 2578-2463 (95.47°)
on a combination between the tooth (exterior) [120]

local geology and the addition
of constructive elements. This
symbiosis is particularly noti-
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Tab. 1. Absolute dates obtained for Structures 1 and 3 of Ota. Calibration
of 14C dates using IniCal20 calibration curve (Reimer et al. 2020) and the
OxCal v4.4 program (Bronk Ramsey 2009).
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were previously excavated or because they were de-
cisively affected by intense bioturbation. Nonethe-
less, it is possible to conclude that the overwhelm-
ing majority of the archaeological materials in these
strata belong to late prehistory. Overall, only five
stratigraphic units were preserved, with coherent
contextual information. Inside Structure 3, [1003]
and [1115] correspond to the remains left by Caba-
co, having provided a sample of a Capra hircus
horn core with a date fitting into the Middle Chalco-
lithic (2574-2350 BCE) and of a Bos sp. phalange
with a very similar date - 2577-2459 BCE (Tab. 1).
The sediments outside Structure 3 were quite affect-
ed and it was only possible to record two preserved
contexts in an area with strong anthropic alterations
of the base lapis. In addition to this manipulation of
space, the presence of several horizontally deposit-
ed faunal elements - [1120] - further corroborates
the probable preservation of the deposits, with the
repeated presence of human action in the organiza-
tion of the elements. [1120] was on top of [1121],
which, in line with what was noted in the last depo-
sit, included various unstructured faunal elements
with cohesive materials framed in regional Chalco-
lithic social dynamics.

Methods

The assemblage provenance is diverse and compris-
es remains from all the stratigraphical units with
absolute or relative chronologies pointing to the
Chalcolithic period, independently of the degrees of
bioturbation recorded. A larger amount of remains
comes from [1104] (n=1450, 24.1%), [1111] (n=959,
16%), [1114] (n=777, 12.9%), [1117] (n=427, 7.1%),
[1120] (n=385, 6.4%), and [1113] (n=357, 5.9%).
Remaining units have <5% of the NSP: [1000], [1006],
[1007], [1008], [1101], [1102], [1103], [1105],
[1106], [1107), [1108], [1109], [1110], [1115],
[1116], [1118], [1119], and [1121].

Methodologies for the zooarchaeological and tapho-
nomical analysis of faunal assemblages were fol-
lowed (Lyman 1994; Reitz, Wing 2008). Data are
presented according to the number of specimens
(NSP), number of identified specimens (NISP), mini-
mum number of elements (MNE), and minimum num-
ber of individuals (MNI) (Grayson 1984; Lyman
2008). The MNI was calculated by distinguishing stra-
tigraphic units (MNIs,) and as a general cumulative
estimate not considering differences between strati-
graphic units (MNIy).

Linear biometrics analysis was carried out by mea-
suring bones and teeth with a Lux digital calliper fol-

lowing current standards (Driesch 1976, Payne,
Bull 1988; Davis 1996; Albarella et al. 2005; Salva-
gno, Albarella 2017). The results were compared to
regional ‘contemporaneous’ published measure-
ments and were considered together with morpho-
logy to better characterize bovine, swine, caprine
and leporids (Boessneck et al. 1964; Boessneck
1970; Callou 1997; Zeder, Pilaar 2010; Zeder, Lap-
ham 2010). Taxonomically indeterminate remains
were tentatively classified according to generic
weight groups (Brain 1981; Bunn 1983; 1986): in-
determinate (WG 0), <20kg (WG 1), 20-100kg (WG
2), 100-300kg (WG 3), and >300kg (WG 4). The
age-at-death estimate considered bone (general os-
sification and epiphysis fusing) and teeth develop-
ment (eruption, replacement, wear) according to
data published for the main species documented in
the assemblage (Payne 1973; 1987; Bull, Payne
1982; Grant 1982; Jones 20006; Zeder 20006; Lemo-
ine et al. 2014; Zeder et al. 2015). The results were
grouped in general age groups, namely perinatal, in-
fant, juvenile, sub-adult, adult, and senile.

The assemblage breakage patterns were assessed fol-
lowing Henry T. Bunn (7983) and Paola Villa, and
Eric Mahieu (7991). Diaphysis length (<25%, 25-
50%, 50-75%, >75%) and section (<25%, 25-75%,
>75%) completeness are presented in relation to the
original figures. Breakage planes outline (oblique,
longitudinal, transverse), angle (mixed, oblique,
right), and surface (jagged, smooth) are considered
according to the weight groups mentioned above. The
surfaces of the remains were macroscopically and mi-
croscopically analysed to record possible BSMs (bone
surface modifications) related to processing and con-
sumption, but also the sedimentary environment. We
searched for anthropogenic breakage (e.g., peeling,
percussion impacts, cones, fissures), cutmarks (e.g.,
incisions, chop marks, scrape marks), tooth marks
(e.g., pits, punctures, crenulated edges), other con-
sumption indicators (e.g., furrowing, digestion), and
thermal alteration (i.e. boiling, burning) (Binford
1978; 1981; Brain 1981; Shipman 1981; White
1992; Stiner et al. 1995; Pickering et al. 2013; So-
lari et al. 2015). When present, their location, dispo-
sition, relations, typology, morphology, size and in-
tensity are described (Almeida 2017). The furrow-
ing evaluation follows the proposal of Saladié et al.
(2011; 2013) according to the intensity of tissue loss
distinguishing between light, moderate, and heavy
furrowing. The location of tooth marks was also re-
corded considering the type of tissue affected (corti-
cal, thin cortical, cancellous - Selvaggio, Wilder 2001;
Dominguez-Rodrigo, Piqueras 2003).
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Weathering is presented according to the degrees
suggested by Behrensmeyer (1978). Other taphono-
mical indicators, such as the presence of vermicula-
tions (Zyman 1994), manganese oxide precipitation
(Lopez-Gonzalez et al. 2000), indeterminate chemi-
cal corrosion (Fernandez-Jalvo et al. 2002), tram-
pling (Behrensmeyer et al. 1986; Shipman, Rose
1984), rodent gnawing (Shipman 1981), or concre-
tions (Courty et al. 1989) were qualitatively record-
ed according to the intensity and surface altered
(<25%, 25-50%, 50-75%, >75%) (Almeida 2017).

Results

Anatomy and taxonomy

The assemblage comprises a majority of Mammalia
(NISP% 96.5%) remains, with some amount of Bival-
via (NISP% 2.4%) and to a lesser extent Amphibia
(NISP% 0.5%), Reptilia (NISP% 0.5%), and Aves
(NISP% 0.2%) (Tabs. 2, 3, 4). Swine are prevalent,
with the majority of them being specifically indeter-
minate, and some remains being identified as pos-
sible wild boar and pig due to morphology and size.
As can be seen in Figure 3, there is some superimpo-
sition between Mesolithic wild boar and Late Prehi-
story (presumable) pig for the astragalus Greatest
Lateral length (GLl) measurement. For the case of
Ota and considering the results for other large Chal-
colithic assemblages, it seems that some of the astra-
gali correspond to small swine, and at least the larg-
er one would probably correspond to wild boar.
Still, the possible presence of hybrids in the assem-

blage must be considered, as pigs were probably
bred free. Swine show an important number of iso-
lated teeth (n=68). All parts of the skeleton are pre-
sent, but vertebrae and ribs are under-represented.
A higher number of anterior in comparison to poste-
rior long bones is evident according to NISP and MNE
values. The obtained MNIs indicate the presence of
adult and senile wild boar; juvenile, sub/adult and
adult pigs; and infant/juvenile, juvenile, and sub-
adult swine that further enlarge the MNIs (Tab. 5).
Hence, different age groups are represented in the
assemblage.

Caprine are well represented, comprising a majority
of goat/sheep and similar NISP values for remains
identifiable specifically as goat or sheep. Similarly
to swine, isolated teeth are also frequent in caprine
remains (n=75), with the appendicular skeleton
being more abundant than other body parts. The di-
stinction between goat and sheep was achieved
based on the morphology of horn core fragments,
isolated teeth, humerus, radius, metapodial, calca-
neus, phalanges, and both morphology and measu-
rements of astragali following Simon J. M. Davis
(2017b). Sub-adult, adult and adult/senile individu-
als of goats, and juvenile, sub-adult and adult indivi-
duals of sheep are countable. The goat/sheep follow
this pattern even if adding one juvenile individual in
the MNI,.

Bovine comprises domesticated cattle and wild au-
rochs. The latter are scarce in comparison to the

Fig. 3. Histogram of results ob-
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large number of remains identified as Bos taurus
and Bos sp., the latter generally also have smaller
sizes and probably corresponded to the domesticat-
ed form as well. The most abundant measurable
bone used for this distinction are proximal phalan-
ges, which in the case of the Ota assemblage are ge-
nerally coincident with the sizes considered to cor-
respond to cattle, even if a larger specimen falls with-
in the admitted variability of the much larger auroch
(Fig. 4). One astragalus allowed for the measurement

NSP % MNE % MN|su % MNIg % Of the GLl, Wthh 21180 ShOW‘
MAMMALIA ed its small size (Fig. 5). Bo-
Artiodactyla 17 1.7 o 0.0 o 00 O 00 vines have all body parts, but
Bos taurus 78 76 63 104 16 125 3 65 the higher frequency of pha-
Bos cf. primigenius 13 1.3 n 1.8 7 5.5 2 4.3 langes and carpal/tarsal bo-
gz; :aphims 22 2‘19 ‘:S Z ; ‘;'5 ——— | nesis of interest. Older indi-
Ovis aries 16 1.6 15 2.4 8 6.3 6 13.0 Vldl.lals’ .e. adult or adult/
Ovis/Capra 77 172 &1 1o 6 47 1 22 senile, and several sub-adult/
Cervus elaphus 72 70 50 80 12 94 2 43 adult individuals are present.
Sus cf. scrofa 7 07 4 06 5 39 2 43 Noteworthy is the presence of
Sus cf. domesticus 21 2.0 17 2.7 9 70 5 109 one infant/juvenile cow and
Sus sp. 271 264 157 252 7 55 6 130 one juvenile/sub-adult auroch.
cf. Equus sp. 1 0.1 1 0.2 1 0.8 1 2.2
Herbivore 28 2.7 o) 0.0 o) 00 O 0.0 .
Canis sp. 3 03 3 o5 > 6 1 22 Leporids correspoqd mostly
Felis silvestris 1 0.1 1 0.2 1 08 1 22 to the European wild rabbit
Oryctolagus cuniculus 151 14.7 120 19.2 28 21.9 9 19.6 and also have an important
Leporidae 25 24 16 2.6 © oo o oo| number of remains. Except
Sub-total Mammalia 995 96.8 603 96.5 o 0.0 o 0.0 for one sub-adult, all individ-
AVES uals are adults. Both the cra-
Aves ind. 1 0.1 1 0.2 1 0.8 1 2.2 ial and dicular bod
Sub-total Aves 1 0.1 1 0.2 o) 0.0 o 0.0 nial and appendicular body
AMPHIBIA parts are well represented,
Amphibia 2 0.2 1 0.2 1 08 o oo | mainly mandibles, innomi-
Anura 2 0.2 2 0.3 1 08 1 22 nate, femur and tibia. The
Sub-total Amphibia 4 0.4 0.5 o 0.0 o 0.0 smaller bones from the extre-
RERTITELA mities are underrepresented,
cf. Mauremys leprosa 3 0.3 3 0.5 2 1.6 1 2.2 . . .
s but it is not clear if this rela-
Sub-total Reptilia 3 0.3 3 0.5 o) 0.0 o 0.0 . .
BIVALVIA tes to the selgcthn, surv1yal
Bivalvia ind. 7 o7 4 06 3 23 o oo | orrecovery bias since sieving
Ruditapes decussatus 4 1.4 7 1.1 6 47 1 22 was implemented in the area
Cerastoderma edule 2 0.2 2 0.3 2 1.6 1 2.2 containing the majority of the
g ezte” b 2 02 2 o3 2 16 1 22| pjeemblage. Red deer are the
ub-tota Bivalvia 25 2.4 15 2.4 o 0.0 o 0.0 second more NUMeErous spe-
Sub-total identified 1028 100 625 100 128 100 46 100 . . )
cies representing wild game,
'"d_e";rm'"ate' _ and the different bones, teeth
Weight group ind. 2204 45| pup 2 Absolute and relative val.  and antlers seem to corre-
WG <20kg 81 1.6 , , .
ues obtained for the taxonomical-  spond to adults. Canids are re-
WG <100kg 294 5.9 Iv identified . R .
WG 2oi00ks a2 285 | Y ll entified and u;zdentzj’iedfau- presented by two metapodial
: nal remains according to the num- ;.4 o vhalanoe. with a pos-
WG <300kg 231 46 ber of identified specimens (NSP), . P 86, P
WG 100-300kg 102 2.0 . b Y sible equid phalange and a
WG >100kg 281 56 minimum number of elements ild cat phalange recovered
(MNE), and minimum number of W p 8 :
WG >300kg 276 5.5 e e . . ,
Sub-total indeterminate 4980 100 individuals by stratigraphic unit '
(MNI,) and minimum number of One must emphasize the re-
Total 6008 P . .
individuals general (MNI,). covery of some Bivalvia shell

fragments (Fig. 6). Although
some of them are considered taxonomically indeter-
minate (n=7, 28%), the grooved carpet shells are
abundant, and the scarce common cockle and scal-
lop are present.

Taphonomy

The assemblage is composed by a majority of re-
mains with maximum dimensions <5cm (n=5242,
87.3%), others between 5 and 10cm (n=727, 12.1%)
and only a few with 10-15cm (n=32, 0.5%) or 15-
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Fig. 4. Scatterplot showing the breadth of the proximal end
(Bp) and the greatest length of the peripheral half (GLpe) mea-
surements obtained for bovine phalange 1 from Portuguese
- « R | and adjacent Spanish Chalcolithic assemblages (Driesch, Boes-
sneck 1976; Castaiios 1992; 1997; Rodriguez-Hidalgo, Cabezas
2011; Detry et al. 2020; Almeida, Valera 2021).

11
9
121

- ~ | 18cm (n=7, 0.1%) (Fig. 7). The results obtained for the diaphysis
completeness are interesting, with clear differences between long
= - « | bones of WG 1 and 1/2 and the remaining WGs. In the latter,
both WG 2+2/3+3 and WG 3/4+4 show higher frequencies of
- ~ | length and section <25% of the original, while in WG 1+1/2 the
length of 25-50% and 50-75%, and the 25-75% section are bet-

R D I e & | ter represented. It thus seems that the long bones of smaller ani-
o | mals, which correspond mostly to leporids or animals of similar
" N | size, are better preserved in comparison to larger animals, from

. _ | the size of caprine, swine, cervids and bovids.
ool ] af [N o i | To better understand this data, we looked at the breakage planes
(Fig. 7). Longitudinal outlines are abundant in the different sam-
< =l o] | o e ples, followed by oblique outlines, but these have values between

around 28-35%. Angles and edges show a similar pattern, with
© afefe © | right degrees and smooth surfaces always above 66%. These pat-
terns together with the diaphysis completeness and the indicators

YT - 2| of anthropogenic breakage suggest that although fragmentation
o occurred, an important amount of green breakage exists. The dif-
R &

ferent degrees of preservation occurring with the smaller size ani-
mals can also relate to the breakage of near to epiphysis portions
o e = | commonly occurring with human-induced breakage to access mar-
row that can result in shaft cylinders.

on| <H en| | N O N | =
Complete remains (3.2%) comprise mainly 49 teeth (23.4%), 60
carpal and tarsal bones (31.1%), 65 phalanges (33.7%) and 10
metapodia (5.2%). Body parts with greater nutritional value are
5 rarely complete, but this can also relate to density-mediated attri-
B - = tion.

NEEEEEE NN ERS
HIEEEE SEEEENRE Indicators of thermal modification are present (Tab. 6). Burning
S | 8[8|5[8|2 gl =|=|=|E = | S[E[E | damage (2.9%) is more common than other human-related indi-
S [EIEI=ISISIalalalalBI=ISIwl2 | cptors and is present mainly in taxonomically indeterminate re-
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Fig. 5. Histogram of the resulis
obtained for the Greatest Late-
ral length (GLl) of bovine as-

Iron Age
(n=28)

tragalus from the Ota site and
other Portuguese and adjacent
Spanish sites dated to the Meso-
lithic (Detry 2007; Valente N
2008; 2013); Neolithic (Davis et 12
al. 2018; Almeida et al. 2021b); N
Chalcolithic (Driesch, Boes-
sneck 1976; Castafios 1997; Ro-
driguez-Hidalgo, Cabezas 2011; ’
Davis, Mataloto 2012; Moreno-

Chalcolithic
(0=202)

Garcia 2013; Correia 2015; Mo-
reno-Garcia, Sousa 2015; Aleixo
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2018; Davis et al. 2018); Iron
and Bronze Age sites (Davis
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2006; 2017a).
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mains, of which we must emphasize WG2 and larger
animals. When present in identified remains (n=19),
they are mostly in rabbits (n=7) and bovines (n=4).
The body parts altered are generally elements from
the appendicular (n=93, 54.1%) skeleton or indeter-
minate (n=68, 39.5%), although some axial bones
(n=19, 5.8%) and a scallop shell were also burnt. The
degrees are generally low, with degrees 1 (n=5,
2.9%) and 2 (n=91, 52.9%) being prevalent, but de-
grees 3 (n=32, 25%), 4 (n=27, 15.7%) and 5 (n=6,
3.5%) are also present. Double colourations occur in
14.5% (n=25) of the cases. Possible boiling is almost
entirely restricted to indeterminate fragments (n=
110, 91.7%), half of which are from 20-100kg ani-
mals. The axial skeleton (n=2, 1.7%) has lower fre-
quencies in comparison to the appendicular (n=78,
65%) or indeterminate (n=40, 33.3%), and inde-
terminate long bones are prevalent (n=68, 56.7%).

Butchering practices are recognizable in the collec-
tion (Tab. 7), with cutmarks comprising chop marks

GLI (mm)

(n=14), incisions (n=116), zigzag marks (n=2) and
complete sectioning (n=2) of bones. All main but-
chering phases are present, including dismember-
ment, skin removal, evisceration, segmentation of the
axial skeleton, disarticulation and filleting. Among
anthropogenic breakage, impact points (n=63) are
the most abundant type of stigma, followed by cor-
tical extractions (n=24) and impact cones (n=18).
Other percussion stigmas (n=28) such as fissures,
possible counterblows, pitting, anvil abrasions and
adhering flakes, are recorded.

Considering consumption, the majority of remains
with taphonomical indicators were associated with
carnivore action (n=127, 77.9%), with possible hu-
man tooth marks (n=20, 9.8%) being almost entirely
circumscribed to leporid remains (n=18), and some
considered indeterminate (n=16, 12.3%). Taxono-
mically identified tooth-marked bones (n=78) are
mostly from swine (n=30), leporid (n=25) or capri-
ne (n=12), whilst indeterminate bones (n=71) are

IN/JU Ju Ju/sU  su SU/AD AD  AD/SE SE  MNIsu/MNIg
Bos taurus 1-1 0-0 0-0 0-0 9-0 6—2 0-0 0-0 16—3
Bos cf. primigenius 0-0 0-0 1-1 0-0 5—0 0-0 1-1 0-0 7—2
Bos sp. 0—0 0-0 1-0 0—0 0-0 0-0 0—0 0-0 1-0
Capra hircus 0-0 0-0 0-0 0—0 1-0 5-0 1-1 0-0 7-1
Ovis aries 0—0 1-1 0—-0 0-0 1-0 6-5 0—-0 0—0 8-6
Ovis/Capra 0—0 o-1 2—0 1-0 1-0 2—0 0—-0 0—0 61
Sus cf. scrofa 0-0 0-0 0-0 0-0 0-0 41 0-0 1-1 5—2
Sus cf. domesticus 0—0 3—2 0-0 0—0 3-1 3—2 0-0 0-0 9-5
Sus sp. 2-2 1-0 0—0 0—0 4—4 0-0 0—0 0-0 7-6
Oryctolagus cuniculus ~ o—o 0-0 0-0 1-1 0-0 27-8 0-0 0-0 28-9

Tab. 5. Minimum number of individuals calculated distinguishing between stratigraphic units (MNI,)
and considering the entire assemblage (MNI;). Legend: IN infant, JU juvenile, SU sub-adult, AD adult,

SE senile.
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mainly from small (20-100kg) animals, thus very
small animals with tooth marks are almost unique-
ly leporids. Consumption indicators are present in
appendicular (n=117, 71.8%) bones, and compara-
tively less in axial (n=12, 7.4%) or indeterminate
bones (n=34, 20.9%). Among indicators of consump-
tion, pits (n=48, 23-6%), punctures (n=46, 22.7%)
and furrowing (n=37, 18.2%) are more frequent than
crenulated edges (n=24, 11.8%), digestion (n=21,

10.3%), notches (n=18, 8-9%), scores (n=4, 2%),
chipped back-edge (n=3, 1.5%), crushing (n=1, 0.5%)
and shaft cylinders (n=1, 0.5%). Furrowing is main-
ly in heavy degrees (n=22, 59.5%) compared to mo-
derate (n=11, 29.7%) and light (n=4, 10.8%) degrees.

The larger number of measurements obtained for
pits/punctures are presented in Table 8. Not consi-
dering the data from very small animals (WG 1) due

Fig. 6. Selection of materials from Ota: a shell fragments from common cockle, b grooved carpet shell
and c scallop; 4, e, {, g different rabbit long bones with mechanical damage in the form of notches in frac-
ture planes and crenulated edges; h, i bovine proximal phalanges with mechanical damage by carnivo-
res; j caprine proximal phalange; k swine humerus and | maxilla; n bovine distal metapodial and p pro-
ximal phalange with cutmarks; m bone fragment with burning damage and cutmarks; o proximal pha-
lange from cattle and p auroch showing large size differences between specimens.
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Fig. 7. Assessment of breakage per weight group in the assemblage considering: a fragment size, b diaphy-

sis completeness, and c fracture planes.

to sample size, we present a comparison of the re-
maining results with published experimental and
actualistic measurements obtained for wolf, dog,
wild boar, pig and humans (Delaney-Rivera et al.
2009; Saladie 2009; Andreés et al. 2012; Saladié et
al. 2013). Results for cancellous tissues show simila-
rities with canids, swine and humans, while cortical/
thin cortical data is better framed within the varia-
bilities of canids and swine (Fig. 8). We cannot dis-
card the possibility that some smaller and shallow
tooth marks could relate to human consumption. At
the same time, the absence of the characteristic sco-
res made by swine while feeding suggests that they
were not preponderant in the modification of these
remains. Canids, probably dogs, seem to fit better

with the taphonomical patterning recorded and the
different types of behavioural consumption indica-
tors.

Finally, other indicators are present in the faunal as-
semblage. Trampling, chemical corrosion and con-
cretions are scarce. The higher frequencies of wea-
thering (10%), manganese oxide precipitation (10%)
and vermiculations (10%) are noteworthy (Fig. 9).
Weathering occurs mostly in initial degrees 1 and 2,
but this together with the identification of degrees 3
and 4 suggests that while the exposition of the re-
mains before sedimentation was small, some remains
were subjected to larger exposure or at least some
moments of re-exposure. Vermiculations are relat-
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able with the provenance of remains from low-
depth stratigraphy and/or high bioturbation areas,
since these normally occur in the top horizons of the
stratigraphy. The presence of manganese oxide in
degrees 1 and 2 accompanied by some amount of
degree 3 and the little degree 4 can relate to humi-
dity and decomposition of organic matter. Overall,
the low incidence of weathering, vermiculations and
scarcity of trampling suggests that although the site
shows important bioturbation and disturbance of
deposits due to previous historical archaeological
works, the faunal remains are fairly preserved.

Discussion

The faunal record in the Ota site during the
Chalcolithic

The fauna profile identified so far in the Ota site
shows the importance of swine in the economy of
these groups during the Chalcolithic. Although it
was impossible to further separate the majority of
the remains due to the lack of metrical or morpho-
logical characteristics, wild boar and pig seem to
have been present and, probably, hybrids. The ge-
nerally small size of measurable and unmeasurable
bone and teeth is suggestive of a small input from
larger individuals, presumably wild boars. Caprines
are also noteworthy in terms of NISP and MNE, with

Indicator n %
Cutmark 133 2.2
Anthropogenic breakage 126 2.1
Burning damage 172 2.9
Boiling 120 2.0
Tooth marks, digestion 170 2.8
Rodent marks 3 0.0
Vermiculations 624 10.4
Weathering 592 9.9
Trampling 9 0.1
Concretions 9 0.1
Manganese oxide 624 10.4
Chemical corrosion 5 0.1
Complete remains 193 3.2
Recent breakage 954 15.9

Tab. 6. Main taphonomical indicators identified in
the Ota faunal assemblage.

both goat and sheep present, and a majority of re-
mains classified as goat/sheep. The triad of domes-
ticated species is completed with the bovine, for
which a small number of remains was classified as
probable auroch due to their large size. Still, the ma-
jority of evidence is from smaller individuals of cat-
tle and other bovines that probably correspond to
cattle due to their small size.

Kill-off patterns among the main domesticated taxa
show the prevalence of adult individuals indepen-

Burning Boiling Cutmark Breakage Tooth mark  Digestion

n % n % n % n % n % n %
Artiodactyla o 0.0 o o o 0.0 o 0.0 2 2.6 o o
Bos taurus 1 5.3 (¢} o 12 17.9 o 0.0 o 0.0 (¢} ¢
Bos primigenius o 0.0 o o 3 4.5 5 19.2 3 3.8 o [¢)
Bos sp. 3 15.8 [¢) o 6 9.0 10 385 2 2.6 o o
Capra hircus 1 5.3 o o 3 4.5 1 3.8 o 0.0 o o
Ovis aries o) 0.0 o o 3 4.5 o) 0.0 o 0.0 o o
Ovis/Capra 1 5.3 1 10 8 1.9 o) 0.0 12 15.4 2 20
Cervus elaphus 1 5.3 1 10 7 104 3 11.5 4 5.1 o o}
Sus cf. scrofa o 0.0 o o 1 1.5 1 3.8 o 0.0 o o
Sus cf. domesticus o 0.0 o o 5 7.5 o 0.0 4 5.1 o o
Sus sp. 2 10.5 3 30 19 284 6 23.1 26 333 6 60
Herbivore 2 10.5 o o o 0.0 o 0.0 (¢} 0.0 (¢} o
Oryctolagus cuniculus 7 368 4 40 o 0.0 o 0.0 23 295 1 10
Leporidae o 0.0 1 10 o 0.0 o 0.0 2 2.6 1 10
Sub-total identified 19 100 10 100 67 100 26 100 78 100 10 100
Weight group o ind. 48  31.4 22 20.0 24 36.4 9 9 12 16.9 6 545
WG 1 (<20kg) 2 1.3 o) 0.0 o 0.0 o o) 1 1.4 1 9.1
WG 1/2 (<100kg) 7 4.6 8 7.3 1 1.5 1 1 1 1.4 o 0.0
WG 2 (20-100kg) 62  40.5 55  50.0 14 21.2 54 54 37 52 4 364
WG 2/3 (<300kg) 10 6.5 8 7-3 8 12.1 6 6 8 1.3 o 0.0
WG 3 (100-300kg) 6 3.9 3 2.7 2 3.0 4 4 1 1.4 o) 0.0
WG 3/4 (>100kg) 6 3.9 5 4.5 8 12.1 9 9 6 8.5 [¢) 0.0
WG 4 (>300kg) 12 7.8 9 8.2 9 13.6 17 17 5 7.0 (¢} 0.0
Sub-total indeterminate 153 100 110 100 66 100 100 100 71 100 11 52
Total 172 120 133 126 149 21

Tab. 7. Different taphonomical indicators’ absolute and relative values per species and weight groups.
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dently of the MNI calculated. Considering swine, it
is not easy to understand age patterns due to the su-
perimposition of wild and domesticated specimens.
All the larger size individuals identified as possible
wild boar are adult or senile, with the possible pigs
comprising juvenile, sub-adults/adults and adults,
and the wild boar/pig adding infant/juvenile indivi-
duals. These omnivorous animals were being slaugh-
tered while the meat was tender, but older indivi-
duals are also present and they could relate to re-
productive purposes. Caprine are represented by dif-
ferent individuals, from juvenile to adult/senile in-
dividuals, with a clear higher proportion of adults
and even one case of one adult/senile goat. More in-
formation is needed to better understand the kill-off

pattern in caprine, but a focus on older individuals
is clear. The large majority of the assemblage comes
from contexts that were sieved so we do not expect
a bias against small teeth (including deciduous te-
eth). An infant/juvenile cattle individual was iden-
tified based on the presence of scarce unfused ele-
ments and low ossification bones, but teeth that
could allow for a better age estimate were not reco-
vered. The presence of younger bovine can relate to
the acquisition of primary and secondary products,
since the slaughter of calves can relate to the need
to reduce the amount of fodder needed and no fur-
ther need for milk exploitation, or the use of one
calf to stimulate several cows (Vigne, Helmer 2007).
The slaughter of older cattle after they started to be

C.l. C.l.

N Mean SD +95% -95% Min Max  o95%Cl
length WG 1 cortical/thin cortical 2 4.89 0,45 5.50 4.27 4.57 5,20 0.62
length WG 2, 2/3 cortical/thin cortical 125 2.46 0,33 2.61 2.31 1.02 5,29 0.15
length WG 3, 4 cortical/thin cortical 24 2.77 0,74 3.06 2.47 1.67 4,27 0.30
width WG 1 cortical/thin cortical 2 2.59 0,60 3.42 1.75 2.16 3,01 0.83
width WG 2, 2/3 cortical/thin cortical 125 1.58 0,55 1.67 1.48 0.51 3,76 0.10
width WG 3,4 cortical/thin cortical 24 1.98 0,48 2.17 1.79 1.24 3,22 0.19
length WG 1 cancellous 7 2.52 0,86 3.15 1.88 1.64 4,25 0.64
length WG 2, 2/3 cancellous 115 2.95 1,21 3.17 2.73 1.31 7,49 0.22
length WG 3,4 cancellous 38 3.48 1,03 3.80 3.15 1.83 5,64 0.33
width WG 1 cancellous 7 1.89 0,48 2.25 1.53 1.32 2,73 0.36
width WG 2, 2/3 cancellous 115 1.96 0,75 2.10 1.82 0.59 4,83 0.14
width WG 3,4 cancellous 38 2.60 0,91 2.89 2.32 0.33 5,07 0.29

Tab. 8. Descriptive statistics for the length and width (in mm) of pits and punctures on cortical/thin cor-
tical and cancellous tissues recorded on identified and indeterminate remains identified to weight group

(SD standard deviation, Cl confidence interval).

139



Nelson J. Almeida, André Texugo, and Ana Catarina Basilio

less productive is a common
practice, especially if older indi-
viduals are not needed for use
as traction (Pérez Ripoll 1999).

Chemical corrosion (n=5)

Clear hunting practices are re-
corded. Besides the smaller
amount of red deer adult indi-
viduals, leporids, probably only
consisting of the European rab-
bit and almost entirely adult in-
dividuals, show important NISP,
MNE and MNI results. Other taxa
comprise a possible equid bone,
carnivores, Aves, amphibia ind.
and Anura for which the scar-
city of available data hinders further discussion. One
must emphasize that sieving was implemented in
Structure 3, corresponding to 97% of the total as-
semblage under study. Finally, some bivalves were
recovered; the grooved carpet shell is more frequent,
but the common cockle and scallop are present.

The assemblage has several indicators of anthropo-
genic processing of animal body parts, with cutmarks
related to the different stages of butchering and an-
thropogenic breakage indicators recognizable. Burn-
ed and possible boiled remains are present with si-
milar frequencies and can potentially relate to the
higher longitudinal outlines and right or mixed an-
gles of the breakage planes in the small to large
weight groups. The frequency of double colourations
and the larger number of degrees 2 and 3 might re-
sult from the culinary practices, more than another
type of natural or non-culinary anthropogenic action.
Overall, the fragmentation as well as modern break-
age that affected the collection is also evident.

Regarding leporids, they have higher preservation
of diaphysis in comparison to other species. None-
theless, complete long bones are absent - only iso-
lated teeth and bones from the extremities are com-
plete, and modern breakage is infrequent (n=9). At
the same time, consumption indicators on leporid
bones and burning are present. The former compri-
ses notches and punctures in appendicular bones
(n=16), and crenulated edges (n=12) in innominate
(n=8), scapula (n=1), femur (n=2) and mandible
(n=1). Morphologically, the majority of these re-
mains seem to lack the typical characteristics of car-
nivore gnawing tooth marks, showing similarities
with human consumption. One must consider the
possibility that other carnivores, such as canids,
could have had access to the remains. Wolfs, for
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Fig. 9. Other indicators identified in the assemblage and their assess-
ment based on degrees of modification.

example, are known to completely consume rabbit
remains, thus this would result in a large, digested
sample (Lloveras et al. 2020) but this is not found
in the assemblage, and the implementation of siev-
ing certainly diminished recovery bias. The impor-
tance of dogs in Late Prehistory contexts is note-
worthy, since they probably ate human-abandoned
waste, resulting in a different patterning of body
parts, besides distinguishable tooth marks and di-
gestion degrees, but data is lacking for better com-
parison (Almeida et al. 2022). Other carnivores, as
is the case of foxes (Sanchis 2000; Lloveras et al.
2012) and the Iberian-lynx (Lloveras et al. 2008a;
Rodriguez-Hidalgo et al. 2013; 2015), have slightly
different patterns of consumption, but leave tooth
marks that can be distinguishable from human chew-
ing. Beak/talon marks created by birds of prey (e.g,
Sanchis 2000; Lioveras et al. 2008b; 2009) are ab-
sent in the collection. Measurable tooth marks on
leporid bones were scarce, because pits are less pre-
valent than crenulated edges and tooth notches.
Moreover, a lower breakage of leporid bones com-
pared to that seen with larger animals was ob-
served. The lack of young leporids could relate to
the natural dead’s /atu senso, or the lack of anato-
mical connections that could hint at predation, toge-
ther with the abovementioned data, lead us to sug-
gest a largely anthropogenic origin for the leporids
in the assemblage. Hence, carnivores seem to not
have contributed substantially to the faunal accumu-
lation of the Ota site for smaller specimens, but we
cannot entirely discard secondary access to them,
for example, by dogs. The secondary access and mo-
dification of remains are well characterized regard-
ing larger taxa. In these cases, it is not clear if all
consumption damage should be related to carni-
vore action, because some smaller and more shallow
tooth marks could be produced during human chew-
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ing. While swine do not seem to be of relevance in
the consumption due to a lack of diagnostic tooth
marks, the morphologies, types and size of tooth
marks are consistent with a large canid, also identi-
fied in the assemblage.

The presence of molluscs in Iberian Late Prehistory
contexts is common and associated with merely eco-
nomic or an ideological and symbolical dimension
of their consumption or the use of shells. Regarding
scallops, for example, the circulation of their shells
is recurrent even in inland sites, while others, such
as the grooved carpet shell, could be consumed or
circulated in conditions that would allow their con-
sumption in farther regions (Valera, André 2016/
2017). The few bivalves identified do not allow for
further considerations, since they were scattered in
several stratigraphical units and not related to spe-
cific contexts that could further reveal their purpose.
On the one hand, they could be consumed and thus
represent a small portion of these groups’ diet due
to their bromatological value, on the other hand,
they could be part of the existing interaction and cir-
culation networks where shells are commonly inter-
preted (e.g., Coelho 2006, 2008; 2013; Soares 2013;
Delicado et al. 2017; Valera, André 2016/2017; Al-
meida et al. 2020a; Almeida, Valera 2021).

The data from a wider perspective

An important amount of Chalcolithic faunal records
is published for central and southern Portugal (Fig.
10). Focusing on Estremadura, it is clear that equids
are almost absent from the assemblages and, when
recovered, their NISP is <1%. Clear hunting strate-
gies are represented by the presence of cervids,
mainly red deer and the occasional roe deer, but be-
sides Columbeira (14%) and Ota (9%), these species
have values of <5% in Chibanes, Zambujal, and es-
pecially Leceia and Penedo do Lexim. Swine domi-
nate the assemblages of Ota (39%) and Chibanes
(48%), showing frequencies similar to caprine in Co-
lumbeira and Zambujal. Caprine are even more fre-
quent than swine in Penedo do Lexim and Leceia. In
all cases, bovines are proportionally less common
than swine and caprine, although the values ob-
tained in the Ota site (24%) are similar to Zambujal
(25%) and a bit less to Leceia (20%). The small fre-
quency of equids and cervids is maintained during
the end of the Chalcolithic, even if Vila Nova da Sdo
Pedro shows 8% of cervids. This site is the only one
where bovines have important values (30%), but are
still lower than swine, which are prevalent in all
these assemblages, even reaching 58% in the Chiba-
nes IC collection. Further results are expected to be

published for VNSP that could allow for a better
understanding of this pattern and if it is fully repre-
sentative of the site.

It is not clear how observed differences in propor-
tions between the larger faunal groups for these
sites relate to environmental and archaeological fac-
tors and how this change regarding chronology and
context. The lack of contextual and fine-grain chro-
nological information, especially for older studied
and published collections, hinders the proper discus-
sion and assessment of possible patterns that could
help explain these differences.

These results have some disparities from the ones
obtained for the Alentejo region with its peneplains
that differ from the Estremadura region. The diffe-
rence between these two regions is currently seen
not only in the archaeological records themselves
but also in the faunal spectra that have been recov-
ered (Valente, Carvalho 2014; Almeida, Valera
2021). While equids are slightly more abundant than
in the Estremadura, cervids have much higher val-
ues, reaching 3-12% during ~3000-2400 BCE, with
one case of 36% in the S. Pedro site, in Redondo.
Later, between ~2400-2000 BCE, the two ditched
enclosures of Porto Torrdo and Perdigdes show
that cervids were an important part of these econo-
mies with 23% and 29%, respectively. In the Alen-
tejo, swine are the most frequent group in all sites
with exception of the Perdigdes collection dated to
~3000-2400 BCE from where caprine reaches 39%.
Caprine has values similar to bovine in S. Pedro,
but the latter is less frequent in Monte da Tumba,
Perdigdes, Mercador and the older Torrdo study by
Driesch in Arnaud (7993). During ~2400-2200 BCE,
the rise in cervids is accompanied by a similarity in
abundance between caprine and bovine, always be-
tween 14-19% to both groups, with a prevalence of
swine.

The lower dependency on red deer hunting in the
Estremadura compared to the Alentejo might relate
to availability and the type of sites. The Estremadu-
ra records of larger settlements, more dependent on
domesticated animals, could result in a higher an-
thropization of the surrounding areas leading to
less availability of the large wild game. While the
archaeological data (type of sites, material culture)
can point in this direction, the scarce archaeobota-
nical data does not allow for further discussion of
this hypothesis, a human impact on the landscape
was already observable during the Chalcolithic (and
previously) in several regions (e.g,, Lord et al. 2011).
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Equids and mainly cervids are scarce in the Estrema-
dura regional records with higher frequencies in the
Alentejo, thus similar to other roughly contempora-
neous records from Spanish Extremadura, such as
Atalaya (Rodriguez-Hidalgo, Cabezas 2011), Horna-
chuelos (Castanos 1998), Cerro de la Horca (Casta-
fios 1992), Cerro I (Castaios 1991; 1997) and Cer-
ro II de Los Castillejos (Castarios 1991).

Conclusions

With its 170m AMSL and an occupational chronolo-
gy ranging from the Neolithic to the Islamic period,

Ota is exposed to various climatic actions that re-
sult in a generalized lack of sedimentation (Texugo
et al. in preparation). This is a reality shared by its
congeners in Estremadura, resulting in a cultural
phenomenon - the walled enclosure- that is mainly
based on palimpsests, very difficult to disentangle
and securely study. These problems were taken into
consideration during the excavation campaigns that
occurred from 2019 up to 2021 at Ota (Texugo et al.
in preparation). To reduce their impact and help in
the excavation and interpretative process of the iden-
tified archaeological units, the taphonomical study
of the faunal assemblage of this site was promptly
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carried out. It allowed us to characterize the con-
sumption patterns of these communities, which in-
cluded both hunting and local production, and the
networks to which they might have been connected,
due to the presence of exogenous shells. However,
it also allowed us to empirically corroborate the exi-
stence of paedogenic processes, to which the anthro-
pic influence, through the intense architectonic re-
formulations, is added.

Nonetheless, and summing up, it seems that Ota re-
plicates the patterns found in neighbouring regio-
nal sites, with a fauna profile highlighting the impor-
tance of domestic species, namely swine, goat/sheep
and cattle. Hunting practices are complementary, as
is suggested by the less common red deer, auroch
and possibly wild boar. Of added interest are the le-
porids, mostly composed of rabbits, that after a ta-
phonomical assessment seems to relate mainly to
human consumption, even if occasional indicators of
other predators are recorded. As noted earlier, we
do not discard access to these remains by carnivo-
res, which is also demonstrated in the larger animal
remains. However, this would mainly have been se-
condary access to human food refuse. The assem-
blage has several indicators of anthropogenic pro-

cessing, with cutmarks derived from butchering, an-
thropogenic breakage, and thermal alteration with
culinary proposes. The kill-off patterns are sugges-
tive of secondary product exploitation in caprine
and bovine, possibly milk, to produce cheese, mate-
rialized in the presence of cheese makers in the ar-
chaeological record. The analysis of taphonomical
indicators of the sedimentary environment rein-
forced the interpretation based on fieldwork obser-
vations concerning stratigraphies, further support-
ed by new absolute dates. This allowed for the pre-
sentation and discussion of zooarchaeological infor-
mation from a current perspective, one still uncom-
mon for this region and period.
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ABSTRACT - Exploiting a dalabase developed during a previous research project, this study uses
Jactor analyses, GIS lechniques and basic geostalistics to evaluate in delail the agro-ecological deter-
minants of the first Neolithic diffusion in continental temperate Europe (the Linearbandkeramik or
LBK), as well as its underlying settlement dynamics around half a millennium (5550-4925 BCE).
More than 6600 LBK site locations, spread from Moldavia to Normandy, are initially assessed for
their informative coherence and abilily to offer a unified perspective on the evidence established at
more local and regional levels. Most of these data can be used to define the broad geo-pedological
options involved in the location of sites across Europe; loess substrate was far from being an exclu-
sive settlement choice and a variely of soils, typically of medium moisture, were exploited. LBK far-
mers thus had a great capacily to adapt to the different geographical contexts they encountered. With
regard to seltlement dynamics in Central and Western Europe, the dala reveal a systemic interplay
between creation, stability and abandonment of sites, supporting the diffusion of the LBK subsistence
system. The progressive decline in the number of new sites was compensated by an increase in their
stability until the last stage of the expansion process. At this point, abandonments became wide-
spread without significant renewal, except in the westernmost regions. The easternmost parts of
Europe could not be integrated in the large-scale temporal modelling, since the chronological data
available in the database are insufficiently precise. Shedding new light on the systemic variability
of the geo-environmental options followed by these early farmers and highlighting some modalities
and spatialtemporal limits of the resilience of their agro-sylvo-pastoral system, our overall analysis

confirms and somewhat clarifies current interpretations of the LBK phenomenon.

KEY WORDS - Neolithic; LBK; Europe; colonization; geo-environment; settlement dynamics

Geostatisticni test kolonizacijske dinamike
LTK kmetov v Evropi

IZVLECEK - S pomocjo podatkovne baze, vzpostavijene v prejsnjem raziskovalnem projektu, v tej Stu-
diji predstavijamo rezultale faktorskih analiz, tehnik GIS in osnovne geostatistike, s kalerimi natanc-
neje vrednotimo agro-ekoloske dejavnike med prvo neolitsko difuzijo v Evropo z zmernim celinskim
podnebjem (podrocje kulture linearno trakaste keramike ali LTK) in poselitveno dinamiko v pol ti-
socletnem obdobju med 5550-4925 pr. n. $t. Vec kot 6000 LTK lokacij, ki se razlezajo od Moldavije
do Normandije, smo najprej ocenili glede na njihovo informativno koherentnost in sposobnost po-
nuditi poenoten pogled na podatke, razvidne na lokalni in regionalni ravni. Vecino teh podatkov je
mogoce uporabiti za doloCanje Sirokega nabora geo-pedoloskih danosti na lokacijah po vsej Evropi;
puhlica Se zdalec¢ ni bila izkljucna poselitvena izbira, raznolika, srednje viazna tla so bila pogosta
izbira. LTK kmetje so se bili sposobni prilagoditi razlicnemu okolju, s katerim so se srecevali. Glede
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na poselitveno dinamiko v srednji in zahodni Evropi podatki kazejo sistemsko povezanost postavit-
ve, stabilnosti in opustitve naselij, skladno z difuzijo LTK preZivetvenega sistema. Postopno zmanjse-
vange Stevila novih naselij je nadomestila njihova stabilnost, ki se je ohranila do zadnje stopnje pro-
cesa Sirjenja. V njej so opustitve naselij brez obnove postale, razen v najbolj zahodnih podrocjih, ze-
lo pogoste. V casovno modeliranje nismo vkljucili najvzhodnejsih delov Evrope, saj so kronoloski po-
datki, ki so na voljo, premalo natancni. Z analizo smo osvetlili sistemsko geo-okoljsko variabilnost
in modalitete ter prostorsko-Casovne omejitve odpornosti agro-gozdno-pasnega sistema prvih kmeto-
valcev ter potrdili oz. pojasnili veljavne interpretacije LTK fenomena.

KILJUCNE BESEDE - neolitik; LTK; Evropa; kolonizacija; geo-okolje; poselitvene dinamike

Introduction

This paper discusses the settlement dynamics of the
LBK (Linearbandkeramik), from Hungarian Trans-
danubia to the shores of the English Channel and
the Black Sea, between 5550-5500 and 4950-4900
BCE (Figs. 1.a and 2). The origin of this large cultu-
ral complex is to be sought in the peripheral areas
of the Painted Pottery cultures of the Carpathian-
Balkan regions, most notably the Starcevo/Kords-
Cris which extended during the first half of the 6th
millennium from Serbia to the lower Danube basin.
In its early phase of development, the LBK is charac-
terized by the low variability of its ceramics, house
types and more generally settlement and food pro-
duction systems (Banffy, Oross 2010; Czekaj-Zas-
fawny 2009; Kreuz et al. 2005; Kulczycka-Lecieje-
wiczowa 2000; Lenneis 2001; 2003; 2010; Lenneis,
Pieler 2016; Lichardus et al. 1985; Lining 2005,
Oross, Banffy 2009; Quitta 1960; Pavii 2000; Sa-
lavert 2017). Recent bioarchaeological and palaeo-
genetic research supports the migration hypothesis
developed as early as the 1920s (Childe 1929) and
describes a process of direct population movement
(Brandt et al. 2013; 2015; Lipson et al. 2017; Ma-
thieson et al. 2015), in addition to the internal mo-
bility of individuals, particularly women (Price et al.
2001; 2002; Bentley et al. 2012). Current palaeoge-
nomic analyses point to an incipient genetic admix-
ture from local hunter-gatherers during the LBK pe-
riod, further developing through the succeeding cen-
turies (Brunel et al. 2020; Rivollat et al. 2020). Prior
to these new insights, a pure migration hypothesis
formed the basis of a multi-agent modelling ap-
proach (ANR-09-CEP-004-01/OBRESOC project), ex-
ploring multiple socio-environmental interactions
(Bocquer-Appel et al. 2015; in prep.; Dubouloz et
al. 2017). Following this experimental approach and
based on the archaeological data collected on this
occasion (Dubouloz, Gauvry, in prep.), our objec-
tive here is to carry out a detailed evaluation of the
site database and its capacity to account for settle-
ment dynamics. In order to address this issue and

refine our understanding of its geography, a plani-
metric dataset was built around this archaeological
database, inspired by the GIS approaches developed
in the ‘ArcheoMedes’ and ‘ArchaeDyn’ programmes
(van der Leeuw et al. 2003; Gandini et al. 2012;
Gauthier et al. 2022).

After a general analysis of the archaeological and en-
vironmental data, we will address the question of
the dynamics of archaeological settlements based on
measures of geographical distribution.

An in-depth exploration of the agro-ecological rela-
tionships involved in this archaeological distribution
will be the subject of another paper developing a
space-time model of the LBK expansion process. Fi-
nally, to bring this research to a close, a third contri-
bution will focus on the role of salt resources in the
overall LBK process, in relation to this ecological
modelling.

The archaeological data

The analysis includes 6639 sites, spread over 14 coun-
tries and eight major river basins (Danube, Dniestr,
Elbe, Oder, Rhine-Meuse, Seine, Vistula, Weser). The
database (BD_LBK) is informed by various descrip-
tors presented in sections 1.1 and 2.1 and Appendix
6. The initial ‘OBRESOC’ database, with 6566 units,
was corrected and reorganized to enable SQL que-
ries, and then amended by including data from Ro-
manian Moldavia (Robin Brigand, Oliver Weller) and
the Republic of Moldova (Madalin-Cornel Valeanu,
Brigand, Weller). The study window was extended
by a buffer zone of 70km around outlying LBK sites.
This measurement corresponds to half the observ-
ed maximum inter-site distance, which is theoretical-
ly possible to cover in two days’ walk. This brings
the total study area to 1 211 807km2. For some re-
gions, the BD_LBK contains fewer sites than those
recorded in the literature. This is principally the case
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in the Kraichgau and Middle/Upper Neckar (Baden-
Wiirttemberg), where the number of known sites is
much higher than in the database (Bogaard et al.
2016). As the latter was designed as an inventory of
fully identified sites, many locations on published
maps without precise bibliographic and geographi-
cal references have been ignored. Additional work
to identify all the available sites will be necessary
here in order to address these gaps. The question
will arise later of the impact of these deficits (~5%)
on our overall results (see section Brief synthesis
and perspectives).

Archaeological descriptors

Each site is recorded by several descriptors of a strict-
ly archaeological nature or linked to a brief geogra-
phical description (countries, rivers watershed). They
are presented below in increasing order of relevance.

O The ‘Country’ variable is coded by two letters (ISO
3166-1 alpha-2). It reflects the general effects of his-
tory and research policies in major political regions.

® The ‘Basin’ variable is derived from a simplified
map of rivers drawn up by the European Commis-
sion Environment Agency (Catchments and Rivers
Network System, 2012). It shows the apparent struc-
turing role of river basins in the geography of LBK
diffusion. After verification of its operational value,
it will not be used in the multivariate analyses.

® The ‘Nature of the intervention’ variable is a means
of assessing the primary quality of the archaeologi-
cal data, mostly derived from random collection
(Collect., 50.7%), organized survey (Survey, 23.9%)
and partial excavation (F.Part., 22%); extensive ex-
cavations are very much in the minority (F.Ext.,
<4%). This variable makes it possible to modulate
the results according to the uncertainties of the data-
base.

® The variable ‘Category’ of sites (settlement, en-
closure, shelter/cave, cemetery, efc.) is mostly not
filled in (67.5%). Therefore, on a European scale, all
the entries in the database are integrated under the
neutral term ‘site’.

@ ‘Spatial accuracy’ is of uneven quality: 39.6% of
the coordinates of the sites are very well to fairly
well positioned (Loc ++ <100m and Loc +- <500m),
while 60.4% are more poorly located (Loc --
>1000m). But this range of uncertainty usually coin-
cides with the resolution of the geo-environmental
data.
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® The ‘Area’ of a settlement should be a relevant
criterion for describing its importance, but the low
occurrence of documented instances (18.4%) rules
out statistical analysis.

@ The ‘Dating’ variable (see section Chronology of
settlements and Appendix 13 for more details) de-
scribes the dating evidence in Boolean coding. Sites
dated by major chrono-cultural stage are characteri-
zed by a ‘first settlement’ variable (St. x) and a ‘du-
ration of occupation’ variable in years of continuous
occupation (D. x00); the absence of information is
coded ‘nr’ in both cases. The mapping of dating pre-
cision (Precise = St. x Loose = St. nr) reveals a very
strong dichotomy (Fig. 1.a) between Western Eu-
rope (France, Belgium), where sites are more often
well dated, and Eastern Europe (Ukraine, Romania,
Republic of Moldova). Central Europe (Fig. 1.b) is
intermediate in this respect, with some well-docu-
mented sectors (Hungary, Austria, Slovakia and Ger-
many to a lesser extent) and others that are often
more limited (Poland, Czech Republic).

© ‘Reliability’ is a synthetic variable which descri-
bes the overall quality of the archaeological map. It
combines the values of three variables: geography
(accuracy of location), chronology (accuracy of dat-
ing) and contextual expertise (type of fieldwork).
The mapping of this index is carried out through a
transformation of the point entity into a raster infor-
mation with 5km sides, from the most reliable to the
least reliable. This mode of representation offers a
general view of the state of research on the data
(Fiab.A = 3 positive variables; Fiab.B = 2 positive va-
riables including chronology; Fiab.C > 2/3 negative
variables = 80.2% of sites). There is a strong hete-
rogeneity in the database (Fig. 2), very similar to that
produced by the ‘Dating’ variable. The western and
southern ‘half’ (Seine, Meuse and Moselle basins,
Rhine and Weser basins, Hesse and Wiirttemberg,
Danube valley, Austria) is generally well document-
ed. The other ‘half, in the centre and the east of
the map (Thuringia/Saxony-Anhalt/Saxony, Bohe-
mia, Moravia, Slovakia, Hungary, Poland, Romania,
Moldova and the Ukraine) often shows a more limi-
ted documentary quality.

Multiple Correspondence Analysis (MCA)

A multiple correspondence analysis (MCA) was ap-
plied to the complete disjunctive table of most of the
BD_LBK’s discrete data (Benzecri 1973; Escofier,
Pages 1990). This analysis will characterize the do-
cumentation in its suitability for addressing the is-
sues of the determinants and rhythms of the LBK
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Fig. 1. Upper: LBK settlement map (6639 features) and chronological accuracy (each site - or group of
sites - is represented by a pixel of 25km2). Bottom: map of LBK sites in Central Europe (Poland, Slova-

kia, Hungary, Czech Republic, Austria, Germany) precisely dated (black dots) and simply dated LBK
(white dots).
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Fig. 2. LBK settlement map (6639 features) and overall reliability of the archaeological information
(each site, or group of sites = 25km2/pixel). Hydronyms are abbreviated: Bu. Bug, Da. Danube, Dn. Dnie-
str, Dr. Drava, El. Elbe, Is. Isar, Ma. Main, Ma. Marne (Fr.), Me. Meuse, Mo. Moravia, Mo. Moselle, Od.
Oder, Pr. Prut, Rh. Rhine, Sa. San, Se. Seine, Va. Vah, Vi. Vistula, VI. Vitava, Wa. Warta, We. Weser, Yo.

Yonne.

agro-sylvo-pastoral system in its continental devel-
opment. Six variables are mobilised for 38 active
modalities: the variables ‘Category’, ‘Area’ and ‘Ba-
sin” were excluded from the analysis because of the
insufficient quality of the available information or
because they were too general.

A preliminary reading of the relative contributions
of the six variables themselves provides a frame-
work for the following detailed analysis of their mo-
dalities involved in the MCA (Fig. 3).

This first approach shows that five variables out of
six contribute, through some of their modalities ana-
lysed below, to explaining the intrinsic variability of
the data recorded in the inventory. The ‘Country’
variable does not seem to play a particular explana-
tory role in the overall construction, which is reas-
suring. The ‘Reliability’ variable, despite its poly-
thetic dimension (¢f. 1.1-8), does not sum up the
patterning of the data alone: its statistical weight is
only significant on the first factor. We shall see be-
low that different modalities of its own descriptors
are particularly discriminating throughout the ana-
lysis. The other four variables do not show very
strong correlations: for example, ‘Duration’ is not
strictly related to the age of the installation (‘Chro-
nology’) nor to the research intensity (‘Fieldwork’);
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in the same way, geographical precision seems only
partially related to ‘Fieldwork’. These general obser-
vations suggest that a rather complex dispersion cha-
racterizes the variability of the data, which are there-
fore not univocally determined.

Description of the factors or components (Appen-
dices 2-4)

The detailed analysis of the first three factors of the
MCA, then of the factorial maps of their 38 modal-
ities, makes it possible to specify the previous obser-
vations (Appendices 2-4, 7 and Figs. 4 and 5).

The first factor (original eigenvalue of F1 = 10.69%
or 77.79% in Benzecri correction) is detailed in Ap-
pendix 2. It contrasts the sites well documented by
excavations, dating to different stages of the LBK
(especially St. 2 and 4) and of rather limited dura-
tion, with the less well-documented and therefore
less reliable sites: France and Poland/Czech Repub-
lic respectively embody these two opposing poles
which, not surprisingly, dominate the structuring of
the data.

The second factor (F2 = 5.55% or 8.45% Benzecri,
Appendix 3) mainly articulates the temporal varia-
bility around the differential documentary effects of
‘Survey’ and the ‘Collect’.
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Deviations from the average contribution by variable

many, Belgium and Slovakia. The cluster of
countries gathered around the least posi-

25
20 F2 tive modalities confirms the singularity of
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Fig. 3. Relative contributions of the six variables to the cha-
racterization of the first three components of the MCA (co-

lours shown in Annexes 2 to 4)

The third factor (F3 = 5.07% or, 5.53% Benzecri,
Appendix 4) specifies the variability of the borders
of the time sequence, by underlining the opposition
of older and long-lived Central European sites, re-
sulting from ‘Survey’ prospection (52.1% of the iner-
tia), to westernmost sites dating to the later stages
of the LBK and correctly located (31.2%). It also
shows that some countries linked to ‘Collect’ in F2
(Slovakia, Hungary) are additionally associated with
‘Survey’.

Analysis of maps F1/F2, F1/F3 and F2/F3 (Figu-
res 4-5 and Appendices 5-7)

e Map F1/F2 (Figure 4 and Appendix 5) shows a
qualitative and chronological structure in the data
and reveals three main groups of modality associ-
ations. It contrasts extreme documentary situations,
between France/Netherlands (best information) and
Poland/Czech Republic (worst information). In addi-
tion, it defines for part of Central Europe an inter-
mediate group of sites with variable documentation
and often ‘average’ quality. Germany and Belgium,
at the centre of the scatterplot, are linked to all qua-
lities of documentation, but with only a small pro-
portion of the best; Austria has a significant rate of
good quality information; Hungary and Slovakia are
isolated from the other countries mainly because of
their stronger ties to the early stages of the LBK.

e Map F1/F3 (Figure 5 and Appendix 6) identifies,
in addition to the extremes already identified in F1,
a central cluster of medium to high level modalities;
this indicates a fair to good reliability shared by
many sites in central-western Europe belonging to
the main part of the LBK sequence and of all dura-
tions. It also confirms the better documentation of
the western trio (Netherlands, Luxembourg, France),
and the more varied documentary quality in Ger-

ly or badly characterized sites in the BD_
LBK (here centrally positioned and there-
fore not very significant in describing this
additional variability) and their distinction
with the very well-characterized group in France
and the Netherlands in the later stages of the LBK.
In addition, this plot underlines a significant and fa-
vourable situation with Poland and its systematic
‘Survey’ practices. It also confirms that, at the time
of database completion, Hungary and Slovakia stand
out strongly from the other European countries in
terms of the relative weight of their older, long-term
and partially documented sites.

A synthesis of these successive and complementary
analyses is quite easy to make, as they provide fairly
similar results on the variability of the documenta-
tion. Three major poles emerge: first, the group with
the best possible combination of documentation, in
Western Europe, with sites in France, the Nether-
lands and Luxemburg; second, the group with low-
est quality information, around the Czech Republic
and partly Poland; third, the combination of inter-
mediate quality information in Hungary, Slovakia,
Germany, and Belgium. The remaining five ‘Country’
modalities are divided between the poor-quality com-
binations (Moldova, Romania, Ukraine, Switzerland)
and the medium-quality ones (Austria).

Apart from the western trio, Poland and Hungary/
Slovakia both present a complex situation. They can
be regarded as specific versions of poor and mode-
rate documentation. Thus, Poland shares with the
western part of Europe a significant proportion of
sound documentation (Fig. 4, map F2/F3), thanks
to its affinity for high-quality ‘Survey’. In the group
of medium quality documentation, Hungary and
Slovakia stand apart from others (see Figs. 4-5 and
Appendix 7). This may be related to their greater
connection to the earlier stages of the LBK. The mid-
quality group is also well represented by Germany
and Belgium, which possess all the variety of docu-
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mentation in significant proportions. Some is rather
poor and broadly similar to the qualitatively under-
documented Eastern Europe and Czech Republic,
where the huge number of entries in the database
statistically overshadows the well-documented sites
in Bohemia and Moravia. Finally, Austria’s documen-
tation lies between the good and medium quality
groups, quite close to that of the western countries.

Quality of the BD_LBK and overall heuristic
validity.

The overall impact of the observed heterogeneity
(Appendix 1) in the BD_LBK on the investigation
of geo-environmental aspects and LBK settlement
dynamics will now be assessed.

From the point of view of geography, this diversity
is arranged quite clearly along an east-west transect;
our information thus gains in quality along this axis
and its suitability for interpretation increases at the
same time. Apart from language barriers (for Ukraine
and Moldova), three logically related constraints con-

tribute to this overall European pattern: the number
of sites recorded, the temporal depth of the research
and the underlying types of archaeological interven-
tion. Thus, three countries which are major contri-
butors to the database (Germany, Czech Republic,
Poland) are characterized by an overall documen-
tary situation of average to mediocre quality; and
three other countries, lesser contributors to the data-
base (France, Netherlands, Austria), present much
more favourable situations. This dichotomy, which
is somewhat counter-intuitive, is probably due to a
mass effect. For the first countries mentioned, the
temporal and spatial extent of research has produc-
ed a high proportion of sites identified ‘in the past’,
while settlements that are well documented by more
recent research have in this case relatively less
weight than in countries where more recent, more
proactive and/or more localized research will have
accumulated fewer poorly documented sites.

Several intermediate situations are obviously pre-
sent. For example, Hungary and Slovakia each illus-
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trate their specificity, and their close positioning
seems as much related to the broad trends that
structure LBK data as to their own similarity. Thus,
their convergence is probably mainly due to the
distribution of the chronological variable: these two
countries have relatively few well-documented sites
and comparable proportions of moderately to poor-
ly documented sites, but their share of later LBK
sites, lower than in the other countries, may explain
their joint isolation in the results of this analysis.

Finally, at the geographical margins of the phenome-
non under study, the situations are broadly opposed.
One, in the east, appears to be mediocre overall, no
doubt due to shortcomings in the collection of infor-
mation, but also possibly due to a very different hi-
story of research and more limited funding. The
other situation, in the west, generally appears to be
good, probably due to the geographical limitation of
the areas concerned (the Netherlands and Luxem-
bourg) and/or significant and earlier funding of res-
cue archaeology.

Thus, as was to be expected, the ‘Country’ variable
is not an explanatory descriptor, but is only relevant
in highlighting contextual trends. These can be sum-
marized by five fairly well-differentiated classes and
sub-classes: (i) the class with little information, main-

ly comprising eastern sites; (ii) the sub-class ‘Po-
land’, which has limited information in general, but
is often well documented by ‘Survey’ or extended
excavations (‘F.Ext.); (iii) the class of mixed situa-
tions, comprising Belgium, Germany, Slovakia and
Hungary, with comparable proportions of poorly
and moderately documented sites, together with
some large to huge archaeological investigations;
(iv) the sub-class ‘Austria’, which has fairly good in-
formation overall; (v) finally, the class of the most
favourable situations, mainly associated with the
Netherlands, Luxembourg and France: Austria parti-
cipates to a certain extent in this last group (F1/2).

This extensive information variability could have a
negative impact on the use of the database for re-
search, by restricting the number of comparable sites
available in different regions and by blurring the
conclusions to a greater or lesser extent, depending
on the regional representativeness of the available
samples. However, in the broad analysis of the agro-
ecological determinants of LBK settlement, it emer-
ges that these documentary limitations have only a
marginal impact. Indeed, such an approach mainly
requires geolocation in line with the resolution used
for the geo-environmental space, and this is often
enough to provide a good summary of the main cha-
racteristics of the LBK point-pattern. Basic geostatis-
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tical techniques such as low-pass filtering will be
able to overcome the main documentary weaknes-
ses. On the same geo-environmental level, the char-
acterization by stages of LBK expansion will be more
uncertain, particularly in Eastern Europe, a region
that will have to be excluded from detailed analyses.
But for the large contributors in Central Europe,
with considerable medium- to poor-quality documen-
tation, the problem is mitigated by the significant
number of available sites and their varied spatial di-
stribution.

The projected research on settlement dynamics is in
turn dependent on the quality of information on the
chronology and continuity of occupations. The MCA
presented in this section has highlighted the weight
of the undetermined modalities in the structuring of
the data: thus 60% of the sites in the BD_LBK do not
meet the fine chronological aspects. The majority of
these sites belong to the eastern regions of Europe,
which again cannot be compared with other regions
(although there are some pioneering studies such as
Dmytro Kiosak (2017) and Thomas Saile (2020)).
Among the latter, the three largest contributors to
the database (Germany, Czech Republic, Poland) cer-
tainly present a significant rate of negative respon-
ses (in Thuringia/Saxony/Saxony-Anhalt (Thiiringen/
Sachsen/Sachsen-Anhalt in graphs), Bohemia (Cechy
in graphs), Little Poland (Mato-Polska in graphs) and
Kuyavia (Kujawy in graphs)), undoubtedly challeng-
ing the representativeness of these samples with re-
gard to the regional temporal variability of LBK oc-
cupation; but the distribution of correctly to very
well-informed sites overlaps quite regularly with the
general pattern of known sites (Fig. 1), giving reason
to hope for good spatial representativeness. Unless
we can correct these biases, our forthcoming histo-
rical-anthropological interpretations will have to
take this uncertainty into account.

Topographical and agro-ecological data

In this section we will focus on site locations (point
coordinates) in order to characterize their geo-con-
texts. The set of variables integrated in the analysis
is presented in Appendix 8. Each archaeological site
is thus documented by two topographic and six agro-
ecological variables for a total of 38 descriptors out
of 41 (two descriptors and one modality, not repre-
sented in the data, were deleted).

Data classification

O Slopes. The slope map is classified into four map
units: SL1 (flat) = from 0 to 3; SL2 (low slope) =
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from 3 to 9; SL3 (medium slope) = from 9 to 20; SL4
(steep slope) = from 20 to 65; in the analysis, the
SL4 modality was grouped with SL3.

® Landscape openness. Classified into three sets,
this measure is a2 morphometric indicator that deter-
mines the degree of concavity and convexity of the
landform (Yokoyama et al. 2002). It considers for
each pixel a line of sight over 8 azimuths (r=10km)
which may be redundant with the visibility indica-
tors (total visibility): OP1 (closed); OP2 (open); OP3
(very open).

® Moisture. This is the variable deduced from the
low-resolution (1km) surface water saturation map.
The map is classified into four map units: HY1 (low);
HY2 (medium); HY3 (high); HY4 (very high).

@ Soil texture. This document, originally classified
into seven classes, is simplified into six classes (by
combining the <no data> and <organic layer> fields):
TX0 (n/a); TX1 (coarse, clay<18% and sand>65%);
TX2 (medium, clay<35% and sands>15% or clay
<18% and 15%<sands<65%); TX3 (medium, fine,
clay<35% and sand<15%); TX4 (fine, 35%<clay
<60%); TX5 (very fine, clay>60%).

® Soil thickness. The original five-class classifica-
tion is retained: PRO (n/a); PR1 (shallow, <40cm);
PR2 (moderate, 40-80cm); PR3 (deep, 80-120cm);
PR4 (very deep, >120cm).

® Loess. The European loess map (Haase et al.
2007), produced at a scale of 1:2 500 000, contains
nine classes distinguished according to their thick-
ness and degree of alteration; this document has
been simplified to the extreme to retain only the exi-
stence or not of loess in the substrate: LO1 (pres-
ence); LO2 (absence)

@ Soil group. The 1:1 000 000 Soil Geographical Da-
tabase of Europe (SGDBE v4) initially presented in
27 classes according to the 1985 FAO classification
has been simplified to 11 classes (European Soil Data
Centre (ESDAC), esdac.jrc.ec.europa.eu, European
Commission, Joint Research Centre): SO1 (Cambisols
= brown soils with little typing or differentiation);
S02 (Chernozems, Greyzems and Phaenozems = soils
with a high content of organic matter in their upper
horizons, clinohumic soils); SO3 (Fluvisols = alluvial
soils); SO4 (no data = glaciers, city, rivers, destroyed
soils, n/a); SO5 (Gleysols, Histosols, Marshes, Plano-
sols, Vertisols); SO6 (Podzol = soils marked by a true
podzolization process); SO7 (Luvisols, Pozoluvisols =
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degraded and leached soils characterized by eluvial
upper horizons); SO8 (Lithosols, Regosols, Rankers,
Rendzinas, Outcrops = thin soils, limited in depth by
a coherent and hard material (bedrock or hardened
horizons); SO9 (Arenosols = soils with sandy granu-
lometry, not differentiated); SO10 (Salinosols = sa-
line soils of Solonetz or Solonchaks type); SO11 (An-
dosols = soils of volcanic origin).

® Fertility. The fertility map produced as part of the
ANR ‘Obresoc’ project (Schwartz et al. in prep.)
was used without regrouping or modification. The
simplification of the soil cover carried out by the
authors is dictated by an attempt to reconstitute Neo-
lithic soils. As such, this work differs from classic
studies - and from those presented here - which are
based on the current state of the soil. Nevertheless,
the scale (1:5 000 000) means there is great simpli-
fication and often arbitrary cartographic limits: FRO
(n/a); FR1 (very fertile); FR2 (fertile); FR3 (medium
fertility); FR4 (low fertility); FR5 (not fertile).

Statistical analyses (MCA and HAC)

All statistical analyses performed on the LBK set-
tlement data are based on the cross-referencing of
the point attributes with the set of environmental
descriptors operated in matrix form. The characteris-
tics of the locations are at pixel level (100m), but
include the very close environment since a low-pass
filter has been applied to the raster data. The value
of each cell is calculated from the eight surrounding
pixels, thus obtaining a smoothed raster where the
maximum and minimum values of each neighbour
are averaged and local variations are reduced.

A multiple correspondence analysis (MCA) of the to-
pographic and agro-ecological modalities and a hie-
rarchical ascending classification (HAC) on the fac-
torial coordinates (factor scores) enables a descrip-
tion of the settlement choices of LBK populations.

Description of the factors (Appendices 9-11)

e The strongest contributions to factor 1 (~85% of
its total variance or inertia) mainly separate sites in
poorly defined or rare contexts from all other sites
(Appendix 9). Its relevance to our research questions
is therefore very limited.

e The second factor (Appendix 10) is mainly based
(~84% of its inertia) on the opposition between
leached (Luvisols) or degraded soils, very deep, with
a medium-fine texture and good fertility, and brown
soils with moderate to deep depth, fine texture, very
good or medium fertility, in a closed landscape. This

second statistical summary thus distinguishes two
kinds of favourable agro-ecological environments.

e The third factor (Appendix 11) is mainly based
(~81% of its inertia) on the predictable opposition
between deep and very fertile soils of Chernozem,
Greyzem and Phaenozem types and very thin soils
or soils with a tendency to waterlogging.

Analysis of map F2/F3 (Fig. 6)

Because factor 1 is defined by modalities that main-
ly describe the absence of information, it is more re-
levant to focus on factors 2 and 3 of the MCA (Fig.
6), despite a reduced inertia (total = 14.3%, 35.7%
in Benzecri correction). With the results of the HAC
conducted on the factor coordinates of the modali-
ties, it reveals four main classes (CL1 to 4).

e Class 1 (CL1), with 2,916 sites (44% of the total),
is predominately determined (>90%) by sites locat-
ed on very deep (PR4), degraded (SO7) or alluvial
(S03) soils; then (> 50%) on medium-ine textured
soils (TX3), fertile (FR2), humid and tending to hy-
dric saturation (HY3); to a lesser extent (35-50%)
by sites located on flat (SL1), open (OP2) to very
open (OP3) landforms and medium hydromorphic
soils (HY2). Two poles of association of agro-ecolo-
gical modalities constitute class 1: the first one is
very specific, around degraded, very deep, modera-
tely fine-textured soils, and the second one around
the most shared modalities, including good fertility,
average waterlogging, and flat or very slightly slop-
ing land in an open landscape. The presence of loes-
sic substrates does not seem to be very discriminat-
ing, since their absence also contributes to defining
this subgroup of CL.1.

o Class 2 (CL2) is composed of 132 sites (2%) locat-
ed on soils for which the depth (PR0) and nature
(S04) are not given. This very marginal class of un-
characterized sites is not very relevant.

e Class 3 (CL3) concerns 1414 sites (21.3%) locat-
ed primarily (>90%) on clinohumic (S02) or sandy
(809) soils; then (>50%) on very fertile soils (FR1),
or soils marked by a process of true podzolization
(S06) and to a lesser extent (35-50%) on deep soils
(PR3), with low surface hydromorphy (HY1) and
sometimes with a coarse texture (TX1). Two pre-
ferred associations of agro-ecological modalities are
also visible in class 3. The first one, very characteris-
tic, concerns sites on clinohumic soils, very fertile,
and the second one sites on deep soils with low wa-
terlogging.
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o Class 4 is made up of 2177 sites (32.8%), located
primarily (>90%) on moderate depth soils (PR2) or
shallow soils (PR1), waterlogged (SO5) or thin soils
(SO8) or even saline (SO10); then (>50%) on brown
(S01), moderately fertile (FR3) to poorly fertile (FR4),
fine-textured (TX2) soils located in topographic en-
vironments marked by a steep slope (SL3) and a
closed landscape (OP1); and to a lesser extent (35 to
50%) on slightly sloping (SL2), non-fertile (FR5) and
moderately textured (TX3) soils. This very heteroge-
neous class is structured around two very significant
groups of modalities: the first concerns sites on
brown soils of moderate depth, fine texture and, in
part, average fertility in a rather closed landscape;
the second group, very characteristic, but much less
represented, is made up of shallow soils of low ferti-
lity, such as Gleysols, Vertisols, Rendzinas and Rego-
sols.
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Intermediate conclusions

The broad analysis of the agro-ecological data thus
highlights the great variety of contexts in which LBK
settlements are found. Rather than, as has often been
assumed, a simple constraint by loess (47.6% of the
total number of sites are strictly located on a loessic
substrate), it is a set of characteristics favourable to
sustainable farming that conditions the most fre-
quent location of these sites: very good to average
Sertility, very great to average depth, not too pro-
nounced walerlogging, fine to average textures.
Many different soil types (SO1, SO2, SO7, even SO3
and S06), whether on loessic or non-loessic substra-
tes and widely present throughout Central Europe,
seem to have been acceptable compromises for these
early farmers. It is thus clear that they had an ances-
tral practical knowledge of the agrological properties
of the soils, including their natural vegetation and
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associated fauna. This background will have succes-
sfully guided their settlement choices in the Central
European landscape.

Additional analyses

As regards the importance of loess and major soil
types in the choices of location, further analysis can
be made on a continental scale in order to identify
interregional and/or temporal variability. Uncertain-
ties related to soil evolution over the last 7000 years
will be addressed in the course of the analysis and in
the conclusions that can be drawn from the current
soil cover.

The loess issue

Loess substrates make up more than a quarter of the
surface area occupied by the LBK as a whole (26.2%).
This share is greater if one excludes the mountain
ranges, largely avoided by LBK agro-pastoralists.
Loess is fairly evenly distributed (see Appendix 12),
with a particularly marked presence to the northeast
and east of the Carpathians, as well as in Hungary,
around the Harz mountains and in Belgium/the
northern Paris Basin. It is therefore expected that in
most of these regions, loess may have been a major
substrate for the establishment of LBK settlement.

Two approaches have been followed to specify the
archaeological impact of these formations. One is
based on the geographical coordinates of the sites
and the other on a buffer zone of 2.5km around each
site. This second approach partly reduces some of
the imprecision in locating the sites and mapping
the loess areas.

According to the first approach, the general trend
between the Black Sea and the English Channel
shows (Fig. 7.A) an almost equal number of locations
on loess or other substrates (47.5% of occupations
and 47.6% of localities). At a more precise temporal
scale (Fig. 7.A and B), and therefore at a varying

% A: Proportions of Loess =1
100

geographical scale, a trend can be seen towards a
lesser dependence on Loess (Chi2: df 4, p. 0.001)
between the beginning and the end of the LBK (from
55% to 42.4%), well expressed by the deviation from
the mean of the occupations. This overall develop-
ment thus underlines the importance of loess, but
mostly at the beginning of the process, as well as in-
creasing adaptation to the varied geo-pedological
contexts encountered.

This space-time trend, identified on the basis of the
present-day distribution of loess across Europe, mo-
tivated a second approach and further investigations
of the geo-pedological composition of the terroir
within a radius of 2.5km around each site, by major
settlement region. In order to evaluate loess depen-
dence, three surface thresholds in the buffer zone
were established: (1) with 80% of loess in the buffer
area, the site is considered to be located to maximize
the presence of this formation, or has simply bene-
fited from its extensive availability in the area; (2)
conversely, with between 0 and 20% of loess in the
buffer area the site is considered to be located with
no particular interest in the presence of this sub-
strate or has simply suffered from its low availabi-
lity; (3) an intermediate threshold at 40% of the buf-
fer area is also tested to define a proximity of the
site to loess (<1km), but without excluding other
substrates. According to this analysis, approximately
30% of all LBK sites are loess-independent, 34% have
predominantly a loessic substrate, and 20% have a
broad access to other types of geology. The remaining
16% (between 20 and 40% loess surface) represent
sites with little attraction to this loess. At this level of
geographic and temporal resolution, the importance
of loess in the location of LBK sites is clearly variable.

The distribution of this differential access to loess ac-
cording to major settlement regions (98% of sites),
reveals a number of different patterns of settlement
(Fig. 8.A-B).
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Fig. 7. A proportions of sites punctual location on a loess substratum; B deviations from average
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O The opposition of the extreme situations (80% vs
20% of the buffer area) creates four groups (Fig. 8.A):

e A first group (green) with 42-64% of sites with
over 80% loess and 15-34% of sites loess-indepen-
dent (0-20% of their buffer area), occurring in re-
gions where the spatial distribution of loess corre-
sponds to large, compact sectors (Niederrhein-
Westph./Maas (NWM), Wetterau/Main, Franken, Elbe-
Saale, Austria (Osterreich in graphs), Southern Vistu-
la, Romania/ Moldova).

e A second group (yellow) with only 12-30% of sites
with over 80% loess and 30-48% of sites loess-in-
dependent, occurring in regions with smaller and
more discontinuous loess sectors (Alsace-Middle
Rhine (Alsace-Mittel-Rhein in graphs), Neckar, Low-
er Saxony/Fulda-Weser (BSFW), South Bavaria/
Schwabia (Siid-Bayern/Schwaben in graphs (SBS)),
Bohemia, Moravia, Slovakia-Hungary and South-East-
ern Poland-Ukraine (SPK)).

o A third group (orange), far western [Paris Basin/
Hainaut, Franco-Luxembourg Moselle (BPHM)],
where only 5-8% of sites have over 80% loess (main-
ly the nine sites in Belgian Hainaut) and 67-78% are
loess-independent;

o The fourth and last ‘group’ (dark red) is made up
of the Kuyavia/Chelmno area (KUJ), where 100% of
sites are not located on loess.

® At the threshold of 40% loess in their buffer area

(Fig. 8.B), the sites fall into almost the same four
groups as above:
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o The fourth and third groups (red and orange) are
formed by the same regions (KUJ, BPHM), where the
attraction of loess concerns only 0% and 11-15% of
sites, respectively, except in the small Belgian Hain-
aut region. This overall statistic confirms the weak
association of the LBK with loess in these regions.

e The second group identified above concerns 40-
62% of the sites in the same regions, to which are
added the Moldavian-Romanian and Southern Vistu-
la regions. By doubling or even tripling the propor-
tion of sites concerned, the ‘mixed’ terroirs thus re-
present a considerable weight in these regions and
reveal a fairly strong link between the LBK and loess
(50% + 10).

e The first group retains five of the seven regions
with 80% loess, and now includes 72-83% of the
sites in NWM, Franken, Wetterau/Main, Austria and
Elbe-Saale, which is only a slight increase (1.3 to 1.7
more cases). This weak progression is due to the
high spatial availability of loess, which ‘mechanical-
ly’ attracts a large number of sites (42-64%). But, by
increasing this proportion of sites to 72% and more,
the ‘mixed’ sites contribute to the dominant view of
the crucial importance of loess for the LBK. This ob-
servation remains true for some regions of Germany
and Austria, where Eva Lenneis (2001) notes that
about three quarters of the settlements are located
on loess, from the earliest phase onwards. But in
other important regions of Central Europe (Hunga-
rian Transdanubia (Magyar-Dundntul in graphs), Mo-
rava, Bohemia, South Bavaria/Schwabia (Siidbayern/
Schwaben in graphs), Middle Rhine/Alsace (Mittel-
Rhein/Alsace in graphs), the dominance of loess
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Fig. 8. Geographical distribution of sites according to the proportion of loess area in their 2.5km buffer

zone: A <20% vs. >80%; B <20% vs. >40%.
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must be tempered by a significant proportion of
‘mixed’ configurations associating proximity of loess
and other substrates.

Intermediate conclusions

The analyses at supra-regional and regional levels
of site position and buffer areas both confirms and
moderates the importance of loess in the choice of
LBK site location, as already revealed by the MCA
(Fig. 6): only 52.3% of the large sample of sites exa-
mined (Fig. 8) have over 40% of loess in their buf-
fer areas. As the results show many alternatives, the
study indicates a certain independence of the LBK
system from loess, even in regions where its pres-
ence is high, such as the eastern Carpathians or the
Transdanubian Hungary. However, there is a slightly
stronger link at the beginning of the sequence (St1)
than at the end (St4 and 5-6). These figures suggest
that starting from a subsidiary exploitation of non-
loessic substrates by the earliest farmers (St1), the
LBK’s subsistence system has been increasingly
adapted to this kind of substrate.

LBK and present-day soil groups

The geographical distribution of present-day soil
groups shows the predominance of Cambisols and
Luvi-Podzoluvisols (57% of the total area), far ahead
of Clinohumic soils (Chernozems, Phaenozems, Grey-
zems), Podzols, Fluvisols, Gleysols and Renzine-Re-
gosols (Fig. 9 and Appendix 12).

Cambisols develop in large continuous areas in the
heart of the LBK territory and particularly in the
central and central-western parts. Luvisols (and Pod-
zoluvisols) generally border these Cambisols, in ra-
ther fragmented patches, and dominate in Poland,
as well as in the north-western and western parts of
the study area. Clinohumic soils are distributed main-
ly in the east and south-central regions, on the peri-
phery of the above soils, with some other good pat-
ches in the Elbe-Saale region and more modestly in

23,6% ; Luvi-podzoluvisol

333%
Cambisol

Salty ; 0,2 %

Fig. 9. Distribution of the main types of soils in the geographical

area of the LBK.

Clinohumic; 11,4%
Podzol ; 8,9%

Fluvisol ; 7%
Gleysol ; 6,5 %

Renzina-Regosol; 5,5 %
Arenosol ;2,7 %
nd;0,8%

southern Poland and Bohemia. Gleysols occur be-
tween the previous groups, mainly in the northern
periphery, like the Podzols, and more in connection
with Fluvisols. The latter are distributed throughout
the study area, particularly in Moldova/Romania, Po-
land, Belgium and France. Lastly, Rendzinas essen-
tially show the opposite distribution to Podzols, in
the southern half of the LBK occupation zone, with
important areas along the Paris Basin, the Austrian
Danube and in Hungary, Slovakia and Ukraine: the
LBK largely avoided these soils.

This current distribution of the main soil groups, ex-
pressing major topographical, geological and mor-
phological factors, appears to be a significant geo-
graphical determinant for LBK settlement location.
We can nevertheless expect considerable variability,
as has been shown for the loess.

Available soils/selected soils

The distribution of soils at LBK sites shows a good
overall correlation with the distribution of soils cur-
rently available in the study area (Pearson (0.866)
and Spearman (0.7381): p. <0.05). This indicates
that the early Neolithic farmers made use of most of
the possibilities offered by the environment. But the
observation of the deviations from the relative dis-
tribution of these soil groups in the study area as a
whole and at the sites (Fig. 10) shows a stronger
relationship (Chi2, df 7, p. <0.01) with Luvi-Pod-
zoluvisols (+51.7%), Clinohumic soils (+45.6 %) and
Fluvisols (+28.6%). The best represented group in
the study area, Cambisol (33.3%) is a bit under-rep-
resented (-20.4%), and Renzinas-Regosols, Gleysols,
Arenosols and Podzols (between 2.7 and 8.9%) are
clearly under-represented at LBK sites compared to
current geographical availability (between -34.5 and
-88.8%).

The importance of Luvi-Podzoluvisols could be at
least partly due to soil developments over the last
7000 years (Lorz, Saile 2011) and could reflect the
higher availability of Chernozems
(here with Clinohumic soils) at the
time of the LBK. This hypothesis can
be applied especially around the Harz
mountains, as well as in Bohemia
and Moravia, judging by the present-
day intermingling of Luvisols in the
Chernozemic areas and their imme-
diate surroundings. However, Car-
sten Lorz and Thomas Saile (O.c.)
also point out that such a proposal
can only be based on detailed pedo-
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logical studies. The question of Cambisols is even
more complex, since this notion covers very diverse
soils whose main common feature is an incipient pe-
dological differentiation, and their age is therefore
questionable. We will simply note here that more
than 80% of the sites located on these formations,
very often close to areas where Chernozems and Lu-
visols are concentrated, avoid their most acidic
forms. This is the case in the regions noted above,
especially along the secondary, or lesser, watercour-
ses. Here, the ‘absolute’ quality of the soils would
have weighed less than the proximity of densely set-
tled areas and site networks.

Loess and selected soils

Together with these apparent connections, there are
significant differences in numbers by substrate for
the four main occupied soils (Fig. 11). A Chi-square
test confirms (df 3, p. <0.001) that the presence of a
loessic substrate at the site coordinates tends to fa-
vour Luvi-Podzoluvisols and Clinohumic soils in the
establishment of LBK sites, especially in the early
LBK; conversely, the absence of loess tends to fa-
vour Fluvisols and marginally Cambisols, especially
towards the end of the LBK.

The weighting of these archaeological observations
by the geographical patterns of the three main soil
groups attested on loess provides a complementary
conclusion (Tab. 1):

e Clinohumic soils, preferred on loess more than
on other substrates (18.7 vs. 14.6%), have appar-
ently been exploited in proportions lower than their
availability on loess (18.7 vs. 28%), except in their
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Fig. 10. Relative deviations in the proportions of
the selected soil types from those of the available
soils (horizontal values proportional to the over-
all availability).
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two main distribution zones east of the Carpathians,
as well as in Slovakia and more partially in Moravia
and Kuyavia (see Fig. 12).

o Luvisols appear to be the main beneficiary of the
apparent choices of LBK settlement location, espe-
cially on loess (> 42% of sites).

e Despite the lower overall availability on loess,
Cambisols also seem to be readily chosen, and in
higher proportions than their overall availability on
loess. This trend may reflect an environmental and/
or social determinant, 4.e. a pull of the loessic sub-
strate on the location of LBK sites, irrespective of
the soil itself, and/or a desire to be close to a site
network occupying the best soils.

Thus, according to these non-exclusive preferential
connections, the locational choices of LBK sites as a
whole reveal several major alternatives. The ‘Cher-
nozem on loess’ archetype would have been only
one of the LBK settlement modes, valid in certain
regions and/or at the beginning of the sequence.
Elsewhere, according to the gradual spatial variation
of environmental availability, LBK settlements seem
to have largely found other geo-pedological contexts
that were suitable for their farming requirements
(Figs. 12 and 13).

Regional variability
An analysis by major settlement zone (Fig. 12) illu-
strates this variety of situations in seven main classes:

e Romania-Moldova is distinguished by a preponde-
rance of clinohumic soils (> 80% of cases).

o Slovakia, Moravia (Chernozem) and Kuyavia/Chel-
mno region (Phaenozem) show a preference for both
Luvisols and Clinohumic soils (>66% combined).

e In a large part of Germany Luvisols dominate Cam-
bisols (>70% combined).

e In contrast, in the west and southwest of Germany,
Cambisols predominate over Luvisols (>70% combin-
ed); in Austria, Clinohumic soils take second place
(=89% combined), as already observed by Lenneis
(2001.Fig. 6) for LBK 1 in Austria, where present-day
Brown soils are preferred to present-day Chernoze-
mic soils.

e Bohemia, Southern Vistula and Silesia show a more
balanced distribution of Cambisols, Luvisols and Cli-
nohumic or Fluvisol (>67% combined).
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Fig. 11. Archaeological proportions of the four main soil types according to the presence/absence of loess.

% area | % soil on loess/ | % soil/loess | % soil-sites | tential, but also natural plant com-
Soil groups (%) soil group area area on loess munities. The influence of these se-
Clinohumics (11.4) 66 28 18.7 dimentary characteristics on tree and
Luvi-Podzoluvisols (23.6) 34 27 421 herbaceous formations implies that
e TES 6 (5 4 17 254 the associated vegetation and fauna

Tab. 1. Proportions of various loess configurations/major soil

groups.

e On the periphery, Hungary, Mecklenburg-Pomera-
nia, south-eastern Poland and the Ukrainian borders
show a wide variety of soils, including a type that has
been encountered rarely until now (only in Kuya-
via): Gleysols, associated with Luvisols and Cam-
bisols or Fluvisols (>68% combined).

e In the west, except for Belgian Hainaut (nine
sites), Fluvisols dominate, associated with Cambi-
sols (>75% combined) and a variety of other soils.

The cartography of these major classes (Fig. 13 and
Appendix 12) shows that, during its spread, the LBK
farming system did not focus on a specific geo-pedo-
logical niche, but adapted to changing local and re-
gional conditions. In view of this general strategy,
the Paris Basin sites appear somewhat distinct, since
they underuse the soils developed on the large loess
patches occurring in this region. Mainly dated here
to the end of the LBK sequence but locally pioneer,
the occupation initially tied to the main floodplains
was extended, during the early 5th millennium (BVSG
group), to the loessic plateaus now largely covered
by luvisols (Dubouloz et al. 2005; Bostyn et al.
2019). The BVSG farmers seem therefore to have
returned to the predilections followed during the
European expansion process from which they ultima-
tely resulted.

Overall weighting of results

Beyond issues of loess and soils, the distribution of
LBK sites highlights their relationship to highly sig-
nificant sedimentary characteristics. The MCA/HAC
(Fig. 6) identifies groupings that are largely defined
around variations in water saturation, texture and
soil depth (Tab. 2). And it should be remembered
here that soil quality not only affects agricultural po-

were most likely important parame-
ters in site location, although such
factors remain hidden in our strictly
geo-pedological analysis.

Medium-fine to fine-textured soils thus characterize
more than 82% of the sites (Tab. 2.A), and of these
about 71% have low to medium water saturation. In
the same way, a great to very great thickness of the
soils characterizes nearly 80% of the sites, of which
nearly 72% have low to medium water saturation.
These very high proportions identify the main soil
characterization of LBK locations and indicate the
skills of already expert farmers. However, a signifi-
cant proportion of the occurrences (<30%) combi-
nes the same characteristics of depth and texture
with high water saturation, thus showing that alter-
native choices were made. This option may have
been related to a particular interest in the proximity
of specific vegetational areas such as riparian zones
or marshes. Concerning the other soil types (Tab.
2.B) on which a minority of LBK settlements are lo-
cated (£20%), low to medium water saturation also
dominates (more than 70% of the cases), thus re-
stating the critical value of this characteristic for LBK
agriculture.

From all these observations it can be inferred that,
beyond particular types of soil, LBK farmers first
sought and found geo-soil formations that were not
water saturated, rather fine-textured and quite deep:
in other words, a range of situations favourable to
their agricultural and gathering needs and widely re-
presented in the territory they explored. These gene-
ral characteristics provide a better definition than
present-day soil types of LBK farmers’ main criteria
for establishing settlements. According to the statis-
tical study, we must add to this major trend the com-
plementary and less common search for waterlogged
soils and their particular vegetation and fauna.
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Fig. 13. Geographical distribution of the dominant soil configurations of twenty LBK settlement areas:
very dark brown: predominance of Clinohumic soils; dark brown: predominance of Luvisols/Clinohumic
soils; medium brown: predominance of Luvi Podzoluvisols/Cambisols; beige: predominance of Cambi-
sols/Luvisols or Clinohumic soils; blue-gray: importance of Gleysols; light blue: importance of Fluvisols;
light green: Loess.

These findings are at least partially in line with the
conclusions of Michael Kempf (2020a), whose re-
search is not really comparable to that developed
here, as differences in spatial scale, temporal perspec-
tive, size of the samples examined, resolution of the
basic environmental data and the descriptive system
of the geo-pedological units make this comparison
rather impractical. However, we note a convergence
of our observations with some results of his analy-
sis, especially the importance of low-medium water
saturation in the choice of settlement location.

On the other hand, the study by Lorz and Saile
(2011) on the genesis of the Chernozems, restricted
to southern Lower Saxony, also reaches some con-
clusions compatible with those pro-

tween geo-pedological ensembles, recalling our defi-
nition of ‘mixed terroirs’ (section 2.3.1 and Fig. 8).
Due to the fine resolution of their environmental
data, they ultimately draw the conclusion, unattain-
able at the resolution of our own study, “/.../ that
LBK settlers preferred highly productive and light
soils with easy access to water courses (Sabel
1983). These conditions are provided in the dry
Loess landscape of the investigated region with a
distinctly incised, dense drainage network.”
(op. cit. p. 278, underlined by authors). This speci-
fic environmental configuration might be the actual
source of our observations (section 2.3.2a) concern-
ing site distribution in the intertwined Chernozems-
Luvisols-Cambisols of the loessic region around the

duced here on a continental scale.
This is the case for the partial dis-
connection that can be observed
between site location, loess and the
presence of Chernozems, which has
already been proposed by various
researchers cited by these two au-
thors. Thus, their database clearly
shows the major importance in LBK
site location of contact zones be-

% of total (N) | Low-medium | Strong and
A sat. (N) more sat. (N)
Txt. fine to medium-fine 82.2 (5455) 70.7 (3832) 29.8 (1623)
Depth + and depth ++ 79.8 (5200) | 71.7 (3739) 28.3 (1470)
B
Other textures (very fine, 17.8 (1184) 79.5 (941) 20.5 (243)
medium, coarse)
Moderate and shallow depth | 20.2 (1317) 70.1 (923) 29.9 (394)

Tab. 2. Overall statistics of site distribution by soil water saturation,
texture and depth (NB: 1.8% of soils are not characterized by depth).
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Harz or in Moravia. As much as the search for a
dense and socio-economically supporting neighbour-
hood, the need for easy access to water, identified at
the meso-regional scale and at higher spatial reso-
lution (see also Koncelova 2005), appears to be a
strong complementary determinant of this site distri-
bution that is partly disconnected from the best soils.

Settlement dynamics

Much has already been written on settlement dyna-
mics and no attempt is made here to challenge the
interpretations and conclusions drawn from previous
research. Rather, we will try to show how large-scale
geo-spatial statistical analysis can identify and weigh
the different factors underlying this space-time phe-
nomenon.

Chronology of settlements

The phasing of the overall extension of the LBK, at
least in broad stages, is a necessity for this research
project, as it enables continuities and discontinuities
across time and space to be considered together. But
this ambition is particularly sensitive when the west-
ern and central-eastern zones are compared. Despite
the predictable discomfort of many specialists, we
have nevertheless attempted such a chronological
standardization, according to a six-stages (St. 0 to 5)
sequence (Appendix 13).

The information in the archaeological database can
then be used to reconstruct probable settlement dy-
namics on a continental scale. This first approach is
based on the 2559 locations with LBK occupations
that can be dated to a stage (4535 different occupa-
tions), excluding both extremities of the sequence
(St. 0 and St. 5-6) as the occurrences are very low
and/or their definition very specific. Indeed, the ‘5-
6’ and ‘Post CL’ (or ‘6’) stages only appear in the
database as marginal information that we did not
want to lose at first. The ‘5-6 stage is related to the
Paris Basin where it extends the LBK occupation
(early BVSG) and the ‘Post-CL’ stage was taken into
consideration only for subsequent occupations on
LBK sites: this stage is therefore not really listed as
such and cannot be considered here. The total sam-
ple thus represents about 39% of the database, but
is unevenly distributed among the different regions.
In addition to far Eastern Europe, this limitation is
likely to be noticeable for Poland, the Czech Repub-
lic and Belgium, for example (Appendix 1).

Several elaborations of the database are necessary,
in the form of simple aggregations by major stage:
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(1) the total number of occupations; (2) the number
of newly created sites, 4.e. without immediately pre-
ceding occupation; (3) the number of enduring oc-
cupations (total number of occupations excluding
site creations); and lastly (4) the number of aban-
doned sites during stage ‘t’, previously occupied dur-
ing stage ‘t -1’.

In order to compare settlement trends over similar
time periods, these values have been weighted by
the approximate duration of the different stages
(Appendix 13). Each is split into ‘n’ periods of twen-
ty-five years (a human generation), according to the
following division (the cut-off effect remains un-
avoidable): St. 1=7x25y,St.2=6x 25y, St. 3
=2x25years, St. 4 =4x 25y, St. 5=4x25Y.
Lastly, a renewal rate is calculated (ratio of new cre-
ations to total numbers) that allows an overall sum-
mary of settlement dynamics.

The resulting curves (Figs. 14 and 15) reveal singu-
larly different dynamics, depending on which of the
parameters is considered.

Apart from the few settlements of the formative LBK
stage (St. 0), the number of creations is similar dur-
ing St. 1 and St. 3, around 19% for each stage. How-
ever, almost 39% of the dated sites (Fig. 14, red
curve: Creation) are established during St. 2. Crea-
tions then decline and fall to about 5% during St. 5.

At first glance, settlement density is relatively sta-
ble between St. 2 and St. 4 (Fig. 14, black curve: To-
tal), with the latter appearing as a clear stage of equi-
librium, in view of the highest number of enduring
sites (Fig. 14, yellow curve: Stability). The process
that emerges, already well identified, is one of an ex-
panding pioneer front that was particularly mark-
ed for stages 1 and 2.

However, these trends as perceived through the
numbers of occupations per 25-year period offers a
different reading (Fig. 15). The curves highlight the
St. 3 stage, where the density (black curve) is clearly
higher here than in the St. 2 and St. 4 stages, despite
a significantly decreasing renewal rate (in green,
42.9 vs. 87.6%) and an increase in abandonments
(in light blue, 215 vs. 61 per 25 years). New crea-
tions and a great stability of previously existing sites
(in red and yellow) explain this counter-intuitive
result. At the 25-year generation rate, St. 3 probably
represents, at the mid 5204 century BCE, the climax
of the expansion process, before a pause at St. 4
which remains at a high level of settlement density.
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At St. 5, all factors considered except ‘abandonment’
reach unprecedentedly low values and indicate the
exhaustion of the LBK.

As stated earlier in this chapter, this overall reading
of the chronological processes is obviously related
to the state of the basic information in the database
and its representativeness. It is therefore still fragile
in terms of detail and should be considered with a
margin of error that cannot be easily assessed.

Geocentres and standard deviation ellipses
First, a method is applied to assess the overall dis-
persion of sites and analyse the similarities at each
chronological stage: the measurement of centroids
(barycentres or geocentres) and deviation ellipses.
This approach has long been used in spatial geosta-
tistics (Lefever 1926, Pumain, Saint-Julien 2001)
and in spatial archaeology (Hodder, Orton 1976;
Gauthier 2004; Poirier 2010; Nuninger et al. 2012).
It enables the comparison of distributions based on
a number of indicators:

a shift in polarities is very marked in the next stage
St. 1: the roughly 350km distance between the two
geocentres (Tab. 3 and Fig. 16) undeniably evokes
territorial expansion during this founding stage of
the colonization of Central Europe (in yellow). In-
deed, between c. 5500 and c. 5325 BCE settlement
extended from Transdanubia to the Rhine (nearly
900km of maximum extension) and the upper Vis-
tula valley, then towards the end of this stage Kuya-
via and northwest Ukraine (nearly 800km). This set-
tlement expansion, with standard deviation ellipses
increasingly orientated east-west, remains at least
until St. 3 (c. 5175-5125 BCE, in blue) very close to
that of St. 2 (in purple), with a small extension to
the west (lower Rhine/Meuse region, the Moselle
and eastern Champagne).

The westward expansion restarts with St. 4 (c. 5125-
5025 BCE) during which further parts of the Seine
Basin and the Belgian Hainaut are colonized. Never-
theless, the geocentre shifts less than a hundred ki-
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(i) The geocentre corresponds 1209
to the average coordinates of s
. . . 1000
the dispersion by period and
the distance between each of 800 - o
these centroids is a way to as- 600
. L 40
sess the rates of population
movement (Tab. 3). 400 20
200
(ii) The deviation ellipse en- N0 &

compasses sites whose loca- sT1
tion shifts by no more than
one standard deviation from
the centroid and therefore al-

Creation (N)

Total settlements (N)

S12 S13 ST4 ST5

Stability t-1/t (N) Desertion t-1/t (N)
«ss@es+ Renewal rate (%)

lows a measurement of dis-
persion at each stage of the
LBK culture (Fig. 16). For the
reasons mentioned in the con-
clusions of section 1.3, the
eastern expansion in Moldova
and Romania has not been in-
cluded in these analyses.

The centroid of the LBK for-
mative stage (St. 0, <5500
BCE), located on the shores
of Lake Balaton, involves only
a very small set of settle-
ments. The orientation of the
deviation ellipse (in white)
shows the dispersion gradi-
ent along a SE-NW axis. Then,

Fig. 14. Summary of the population dynamics (excluding the reoccupa-
tions after hiatus as Creation), combined with the renewal rate (right-
hand scale); colours are the same as in Figure 22 (maps).
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Fig. 15. Summary of the settlement dynamics by 25-year period.
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lometres (Tab. 3),

Stages |ST. o/ST. 1| ST.1/ST. 2| ST. 2/ST. 3| ST. 3/ST. 4| ST. 4/ST. 5

settlement being lar-

Inter-centroid distance (km) |

350 | 75 | 28 | 92 | 308

gely maintained in
the former foci of
Central Europe. The
situation changes radically in St. 5, at the very end
of the 6th millennium and the beginning of the 5th,
with the weakening of the Transdanubian and cen-
tral-eastern LBK foci. This is clearly underlined by
a 308km shift of the barycentre (Tab. 3) and by the
change in orientation of the deviation ellipse to-
wards a NE-SW axis. It can be assumed that a rather
similar process would be observed in Eastern Europe
when the dating is better established there, and it
will be interesting to compare the rates and average
distances of progression there with those measured
for the western expansion.

Density and transition maps

In order to go beyond the point distribution of sites,
the ‘kernel density estimation’ tool (KDE) analyses
the data in a continuous surface, reflecting the inten-
sity of the occupation of the space. This method pro-
vides an estimate of the density of sites in a moving
window and the resulting values include the situa-
tion in the neighbourhood. Thus, an area surround-
ed by other densely populated areas will have its
own density increased. This method has been well
known to geographers since the 1980s (Silverman
1978: 1986, Wand, Jones 1995; Zaninetti 2005),
and widely used by archaeologists working at site
scale (Baxter, Beardah 1997; Beardah 1999).

3800000 4300000
I

3800000 4300000

Tab. 3. Spacing of centroids over successive stages (in km).

The results depend on two parameters: (i) h, the va-
lue of the radius, fundamental since it determines
the degree of smoothness of the data that offers the
best representativeness, between the point scatter
and a non-discriminating mesh (Silverman 1978),
(ii) k, the chosen function, here a quadratic function.
In our study, a graphical approach inspired by the
ArchaeDyn program (Nuninger et al. 2012) and al-
ready proven (Brigand, Weller 2018a) is exploited.
This involves plotting the maximum values obtained
from a series of calculations according to a given in-
terval, here 5000m. The inflection point of the curve
corresponds to the best window size, which in our
situation is 12.5km, a value between 10 and 15km
(Fig. 17) corresponding to about half a day’s walk.

At a radius of 12.5km, the KDE density value (in
km?2) is therefore calculated for each stage and com-
pared with another relevant indicator: the average
observed distance (AOD) (Fig. 18). These values are
considered from stages 1 to 5 (formative St. 0 AOD
= 51km and KDE = 0). In the graph combining these
two parameters, the values of AOD and KDE are res-
pectively very high and very low for stages 1 and 5.
It is clear that during these two periods the occupa-
tion is the least dense. Conversely, the occupation is
more concentrated during stages 2 to 4, with the

4800000 5300000 5800000

5300000

4800000 5800000

Fig. 16. Geocentre and standard deviation ellipse of the LBK settlement (stage-dated sites, 39%).
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average distance being lowest and the maximum
density being higher: the values of stage 4 show a
slightly higher AOD, reminiscent of the situation
highlighted in Figure 14.

In order to evaluate the differences between periods
following the density curves and maps (Figs. 19-20),
an approach based once again on methodological
advances from the ArchaeDyn program (Nuninger
et al. 2012) is proposed. This method exploits the re-
lative difference in density between two periods
through the use of the Normalized Differential Ratio
(NDR), defined in the same way as the Normalized
Difference Vegetation Index, namely: NDR= (T1-T0)/
(T1+T0). This calculation makes it possible to visua-
lize the dynamics of settlement between two chrono-
logical sequences, and thus to distinguish the newly
created sectors from those more stable or in disuse.
A precise example of such a protocol is proposed in
Appendix 14.

This modus operandi was thus implemented on a
European scale (excluding Romania, Moldova and a
large part of Ukraine), and a synthesis of the propor-
tions and areas relative to the created, stable or
abandoned sites by stage is presented in an analyti-
cal diagram (Fig. 19) and five maps (Fig. 20).

e Between St. 0 and St. 1, the newly colonized areas
(Figs. 19 and 20.a, red) are the most extensive, since

0,5

the LBK leaves its initial focus to reach Moravia, Bo-
hemia, Saxony/Thuringia and the Rhine valley in
the west, Little Poland, Transcarpathian Ukraine and
the upper Bug valley in the north and northeast.

e Between St. 1 and St. 2 spatial expansion remains
substantial both outside and inside the previous oc-
cupied areas (Figs. 19 and 20.b, red or orange). The
main features are: expansion or densification of set-
tlement in the Rhine-Meuse-Moselle valleys (Fig. 20.b,
red-orange), colonization of the hilly areas of the
western Carpathians (Fig. 20b, red), and a decline in
southern Transdanubia and the Elbe-Saale area (Fig.
20.b, light blue). In Saxony, Saxony-Anhalt and Thu-
ringia, for example, the small number of very ‘reli-
able’ and well-dated sites (Figs. 1 and 2) relativizes
the significance of the results proposed here, espe-
cially for the abandonments.

e Between St. 2 and St. 3, the dynamics of coloniza-
tion decrease and stability dominates (Figs. 19 and
20.c, yellow), in spite of some mobility of settlement
in the occupied spaces (orange) and limited expan-
sion out of the already colonized zones (red), such
as the southern foothills of the Western Beskids up
to the confluence of the Vah and the Danube (Slova-
kia). This is the beginning of a stability that will be
strengthened with the passage to St. 4 (Figs. 19 and
20.d), especially north of Lake Balaton, during which
the internal and external ‘conquests’ are weak.

e The dynamics between St. 4 and St. 5

(Figs. 19 and 20.e, light blue) have already
been observed in sections 3.1 and 3.2 (Figs.
14-16) and indicate a massive decline in

Central Europe and a refocusing on western
Germany, Benelux and the Paris Basin,
whose centre is now occupied.

Brief synthesis and perspectives

Although many meso- to macro-regional stu-
dies have already been carried out on both

Maximum density (/km?)

the settlement dynamics and land-use pat-
terns of the LBK, our study is the first to
tackle these questions on a continental scale
using a large geo-referenced database and
GIS.

As archaeologists, we are well aware that

]
5 10 125 15 20 25
Radius (km)

Fig. 17. Evaluation of optimal radius

understanding the outputs of such an ana-
lysis depends largely on analytical studies
at the lower scales. Due to the higher spa-
tial and temporal resolution of the available
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information, these more localized stu- g 7000 0258
dies can often produce a better de- g (00 BN Yot <
scription and understanding of par- & & 020§
; PP 2 5000 S
ticular situations. Fortunately, much 3 £
of this kind of research has already ~ & 4000 N N
been done so that it is possible to ad- 8 5, g
. EN 0,10
just some of the results of our broa- & N g
der approach using these more spe- i;» 2000 & 005 &
cific cases and observations (among 5 1000 e
many others: Bakels 1978; Bogaard 2 -
2004; Bogaard et al. 2016; Ebers- ST1 sT2 13 ST STS
bach, Schade 2005; Koncelova —@— Mean distance (m) ~ ——@— Maximum density (r. 12,5 km)
2005; Kreuz 1990; 2 008;, Len?zezs Fig. 18. Comparison of the observed average distance and density.
2001; 2003; 2010; Lenneis, Pieler

2016; Pieler 2010; Saile 2009; 2010; 2020; Toth et
al. 2011; but see also Kempf 2020b). 1t is also no-
table that our results are essentially an estimation of
the processes underlying the current distribution
maps, as were most of the synthetic narratives al-
ready proposed. It is to be hoped that the overall ap-
proach and methodological tools applied here will
provide a more comprehensive basis for drawing
conclusions. One of the main limitations of this ap-
proach, which is difficult to quantify globally, lies in
the importance of the natural and anthropic phe-
nomena which, since the 6th millennium BCE, might
have masked and caused the disappearance of nu-
merous settlements: direct erosion and colluvial co-
ver and burial. These types of processes can appear,
when analysed at a local scale, to be of considerable
importance and therefore constitute one of the most
problematic biases of the available spatial distribu-
tions. The overall assessment of this impact on the
archaeological record remains to be made through
further detailed local research. Nevertheless, at this
stage of our general knowledge of the LBK pheno-
menon, the analysis proposed in these pages can re-
present a satisfactory framework for future improve-
ments.

Three main topics were thus addressed for testing
the overall capacity of archaeological research, as
reflected in our database, to deal with some impor-
tant issues: (1) the homogeneity, quality and limita-
tions of the archaeological data; (2) the definition
of agro-ecological determinants, if any, in the expan-
sion process of this culture; (3) the highlighting of
settlement dynamics that will have affected a signi-
ficant part of temperate Europe between mid 6t
and early 5th millennia BCE.

O The evaluation of the archaeological documenta-
tion gathered here delivers a rather complex verdict
regarding its potential for description on a continen-
tal scale. The easternmost part of LBK Europe can
only partially answer the questions raised and can-
not be fully incorporated into an overall synthesis,
mainly because of the lack of chronological preci-
sion on the occupations (see sections Archaeological
descriptors and Quality of the BD_LBK and overall
heuristic validity). The other settlement areas of the
BD_LBK seem to be suitable for joint analysis; some
of these are less well-documented, but still have suf-
ficiently detailed samples in terms of number and
space-time distribution. In this respect, the effect of

the information deficit in the Neckar

100%

% N Basin on our results (see section The
-~ S archaeological data) can be briefly
701 N\ ° mentioned here. First it can be as-
601 N\ sumed that the analyses are not real-
50 N\ = ly affected in their chronological di-
401 \\ ° mension, since most of the non-se-
30 —~ v lected sites are ‘Survey-' or ‘Collect™-
20 \:\ ° sites probably lacking reliable chro-
18_ /\ — nological information. Conversely,
St0->Stl  Stl->St2  St2->St3  St3->St4  St4-»se5 Lhere is a concern that the regional

. N "Internal” "External” statistics on agro-ecological determi-

—o— Desertion o Stability ~—°— conquest conquest

Fig. 19. Percentage representation of the areas concerned by the

transition maps.
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cant impacts on the robustness of the overall ob-
servations (see below).

® The analysis proposed in this article does not
seek to describe the exact variability of LBK settle-
ment agro-ecology in each region, but rather the do-
minant trends that have ruled it across Europe. And
the general conclusions of our study appear to be
supported by some higher resolution research: the
importance of ecological transition zones (ecotones),

the only relative relevance of the presence of loess,
and the targeting of favourable soil characteristics,
with no exclusive focus on their exact soil type. By
examining the LBK settlement process in terms of
the current geo-pedology, we can show that a major
characteristic was the absence of exclusive preferen-
ces for particular formations. Thus, the LBK system
was adaptive to the changing conditions available
across temperate Europe, proof of a farming culture
honed by centuries of practice. Here again, evalua-
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Fig. 20. Transition maps between developmental stages: a St. 0 (c. 5550-5500 BCE)/St. 1 (c. 5500-5325
BCE); b St. 1/51. 2 (¢. 5325-5175 BCE); ¢ St. 2/81. 3 (c. 5175-5125 BCE); d St. 3/5t. 4 (¢. 5125-5025 BCE);

e St. 4/St. 5 (c. 5025-4925 BCE).
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tion of the documentary bias in the Neckar region
suggests that our rejection of many sites there, equi-
valent to about 5% of the current database, has only
slightly weakened the rate of loessic substrates and
of Luvisols and Cambisols in LBK’s settlement sys-
tem. This situation does not therefore profoundly
affect the validity of our general observations, nor
their relevance in describing the overall expansion
process. Better still, their presence in the statistics
would support the highly variable and adaptive cha-
racter of the LBK agro-sylvo-pastoral system as a
whole. It therefore appears that the current database,
despite its limitations noted in the first part (section
1), is indeed a suitable sample for a reliable analysis
of the geo-pedological components of the LBK expan-
sion.

® In the light of different geo-statistic approaches,
the LBK expansion dynamics ultimately appear as a
combination of two major quantitative trends distri-
buted over time. From stage 1 to stage 4, there is a
rapid and steady decrease in the creation of sites be-
yond the previous colonization front, at the same
time as an ever-stronger growth in the stabilization
of places already occupied. The second trend is the
fairly regular process of site abandonment, partially
balanced by a roughly stabilized rate of creation
within already occupied areas. Then, with stage 5,
the number of site abandonments soars while the
other settlement dynamics further decline, clearly
demonstrating the weakening and increasing scar-
city of the LBK cultural expression on a continental
scale. The analyses also showed that stage 3 of our
chronological framework (centred around 5150
BCE) may be considered as the climax of LBK ex-
pansion. This composite stage, formed, as noted in
section 3.1, by compilation of an identified stage 3
in the west and a reconstructed middle/late transi-
tional stage in the east, determines a state of equili-
brium in stage 4 (and in the late LBK/post-Noten-
kopf in general). Then in stage 5 (or the latest LBK)
a gradual dissolution occurs, as if the driving forces
of expansion (demography, networks of socio-cultu-
ral exchange, sense of common identity) had after
four centuries reached the limit of their capacity to
maintain basic unity at such a large spatial scale.
Thus, in our view, this overall trajectory is firstly and
mainly indicative of a socio-cultural process.

It might be tempting to relate this trajectory to the
‘boom and bust’ pattern identified by Stephen Shen-
nan et al. (2013) and Adrian Timpson ef al. (2014)
in their analysis of 14C data covering the whole Eu-
ropean Neolithic. Yet, for several major reasons, it
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seems clear that our LBK trajectory cannot be strict-
ly linked to the pattern proposed by Shennan and
colleagues, and in fact does not really match it at all.
The authors of the population model under conside-
ration themselves state that their results can only
have a good statistical significance on a multi-millen-
nial scale, with a time step of more than two centu-
ries (Timpson et al. 2014.550). However, the time
scale analysed in the two cases is very different, with
the duration of the LBK representing a small fraction
(10-13%) of the span envisaged for Neolithic West-
ern Europe, and occurring very close to its onset.
Thus, the LBK trajectory alone (400-500 years, de-
pending on the regions considered) cannot corrobo-
rate a model built according to other methodologi-
cal requirements and with a much more general aim.
In fact, it would not be logical to seek in the LBK tra-
jectory highlighted by our own work confirmation
of a model developed for a process that was taking
place over about two millennia.

At the same time, it can be observed that the 14C
data of the eight European regions involved in the
LBK expansion do not clearly illustrate the pattern.
Indeed, on closer inspection of the curves proposed
by Shennan et al. (2013) and Timpson et al. (2014)
in their respective Figure 3, we can see considerable
heterogeneity of the results and three different pat-
terns. (i) The Paris Basin, Rhineland-Hesse and Mo-
ravia-Austria show a statistically valid start of a pro-
nounced ‘boom’ approximately concomitant with the
onset of LBK. However, this ‘boom’ lasts for about
one millennium, 7.e. twice the duration of the LBK
itself. (i) South Germany and Kujavia show a short
and slight LBK-related ‘boom’, then two bigger ones
many centuries later. (iii) The third pattern is rep-
resented by central Germany, Little Poland and Bo-
hemia, where there is no LBK-related ‘boom’ but a
few short ‘booms’ occurring 1500 to 2000 years after
the end of the LBK itself. Curiously, these three re-
gions have some of the most numerous LBK occupa-
tions known, so that these results appear very coun-
ter-intuitive. As for the ‘bust’, it appears statistically
very significant in only three out of the eight regions,
yet around 1700 to 2200 years after the end of an
initial LBK-related ‘boom’ (Paris Basin, Rhineland-
Hesse, South Germany). A fourth region (Moravia)
displays a very short and slight ‘bust’, occurring at
the same pace of time. This regressive phenomenon
is therefore not directly related to the disappearance
of the LBK. Moreover, in central Germany, a ‘bust’
seems to occur about 750 years after the end of a
flourishing LBK that did not produce the signal of a
‘boom’, though logically predictable. Lastly, in two
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regions where the strong settlement dynamics of the
LBK are very apparent (Bohemia and Little Poland),
we observe the absence not only of any ‘boom’, but
also of any ‘bust’ over the four millennia considered.

In short, the overall heterogeneity of these results,
where one would expect a good coherence, does not
provide firm support for the population model de-
fended by Shennan and colleagues and in our view
raises doubts about the real adequacy of the proxy
used in their study. Such an approach using a cate-
gory of information that has become an expensive
standard in scientific protocols is undoubtedly legi-
timate for defining new hypotheses, but it is up to
researchers to confront them fully with the basic
data, which should themselves be critically evaluat-
ed. The least that can be concluded, from the point
of view of our work; is that the trajectory identified
by our approach to the LBK cannot provide solid evi-
dence for the population model promoted by Shen-
nan et al., at both methodological and factual levels.

In this respect, the final LBK dissolution should pro-
bably not be directly interpreted as an overall pop-
ulation collapse without an assessment at the same
time of post-LBK cultural developments. Indeed, the
trajectory identified here on the basis of the distri-
bution of LBK sites alone cannot say much about the
subsequent situations in the same regions (Stich-
bandkeramik (Stroke-ornamented ware), Lengyel,
Hinkelstein/Grossgartach, BVSG). It is clear that the
spatiality of these cultural developments must also
be analysed in detail, as closely as possible to what
is proposed here for the LBK. This is one of the rea-
sons why it seems to us that the attempt to create
demographic scenarios on the basis of radiocarbon
dates alone is probably only a stopgap measure of
very relative reliability. Indeed, such an approach
cannot easily escape the heterogeneity of research
focuses and their intensity, nor the varying archae-
ological visibility of different settlement modes; it
cannot therefore guarantee a comparable represen-
tation of the different chrono-cultural aspects at
stake. Under these conditions, statistical corrections,
however rational and sophisticated they may be, can-
not in our opinion replace basic archaeological in-
formation of the same reliability as that provided
by the LBK. Since we have found that even the LBK
data may be deficient for some specific analyses and
interpretations, the results of radiocarbon analysis
alone, disconnected from more or less uniform
knowledge of chrono-spatial dynamics, are likely to
be somewhat illusory with regard to long-term popu-
lation dynamics (see Crombe, Robinson 2014).

For reasons of limited space here, we are develop-
ing elsewhere a complementary study- about the
agro- ecological factors and their related settlement
dynamics, through a spatial-temporal modelling (Bri-
gand et al, in prep.). In a third contribution, spe-
cial attention will be paid to the distribution of salt
resources, the importance of which for Neolithic
communities is now well identified (Munteanu et
al. 2007; Weller, Dumitroaia 2005), especially for
the relatively more complex societies of the 5t and
4th millennia (Weller 2015; Brigand, Weller 2018b).
While some salt production centres have been stu-
died in Eastern Europe (Sordoillef et al. 2018), we
know much less about the early LBK farmers in
Western and Central Europe. And as already raised
in the literature for several geographical areas
(Banffy 2013; Geschwendt 1958; Pyzel 2016; Saile
2012; Weller 2015), to what extent did salt resour-
ces contribute to the rapid LBK expansion and the
development of its main settlement areas through-
out Europe? As we can see, there is still a lot of re-
search to be done on this famous LBK culture, both
on a local and European scale, in order to under-
stand this unprecedented phenomenon.
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Appendices

Appendix 1. Variability of site data (BD_LBK) across major countries.
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Appendix 2. Contributions of the mo-
dalities to the first component (F1) of
the MCA on the archaeological informa-
tion of the database. The vertical dot-
ted lines represent the average theore-
tical contribution.

The first factor (F1) is based on 15 modali-
ties at or above the average theoretical con-
tribution (81.7% of the total inertia). Five
of these (positive, 26.2%) belonging to 5
out of 6 different variables define a weakly
documented cluster; it is significantly re-
presented in Poland and even in the Czech
Republic. Ten other modalities characterise
the opposite pole (negative, 55.6%); they
belong to all the variables and combine geo-
graphical precision, extensive and partial
excavations, short/medium duration of oc-
cupation, datation at LBK stages 2, 4, 5, and
as a whole, good to very good documenta-
ry reliability: France contributes more than
the other countries to this configuration,
due to its strong link with the modalities
‘Loc. ++’, ‘Fiab. A’ and ‘D. 100’.

F1 thus reveals 2 maximum and not very
surprising variability of the data around do-
cumentary reliability and precision. There
is a clear correlation between the most su-
perficial types of intervention (prospecting,
collecting), imprecise location (Loc --), un-
defined chronology and duration of occu-
pation (St.nr and D.nr).
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Appendix 3. Contributions of the mo-
dalities to the second component (F2)
of the AFCM.

The second factor (F2) is based on 11 mo-
dalities at or above the average contribu-
tion (79.2% of the residual inertia). Of
these, six are positive (33.6%) and belong
to four out of six different variables. They
define a pole representing early and mid-
dle LBK sites (Ph.1-3) from surface collec-
tions, with short/medium duration, correct-
ly located and on the whole limited in re-
liability. Two countries contribute particu-
larly to this cluster: Slovakia and Hungary.

Five other negative modalities (45.5%) cha-
racterise the opposite pole; they belong to
four of the six variables analysed and com-
bine geographical accuracy, surveys and
good to very good documentary reliability.
Only two countries determine this configu-
ration, Poland in particular and France more
slightly.

This second summary on the remainders of
variability not described by F1, therefore
reveals the contributions of four new de-
scriptors: two modalities of the variable
‘Type of intervention’ (Survey and Collect.)
and two of the variable ‘Country’ (Slovakia,
Hungary). It contrasts sites mainly North-
ern and Western sites with good documen-
tary reliability, resulting from ‘Surveys” and
very well located, with a group of early
sites in the chronology from southern cen-
tral Europe, resulting from more or less ran-
dom collections (‘Collect’), but correctly lo-
cated.
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Appendix 4. Contributions of the mo-
dalities to the third component (F3) of
the MCA.

Finally, the third factor (F3) sumarize a re-
sidual fraction of the total inertia of the
data, not yet taken into account. In this way,
it adds complementary components to the
global design of the data variability. It is
constructed by 12 modalities at or above
the average contribution (83.3% of the re-
sidual inertia). Seven of these are positive
(52.1%) and belong to 4 out of 6 variables.
They define a cluster of central-eastern sites
(Hungary, Poland, Slovakia, Austria) result-
ing from ‘Survey’, belonging rather to stage
2 of the LBK (Ph.2) and showng a long du-
ration (D. 300). Five other negative moda-
lities (31.2%) define the opposite pole; they
belong to only half of the variables ana-
lysed and combine late LBK stages with a
correct location: this configuration is found
mainly in France and Belgium.

This third complementary synthesis thus
marginally contrasts early and long-lived
Central European sites, not very well locat-
ed and resulting from ‘Collect’, with Far-
Western sites belonging to the recent sta-
ges of the LBK and correctly located. It also
tells us that the main countries concerned
in F2 by the ‘Collect’ modality are also con-
cerned in F3 by the ‘Survey’ modality (Po-
land, Slovakia, Hungary).

Contributions to F3
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Appendix 5 (see Figure 4, Map F1/F2)

The analytical data set is displayed in the factorial
space around the most discriminating modalities of
the first two summaries of the MCA. They oppose,
in a ternary system, Poland, Hungary/Slovakia, and
France.

@ To the right of axis 1, are grouped the modalities
representing sites which are relatively poorly doc-
umented (Fiab. C), both chronologically (St.nr and
D. nr) and geographically (Loc --). Among them
are those resulting from the lightest archaeological
investigations (Collect. and Survey). Many Polish,
Czech, Swiss, Ukrainian, Romanian and Moldovan
sites share these characteristics: the first ones par-
ticularly linked to the ‘Surveys’ and all the others ra-
ther to the ‘Collect’ variable. It is therefore a large
group of mostly central-eastern and eastern sites,
which are generally less well documented than those
in other regions of LBK Europe.

@ In contrast, to the left of axis 1 and at the bottom
of axis 2, are the well documented sites (Fiab. A),
with good geographical precision (Loc ++), result-
ing from extensive excavations (F. Ext) and dated
to the latest stage of the LBK (St.5). The countries
concerned by this high-quality documentation are
mainly France, the Netherlands and Luxembourg.

® As an intermediate to the previous clusters but
still to the left of axis 1, meaning not being domi-
nated by low quality documentation, the average
archaeological information from Germany, Belgium,
Slovakia, Hungary and Austria seems to be relati-
vely well documented and localised (Fiab. B and
Loc +-); it appears to be linked particularly to par-
tial excavations (F. Part.), to the main stages of the
LBK (St.1 to St.4) and to the most common occu-
pation duration modalities (D. 100 to D. 300). This
average position applies thus to countries that pre-
sent in moderate proportions the whole spectrum
of research types and a great variety of documen-
tary realities. Austria is rather better documented
than Belgium and Germany, where there is a signi-
ficant proportion of less well-informed sites. These
are therefore similar to those widely encountered
further east, notably in the Czech Republic. Finally,
Hungary and Slovakia, linked to partial rather than
extensive excavations and to the early stages of the
LBK, are isolated from the other regions of Europe
and particularly from Poland with its particular
link to ‘Survey’.

Actually, the structuring of the data revealed by
this first and most distinctive synthesis of the data,
is not surprising at all. Main opposition between po-
orly documented groups of sites and others is a kind
of truism; similarly, the correlations between loca-
tion accuracy, chronological characteristics and type
of investigation are also predictable. But it was not
taken for granted that all these possible variations
should be organized in coherent sequences, evident
for almost all the descriptors together. Under these
appearances, the ordering of the countries on the
factorial map draws an almost perfect east-west pro-
gression, which we believe is related to the tempo-
ral depth of research on the one hand and its fund-
ing on the other. Such a spatial configuration could
rapidly change under an unlikely common elevation
of the economic and technic standards of archaeolo-
gical research in Europe. Poland, Hungary, eastern
Lands of Germany, for example, have finally imple-
mented effective and promising practices (rigorous
survey programs, broad scientific Rescue Archaeo-
logy) that show a way forward. But at the same time
West Germany has been slowly regressing in these
respects, while other regions (Belgium, Slovakia, Ro-
mania) have remained behind. We cannot yet be
sure whether the recent evolution of practices in
France will impact the results upwards or down-
wards. Therefore, the harmonisation of data on a
continental scale is still a long way off, or could be
achieved at a frustrating intermediate standard.

Appendix 6 (see Figure 5, Map F1/F3)

Following the methodological principles of MCA,
map F1/F3 (Fig. 5) modulates the previous conclu-
sions. It presents only two groups of opposite mo-
dalities: to the right of axis 1, the same set as before
is shown again, due to the decisive weight of their
modalities in the characterization of the first factor,
and confirms the singularity of Poland; but it redis-
tributes the other modalities in a single second group
around which gravitate the other modalities of ‘coun-
tries’ and those, extreme, of the LBK ‘chronology’
(St.0 and 4-5): this map confirms Austria, linked to
the long-lived durations (D.300 500), in a positive
situation; France and the Netherlands, around late
chronological stages and short durations, appear
again as more often better informed and the Bel-
gium-Germany-Slovakia trio still show their interme-
diate quality.
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Appendix 7 (map F2/F3)

The F2/F3 map characterises the database without
the influence of poor documentary situations; it can
thus show some secondary links previously masked
by the hyper-structuring weight, in F1, of weaker or
undefined modality values. The main point of this
map is, on the one hand, a significant and favour-
able configuration around Poland and its systematic
‘Survey’ practices; on the other hand, a clear high-
lighting of the Hungary and Slovakia’s specificity re-

lated to the weight of their older and long-lived sites.
The group of sites of the BD_LBK with limited or
scarce documentation is logically in a central posi-
tion and therefore not very significant in this sec-
ondary statistical summary. But interestingly, a part
of the German sites belongs to this group, as already
suggested by the previous diagrams. At last, the
western trio (FR, NL, LU) remains linked to the best
modality values, while part of the excavated Belgian
sites are close to them, probably because of their
links with the late stages of the chronology.
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Appendix 8. Topographic and agro-ecological data of the GIS.
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Appendix 9. Contributions of the agro-environ-
mental modalities to factor 1 of the MCA. Ver-
tical dotted red lines show the average theore-
tical contribution.

The highest contributions to Factor 1 (~85% of its
inertia) are all negative. They relate to the ‘unde-
fined’ modalities PRO (n.r.), SO4 (no data) and TX0
(n.r.) which almost exclusively construct this first sta-
tistical summary (respective contributions of 22.9%,
22%, 27.8%, i.e. ~73% of the variability summarised
by this factor). The other negative modalities PR1
(7%) and SO5 (5.3%), i.e. shallow soils and Gleysols
or Vertisols, contribute only a little. The first factor
therefore mainly separates sites in poorly defined
or rare contexts from all other sites. Its relevance to
our questions is therefore very limited.
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Appendix 10. Contributions to F2 of the MCA. Contributions to F2
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Appendix 11. Contributions to F3 of the MCA.

The third factor is mainly built (~78% of its vari-
ance) upon the opposition of the negative modali-
ties SO2/clinohumic soil (16.6%), FR1/very good
fertility (10.5%), PR3/deep depth (9%), and HY1/low
hydric saturation (3.8%), for a total of ~40%; against
positive modalities PR1/shallow depth (10.9%), PR2/
moderate depth (5.8%), SO8/thin soil (5.2%), SO5/
gleysol-vertisol (5.2%), HY3/high hydric saturation
(4.1%), OP1/closed landscape (3.7%), FR3/moderate
fertility (3.2%) and FR4/low fertility (2.7%), for a
total of ~41%.

This is an expected contrast between settlements on
deep and very fertile soils of Chernozems-Greyzems-
Phaenozems types and those on very thin or water-
logged soils.
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Appendix 12. Geographical distribution of the main soil groups in the LBK’ occupation area.

Cambisols (SO1 : beige),
fluvisols (SO3 : light blue),
lcess (light green),

and LBK sites (red)

Luvi-podzoluvisols
(SO7 : light brown),
lcess (light green),
and LBK sites (red)

Clinohumic soils
(SO2 : brown),
lcess (light green),
and LBK sites (red)

Gleysols (SO5: green),

Podzols (SO6: light grey),
Renzinas-Régosols (SO8: yellow)
lcess (light green),

and LBK sites (red)
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Appendix 13. Chronological stage-system in

this paper.

Unified phasing of the whole LBK’s extension, at
least in large stages, is required for this research pro-
ject: continuities and discontinuities across time and

ambition is particularly sensitive between the West-

ern and Central Eastern chronological systems. Al-
though many specialists may not be satisfied, we

space have to be considered at once. However, this

have nevertheless made such an attempt at chrono-
logical standardisation, according to the following
approximative six stages sequence.

Approx. cal BC 5600— | 5500— 5350— 5325— 5175— 5125— 5025—
5500 | 5325 5325 5150 5125 5025 4925
This paper Sto St St1/2 St 2 St3 St 4 Sts
Meier-Arendt 1966; 1972 | Il Il WY \
Dorhn-lhmig 1979 1a Ib-c Id-1la I1b-c I1d
Lorraine-Bassin-Parisien Rubané |3-4 — Rub. | 5—7 — Rub. | 7—9 Rub.
(Blouet et al. 2013) Ancien Moyen Récent Final/
(Flomborn) Termin. —
Alsace Rubané |Rub. Moyen |Rub. Récent | Rub. Final
(Denaire et al. 2017; Ancien
Lefranc 2007) (Flomborn)
Mit./Nied. Rhein I/11? Ib-c Id-lla I1b-c I1d
(Dohrn-1hmig 1979) (Nieder II- Altere | llI-Mittlere | IV-Jiingere | V-Jiingste
Kass.- (Flomborn)
Uckend.)
Wiirtemberg-Neckar Alteste 2a? 2b-g 6-7 8 Hi
(Strien 2000; Lindig 2002)
Hessen (Kneipp 1998) Alteste 2? 3-5 6 7-8 9
Nied. Sachsen-Elbe/ Alteste ? Altere Mittlere Jiingere Jiingste/
Saale-Sachsen (Flomborn) SbK
(Behrens 1973; Kaufmann 1987;
Quitta 1970)
Stidbayern/Schwaben Alteste ? Altere Mittlere Jungere Juingste
(Pechtl, Land 2019) SOB (SbK)
Cesky (Pavlu 2000) Ib-c I/l lla-b-c/ IMla-b /v IV2/SbK
Altere | (Ackovy?) | (Ackovy) IVa-b; $arka
Morava (Cizmdr 1998) la-b 1b2 Ila-b llc I ?
Altere | (Ac¢kovy?) | Jung LBK [NKK/Zseliz arka
LBK
Nieder&sterreich/Burgenland | Alteste | Altere |Ubergangsph. Il 1I? Zseliz/ | 11l sarka/ ?
(Lenneis, Pieler 2016) Forma- | LBK I/ Jung LBK | Keszthely |Zseliesovce
tive Notenkopf
Centra a zédpad Slovensko Forma- | Altere | Milanovce |[Jung LBK — |Zseliesovce | Zseliesovce Z.
(Paviik 2004; 2005) tive? LBK Notenkopf
Bira
Magyar Dunantul Forma- | Altere | Milanovce | Jung LBK Zseliz/ ZI-l ZII /L.
(Oross, Bdnffy 2009) tive LBK Notenkopf/ | Keszthely Zseliz/
Bicske- Keszthely Keszthely
Biria
Malopolska Altere | Zofipole? Jung LBK Zseliz Zseliz LPC/SbK
(Czekaj-Zastawny 2009; 2013) LBK Notenkopf
Kujawy/Chelm. Altere | Zofipole? Ila-b [ I LPC/SbK
(Pyzel 2006; 2010) LBK Jung LBK
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Appendix 14. Protocol for the elaboration of
transitional maps (example of the Upper-Rhine
Valley).

As shown in the figure below, the colonization sec-
tors for a period t+1 are divided into two groups:
the one (orange) that develops (at t+1) inside an
area already settled during the previous period (t);
and the one (red) that develops outside a previous-

ly occupied area. In this way we can better identify
true expansion from densification.

Left and centre: density maps (r. 12.5km) and 12.5km
buffer zone (St. 3 and St. 4); right: transition map. The
area of slightly less than 500km? delimited around
sites from a radius of 12.5km is only a study protocol
aimed at optimizing the density maps and allowing
for a synoptic representation of settlement dynamics.
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ABSTRACT - The study examines the degree of similarity of Neolithic settlement structures in two
geographically separated regions (eastern half of Bohemia, Morava River Basin) based on the ana-
lysis of 11 variables related to the environment and the settlement structures. The period studied
corresponds to c. 4900-3400 BC. Although the results of most of the variables analysed using princi-
pal component analysis (PCA) do not show significant differences in the preference of settlement
locations, the analysis of the individual variables points very clearly to major differences in settle-
ment patterns. These are manifested in different settlement dynamics, accessibility to stone raw ma-
lerials, and the spatial extent of occupation. The general conclusion is that although early agricultu-
ral societies are similar in general terms regarding the location of settlements, their individual as-
pects are quite different, which must have been reflected in lifestyles during the Neolithic.

KEY WORDS - Neolithic; settlement; chronology; central Europe

Neolitske poselitvene strukture v Srednji Evropi:
primera vzhodne Ceske in porecja Morave

IZVLECEK - V Studiji, ki temelji na enajstih spremenljivkah, povezanih z okoljem in poselitvenimi
strukturami, preucujemo stopnjo podobnosti naselbinskih struktur v dveh geografsko locenih regijah
(vzhodna polovica Ceske in porecje Morave). Studija zajema cas med 4900-3400 pr. n.st. Analiza
Zlavnih komponent (PCA) pri vecini spremenljivk sicer ne kaze bistvenih razlik v izbiri poselitvenih
prostorov, vendar analize posameznih spremenljivk jasno kazejo na velike razlike v poselitvenih
vzorcih. Te so v razlicnih poselitvenih dinamikah, dostopnosti do surovin za izdelavo kamenih oro-
dij in v obsegu poselitve. Splosna ugotovitev je, da so zgodnje poljedelske druzbe izbirale podobne po-
selitvene prostore, Ceprav so posamezni vidiki izbire precej razlicni in so se gotovo odrazali v Ziv-
ljenjskem slogu teh druzb v neolitiku.

KLJUCNE BESEDE - neolitik; naselja; kronologija; Srednja Evropa

Introduction

After the end of the stage of the initial development
of Neolithic society in central Europe, which is cha-
racterized by the Linear Pottery culture (LBK), the
original symbolic style broke down into several re-
gional factions in terms of the decoration of ceramic
vessels. The existing research on Neolithic society

194

in this region has been almost exclusively dependent
on knowledge of pottery decoration, which serves
as a basic chronological descriptor. In the traditio-
nal sense, then, symbolism on pottery is seen as a
key reflection of social affiliation - archaeological
culture, as a legacy of Romanticism in the form of
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the theoretical approaches of Gustaf Kossina (1911)
and Vere Gordon Childe (7925). In contrast to sym-
bolic systems, the study of settlement structures was
developed under the influence of processual archaeo-
logy as a manifestation of strategic adaptation to
changes in environmental conditions, which became
evident in archaeological research on the Neolithic
in Central Europe from the 1980s onwards (Lenneis
1982; Rulf 1983). Despite the influence of processu-
al archaeology, however, questions of human adap-
tation to the environment were shaped by the in-
fluence of cultural historicism, particularly with re-
gard to perceptions of the chronological develop-
ment of early agricultural societies.

In previous research on settlement structures the
chronology was determined solely on the basis of
symbolic systems, which are reflected in the mor-
phology and decoration of pottery and are called
‘archaeological cultures’. However, these lack expla-
natory potential for understanding the dynamics of
prehistoric societies (most recently Furholt 2021).
However, due to their frequent occurrence, Neolithic
symbolic systems captured in ceramic production
are a useful means for understanding the chronolo-
gy of settlements based on knowledge of their tem-
poral occurrence using radiocarbon dates (7rampo-
ta, Kvétina 2020).

In this study, we focus on characterizing the changes
in the settlement organization of human populations
that inhabited two separate regions in central Europe:

the Morava River Basin and the eastern half of Bo-
hemia (Fig. 1). We hypothesise that Neolithic organi-
zation of settlements is part of the reflection of life-
styles conditioned primarily by the natural environ-
ment and by social behaviour patterns.

The basic questions we address are: (1) What vari-
ables influence the development of settlement pat-
terns in two geographically separated regions? (2)
Can some variables be regionally distinguished? (3)
What weight do the selected variables have for the
study of settlement structures? (4) Do changes in ce-
ramic style correspond to changes in settlement struc-
tures or some of the variables under study?

The beginning of the period (c. 4900 BC) included
in the study corresponds to the end of the Early Neo-
lithic, when there is a decline in human activity in
many regions of central Europe, as reflected in the
frequency of radiocarbon dates (Shennan 2018),
and at the same time the symbolic Linear Pottery
style (LBK) comes to an end. In terms of the traditio-
nal nomenclature of symbolic styles, the period we
study corresponds to the Stroked Pottery (SBK),
Lengyel Pottery (LgK), Jordanow/Epi-Lengyel Pot-
tery, Michelsberg Pottery (mainly Bohemia) and the
Funnelbeakers (TRB), which occur together with Retz-
type pottery (mainly Morava River catchment).

The first region of interest is the eastern half of Bo-
hemia. Here, the settlement area is bounded to the
north, east and south by mountains and highlands,

IR

i

Fig. 1. Area of interest and all studied siles from the period of c. 4900-3400 BC.
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while the eastern part is artificially demarcated by
the watercourses of the Vltava and Jizera rivers,
which have an approximately north-south course.
The number of analysed settlements in the area of
¢. 9000km? is 597, which corresponds to an average
density of 0.06settlements/km2.

The second settlement area is the Morava River Ba-
sin, which is mainly located in Moravia, in the north-
ern part of Lower Austria and in the westernmost
part of Slovakia (Zdhorie). This area is bounded by
mountains and highlands to the west, north and
east, while at the southern border the settlement
area continues further. The number of analysed set-
tlements in the settlement area of ¢. 19 000km? is
1556, which corresponds to an average density of
0.08sites/km?2.

The two settlement regions are located in similar
geographical and climatic areas of the temperate
zone of central Europe; the terrain relief is not cate-
gorically different, and we consider them compara-
ble in terms of the natural environment.

Data and methods

Chronology

In the absence of a dominant successor interpretive
model, the model of archaeological culture has been
used until now, at least in the sense of the basic clas-
sification of material culture, while the change of ce-
ramic style is taken into account as a unique chrono-
logical factor through whose transformation other
changes in the structure of society can be captured.
This a priori model is problematic because it does
not assume the possibility of significant social chan-
ges during the existence of a given symbolic style.
On the other hand, we do not currently have a more
appropriate chronological identifier that could bet-
ter characterize the chronological position of most
settlements.

In order to understand the chronological evolution
of settlement transformations, we turn to three
forms of describing individual settlements based on
(2) symbolic systems on pottery (archaeological cul-
tures - ceramic traditions); (b) basic subdivisions of
ceramic typology (phases of archaeological cultures
- ceramic groups) based on knowledge of their tem-
poral occurrence (following Trampota, Kvétina
2020); and (c) knowledge of radiocarbon density
data that reflect concentrations of human activities.
While the chronological distribution is expressed in
the aforementioned publication, the determination

196

of the chronology based on the frequency of occur-
rence of radiocarbon dates is a sub-subject of this
study. A similar analysis has already been performed
for both Bohemia and the Moravian-Lower Austrian
area (Timpson et al. 2014.553) using the summed
probability distribution (SPD). Given the currently
significantly higher amount of available radiocarbon
dates for both areas, we performed a new SPD in
0xCal (Bronk Ramsey 2009) using the IntCal 2020
atmospheric calibration curve (Reimer et al. 2020),
which we interpreted using kernel density estima-
tion (KDE; Bronk Ramsey 2017).

All 14C dates from anthropogenic contexts were in-
cluded in the input radiocarbon database (see Sup-
plementary material). All 14C dates related to the
period between the beginning of the agricultural pre-
history to the end of the TRB, ¢. 3350 BC, were con-
sidered. Only dates with a 1o greater than 100 and
dates measured from humic acids were excluded
from the dataset. The resulting SPD and KDE plots
are validated by the number of known settlements

(Fig. 2).

In the Morava Basin, the structure of the radiocar-
bon dates is divided into three peaks representing
three distinct units of population activity. The first
peak corresponds to the occurrence of Linear Pot-
tery (LBK), and the marked decrease in the frequen-
cy of radiocarbon dates at the end of the LBK around
4900 BC is a known phenomenon in other regions
in western central Europe (Shennan 2018.104). The
second peak is represented by the pottery styles
with Stroked Pottery (SBK) and Lengyel pottery
(LgK). At the end of this peak, some archaeologists
use the term Jordanow culture or Epi-Lengyel. Be-
tween ¢. 4000 and 3800 BC, there is an apparent
hiatus in human activity that has not been consid-
ered in archaeological research to date, as it cannot
be detected outside the context of absolute dates.
The last peak of human activity is associated with
the Funnelbeakers (TRB) and Retz-type pottery.
However, its termination is artificially based on the
initial definition of the period under study, which
is only associated with TRB, but actually continues
in the context of at least Baden pottery.

The three identified peaks are a new chronological
indicator which we henceforth refer to as Neolithic
A, Neolithic B and Neolithic C (Neolithic A is not
the focus of this study).

In Bohemia, the resulting model is far more proble-
matic, as there are significant data biases. At pre-


https://doi.org/10.4312/dp.49.15

Neolithic settlement structures in Central Europe: case study of East Bohemia and the Morava River catchment

Morava KDE_Model

7000
6000

5000

Radiocarbon determination (BP)

4000
N +

Meso//th/c| LBK . Lengyel ‘ ?
Bohemia KDE_ Model

6000

5000

4000

Radiocarbon determination (BP)

! 300
200
100
0

+  HHHEHHHH I - HHHE CHHH

3800 BC. The resulting den-

-1400 sity curve of 14C dates is not
L1200 reprc?s?ntative in part, so we
§ provisionally use the same

model for Bohemia, which di-
| gog e Vides the Neolithic into peri-
€ ods A, B, and C.

For the analysis of settlement
5 characteristics, we use this
broad chronological concept
in terms of long-term proces-
ses. We are interested in whe-
ther the settlement during
each population phase was
chronologically or regionally
specific.

Baden

400

Settlement data

The choice of variables relat-
ed to Neolithic settlements re-
flects the real possibilities of
studying the data structures
of the region. Some complex
datasets are defined by insti-
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Fig. 2. SPD and KDE of 14C data from anthropogenic contexts in the Mo-
rava River catchment (above, n=516) and in Bohemia (below, n=299).
The red curve shows number of settlement sites defined based on pottery
traditions, the orange curve shows number of sites based on more de-

tailed typochronology.

sent, it is not possible to say whether there is a signi-
ficant decline in the frequency of 14C dates during
the transition from the LBK to the SBK, as the under-
dating of contexts associated with Linear Pottery is
evident when comparing the number of settlements
and the amount of radiocarbon dates. A subsequent
significant peak is associated with Stroked Pottery
or the study of rondel ditch fills. In this respect, we
can speak of a heavy overestimation of the accumu-
lation of 14C dates in favour of the one problem ad-
dressed. After the SBK period, there is a decline in
both the frequency of 14C dates and the number of
settlements, which indicates a different development
compared to the situation in the Morava Basin. The
possibility of a settlement hiatus after 4000 BC is
reflected in the modelled dates, but the number of
14C dates from the Early Eneolithic is too low to ob-
tain a relevant result. However, similar to the Mora-
va Basin, there is a clear increase in the density of
14G dates and the number of settlements around

dological and geological data,
in particular, which may be
important for the formation
of Neolithic settlements, are
not taken into account. The
studied variables form two
groups - the first is labelled environmental vari-
ables, and in general it is comprised of variables de-
termined by the environment and terrain surround-
ing the settlements; the second group is labelled
social variables, and in general these are influenced
by processes taking place in the Neolithic society.

The database of settlement sites (n=2154) is based
on our desire to maximize the information potential
with regard to Neolithic settlement sites. In addition
to published sites, we acquired data from archaeo-
logical archives and some unpublished sources in
museum collections. Data were obtained in the form
of standard excavations, as well as collections from
surface surveys. In its minimalistic form, the Neoli-
thic settlement is defined by the repeated presence
of ceramics that can be assigned with certainty to at
least one of the ceramic traditions (archaeological
cultures). Neither isolated lithic finds nor hoards or
any cave finds are taken into consideration. The mi-
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nimum distance separating two settlements is c.
200m.

The data is described in detail in a dedicated data ar-
ticle (Pajdla, Trampota 2021) and is also published
in a separate repository under https://zenodo.org/
record/5768049#.YydAhLRBxPY.

Data is analysed in the R programming language (R
Core Team 2022). To enhance transparency, the
compendium containing code is published at the Ze-
nodo data repository under https://zenodo.org/recor
d/6703463#.YydBi7RBxPY according to principles
outlined in Ben Marwick (2017); the original reposi-
tory is at https://github.com/petrpajdla/settlements.

The most important software packages used in the
analysis are the tidyverse family of packages (Wick-
ham et al. 2019), st (Pebesma 2018), and spatstat
(Baddeley et al. 2015).

We approach the analysis as a multidimensional pro-
blem, dimensionality reduction (PCA) is used on the
continuous input variables and, consequently, model-
based clustering (mclust package, Scrucca et al.
20106) is used to define groups of similar settlements.

Analysed environmental variables

Altitude is derived manually from online map servers
(https://geoportal.cuzk.cz, https://www.geoportal sk,
and https://www.niederoesterreich.at/karte), and al-
so from a digital elevation model (DEM) to verify
this approach. The values derived from DEM and by
hand correlate well (R = 0.97). For the analysis, the
values derived by hand are used.

The value of slope at the settlement location is de-
rived from ASTER GDEM (NVASA et al. 2019). ASTER
GDEM is used because the territorial scope of the
area of interest intersects several state boundaries,
namely the Czech Republic, Slovakia and Austria, and
obtaining and/or harmonizing individual digital ele-
vation models with identical resolutions, efc., for each
of the countries was not possible. The slope value is
derived as a mean value in a buffer zone around
each of the settlement sites with a radius of 300m.

The density of the watercourse is the preferred me-
thod of assessing the relationship between human
occupation and water courses over the distance to a
water course. The approach used is based on meth-
ods used to study road networks in modern urban
areas (Lin et al. 2020). The watercourse density is
derived from three individual layers for each of the
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countries, DIBAVOD (Fojitik et al. 2022) for the Czech
Republic and Geofabrik for Slovakia and Lower Au-
stria. The density of watercourses is estimated using
kernel smoothed intensity from a line segment pat-
tern with a kernel size of 2km. The mean value in
a buffer zone with a radius of 300m around the set-
tlements is recorded.

The topographic position index (TPI) is used (toge-
ther with the slope) as a proxy for terrain fragmen-
tation. It is derived from the digital elevation model
using Wilson’s approach (Wilson et al. 2007), i.e.
TPI is the difference between the value of a given
cell and a mean of eight surrounding cells. TPI effec-
tively shows whether the surroundings of a site are
flat, or the site is located on a hill (positive values)
or in a valley (negative values). As in the case of
slope, the TPI for a given settlement site is defined
as a mean TPI value in its buffer zone with a radius
of 300m.

Analysed social variables

Settlement density was calculated using kernel den-
sity estimation with a kernel size of 4km. Not that in
the figures we used a kernel size of 10km.

The linear arrangement deals with settlements orga-
nized in linear formations along watercourses and
on terrain contours, typically in the foothills of up-
lands. Settlements have not yet been analysed in this
way on a larger scale. Settlement lines were manual-
ly defined in the GIS environment based on base
layers from ZABAGED and Geofabrik (for Slovakia
and Austria) for watercourses and a digital elevation
model (OpenStreetMap) for terrain lines. The mini-
mum number of settlements per line is three.

The location of sources of lithic raw materials in the
studied areas (Fig. 3) is defined by Antonin Pfichys-
tal (2013). Subsequently, the distance of each settle-
ment to each source during the periods when each
raw material was exploited was calculated. Resource
exploitation was categorized for each period as: none,
sporadic, significant.

The hierarchical element of settlement structures is
considered to be a palisaded or ditched enclosure,
which is assumed to have had primarily an econo-
mic or fortification purpose. We do not include ron-
dels typical for the first half of the 5t millennium
BC in this category because of the distinctiveness of
rondels from other enclosures - both with regard to
the shape of the ditch and the single-phase occur-
rence within prehistory. The rondels have a V-shaped


https://zenodo.org/record/5768049#.YydAhLRBxPY
https://zenodo.org/record/6703463#.YydBi7RBxPY

Neolithic settlement structures in Central Europe: case study of East Bohemia and the Morava River catchment

ditch, whereas the settlement enclosure ditches are
flat-bottomed. In the case of hilltop enclosures, then,
we observe the remains of a stone wall. Rondels are
specific in the context of agricultural prehistory be-
cause of their short-term, single-phase occurrence,
while settlement enclosures are observed continu-
ously.

The distance from each settlement to all enclosures
has been calculated.

The presence of individual ceramic groups at indivi-
dual sites was observed, for which we assume chro-
nological succession. On the basis of the frequency
of successive settlements we observe changes in set-
tlement continuity.

Results

Altitude

The character of settlements in relation to altitude
differs significantly in Bohemia and in the Morava
Basin, both in terms of the evolution of preferences
and in terms of data homogeneity. While in Bohemia
the values of altitude are very similar for the mean
and median, in the Morava Basin the mean and me-
dian are significantly different, reflecting the wide

range of settlement values; in Bohemia they have a
homogeneous character and thus less dispersion of
values (Fig. 4). For developmental trends, there is a
clear tendency in the Morava Basin to settle sites at
higher elevations from the interval 4800-4600 BC
(Early Lengyel), which gradually decreases to very
low values in the interval 4200-4000 BC (Epi-Len-
gyel). A renewed increase in preference for higher
altitudes is observed from 3800 BC (TRB) onwards.

On the other hand, in Bohemia there is a slight, stea-
dy decline in the preference for higher elevations
from the beginning of the period under study to
3800 BC. As in the Morava Basin, we observe a pre-
ference for higher elevation settlements from 3800
BC onwards in relation to the TRB.

The described trends are consistent with the data
defined by both ceramic traditions and ceramic
groups.

Slope

The data categorized by ceramic tradition show a si-
milar tendency for slope preference as for elevation,
which is indirectly related. If we classify the data in
more detail according to ceramic groups, there is a
greater dynamic (Fig. 5). For both study areas, low

Fig. 3. Map of studied area with lithic raw material sources. Red - sources for polished stone tools; yel-
low - speculative sources for polished stone tools (culm rock); blue - sources for chipped stone tools. Tri-
angles - primary sources, lines - secondary sources in river gravels or moraines.
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Fig. 4. Violin plot with elevations of settlement sites in individual periods. Data are classified according

to pottery groups.

settlement slope values (Early SBK) are present at
the beginning, followed by an increase from 4800
BC (Early Lengyel, Late SBK) and followed by a gra-
dual decrease until 3800 BC. A reversal towards
higher values occurs in Bohemia from 3800 BC and
in the Morava Basin from 3600 BC. Towards the end
of the period under study in Bohemia (Saalzmiinde,
Bolerdz) the settlements are located on flatter sites,
while in the Morava Basin (Bolerdz) there is a clear
preference for more sloping sites.

Watercourse density
The basic characteristics of the development of the
relationship between settlement and watercourse

density is the same for data categorized by both ce-
ramic tradition and ceramic group. During the peri-
od 4900-4600 BC (SBK), settlements in Bohemia
are located in areas of high watercourse density, fol-
lowed by a sharp decline and a slightly downward
trend in the rest of the period. In contrast, the situ-
ation in the Morava Basin is negatively correlated
with this and the trend is exactly the opposite (Fig.
0).

Kernel density (KDE) of settlements

The density of settlements in terms of general trends
is similar for the data categorized by ceramic tradition
and ceramic group, but some changes in the short-

East Bohemia

Morava river catchment
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o
f
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Fig. 5. Violin plot with slope values of settlement sites in individual periods. Data are classified accord-

ing to poltiery groups.
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Fig. 6. Violin plots with KDE of watercourses in individual periods. Data are classified according to pot-

tery groups.

term trends are significant in the case of the ceramic
groups (Fig. 7). In both regions, the beginning (Early
SBK) is characterized by low settlement density. This
is followed by an increase in settlement density, but
in the Morava Basin the settlement density reaches
almost twice the values in Bohemia. While in the pe-
riod 4600-4200 BC (Late Lengyel) the values in Bo-
hemia no longer reach the previous maximum, in
the Morava Basin the density continues to increase,
followed by a sharp decline in values in the period
4200-4000 BC (Epi-Lengyel). In the Morava Basin a
settlement interlude follows in the period 4000-
3800 BC, whereas in Bohemia the settlement hiatus
is not yet evident in the radiocarbon dates. The low-

est settlement densities, however, are shown by set-
tlements in 3800-3600 BC in association with the
beginning of the TRB, but this is probably related to
the relatively small proportion of TRB settlements
whose ceramic typology is more closely subdivided.
During the TRB, settlement density increases slightly
in both regions.

Beyond the statistical results, it is important to con-
sider the spatial location of the main settlement clus-
ters and their size. We categorize these data only in
the context of ceramic typological groups. In Bohe-
mia, the settlement core in the Early SBK period is
located in the north of the settlement area in the
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Fig. 7. Violin plot with KDE of settlement sites in individual periods. Data are classified according to pot-

tery groups.
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broader vicinity of the Jicin Upland, an area that is
somewhat less populated in other periods, especial-
ly in comparison with the Polabi (Elbe) region (Fig.
8). Subsequently, in the context of the Late SBK, set-
tlement appears in several distinct settlement clus-
ters on the right bank of the Elbe in eastern Bohe-
mia and in the vicinity of Chrudim and Kolin. Settle-
ment during the Late Lengyel (Fig. 9), albeit in smal-
ler numbers, is organized very

in the number of settlements concentrated mainly
around Brno and in southwest Moravia. The area
east of the Morava River is only sporadically settled,
and in central Moravia there is also very sparse set-
tlement, moreover the ceramic production is charac-
terized by Late SBK. In the Late Lengyel period (Fig.
9), the settlement situation reverses: while in the
southern half of the basin the density of settlements

similarly, but the settlements
are more concentrated in the
broader vicinity of the Elbe.
Settlement structure changes
markedly during the Proto-
Eneolithic (Fig. 9), when set-
tlements are concentrated in
the Polabi region between
Prague and Kolin, while set-
tlements in eastern Bohemia
are sporadic. In Bohemia, TRB
settlements occupy the area
in central Bohemia south of
the Elbe River and in eastern
Bohemia west of the Elbe Ri-
ver. The sub-typochronologi-
cal classification of TRB set-
tlements is at a low level, but
it can be assumed that the ,
characteristics of settlements |o

-
e

st AT

J\/\I'

R

100 km =
1

in 3800-3400 BC are similar N
to those of the TRB in gene- |
ral. The conclusion of the TRB
(Fig. 10) is interesting in
terms of settlement organiza-
tion because of the occurrence
of one distinct cluster in and
around Prague characterized
by Saalzmiinde pottery, while
a separate second smaller clu-
ster of settlements is located
in the Cdslav Basin and is cha-
racterized by Bolerdz pottery.

In the Morava River Basin, the
smaller number of settlements
in the period characterized by
the Early SBK are concentrat-
ed in the western half of the
settlement area, while the
area east of the Morava River
shows almost no settlement
activity (Fig. 8). Subsequent-
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points)
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ly, in the context of the Early
Lengyel there is an increase
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4000 BC), the southern half
of the Morava Basin is spar-
sely populated, except for
the area along the right bank
of the lower course of the Mo-
rava River. As in the previ-
ous period, settlement is con-
centrated in central Moravia.
Between ¢. 4000 and 3800
BC, we assume a settlement
hiatus, or a form of human
presence that left no signifi-
74 cant archaeological traces. In
L0y ¢. 3800-3500 BC (Early TRB,
’ Baalberge, Retz-type), three

unequal settlement clusters
(Fig. 10) emerge in the vici-
nity of present-day Prostéjov,

//

Brno and Znojmo. The south-
east of the studied area is
sparsely settled, if at all. To-
wards the end of the period
under study (TRB - Bolerdz)
we observe an increase in the
concentration of settlements
in central Moravia, with a
small cluster in southwest Mo-
ravia and the lower course of
the Morava River. The rest of
the Morava Basin is not signi-
ficantly populated.

Linear arrangement -
along terrain lines

In terms of proportions, set-
tlements are located along the
terrain lines mostly in the pe-
riod 4900-4800 BC (Early
SBK), after follows a decline,
especially in Bohemia. Here,
settlements form slightly
more distinctly along terrain
lines from 4200 BC onwards
(Proto-Eneolithic and TRB). In
the Morava River catchment,

Fig. 9. Settlement KDE of sites with Late Lengyel and Epi-Lengyel/Jorda-

now/Proto-Eneolithic.

decreases considerably and they are concentrated
into more small settlement clusters, in the north-
ern half of the basin (central Moravia) a large settle-
ment cluster is formed. The area to the east of the
Morava River is for the first time since the LBK more
heavily populated. During the Epi-Lengyel (4200-

on the other hand, the forma-
tion of settlements along ter-
rain lines is a very fundamen-
tal phenomenon for the period 3800-3300 BC (TRB),
with the main area where settlements are organized
in this way being the southern and eastern margins
of the Drahany Uplands (Fig. 12). Parallel to these,
the linear organization of the hillforts forms a spe-
cific structure during the Bolerdz phase.
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Linear arrangement - along water lines

In terms of frequency, the organization of settle-
ments along water lines appears less pronounced
than for terrain lines. The only period and region
where settlements are significantly located along
water lines (Fig. 11) is 4900-4800 BC (Early SBK) in
the Morava Basin. There is also significant settle-
ment organization along watercourses in the Mora-

va Basin during the Late Lengyel, ¢. 4600-4300 BC,
but statistically this disappears in the face of the
very high number of settlements during this time.
The organization of settlements along watercourses
and on terrain lines during the Late Lengyel is also
significant (Fig. 12), but this is not statistically signi-
ficant in the context of the large number of settle-
ments.

i

" Early TRB, TRB -

" Baalberge, and TRB -
Sifem phase (Bohemia
only) /

T

7

\ TRB - Saalzmiinde

| (yellow points), TRB -
Boleraz (pink
points)

TR

Hierarchical arrangement
The analysis of the relation-
ship between settlements and
enclosed sites (Fig. 13) was
carried out only in the con-
text of data described by cera-
mic traditions, as the detail-
ed chronology of many en-
closed areas is unknown. The
analysis shows that for most
of the periods the distance be-
tween settlements and enclo-
sures recorded in the Morava
Basin is smaller, which is
mainly due to the larger num-
ber of known enclosures. The
opposite situation is in Bohe-
mia during 4200-3800 BC
(Proto-Eneolithic), when a
large number of lowland en-
closures are recorded in cen-
tral Bohemia (Kristuf, Turek
2019). In the Morava River
catchment, on the other hand,
the distance to enclosed areas
decreases significantly in
3800-3300 BC in the context
of the TRB, when a number
of new hillforts are establi-
shed, often with evidence of
a stone rampart. The spatial
distribution of enclosures in
the Morava Basin is interest-
ing from the long-term pers-
pective, with almost all of
these enclosures located in
the western half of the occu-
pied area.

Distance to raw material
sources for chipped stone
industry

A comparison of the data dis-

Fig. 10. Settlement KDE of sites with TRB.
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structural differences. For the settlements in Bohe-
mia, the mean and median values are above 100km;
their slight diachronic increase is probably not a re-
flection of a change in the relationship between
sources and settlements in the context of such large
distances.

In the Morava Basin, the situation is significantly dif-
ferent, mainly due to the proximity of the sources of
raw materials for chipped industry. In the period
4900-4800 BC (Early SBK), a significant concentra-
tion of settlements is evident in the vicinity of chip-
ped industry resources (Fig. 14), which is related to
the depopulation of the eastern part of the Morava
Basin, where resources are less abundant, and the lo-
calization of settlements in the western part, where
more raw material resources are concentrated. Krum-
lovsky les chert played a key role in this period. It
is completely predominant in the chipped stone in-
dustry assemblages within a radius of at least 60km
(Trampota 2015.180-183) and is also significantly
present at distances above 80km (Olomouc-Slavo-
nin; Kazdova et al. 1999), thus quantitatively the
most abundant raw material and the one distributed
over the greatest distances in the entire studied pe-
riod. In subsequent periods, the distance to the re-
sources increases in connection with establishing
new sites in the whole settlement zone. The highest
distance to the sources of raw materials for chipped
stone tools is recorded in the period 4200-4000 BC
(Epi-Lengyel), when the number of settlements de-
creases to the level of the period 4900-4800 BC
(Early SBK), but their main concentration is in cen-

tral Moravia, in a region relatively distant from the
sources. As such, two types of relationships of settle-
ments to the sources of the chipped stone industry
can be observed in similarly few populations.

A distinct phenomenon since 3800 BC (Early TRB,
Baalberge, Retz-type) is the mining and local distri-
bution of chert from Stranskd skdla near Brno (Bar-
tik et al. 2019), but the overall settlement pattern
does not statistically correspond to this activity, al-
though a small cluster of settlements forms around
the source.

Distance to raw material sources for polished
stone industry

As with the raw materials of chipped industry, the
division of data by pottery traditions and pottery
groups shows no structural differences.

In Bohemia, Jizera Mountain-type metabasite was an
important resource during the Early Neolithic (P7i-
chystal 2013.192), whose distribution radius extend-
ed beyond central Europe. The use of this raw ma-
terial continues in the following period, but only on
a regional scale in Bohemia (Sida 2007). In 4900-
4800 BC (Early SBK), the settlement structure in re-
lation to the sources of raw materials of polished
stone industry is oriented more towards the vicini-
ty of the source. In the subsequent period, however,
no changes in settlement structures are evident in
relation to the distance from the sources of raw ma-
terials.

In the Morava River Basin, set-
tlements are not related to
sources of stone raw material
at all in 4900-4800 BC (Early
SBK) and raw materials are ge-
nerally located at a great dis-
tance, which reflects the low
frequency of tools found. From
¢. 4800 BC onwards (Lengyel),
a marked change follows, with
settlements very much located
in the vicinity of raw material
sources for polished stone
tools, which is strongly reflect-
ed in the archaeological record.
Subsequently, the distance from
the sources increases slightly,
which is statistically due to the

Fig. 11. Linear arrangement of settlement sites along terrain lines
(black) and along water lines (blue). The map shows merged lines for

all periods.

occupation of a wider area. Set-
tlements are more strongly ori-
ented in relation to the period

205



Frantisek Trampota, Petr Pajdla

3600-3300 BC (Bolerdz phase), but this is not as
pronounced in the occurrence of polished stone tools
as during the Lengyel period.

Settlement continuity

The use of data from settlements defined by pottery
traditions is not very suitable for the analysis of set-
tlement continuity, as this division includes broad
time categories and results in the appearance of of-
ten significant settlement continuity.

The first time period studied is artificially disconti-
nuous, as we do not compare the data with the pre-
vious period (LBK). In the Thaya River basin (c. half
of the entire Morava Basin), continuity between the

Late LBK and the Early SBK is found for 37% of set-
tlements (Trampota 2015.138).

Data classified by pottery groups (Fig. 15) show a
higher proportion of continuously occupied sites in
Bohemia than in the Morava Basin. In general, a
higher proportion of continuously occupied positions
can be observed when the number of known settle-
ments is low; when population growth and/or settle-
ment of new positions occurs, the proportion of con-
tinuously occupied positions is low.

TPI index
The structure of data is the same for pottery tradi-
tions and pottery groups. Values for most settlements
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in both regions are around zero,
reflecting a preference for flat
locations (Fig. 16). In the case of
concave landforms (hills), a gra-
dual transition to higher values
is evident, especially in the Mo-
rava Basin, during the period of
4800-4400 BC (Lengyel), while
in 3800-3400 BC (TRB) hilltop
sites form a specific cluster of
values (also less pronounced in
Bohemia). Here the hillfort si-
tes are separated, whereas in the
earlier period hilltop settlement
is not a defined category.

Results of multivariate sta-
tistics

The similarity of settlement struc-
tures based on long chronology
(Neolithic B and Neolithic C)
were analysed using principal
component analysis. All variables
except settlement continuity and
the hierarchical arrangement of
sites were included in the ana-
lysis. However, the results did
not yield significant differences
that could be interpreted accord-
ing to the significant factors, nor
according to clusters of points
(Fig. 17), which are more a ma-
nifestation of random arrange-
ment. As a result, the settlement
patterns defined by long chrono-
logy did not differ in principle,
and reflected similar preferen-

Fig. 12. An example of the linear arrangement of settlement sites dur-
ing Late Lengyel (above) and during Boleraz (below).
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Discussion

Importance of individual
variables

We evaluated the weight of
each variable using the sum-
med factor scores on the axes,
which reflect 75% of the to-
tal variability. The number of
axes varies, so the average
value for each variable was
calculated. From the results
for the individual chronolog-
ical classifications (Tab. 1), it
is clear that the variables with
the largest sum of factor sco-

res are those that show great

stability over time and do not
change much. These are al-
ways the topographic position
index and the settlements or-
ganized along terrain lines in Bohemia. In the Mora-
va River catchment, these are also the topographic
position index and the estimation of the kernel den-
sity of watercourses. These variables are therefore
not very suitable for explaining the dynamics of set-
tlement structures.

In contrast, variables that have the lowest sum of
factor scores can be expected to have more varia-
bility and thus these variables may be important for
understanding the organization of settlement struc-
tures at certain time intervals. A second possible ex-
planation is then that they are generally insignifi-
cant. In Bohemia, these variables are mainly distance
to sources of raw materials, especially chipped in-
dustry, and an estimate of the kernel density of set-
tlements. In the Morava River Basin, distance to sour-
ces of raw materials of polished industry and altitude
mainly have the lowest sum of factor scores. These
two variables are chronologically highly variable in
the Morava River Basin, while in Bohemia the vari-
ables with the lowest sum of factor scores have low
explanatory potential.

Difference between settlement structures in
two regions

Some of the observed variables are different in the
two separate settlement regions and are important
for understanding the unequal dynamics of the evo-
lution of social organization, subsistence or lifestyle.

Analysis of the altitude of individual settlements re-
veals that areas up to 500m above sea level were

Fig. 13. Distribution of enclosed sites in the studied area. Red - Early
SBK, blue - Lengyel, black - Proto-Eneolithic, pink - TRB. TRB enclosed
sites are exclusively elevated, others lowland.

commonly settled in in Moravia, whereas in Bohe-
mia settlement was common only up to 350m above
sea level, and only rarely at higher altitudes. This is
not due to different geomorphological conditions,
but another factor. A possible demarcation of settle-
ment areas between Neolithic and Mesolithic popu-
lations comes into consideration, which leave archa-
eological traces on a limited scale. Parallel coexis-
tence between Late Mesolithic and Neolithic popu-
lations in Bohemia can be considered in the context
of Bohemia rather than in the Morava River Basin.

region variable r

B tpi 0.2895
B line_terrain 0.2648
B hydro 0.2548
B altitude 0.2276
B slope 0.2109
B settlements_kde 0.2078
B line_water 0.2053
B rm_dist_polished 0.1888
B rm_dist_chipped 0.1865
M hydro 0.2661
M tpi 0.2368
M settlements_kde 0.2348
M slope 0.2177
M rm_dist_chipped 0.2128
M altitude 0.2029
M line_terrain 0.2010
M rm_dist_polished 0.1934
M line_water 0.1931

Tab. 1. Table with the sum of factor scores of indi-
vidual variables. The resulting value is the aver-
age value against the number of axes expressing
75% variability.
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East Bohemia

Morava river catchment
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Fig. 14. Violin plot with distance between settlement sites and used lithic raw materials in individual
periods. Data are classified according to pottery groups.

This is consistent with the relatively large number
of known Mesolithic sites in Bohemia (Culdkovd
2015.Fig. 10.10.3). In contrast, the number of Meso-
lithic sites in the Morava River Basin is very small
(Svoboda 2008; Oliva 2018) and the chronological
coexistence of the two distinct populations is un-
likely. As such, in terms of the spatial extent of Neo-
lithic settlement, the fact that the Morava River Ba-
sin experiences the most extensive settlement dur-
ing the Neolithic in agricultural prehistory, which
was only surpassed in extent after 1000 AD, is cru-
cial. The situation is just the opposite in Bohemia.
The Neolithic settlement area here occupies a rela-
tively small area, which only increases significant-
ly with the onset of the Bronze Age (Demjan et al.
2022.Fig. 10). David Graeber and David Wengrow
(2021.262-263) explain the rapidity of the Neolithic
colonization of central Europe

fer substantially in their extent from the original si-
tuation during the LBK.

Another important variable is the sources of stone
raw materials. Jizera Mountain-type metabasite play-
ed an important role at the beginning of the studied
period in Bohemia, but after 4800 BC there was a
reversal, with the production of polished stone tools
dominating quantitatively from sources in south Mo-
ravia, around which settlements were heavily con-
centrated.

In the eastern part of Bohemia, local sources were
never used to a great extent for the production of
chipped tools, and the vast majority (silicite of glaci-
gene sediments) came from Silesia or Saxony, an area
separated by mountains. On the other hand, especial-

by the absence of human set-

East Bohemia

tlement. This colonization
stopped mainly before the
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o
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coastal areas, which were
strongly occupied by Mesoli-

not analysed

o
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thic populations. Whether we

Morava river catchment

can draw a similar conclusion
for the absence of Neolithic
settlements in parts of Bohe-
mia, especially in the south,
is uncertain.
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o
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T
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In our case we observe the se-
condary consequences of this
colonization, which do not dif-
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East Bohemia

Morava river catchment
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Fig. 16. Violin plot expressing values of TPI index. Positive values express the position of sites on concave
shapes of the landscape (hills), negative values on convex shapes of the landscape (valley).

ly in south Moravia, the sources of chipped stone in-
dustry were mostly part of a densely populated area,
which was reflected in the quantity of their exploi-
tation. The Epi-Lengyel period, when settlements
were generally concentrated at a great distance from
the exploited sources, is a significant deviation from
this. This may indicate that stone artefacts were of
low socio-economic importance at this time.

Another significant difference is the dynamics of set-
tlement, which took place in different ways in the
two regions. In Bohemia, settlement reaches its peak
in the context of the Late Stroked Pottery (c. 4800-
4500 BC), whereas in the Morava Basin it is not
until the Late Lengyel (c. 4500-4300 BC). It follows
that to understand the lifestyle of each society, it is
necessary to study each region separately, and the
lifestyle of Neolithic people cannot be generalized
by similarities in symbolic expression using ‘archaeo-
logical cultures’.

The relationship between settlement site and slope
gradient in the two regions follows a broadly similar
pattern according to the expected population dyna-
mics, which we estimate based on the frequency of
the occurrence of radiocarbon dates combined with
the number of settlement sites. In periods when we
record low population density, mainly flat sites are
occupied, while in periods of the estimated highest
population density, sloping sites are also occupied.

Pottery style as a social identity indicator?

During the period under study, both areas are cha-
racterized by one decorative style, but there are ex-
ceptions. In central Moravia, there was in 4800-

4600 BC a small cluster of settlements characterized
by the Late SBK, while in the area further south there
was dense settlement characterized by Early Lengyel

pottery (Fig. 8).

Towards the end of the studied period, the settle-
ment of the Cdslav Basin in central Bohemia is cha-
racterized by Bolerdz pottery, with settlements with
Saalzmiinde pottery concentrated especially around
Prague (Fig. 10). In both cases, the two groups with
different symbolic styles are separated by an unin-
habited or very sparsely inhabited area. In the re-
sults of the statistical analysis of settlement structu-
res, apart from spatial location, these groups do not
differ. This reflects the similar nature of lifestyle or
subsistence, but in the social dimension there is an
obvious geographical distance.

A distinct form of the relationship between two dif-
ferent decorative styles existed especially in the Mo-
rava Basin (and other parts of Lower Austria) in
3800-3400 BC, when Funnelbeaker pottery is often
found in contexts together with Retz-type pottery
(also known as Furchenstichkeramik). These two
styles, completely different in vessel morphology
and decoration, are not territorially exclusive but di-
rectly intertwined. While the Morava Basin is the
south-eastern periphery of the distribution of Fun-
nelbeakers, pottery of the Retz type is most often
found in the western part of the Carpathian Basin.

Two different examples of the spatial occurrence of

the different pottery styles thus illustrate the ambi-
guity of its interpretation.
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Evolution of Neolithic settlements

The evolution of Neolithic settlements was clearly
dynamic. The rate of change of settlement structu-
res was greater than the change of symbolic systems
- ‘archaeological cultures’. A weakness of the pre-
sented study of settlement structures is the fact that
we frame the development of settlement structures
on the basis of the development of particular pot-
tery styles. While the pottery style is the most appro-
priate descriptor of settlements from a quantitative
point of view, its disadvantage is its interval nature,
which may not capture the other possible and even
more rapid dynamics of the development of settle-
ment structures. Nor can it be used as a prism to
consider whether the transformation of settlement
structures occurred gradually or in leaps. With the
number of settlements analysed, it is not realistic at
present to have a series of radiocarbon dates that
would define the probabilities of the beginning and
end of most settlements.

Conclusion

In this article, we have analysed the relationships
between Neolithic settlement sites and the environ-
ment. The research covered a total of 2153 sites
from two separate areas, the eastern half of Bohe-

East Bohemia Morava river catchment
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mia and the Morava River Basin for the period of
¢. 4900-3400 BC.

The two separate settlement regions studied differ
fundamentally in their characteristics. What is strik-
ing is the different chronological development of
the number of settlements, which in the Morava Ri-
ver Basin correlates relatively well with the long-
term development of the frequency of radiocarbon
dates, whereas in Bohemia only the development of
the number of settlements can be relied upon at pre-
sent. The two regions differ in the extent of settle-
ment, with the Morava Basin being extensively set-
tled, while the eastern half of Bohemia is only spar-
sely settled compared to later phases of prehistory.
The two regions differ markedly in their access to
raw material sources for the production of chipped
and polished stone tools. In the Morava River Basin,
the importance of amphibole diorite and porphyritic
microdiorite for the first mass production of axe-
hammers is particularly evident in the significant
concentration of settlements around the source area.

The chronological evolution of most of the variables
studied can be seen as proxy information of popula-
tion dynamics. The evolution of settlement structures
does not correlate with archaeological cultures, but

Morava river catchment

East Bohemia
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greater dynamics can be observed. The information
found can be generalized to the European level by
stating that the Neolithic had an insular character,
the dynamics of the settlement development of each
region is specific, and to understand the lifestyle of
the people it is necessary to study these regions se-
parately.

While it is not relevant for the Neolithic to work with
the question of centrality in terms of individual sites,
broader regions can be understood in this way. In
this respect, these are defined by dense and long-
term settlement, whereas the periphery is only heav-
ily populated at the population maximum. In the Mo-
rava Basin, the central area can be defined as prima-
rily the eastern edge of the Bohemian Massif, while

Outer Subcarpathia and the Vienna Basin can be un-
derstood as Neolithic peripheries. In Bohemia, then,
the central areas are the right bank of the Elbe in
the upper reaches and the wider area of the left
bank in central Bohemia.
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ABSTRACT - The aim of this paper, starting from the analysis of the assemblage and stratigraphy of
the unburned rooms, is to analyse the possible discard and disuse processes during the planned and
gradual abandonment at Erimi-Laonin tou Porakou (Cyprus). Scholars note how the decision to leave
objects when a place is abandoned depends on multiple factors, from functional reasons to ritual
practices. At Erimi some markers suggest a possible intentional closure treatment of parts of the site
in which it is possible to recognise a mix of functional and symbolic abandonment behaviours.

KEY WORDS - abandonment; discard processes; artefacts; Bronze Age; Cyprus

Opusceni prostori in odvrieni artefakti
med opustitvijo Erimi-Laonin tou Porakou

IZVLECEK - Namen tega prispevka, ki sicer temelji na analizi artefakinih zbirov in stratigrafiji ne-
pozganih prostorov, je Studij procesov morebitne neuporabe in zavrienja med nacrtovano in postop-
no opustitvijo naselja Erimi-Laonin tou Porakou (Ciper). Raziskovalci ugotavljajo, da je odlocitev o
tem, katere predmete pustiti, ko kraj zapuscamo, odvisna od razlicnih dejavnikov, tako utilitarnih
razlogov kot obrednih. Na Erimiju nekateri ognacevalci kazejo na mogoce namerno zapiranje delov
mesla, v kalerih je mogoce prepoznati mesanje funkcionalnega in simbolnega vedenja med zapustil-

vijo.

KLJUCNE BESEDE - opustitev; procesi zavrenja; artefakti; bronasta doba; Ciper

Introduction

All architectural remains and associated objects are
conditioned by abandonment processes (Tomka,
Stevenson 1993.191), which affect the related struc-
tures, activity areas, whole settlements or regions,
and are caused by various factors (Cameron 1991;
Cameron, Tomka 1993; Lightfoot 1993). Excluding
rapid and unanticipated abandonments, due to natu-
ral disasters or enemy attacks, these processes are
often planned. Settlements are therefore transform-
ed by a sequence of practices and behaviours that
entail the decision to leave behind or transport to
the new site artefacts and, in some cases, building ma-
terials (Schiffer 1972; Schlanger, Wilshusen 1993.
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91). Factors that influence this decision are the de-
gree of preabandonment planning, the distance from
the new settlement, the capability and means of
transport, the activities foreseen in the next loca-
tion, the season of movement and ritual practices
(Cameron 1991.172; Cameron, Tomka 1993; Deal
1985; Lange, Rydberg 1972; Lightfoot 1993.166;
Schiffer 1972.160; 1985; Stevenson 1982). In many
cases, places return to be lived in cyclically, involv-
ing the recovery and reuse of objects and building
materials (Schiffer 1985.27). This phenomenon caus-
es a significant loss of information related to the pre-
vious stages of life and the disuse episodes of an area.
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Planned abandonments are often gradual (Cameron
1993.4), and it is fundamental to recognise the pre-
abandonment behaviours to investigate the reasons,
possible length and socio-political and economic pro-
cesses behind the decision to leave a place (Nelson
2000; Schiffer 1976.33; Stevenson 1982) in order
to define the moment of change that is always link-
ed to an abandonment (Nelson, Hegmon 2001).
What is commonly found - when abandonment dy-
namics are not distorted by scavenging or resettle-
ment - is the result of a choice, influenced by func-
tional and ritual practices. In order to define vari-
ous type of deposits and their transition from the
systemic to the archaeological context, scholars have
identified eight different formation processes of the
floor assemblage (Schiffer 1985.24-30; see also
Hayden 2000). The conditions of objects, their lo-
cation in the rooms, the possible practice behind the
discard of them and finally the moment in which
they were discarded (prior, during or after the aban-
donment of the settlement) characterise these dif-
ferent processes (Schiffer 1985; Iannone 1990; Hay-
den 2000.300).

The aim of this paper is to present an analysis on
the discard practices and gradual disuse of some
units of the workshop complex (area A) during the
abandonment phase of Erimi-Laonin tou Porakou
at the end of the Middle Bronze Age on Cyprus (c.

1650 BC). The transition from the Middle to the Late
Bronze Age (MC III-LC I) has been defined as a mo-
ment of change and a first step to the urban society
of Cyprus (Crewe 2017.140). This transformative
period entails the abandonment of a series of villa-
ges left in various conditions and following differ-
ent practices. Abandonment studies on prehistoric
Cyprus could provide information that would help
us to better define the social changes which char-
acterise the period, and also fill the related gaps on
the study of this phenomenon in prehistoric settle-
ments.

The site of Erimi-Laonin Tou Porakou

Erimi-Laonin tou Porakou (Limassol district) ex-
tends over an area of ¢. 1.20ha on the upper slopes
of a natural hill located 250m above sea level. The
general topography of the site is characterised by a
hilltop surrounded by a series of lower terraces slop-
ing southward and eastward (Bombardieri 2017;
Amadio et al. 2021.302). The settlement presents
two main areas organised in roofed units carved ap-
prox. 0.60-0.70m into the bedrock and open spaces
(Fig. 1). The workshop complex (named area A) de-
velops on the top of the hill and a residential area
(areas B, T2-T5) is located on the first lower terrace,
while a massive wall divided the settlement from
the cemetery (area E) (Christofi et al. 2015).

-

5 = Workshop Area ™ =

Residential Area

Fig. 1. The site of Erimi-Laonin tou Porakou (elaborated by the author; archive Erimi archaeological
project/Italian archaeological mission in Erimi, Cyprus).
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The position of the productive area (workshop,
named area A) in the upper flat plateau and the pe-
culiar layout of its rooms permitted the conservation
of the majority of objects in their context of prima-
ry deposition, saving them from washout and other
post-abandonment formation processes. At the same
time, the use of the area for cultivation partially de-
stroyed the upper layers of stratigraphy. In contrast,
the residential area was subjected to considerable
erosion and soil movement by natural agents and
slope wash. Due to its position, the accumulation of
soil partially saved walls and structures from de-
struction or massive reuse of building materials in
post-abandonment periods (e.g., areas B2 and T2).
In addition, frequentation of the area during the
Hellenistic and Roman periods could be noted (Bom-
bardieri et al. 2009.134-138).

Refuse types at Erimi-Laonin Tou Porakou
Archaeological investigations suggest a planned and
gradual abandonment of the settlement. While some
units were discovered empty of objects, most of the
still usable artefacts were concentrated in a group of
rooms. Finds were recovered sealed on the floors by
the collapse of roofs and walls, in some cases accele-
rated by a fire. The rapid destruction meant that
these rooms were not used for resettlement or mas-
sive reuse in post-abandonment periods and, thanks
to this possible closure practice, this can provide a
precious opportunity to analyse the site’s last phase
of life.

Abandonment studies stress the recurrence, in var-
ious areas of the world, of a deliberate use of fire
to voluntarily destroy structures or part of a settle-
ment. This action would be performed by those who
lived at a place at the end of a sequence of practices
linked, in most cases, to funerary rituals (Cameron
1990; Lindskoug 2016; Schiffer 1985.29; Schlan-
ger, Wilshusen 1993; Verhoeven 2000; Wilshusen
1986.246). In addition, other cases of destruction
by fire are represented by unexpected natural cata-
strophes or enemy attacks, and by sites which were
affected by closure practices performed by the inha-
bitants (Cameron 1991; Chapman 1999; Lightfoot
1993; Stevanovic 1997).

Some evidence seems to suggest that the case of Eri-
mi-Laonin tou Porakou belongs to the last group.
No human skeletal remains sealed by the collapse
of structures as a result of catastrophic disaster have
been found, and no signs of scavenging or any at-
tempts at rebuilding activities can be detected at the
site (Amadio et al. 2021.312-313). Moreover, the

216

concentration of some artefacts in specific units, and
the presence of a sequence of functional practices,
such as the possible recovery of building materials
from disused spaces, as well as possible ritual practi-
ces made before the fire, can support this interpre-
tation. Analysis in this paper are focused on the as-
semblage and stratigraphy of the unburned units
with the aim to describe a sequence of functional
practices during the abandonment phase at Erimi.

In order to define the abandonment behaviours,
and the transition of artefacts found in the rooms
from the systemic to the archaeological context (fol-
lowing Schiffer 1985.24-30; La Motta, Schiffer 1999;
Hayden 2000.300), objects have been divided into
three different categories:

® De facto refuse refers to objects still usable which
were left behind at the time of the abandonment.
Michael B. Schiffer (1972.160) defines these as
“elements which reach archaeological context
without the performance of discard activities”.

e Primary refuse refers to artefacts left in their lo-
cation of use or in proximity to their original posi-
tion (Schiffer 1972.161-162).

@ Secondary refuse refers to objects discarded any-
where other than in their location of use (Schif
fer 1972.161), about which Hayden (2000.300)
noted: “this is refuse that has been cleaned up
and removed from its primary use or manufac-
turing context and dumped elsewhere, usually
in designated refuse areas’.

It is worth specifying that even if they will be used
as guidelines in the present work, these categories
are not universal but conventional. For example, in
the case of the stone tools in the depositional his-
tory of stone artefacts at Maki-Alonia, David Frankel
and Jennifer M. Webb (2012.480) distinguished ex-
pedient tools (de facto refuse), described as still in-
tact objects, discarded at or near their location of
original use after a short use-life, from curated tools
(normal refuse) that they define as objects that spent
a long period in the systemic context and were dis-
carded “in or near their context of final use when
damaged, broken, near exhausted, or exhausted”.
Moreover, Arthur A. Joyce and Sissel Johannessen
(1993.138) stated that primary and secondary re-
fuse disposal, prior or during a gradual process,
must be seen as abandonment refuse. As noted by
Schiffer (1985), the identification and categorization
of these different kinds of refuse, particularly con-
cerning pottery, is difficult, but in the case of Erimi-
Laonin tou Porakou it is possible to suggest a dis-
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tinction based on the particular conservation and di-
stribution of some assemblages of artefacts. In the
workshop complex some de facto refuse, mainly re-
presented by ground stone and vessels, was disco-
vered. Despite being still usable and in good condi-
tion, these items were still left in the buildings, sug-
gesting functional motivations, such as difficulties
in transport due to the large size and heavy weight
of the artefacts, behind their abandonment (Villa-
ni, Tripodi, under submission). At the same time,
some rooms returned artefacts which it is possible
to define as primary or secondary refuse (Figs. 2 and
7). They represent objects at or near the end of their
use-life (Joyce, Johannessen 1993.138). The pres-
ence of artefacts broken before the collapse of the
structures (Webb 2017.187-191; Dionisio 2017.341-
343), modified or reused for a secondary function,
such as some ground stone (see Webb 2017.214-
215; McCartney 2017.253-256), repaired (Dionisio
2017.336; see Dooijes, Nieuwenhuyse 2009) or with
traces of macro use-wear (Bombardieri et al. 2017.
250) suggests that they were left in the proximity
of their original positions or displaced and discard-
ed because they were both easily replaceable and
almost at the end of their usefulness (Tomka 1993.
22; see also Frankel, Webb 20006.226-232; Webb
2000). As noted by scholars, when secondary refuse
had some potential value, it was usually concentrat-
ed in provisional discard, until the reuse of the items
or their displacement to a permanent dumping loca-
tion (Joyce, Johannessen 1993.139; Deal 1985.253,

TACKWELDING

Fig. 2. Examples of refuse recovered in room SA
Ila. a broken bronze knife (A.423.1); b large bowl
with repair in antiquity (A.516.18); c jug with an-
cient breakages (A.434.8); d picrolite with traces
of macro use-wear (A.342.95) (readapted from
Bombardieri 2017).

see also Wilson 1994 and Tani 1995.234-235). Fre-
quently the inhabitants of the settlement use aban-
doned structures for this type of refuse (Seymour,
Schiffer 1987.554). To conclude, the presence of
primary and secondary refuse - e.g., a broken pithos
recovered in unit SA Ila with the upper part in the
centre of the room and pieces of the lower part near
the north-western corner (Bombardieri 2017.45,
Fig. 3.41), or a group of objects (in the small room
SA X) which it is difficult to correlate with the place
where it was found - suggests a particular function
of some rooms during the gradual abandonment of
the site. An in-depth description of the assemblages,
and the possible identification of some artefacts as
de facto, primary or secondary refuse, will be pro-
vided in the following paragraphs.

Artefacts from the workshop complex (area A)

The objects found in the workshop units are terra-
cotta vessels (in part destroyed by the collapse of
the structures, as accelerated by the fire), ground
stone tools and small objects like spindle whorls,
worked and unworked ornamental artefacts made
of picrolite, loom weights, bronze knives and chipped
stones (Bombardieri 2017.219-250).

Several studies have shown that the distance from
the new settlement, the capability and means of
transport, the artefacts’ size and weight and the pre-
sence of repairs or damage, tend to influence the
choice to leave an object (Schiffer 1976; Schlanger,
Wilshusen 1993.91-92). In the case of Erimi-Lao-
nin tou Porakou, some of the above motivations
can justify the abandonment of the larger vessels
and of the pithoi found in situ, often supported by
stone emplacements (like in units I, ITa, III, IV and
XII). A similar explanation can be applied for the
querns (discovered in burned and unburned units)
and for the heavy or easily replaceable stone tools
in general. At the same time, the presence of a num-
ber of transportable objects such as ceramic vessels
(which in some cases have few signs of use-wear
and do not show repairs or breakages), spindle
whorls, bronze blades (two of which have been re-
covered, of which one is broken and the other al-
most complete), loom weights and worked picrolite
artefacts (in particular, two pendants), suggest the
possible decision to abandon some still usable arte-
facts before setting fire to the area. The units con-
taining concentrations of artefacts were totally or
partially destroyed by the fire, while the others re-
turned few objects and appear to have been partial-
ly dismantled and cleaned out (Fig. 3). The ten exca-
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Fig. 3. Rooms investigated in the workshop com-
Pplex of Erimi-Laonin tou Porakou and the distribu-
tion of the burnt layer (elaborated by the author).

vated units of the workshop complex are characte-
rised by a similar layout, since they were carved in
the bedrock and share walls with the adjacent buil-
dings.

The result is an area with contiguous roofs, connect-
ed as if they were only one. In this respect, it would
be very hard to stop the burning of the roofs to li-
mit the fire only to those units where the artefacts
were concentrated in a phase of use of the entire
area. In addition, stratigraphic analyses show evi-
dence for the presence of possible intentional igni-
tion points employed to feed the flames in units SA
[ and SA Il (Bombardieri 2017.276), while a speci-
fic treatment seems to have been reserved for unit
SA 'V, where the fire started from the roof (Amadio
et al. 2021.311-313).

The unburned units

The outermost units investigated in area A, name-
ly units SA VI, SA IX; SA X and SA XI, are those that
partially surrounded the rooms affected by the fire.
When compared with the burned spaces, these rooms
have yielded few artefacts and no pithoi were found
on the floor, while in SA X only a spindle whorl was
discovered. Scholars have hypothesised that in case
of planned and gradual abandonment the areas near
living spaces could become discards, and that when
people know that a place will be left they tend to
reduce the standard of cleaning (Schiffer 1985.25;
Stevenson 1982.247-248, 252). Unit SA VI (6.5m x
3m) is the easternmost roofed space in the south-
ern wing of the workshop complex and has the
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same NE-SW orientation as the adjacent units, but
it was carved at a lesser depth of 0.50m into the li-
mestone bedrock (Bombardieri 2017.52). This room
yielded a small number of fragmentary artefacts,
two medium-sized Red Polished (RP) jugs, two Drab
Polished (DP) juglets, a small Red Polished (RP)
bowl, a Coarse Ware (CW) mealing bin, a rubber and
four chipped stone tools (Bombardieri 2017.55).
Two fragmentary gaming stones, as noted by Luca
Bombardieri (2017.56), were discarded in a previ-
ous occupation phase and reused as building mate-
rial. The access from the north, the presence of few
objects, the absence of pithoi or big storage vessels
and its multiple phases of construction and occupa-
tion, suggest that the use of this space has proba-
bly been changed several times (Z.c.). In the conti-
guous unit SA I, which shares the perimeter walls
with SA VI and SA I, three possible ignition points
were found. It is therefore arguable that, if a fire oc-
curred during the last phase of use of SA VI, its roof
would be affected by the fire. However, the absence
of a burnt layer - as recovered in the adjacent unit
- and the few artefacts found on the floor, make it
possible to hypothesise that this space was disman-
tled and consequently disused before the deliberate
burning of SA I. SA IX is a small annex of SA V. In
this unit only fragments of vessels and ground stone
tools were found, and no evidence of de facto re-
fuse can be observed. The room appears to have
been filled with clay, while in the last phase of use
a small structure has been built near the eastern
limit, on the top of a pre-existent basin. This feature
has probably been disused and filled before the
burning. Indeed, no ashy deposits have been no-
ticed in the filling of the basin, which additionally
appears to have not been covered by the layer of
plaster which constitutes the floor of SA IX. Worth
noting is the case of unit SA X, where the presence
of different layers of limestone blocks associated
with ceramic sherds could confirm its intentional
filling and disuse in an early stage of the abandon-
ment phase.

In summary, these units returned few artefacts, most-
ly interpretable as primary or secondary refuse, and
the proximity to the burned rooms suggests the loss
of their function at the beginning of the workshop’s
dismantling. Having presented the overall picture,
the next section analyses in detail the disuse of the
unburned unit SA X.

Unit SA X
Unit SA X is a small space (3.35m x 3.10m) located
in the north-western part of the workshop complex,
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lacking a well-defined entrance and interpreted as
an annex of SA V. The stratigraphic sequence was
characterised by the presence of three different la-
yers of limestone blocks (more than 130 of various
sizes) associated with ceramic sherds (most of them
are bowls with less than 1/3 preserved, and found
in all the filling layers) suggesting a deliberate depo-
sition, especially if compared with the lower num-
ber of limestone blocks discovered in the largest
units of the same area (Fig. 4). At the same time, the
unit does not show traces of ashy layers, which
would have surely been identified if the burning of
SA V occurred during the use of SA X. The assem-
blage found on the floor was composed of two par-
tially worked picrolites, a spindle whorl, two frag-
mentary vessels, three chipped stones, a quern (at
an early stage of use or not used), a hammer and
more than 300 ceramic sherds. It is difficult to estab-
lish a priori that all these objects belong to a spe-
cific category of refuse, but the small dimensions of
the space, the absence of a defined entranceway, the
heterogeneity of the assemblage and its casual dispo-
sition on the floor, suggest an unspecialized func-
tion. It is therefore possible that objects found on
the floor are secondary refuse discarded in the unit
when it was disused.

It is interesting to note that SA X returned one of the
highest dimension/sherds ratios of the whole work-
shop (c. 35 sherds for m2), but only few attributable
to the same vessels. These data and the presence of
sherds in all the filling layers suggest that the con-
centration could be related to the practice of clean-
ing the units still in use, and when people knew that

Fig. 4. Unit SA X before and after the archaeological investigation. On the
bottom (left side) are shown the blocks removed from the room (archive
Erimi archaeological project/Italian archaeological mission in Erimi,

Cyprus).

the site would be left and there was no need to re-
deposit the refuse elsewhere it accumulated here.
This hypothesis could support its final treatment as
a discard, particularly for building materials.

The burned units

At Erimi-Laonin tou Porakou, major concentrations
of artefacts were found in the larger units SA I, SA
II (in both sub-units, A and B), SA III, SA IV, SA V and
SA XII. Only five of the ten rooms investigated in the
workshop complex - units SA I, SA I, SA IV, SA V
and SA XII - were directly affected by a fire, which
partially reached the contiguous unit SA Il (Bombar-
dieri 2017.46).

This first macro evidence suggests a gradual spatial
reduction in the use of the workshop, with a pro-
gressive transformation of some units into discard
rooms destined to be filled with no longer usable
artefacts. Therefore, if some objects appear to have
been discarded because they had been consumed,
exhausted, damaged or were easily replaceable, still
usable objects seem to have been intentionally con-
centrated in the room whole or partially affected by
the fire. These units yielded the highest number of
portable artefacts, some of them in good condition,
such as the pendants from SA I, SA IIb and SA XII,
the spindle whorls recovered from all the units
excluding SA Ila, the bronze blade from SA XII, and
numerous loom weights and some vessels found in
this area. Interestingly, not all these objects can be
attributed to the common typologies, as in the case
of the decorated RP biconical spindle whorl (Bom-
bardieri et al. 2017.219-230)
and the RP goat-shaped askos
from unit SA 11T (Bombardie-
ri 2017.49). Among the burn-
ed units, only one returned a
rich assemblage without
showing the massive ash la-
yer or the presence of possi-
ble intentional ignition points
observed in some of the other
rooms. This peculiar situation
is represented by unit SA I,
the assemblage and stratigra-
phic data of which will be ana-
lysed in the following section
of this paper, with the aim to
define its possible (dis-)use
and final treatment during
the abandonment phase of
the workshop area.
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Unit SA 1T

Unit SA II, located in the southern part of the work-
shop, was underwent a change in layout during
phase A, when the position of the opening which
connects the two sub-units (named SA IIa and SA
IIb) was modified (Bombardieri 2017.38-39) (Fig.
5). Some easily transportable and still usable arte-
facts were found in the smallest SA IIb (Bombardie-
ri 2017.43-46). Particularly intriguing for the ana-
lysis of the abandonment discard processes is the
larger sub-unit SA IIa.

The stratigraphic analysis revealed the absence of
possible ignition points, in contrast to the contigu-
ous SA I and SA III, while an ash layer was record-
ed only near the perimeter of the room with a par-
ticular concentration along the east and south walls
(Bombardieri 2017.46). The assemblage discovered
on the floor of SA Ila was composed of a high num-
ber of artefacts (35 from phase A; Fig. 6). The state
of preservation of most of these objects is funda-
mental to define the role that this space played dur-
ing the abandonment phase of the settlement. Re-
gardless of the preservation of vessels - which in
this work includes all the diagnostics fragments
without distinction, from almost complete to not
restorable - the majority of them can be ascribed to
the more common ceramic classes found at the site
(see Webb 2017). As noted by scholars, local items
are more likely to be left at the time of the abandon-
ment (Tomka 1993.22; Joyce, Johannessen 1993.
150).

Contemporaneously, they present a bad state of pre-
servation: the RP large bowl, for example, is the
only almost complete vessel found at the settlement
with a repair (Dionisio 2017.336), while the large
pithos located near the northern limit of the unit
was found crushed on the floor, with the upper part
unbroken in the centre of the room (Fig. 7). More-
over, the DP spouted jug was broken in antiquity,
and presents a small hole of 5mm on the body
(Bombardieri 2017.41; Webb 2017.187- 191), the
only almost complete vessel - despite a high level
of fragmentation (Dionisio 2017.341, Fig. 15.15) -
found in the room without repair or breakage is the
amphora (Webb 2017.197). Other vessels are com-
posed of a few fragments, such as a mealing bin in
Coarse Ware or a cooking pot. Residual artefacts are
represented by three picrolites (one broken, one un-
finished and one with signs of macro use-wear from
a post-phase A layer), a broken axe (a third preserv-
ed), a broken, very heavy pounder (1.9kg), a broken
chipped stone and two reused objects (a broken pes-
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tle transformed into a pounder with extensive use
damage, and a broken perforator made from a re-
used gloss crescent) (Bombardieri 2017.43). Fur-
thermore, the unit yielded one of the only two
bronze knives discovered in the settlement, broken
near the junction between the blade and the han-
dle (Bombardieri et al. 2017.247). Interestingly,
one of the more representative artefacts of Erimi,
that is to say spindle whorls, was not found in unit
SA Ila.

The room returned few partially complete artefacts.
Among them, only a complete quern was described
as a de facto refuse “in storage or active use into
the unit” (Webb 2017.208). Contemporaneously the
ground stone shows various traces of use-wear (see
Fig. 7; see also Frankel, Webb 2006.227) and, if we
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Fig. 5. The plan of Unit SA Ila with the location of
the majority of the artefacts (readapted from Bom-
bardieri 2017.44, Fig. 3.37).
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Artefact Broken Secondary use/ Macro  Fragmentary Partially complete/ Inventory
unfinished/repaired  use-wear complete
Amphora X A.423.19b
Axe X A.447.2
Bronze blade X A.423.1
Cooking pot X A.423.16
Cooking pot X A.423.14
Cooking pot X A.423.1
Core trimming element X A.434.3
DP amphora X X A.423.7
DP amphora X A.423.6
DP hemispherical bowl A.434.6
DP jug A.423.9
DP spouted jug X A.434.8
Flake/blade bladelet X X A.423.3
Jug or juglet X A.427.16
Jug or juglet X A.423.19
Jug or tankard X A.508.1
Mealing bin X -
Medium bowl X A.427.7
Perforator X X A.427.14
Pestle X X X A.422.2
Picrolite X X A.434.7
Picrolite X X X A.434.5
Picrolite X X A.342.95
Pounder X X A.423.2
Pyxides X A.427.1
Quern X A.447.
RP decorated jug X A516.17
RP hemispherical bowl X A.423.5
RP large bowl X X X A516.18
RP large pithos X A.448.11
RP storage jar X A.434.15
Small bowl X A.427.13
Spouted jug or tankard X A.427.12
Spouted jug or tankard X A.427.10
Tool (Piéce esquillée) X X 434.8

Fig. 6. Artefacts discovered inside unit SA Ila.

hypothesise that the room lost its function during
the gradual abandonment, it could represent prima-
ry refuse left in the place where it was used. Almost
all the other objects are fragmentary and show da-
mage or macro use-wear, while the well-preserved
bowl repaired in antiquity found at Erimi was reco-
vered in this room. In addition, residual artefacts
were found concentrated in the northern part of the
unit and in the south-eastern corner behind the door-
way. In the workshop complex, the only objects
discovered near a threshold belong to unit SA IV
(Amadio et al. 2021.316), where four piled and
complete vessels were found. In contrast, the ves-
sels, the broken bronze knife and the heavy pounder
recovered behind the entrance of SA Ila do not ap-
pear to be well preserved or placed in an organised
manner. Moreover, a bin (Ft. 9; see Fig. 5) was built
close to the entry that connects SA IIb and SA Ila
during phase A, making it more difficult to move

between these spaces. The presence of residual ar-
tefacts, the absence of possible ignition points and
the construction of the bin seem to suggest the gra-
dual disuse and transformation of this unit as a pro-
visional discard. Almost all the objects concentrated
in SA 1la could be then interpreted as primary and
secondary refuse. At the site the reuse of broken or
exhausted artefacts is attested by the presence of
ground stones and gaming stones in the walls, by
the reuse of a quern as a support for a mezzanine in
SA Tl (Ft. 59) (Bombardieri 2017.51, Figs. 3.53
3.54), and by the modified neck of an RP jug insert-
ed in another jug neck and utilised in a double-
chambered hearth (Bombardieri 2017.36-37). As
stated by Michael Deal (1985), when the abandon-
ment of a building complexpeople is foreseen and
planned, refuse is accumulated in areas usually kept
free and not concentrated into the generally desig-
nated areas. At the same time, Marc G. Stevenson
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(1982.248) noted that in case
of gradual abandonment re-
fuse within enclosed living
area “will be more abundant
and distribuled in a more
clustered or orderly man-
ner”. Some scholars have also
defined provisional discard %
as “the intentional storage of &) "
damaged or fragmented &
items for future disposal” or
reuse that had high probabi-
lity of being left at sites after
abandonment (Deal 1985; Ca-
meron, Tomka 1993; Joyce,
Johannssen 1993; see also
Frankel, Webb 20006.153-
154). The decision to concen-
trate these objects in a single
unit is thus possibly related
to their potential value for re-
use. In addition, Deal (7985.
263; see also La Motta, Schiffer 1999.21-22) notes
that “if a structure was slowly being dismantled
within an ongoing household it might become a
dumping location for large inorganic items, and
especially pottery”.

In the chart, objects defined ‘fragmentary’ are arte-
facts for which only as most as a third of their en-
tire body has been found (Fig. 8).

It is important to note that the majority of these
consist of only few fragments. In the category ‘par-
tially complete (with breakage or macro use-wear)’
we have included vessels and other objects inter-
preted as possibly broken before the collapse of the
structures (e.g., the pithos, the axe, one of the pic-
rolite items or the bronze knife). It is interesting to
note that only 14 of the 35 artefacts are complete or
partially complete, of which only three are not cha-
racterised by breakage or secondary use. As men-
tioned above, in unit SA IIa burned deposits seem to
occur mainly on the east and south walls and only
along the perimeter of the room (Bombardieri
2017.46). The absence of a layer of ash, indicating
the collapse of the roof, and the discovery of the
intact upper part of the pithos in the centre of the
room seem to indicate a partial dismantling of the
roof prior to the fire. In this respect, Swiny inter-
preted the presence of collapsed roofs at Sotira-Ka-
minoudhia as further evidence of its rapid aban-
donment, caused by an earthquake, noting that ser-
viceable beams are retrieved when structures are
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Fig. 7. The broken pithos (4.448.11), and the quern left on the bench
(A.447.1) discovered in unit SA Ila (archive Erimi archaeological pro-
Jject/Italian archaeological mission in Erimi, Cyprus; readapted from
Bombardieri 2017.45, Fig. 3.41).

voluntarily abandoned (Swiny 2003.53; see also
Horne 1993; Schianger, Wilshusen 1993.90-95; Ste-
venson 1982) (Fig. 9).

Moreover, unit SA IIa seems to share disuse proces-
ses similar to those seen in the unburned units SA X
(dismantled and filled with stones) and SA IX (filled
with clay). In SA Ila the abandonment of the quern
is possibly related to its weight, as confirmed by the
presence of heavy querns and other ground stone
tools left or discarded on the floors of other units of
the workshop (e.g., SA III, SA IV, SA X and SA XII).
The large dimensions and difficulties in transport
could also explain the decision to leave the largest
RP decorated jug, while the discovery of the pithos
deserves a more detailed examination. In contrast to

* Fragmentary
* Partially complete
@ Partially complete (with breakage or macro use wear)

Fig. 8. Conditions of artefacts discovered in unit
SA Ila.
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what is observed for other units (Bombardieri
2017.53, Fig. 3.57), this vessel does not appear to
have been crushed in sifu by the collapse of the
roof. Its upper part, in fact, was found separated
from the body in the middle of the room, suggesting
that it was already broken before the unit’s collapse.
If, in other units, most of the pithoi represent de
Jacto refuse still usable until the destruction caused
by the fire, the pithos from SA Tla could be primary
refuse, crushed on the floor and abandoned before
the collapse of the unit. As suggested by Muti (2020.
200), pithoi could be moved from their location to
get rid of their contents, and the particular breakage
and fragmentation of the pithos in SA Ila suggest
that it was broken upon such displacement (Bombar-
dieri 2017.45, Fig. 3.41).

Smaller and easily movable objects would probably
have been curated in SA Ila on the basis of different
criteria. On the one hand their bad state of preser-
vation would make them not useful in the new set-
tlement, on the other they would have been still
usable in case of extreme necessity. At the same time,
the absence of an ashy layer homogeneously distri-
buted inside the room can suggest a partial disman-
tlement of the roof. The absence of beams, in fact,

Fig. 9. A typical Cypriot building after the partial
dismantling (photo by A. Villani).

could force the creation of possible ignition points
in SA I and SA IIT aimed to burn and destroy the two
non-contiguous spaces. It is impossible to define if
the ignition points were created to burn the rooms
or if they represent a concentration of wooden ma-
terials which were destroyed by the fire. The ab-
sence of wood inside unit SA IIa could be related
to the displacement of usable materials in rooms in
use until the end of the site occupation. This space
provided further elements in support of the planned
abandonment without anticipated return. In the
case of a planned return, the discard of objects
would not have been occurred in the interior of one
of the units and, as noted by Stevenson “/ess refuse
would be discarded within enclosed living areas”
(Stevenson 1982.260). Finally, it is important to
note that SA IIb, the smallest unit (6m2) of the work-
shop complex (Bombardieri 2017.38), returned
portable artefacts that were still usable (specifically
a pendant, six spindle whorls and some small ves-
sels) and does not show traces of massive ash la-
yer, as well as SA IIa. The concentration of burned
debris near the partition wall between SA IIa and
SA 1Ib and the massive presence of artefacts sug-
gest that a particular final treatment was reserved
for this unit. The absence of an ash layer could be
due to the room’s layout, since the unit has partial-
ly been carved in the bedrock (approx. 0.30m), pos-
sibly facilitating the dispersion of ash. In addition,
some of the objects appear to have been destroyed
by the collapse of walls and roof. The limited con-
centration of ash near the southern limit of the unit
(Bombardieri 2017.46), close to the wall that di-
vided SA IIa from SA IIb, might be related to the pre-
sence of a roof only in the smaller sub-unit IIb at the
time of the fire.

The residential area

Particularly interesting for the abandonment proces-
ses is area B, which brought to light a complex se-
quence of changes in the layout of some domestic
units (Fig. 10).

The last sub-phase A1 is characterised by a reduction
in terms of use of space, with the dismantling of unit
7 and the construction of a wall to close the passage
to unit 6 (Bombardieri 2017.70). As in the case of
Marki-Alonia, where Frankel and Webb (2006, 2012.
488) identified nine different phases, it is possible to
define changes, renovations and modifications in
the layout of the rooms. Since the reduction of di-
mensions occurred during the last sub-phase, the re-
sidential area seems to have experienced a gradual
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and planned disuse, as noted for the Erimi work-
shop. At the same time, the excavation of area T2 re-
vealed a possible ‘atypical’ disuse practice reserved
for two contiguous doorways that give access to two
distinct units. During the abandonment of these spa-
ces, the thresholds would have been surmounted by
monolithic blocks put on the short tight side, pos-
sibly testifying to the symbolic isolation of the inter-
nal from the external space of the building (see Gar-
wood 2011). The peculiar disposition of the mono-
lithic blocks suggests an action more related to an
abandonment behaviour than a change in the layout
of the spaces. The blocks, in fact, are isolated and not
included in a possible new structure, while the pas-
sage in front of the thresholds was not closed. A si-
milar practice appears to be represented by the
threshold D3 of unit 3 in area B which, during the
passage from phase A2 to Al, changed its use and
was transformed into a large square basin. In this
case, the decision seems to suggest a change in the
layout of the unit and not its final abandonment
(Bombardieri 2017.65-70).

Abandonment processes at Erimi-Laonin tou
Porakou

This paper has highlighted the contribution that a
cross analysis of the stratigraphy and artefacts’ as-
semblages could provide to explain the treatment
reserved for the rooms of the workshop area during
the gradual abandonment of Erimi-Laonin fou Po-
rakou. Ethnoarchaeological studies have shown that
when the process is gradual and planned, abandon-
ment often occurs through a differential treatment
of the spaces (Rothschild et al. 1993). The site was
then partially disused and dismantled, and the in-
habitants selected and concentrated still usable ar-

PHASE B

PHASE A2

tefacts in units that were finally set on fire. Studies
on discard processes in Bronze Age Cyprus note that
part of the households or the alleys were used to
concentrate refuse or to discard obsolete objects
(Frankel, Webb 2006, Falconer, Fall 2014.174-
176). Due to the particular layout of the workshop,
with most rooms not connected by internal passa-
ges but only through open spaces, it is possible to
suggest that some units lost their productive role
and were gradually dismantled, while SA Ila be-
came a sort of provisional discard, a place to concen-
trate objects not useful but possibly reusable in case
of extreme necessity. As noted by Frankel and Webb
in the case of Marki-Alonia, vessels with flaws have
been “maintained for use in a limited or secon-
dary capacity or in provisional discard awaiting
mending, reuse or removal’ (Frankel, Webb 2000.
153). Unburned units would have been disused and
partially dismantled, while in some burned rooms
a set of artefacts in still usable condition has been
curated. This hypothesis can also be confirmed by
the comparison of the ratio between entire vessels
and sherds. As noted by some scholars, rooms aban-
doned in an earlier phase tend to show the pres-
ence of a high number of sherds but few complete
artefacts. In contrast, spaces which were disused in
a later phase seem to show the opposite (Monigo-
mery 1993.157-159; see also Schiffer 1985.23). In
this respect, no well-preserved vessels were found
in SA X, but it returned one of the highest propor-
tions of sherds found in the workshop. In addition,
unburned spaces seem to be related to unspecialized
functions due to their smaller size and the limited
presence of features, an aspect that could justify
their final treatment and the exclusion from the pos-
sible deliberate burning (see Joyce, Johannessen
1993.151).

PHASE Al KEY TO THE FIGURES

22% Open space
E] Floor plaster
|:| Bedrock floor

Working
installation

. Doorway feature

l Entranceway

1 Conjectured
1 entranceway

Fig. 10. Reconstruction of the renovations layout in area B (Bombardieri 2017.70, Fig. 3.87).
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At the workshop of Erimi, the gradual and differen-
tiated treatment of spaces could reflect the decision
to intentionally seal some rooms as part of the aban-
donment strategy. The deposition of some objects,
their location and concentration are markers of spe-
cific choices, often related to the burial of members
of the community or, in other cases, to possible de-
tachment rituals before leaving structures or settle-
ments. As demonstrated by several ethnoarchaeo-
logical studies and experimental archaeologists, a
structure could burn for days before collapsing (Ca-
meron 1991.162; Gheorghiu 2019.30-47; see also
Stevanovic 1997), and the inhabitants would have
had the possibility to recover at least some objects.
At Erimi, however, the absence of any attempt to re-
trieve artefacts and the presence of possible inten-
tional ignition points seem to confirm the decision
to voluntarily seal the objects inside the units. At the
same time, different studies have highlighted how
the distance from the new settlement influences the
decision to take or leave an object (Schlanger, Wils-
husen 1993.90-91; Schiffer 1985.26-33). Taking
into account the empty units of Erimi alone, we could
hypothesise that the new site could have been in
close proximity, entailing the transport of most of
the artefacts to the new settlement. If we exclude
possible ritual or symbolic practices, the assemblage
of the burned units suggests the opposite scenario,
a longer distance and the abandonment of artefacts
caused by functional motivations. Deeper analysis
on almost complete or fragmentary artefacts - and
particularly vessels - will be fundamental to define
the real quantity of still usable objects left in the site.

Nevertheless, the sequence of the gradual abandon-
ment processes, from the reduction and disuse of
some spaces to the burning of part of the workshop,
seems to confirm that the selection, location and con-
centration of some portable and often still usable
artefacts depended on specific and voluntary deci-
sions, influenced by different motivations. Scholars
have often defined abandonment as a strategy fol-
lowing practice determined by local populations, as
well as local and regional conditions (Schlanger,
Wilshusen 1993.85; see also Nelson, Hegmon 2001.
213). The conditions in which the site was aban-
doned and the possible foundation of a close, new
settlement seems therefore to be ascribed to a wider
social phenomenon that involved the island of Cyp-
rus at the end of the Middle Bronze Age. Suggesting
a gradual and pre-planned abandonment in the case
of the Bronze Age site Marki-Alonia, Frankel and
Webb (2006.153) stressed how some rooms re-
turned complete or restorable vessels while in oth-

ers the absence of artefacts could depend on diffe-
rent motivations, from the curation to episodes of
renovation, which could have affected some rooms.

At Kissonerga-Skalia Crewe noted a decrease in the
activities that would have produced a slow abandon-
ment of the site (Crewe 2017.146), while the pres-
ence of intact artefacts and skeletal remains at So-
tira-Kaminoudhia has been interpreted as a rapid
abandonment caused by a seismic event (Swiny
2003.53-54). Even at Kalopshida, the presence of a
burned layer in the house of trench 3 and in the
room 7 of site C combined with the rich assemblage
found on the floor suggests a rapid abandonment
(Astrom 1966.139-140; Gjerstad 1926; Webb 2012.
52), while Swiny noted that the absence of certain
typologies of objects at Episkopi-Phaneromeni could
be related to curating behaviours due to the short
distance from the settlement G to A (Swiny 1979.
330). At the same time many artefacts were left in
situ when settlement G was abandoned (Swiny
1979.15). Therefore, excluding cases of rapid and
not anticipated abandonments, the choice to leave
the settlement through a planned and gradual pro-
cess could have been based on social and economic
motivations. At Erimi, finally, the voluntary destruc-
tion of part of the workshop and the particular lo-
cation of the partially complete artefacts in some
units, seem to reflect the specific way in which the
inhabitants decided to detach from their place (see
Lamoreux-St-Hilaire, Macrae 2020), performing a
voluntary closure (see Adams 2016; Cameron 1990).

Conclusions

The data presented in this paper, combining an ana-
lysis of artefact refuse with the study of the abandon-
ment practices performed at the MBA site of Erimi-
Laonin tou Porakou, provide interesting informa-
tion. Some spaces were cleaned out and the objects
were probably progressively put in the compounds
still in use and then taken away at the end of a gra-
dual abandonment. Some units were disused, parti-
ally dismantled and transformed in discard areas;
contemporaneously, some artefacts were concen-
trated inside the rooms then possibly set on fire.
The workshop has likely been impacted by a series
of symbolic practices, such as the decision to leave
some artefacts inside the units as well as the depo-
sition of the piled vessels in front of the entrance
of SA IV, the concentration and location of artefacts
inside the burned units, and the absence of attempts
to recover the smaller objects during the fire. Final-
ly, if in the rooms it is possible to distinguish arte-
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facts as de facto, primary and secondary refuse, the
differences in preservation, concentration and se-
lection of artefacts from some burned units suggest
that in some cases objects entered in the archaeolo-
gical context possibly through symbolic depositions
made before the burn. Elsewhere in Cyprus, the pre-
sence of artefacts has been interpreted as the result
of a rapid process caused by natural disasters. In
contrast, the abandonment practices performed by
the Erimi’s inhabitants resulted in the possible depo-
sition of some artefacts, clearly suggesting some de-
cision-making in this process.
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ABSTRACT - Iron Age settlements in the Middle Atrak Basin in Iran have a particular distribution
pattern due to environmental, social, and economic variables, among which geographical factors
Pplay an essential role in creating and dispersing settlements. Some of these factors play a more ef-
Jective and stable role than others. The present study examines and evaluales the role of geogra-
Dhical factors in the distribution of Iron Age siles to determine factors that have a more signifi-
cant role than others. Moreover, the zoning map of the Middle Atrak Basin should be presented using
Jour different types of location, grouped in terms of those with a perfectly suitable, relatively suitable,
suitable, and unsuitable location. To achieve this goal, seven natural factors, including the distance
of sites from the river, altitude, slope, slope direction, distance from communication routes, soil lype,
and land use, were selected as influential factors in choosing the location of the Iron Age sites. In
this study operating maps were prepared digitally using ArcGIS, and then the weight of each index
was determined using the AHP model. The results of this study show that 46.7% of the Iron Age sel-
tlements (or 28 sites) were localed in a perfectly suitable environment and geography, 24 sites
(29.3%) in a relatively suitable location, seven siles (11.4%) in a suitable place, and one site (1.6%)
in a completely unsuitable environment. This last type of location in the region’s landscape indicates
the choice of different livelihoods, including agriculture and animal husbandry with both seasonal
and permanent methods.

KEY WORDS - Iron Age sites zoning; Analytic Hierarchical Process (AHP); Middle Atrak Basin,
Northeast of Iran

Analiza coniranja zeleznodobnih naselbin z metodami analiticno
hierarhicnega procesa (AHP) v porecju srednjega Atraka, severovzhodni Iran

IZVLECEK - Zeleznodobne naselbine v porecju srednjega Atraka v Iranu imajo poseben vzorec umes-
titve zaradi okoljskih, socialnih in ekonomskih spremenljivk, med katerimi igrajo geografski dejav-
niki kljucno viogo pri nastanku in Siritvi naselij. Nekateri od teh dejavnikov so bolj ucinkoviti in traj-
nejfsi od drugih. V studiji predstavijamo najpomembnejse geografske dejavnike pri porazdelitvi naj-
disc. Karto poselitvenih obmocij srednjega Atraka predstavijamo s pomocjo Stirih tipov lokacij, raz-
vrscenih glede na popolnoma primerne, manj primerne, primerne in neprimerne pogoje poselitve.
Pri tem smo kot kljucne izbrali sedem naravnih dejavnikov: oddaljenost najdisca od reke, nadmor-
ska visina, strmina, smer pobocja, oddaljenost od komunikacijskih poti, vrsta tal in raba tal. Digital-
ne karte smo izdelali s pomocjo programa ArcGIS in obteZili z indeksi, ki jil doloca model AHP. Re-
zultati kazejo, da je 46,7 % Zeleznodobnih naselbin (28 lokacij) umescenih v povsem primeren, 24
(29,3 %) v manj primeren, sedem (11,4 %) v primeren in ena (1,6 %) v popolnoma neprimeren pro-
stor. Zadnji tip lokacije kaze na izbiro razlicnih vrst preZivljanja, tako kmetijstva in Zivinoreje s stal-
no ler sezonsko poselitvijo.

KLJUCNE BESEDE - coniranje Zeleznodobnih najdisc; analiticni hierarhicni proces (AHP); srednji
Atrak; severovzhodni Iran
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Introduction

Archaeological findings show that the development
and evolution of past human settlements are closely
related to the substrate of the natural and social en-
vironment. Environmental and natural substrates
create the necessary conditions for establishing set-
tlements, and some create more stable conditions
than others. These natural substrates are each re-
gion’s slope, altitude, geological structure, water re-
sources, and climate. Each of these factors, both in-
dividually and in relation to each other, shows dif-
ferences. The existence of such differences causes
the characteristics of different regions (Gholami
Rad, Wali Shariatpanah 2013.56). Humans have
long tried to settle in the natural environment in
such a way that makes the best use of it. In other
words, human settlements act as the most basic link
between man and the Earth, and reflect human inte-
ractions with the environment (Zhang et al. 2014).
Therefore, ancient societies lived in places that had
favourable conditions for life and development -
with environmental factors such as rivers, commu-
nication routes, and beds of deltas and river terra-
ces along with foothills or mineral resources - which
provided them with raw materials and the possibi-
lity of protection against enemies (Magas et al. 2021.
21). In addition to these cases, various other factors
and forces are involved in the location and forma-
tion of rural settlements, which should be consid-
ered in any location of settlements. Although the ef-
fects of these factors and forces depends to a great
extent on the underlying characteristics of the en-
vironmental substrate and ecological structures
(Zhang et al. 2014.2818), the primary stimulus in
this process is the set of motivations that arise to
meet basic needs, and the forms of various funda-
mental demands among different human groups. As
such, different forms and varieties of locations, and
the locating of human settlements in certain places
because of the demands and motivations they are
able to satisfy, are realized in different ways. As a re-
sult, settlements are structurally and functionally dif-
ferent from one area to another (Rahimi, Hassan-
pour 2013.14). For example, settlements formed in
hilly areas are more affected by natural factors such
as altitude, slope, and slope direction. In contrast,
settlements formed in lowland areas are more af-
fected by human factors such as communication rou-
tes and transportation, surface water networks (hy-
drography), and agricultural and cultivated lands
(Ma et al. 2017.12). Therefore, these factors affect
the texture and body of the settlements and the ways
of life of their people.

In this study we use several environmental variables
and natural criteria, along with the Analytic Hierar-
chical Process (AHP) integrated with the Geographic
Information System (GIS), for zoning and evaluating
the Iron Age sites of the Atrak River Basin to deter-
mine: (1) What are the zones in the Middle Atrak?
(2) Which of these basins were considered by Iron
Age people? (3) What do the Iron Age sites in the
different zones reveal?

Theoretical foundations

AHP is one of the most efficient multi-criteria deci-
sion-making techniques, and was developed by the
mathematician Thomas L. Saaty (/980) in the late
1970s. One of the advantages of the hierarchical
analysis method in the context of this study is that
it can deal with the various factors that influence
the location of human settlements. It prioritizes re-
sidential areas by weighting factors with pairwise
comparisons (Abdelouhed 2022.11) and the impact
rates of each of them (Liao, Kao 2010.571). AHP is
an effective and helpful method for solving multi-
criteria problems that use a hierarchical structure to
show the problem, and a better way to solve such
issues and prioritize different options based on user
judgment. In other words, this method is used both
in reality and theory in decision-making (7oledo-
Aceves et al. 2011.975). To be more specific, the ul-
timate goal of the AHP method is to determine the
relative weight of each factor in a system (Yao, Zhao
2022.17). By solving decision problems, AHP allows
researchers to focus on several criteria simultane-
ously and also allows decision-makers to compare
quantitative and qualitative criteria (Rodhiah et al.
2021.197). AHP is a multi-objective, multi-criteria
decision-making approach that enables the user to
reach priorities based on a set of options derived
from three principles: parsing, comparative judg-
ment, and prioritization (Abdul Rahaman, Arucha-
my 2017.3).

The AHP method has three basic steps: (1) creating
a hierarchy, which is the essential part of the hier-
archical analysis process (Cimren 2007.369); (2) de-
termining the importance coefficients of variables
and criteria using pairwise comparison methods; (3)
assessing the consistency of judgments according to
the percentage of consistency (Saaty 1980.287).

As discussed above, AHP can be used for relative
measurements by pairwise comparison of criteria
and data, or measurement of data according to cri-
teria and variables. Ranking mode and preferences
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include a pairwise comparison of criteria according
to purpose. Ranking levels and preferences - such
as excellent, very good, good, average, poor, and
very poor - are then determined for each criterion.
In the next step, pairwise comparisons are made be-
tween the ranking levels of each criterion to obtain
a set of priorities (weights) for these levels. For each
criterion, scaled weights are considered, and each
option is assigned a ranking level and will be scaled
(Bahurmoz 2004.6).
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Materials and methods

This research was carried out using a descriptive-
analytical method to consider the issue of land suit-
ability and its analysis with regard to settlement se-
lection. Accordingly, after collecting the required in-
formation and also reviewing the status of the Iron
Age settlements in the Middle Atrak Basin, using AHP
and going through the steps in ArcGIS - including
entering variables and criteria, preparing informa-
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Fig. 1. Maps of the locations of Iron Age sites with regard to environmental factors. 1 distance of sites to
water sources; 2 distance of sites to communication routes; 3 degree of slope; 4 height above sea level;

5 location of the site on soil type; 6 land use.
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tion layers and new maps, classification and evalu-
ation of variables, information layers and the com-
bination of these layers - suitable locations for set-
tlements were identified. Moreover, seven indicators
- including distance from ancient sites to communi-
cation routes, distance from ancient sites to water
sources, land use, altitude, soil type, slope direction,
and slope degree - were used to identify suitable
areas for settlement (Fig. 1). ArcGIS10 and AHP were
used to prepare a database of the layers described
above (Fig. 2).

Geography and ecology of the Atrak River Basin

Although there is no long-standing accurate climate
record of the northeastern region of Iran for the
Iron Age, studies by researchers have shown that,
contrary to popular belief, there were stages of sud-
den climate change during the Holocene. There is a
consensus that such phenomena are pervasive, and
their results can be generalized to different parts of
the world (Hejebri Nobari et al. 2021.298). Towards
the end of this period, especially from the beginning
of the first millennium BC, the tendency of tempera-
ture changes tended to be colder (Shaikh Baikloo
Islam 2020.40). The same cold and humid climate
phenomenon are seen in all parts of the Tibetan Pla-
teau (Callegaro et al. 2018) and West Central Asia
(Fouache et al. 2020.92). The most recent long-term
climate studies have been carried out near the study
area of Jazmourian Playa (Vaezi et al. 2019) and Ha-
moon Lake in Sistan (Hamzeh et al. 2016), and the
coast of Gorgan (Kakroodi et al. 2015). The decrease
in temperature caused the inhabitants of arid/semi-
arid regions, such as north-central Iran (Shaikh Bai-

kloo Islam, Chaychi Amirkhiz 2020.40), to adapt
to the cold climate, in addition to agriculture. They
also chose a nomadic-herding livelihood system, and
a number of the areas covered in this article confirm
this.

The Atrak basin, one of the largest water basins in
northeastern Iran with an area of 33 890km2, origi-
nates from the mountains of Hezar Masjed in the
north of Quchan. About 26 500km? of this basin’s
area is located in the political area of Iran, and the
rest in Turkmenistan (Fig. 3). The Atrak basin is
bounded by Turkmenistan in the north, Gorgan and
Kalshor basin in the south, the Qaraqum basin in the
east, and the Caspian Sea in the west (Noori et al.
2011.160). This basin consists of two parts, plains
and mountains. Its climate is barren or continental.
Rainfall is less than 200mm in the plains and up to
500mm in the highlands. The maximum altitude of
this basin at the site of Tabarak River is about 2903m,
and a minimum of 22m above sea level is estimated
(Sheikhvahed et al. 2011.5). The main waterway of
the basin can be divided into three parts: upper,
middle, and lower (border) Atrak. After crossing the
plains of Quchan, Shirvan, and Bojnourd (Upper At-
rak), the river continues its route in Maneh, Ghori
Meidan, and Maraveh Tappeh, then runs to the bor-
der of Iran and Turkmenistan (Middle Atrak). After
connecting to the Sumbar branch at the Chat site and
forming the Border Atrak (Lower Atrak), it finally
flows into the Caspian Sea. The study area includes
the middle part of the Atrak River with a length of
approximately 150km (the boundary between Reza-
abad Gharbi and Sisab villages on the border of Shir-
van and Bojnourd cities to Ghazan Ghayeh village

Zoning of
ancient sites

Fig. 2. The structure of the hierarchical analysis process used in the research.
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on the border of Mane and Solmaghan cities with
Maraveh Tappeh) (Yamani et al. 2010.4).

The Middle Atrak Basin is geographically located be-
tween the Hyrkani Plain in the west and the land of
Khorasan in the east. The high mountains of Alborz
in the west separate it from Hyrkani, and the moun-
tains of Kopeh Dagh in the north separate it from
the Qarehqom desert. With the Aladagh-Binalood
Mountains in the south, the Middle Atrak Basin is
safe from the central desert of Iran. The not-so-high
altitude set separates this basin from the upper At-
rak valley, and such a situation has made the central
Atrak basin a relatively independent and closed ba-
sin. This feature has a significant impact on the cli-
mate of this region, which is something between
the humid climate of Hyrkani and the cold and dry-
ness of Khorasan. The western parts of this basin,
especially in the Solmaghan plain, sometimes find a
climate similar to the Gorgan plain, such as in sum-
mer. Especially since the Aladagh Mountains, over-
looking the Solmaghan plain, have a relatively dense
forest cover. However, in higher latitudes (northwest
of the central Atrak basin) this part is warmer and
very poor in terms of vegetation and water resour-
ces, due to the impact of the Turkmen Sahra low-
lands in the west on the one hand and the soil of
the region on the other.
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Background of archaeological research

The first archaeological activities in the area of the
Middle Atrak were the studies and work of Faegh To-
hidi, which led to the arena determination of some
sites. However, the first scientific excavation in this
basin was carried out on the Tape Qaleh Khan, which
showed an extended sequence from the Neolithic to
the contemporary period (Garazhian 2011; Garaz-
hian et al. 2014; Garazhian, Askarpour 2018). Ex-
ploration reports on the Tape Ashkhaneh Bimarestan
(Dana et al. 2017; Dana, Hejebri Nobari 2018), Ta-
pe Ashkhaneh Rivi (Jafari, Thomaisky 2016), and
Tape Eshgh Bojnourd (Vahdati 2014), along with
efforts to determine the area and boundaries of the
tape Kalateh Mostofi Bojnourd (Yazdani 2015), Ta-
pe Bruski Ashkhaneh (Adine 2012) and Kohnekand
Bojnourd (Dana et al. 2019), have also been pub-
lished with regard to this basin. However, studies of
the cities of Shirvan (Mirzaei 2008), Bojnourd, Raz
and Jirgalan (Rajabi 2013), Mane and Solmaghan
(Garazhian 2007; Ataei 2009; Zare 2011) in this
area have not been published yet.

Iron Age sites of the Middle Atrak Basin

In the study and identification work carried out in
the Middle Atrak Basin, over 360 archaeological sites
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Fig. 3. Upper and middle Atrak River Basin.
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from all periods have been identified. Seventeen
sites have been identified in Shirin Darreh springs
(a tiny part of Shirvan city), which are located in the
middle Atrak area (Mirzaei 2008); 143 sites have
been identified in Bojnourd city, which is comple-
tely located in the Middle Atrak Basin; 43 sites have
been found in Raz and Jarglan city, about half of
which is located in the Middle Atrak Basin (Rajabi
2013); and 160 sites have been identified and intro-
duced in Mane and Solmaghan city, which are com-
pletely located in the Middle Atrak Basin (Garazhian
2007: Ataei 2009; Zare 2011) (see Table 1). Of these,
61 sites were inhabited during the Iron Age.

Environmental factors survey

Water resources factor

Human settlements are usually located where access
to surface water is possible, and thus water is an
essential factor in the emergence of human habi-
tats and the most crucial factor in their growth and
development (Heydari Dastenaei, Niknami 2020.
316). The land type and topographic status of each
location significantly impacts water storage and flow.
Accordingly, villages are established where there is
enough water to meet the needs of the inhabitants
(Motarjem, Siasar 2017.58). Atrak and its tributa-
ries (Fig. 1.1), as a permanent and reliable water
source, would be present many attractive locations
in this regard. Suitable soil and altitude are also cru-
cial for avoiding periodic or seasonal river floods
when locating settlements. As shown in Figure 4,
80% of the Iron Age sites are located within 1000m
from running water, indicating the connection be-
tween the ancient sites and water resources.

Communication routes factor
Communication routes are another essential variable
in the formation of ancient sites, especially in the
Bronze Age and beyond, when we see the formation
of cities with long-distance and trans-regional trade
relations in the Greater Khorasan region. In the past,
ancient roads were usually built based on natural
paths and systems of valleys and plains (Hejebri No-
bari et al. 2021.301), and this region follows this
due to its mountainous nature. Com-

[ 0-500 W 500-1000 i 1000-1500 M 1500-2000 M 2000->

Fig. 4. Location of Iron Age sites in terms of dis-
tance from water sources.

to travel. Due to the mountainous location and the
forested nature of the focal area, the only passable
routes were inevitably the same cuts and the lengths
of other valleys located between relatively high and
steep mountains that were used as paths (Vosogh
Babae, Mehrafarin 2018.197). This also applies in
historical times, even in adjacent areas such as Dar-
gaz, and historic sites have sometimes been formed
adjacent to the main communication routes. This
communication role is one of the essential factors in
securing the economy of the inhabitants of these ci-
ties and rural areas (Nami, Mousavinia 2019.239).

There are 42 sites (69%) in the range of 0 to 1000m
from the communication routes in this area, seven
sites (11%) at a distance of 1000 to 2000m, eight si-
tes (13%) at a distance of 2000m to 3000m, and four
sites (7%) located 3000m or more from the commu-
nication routes (Fig. 5). Among these, only one site -
Tape Dishid (IAMA60) - is located ¢. 9000m away
from the communication routes. More than 70% of
the sites are located at the bottom of the valleys, in
the middle of the mid-mountain plains, and next to
the communication routes (Fig. 1.2).

Slope degree factor

One of the influential environmental factors in the
human settlement distribution system is the height
and slope criterion. The slope is one of the essential
factors in the transformation of land surface rough-
ness (Akbar Aghalli, Velayati 2007.48), and thus it
affects human life and activities such as agriculture,
keeping livestock, and even some human settlements

munication routes in mountainous | Middle Atrak Basin Number of  Percentage of  Percentage of
areas usually pass from the bottom based on city identified sites identified sites  Iron Age sites
of the valleys. What we have in mind | 1iVan = 3 2

.. ) Bohnord 143 39 23
today de 4 communication I:Ollte .IS Raz and Jarglan 3 12 3
very different from what existed in | Mane and Solmaghan 6 44 72
the past. Before the creation of mo- | Total 363 100 100

dern roads, people used gorges and
the cuts caused by geological activity

Tab. 1. Location of Iron Age Sites based on counties.
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Fig. 5. Distance of sites from communication rou-
les.

on the slopes either directly or indirectly (Zomorro-
dian 1995.25).

The degrees of the slopes in the region were classi-
fied into nine separate groups. The lowest slopes
(0-5 degrees) were determined as the first group,
and the highest slopes were classified as group 9.
Since the best slope for establishing human habita-
tion is a slope of 0-10 degrees (Anabestani 2011),
we examined the location of the sites on the slo-
pes. The slope degree of the location of ancient si-
tes is an essential factor that affects the area due to
its economic impact. Among the sites of this period
(Fig. 1.3) 18 (28%) were on slopes of 0-5 degrees,
20 sites (32%) on slopes of 5-10 degrees, 12 sites
(18%) on slopes of 10-15 degrees, and 14 sites
(22%) on slopes of more than 15 degrees (Fig. 6).

mO0-5 N5-10 ®10-15 W15->

Fig. 6. Percentage of ancient sites based on their
slopes.

Altitude from sea level factor

Altitude from sea level can cause climate changes
and, consequently, changes in lifestyle and some
climatic features (Qazanfarpour et al. 2013.129). In
addition, it directly affects ecosystems, vegetation,
animals, and livelihood choices (Duckstein et al.
1973.22). The central Atrak region’s sea-level alti-
tude varies between 226m and 2962m. The location
of the sites in terms of altitude (Fig. 1.4) shows that
about 60% of the sites are located at an altitude be-
tween 226m to 819m above sea level (Fig. 7). In this
region, the average annual rainfall in meteorologi-
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cal stations is about 250mm, which is suitable for
rainfed cultivation. However, it should be noted that
despite the appropriate rainfall and altitude, the soil
type is also crucial for cultivation. Sufficient rainfall
and humidity at altitudes of about 600m above sea
level and above allow optimal rainfed cultivation
(Kirkby 1979.Tabs. 83-84). However, the annual
rainfall is a more critical factor for rainfed cultiva-
tion. The minimum annual rainfall suitable for rain-
fed cultivation is about 200mm (Adams 1981.12),
indicating that this area is suitable for rainfed agri-
culture due to having more rainfall.

W 226-819 W 819-1200 ¥ 1200-1600 M 1600-2000

Fig. 7. Location of Iron Age sites in terms of alti-
tude.

Soil type factor

Today, geoarchaeological studies have found a spe-
cial place as a helpful tool in archaeological research
and explaining ancient Quaternary environments
(Maghsoudi et al. 2020.2). Soil is a non-dense or-
ganic matter that has been created over many years
under the influence of various factors, such as cli-
mate, vegetation, and elevation (Salmanpour et al.
2013), and soil type affects the livelihood structure
of an area (Estelaji, Ghadiri Masoum 1995.126). As
can be seen on the map, large areas of the western
parts of the Middle Atrak Basin are geologically cal-
careous and unsuitable soils that are also very poor
in vegetation. The Iron Age sites of the region are in
the category of Incepti soil/Entisoil rocky outcrop
soils with a small amount of Incepti soil (Fig. 1.5).

In this area, 42 (68%) of the Iron Age sites are lo-
cated on Incepti soil, seven sites (12%) are located
on Insepti soil with rocky outcrop soil, and 12 sites
(20%) are located in areas with enti soil with rocky
outcrop soil (Fig. 8). The presence of fine-grained
and fertile sediments usually provides suitable ma-
terials for agriculture, pottery, and other economic
activities and acceptable conditions for developing
settlements (Maghsoudi et al. 2020.7). Incepti soils
are spread all over the world, and research shows
that they are suitable for agricultural and non-agri-
cultural uses, and can be widely used for crop culti-
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Fig. 8. Site placement on different types of soils.

vation, provided that artificial drainage is possible
in them (Sokrabi et al. 2013).

Land use factor

Land use results from a combination of human ac-
tivity and the capabilities of a place. Although Land
use is the result of population activities, it is also in
some ways a reason for the existence of certain ca-
pabilities and the possibility of using the capabili-
ties of the natural environment (Sadr Mousavi et al.
2018.734). The cultivability of land is one of the fac-
tors that is influenced by many important criteria,
such as altitude, presence or absence of surface wa-
ter, soil type, human manipulation of the environ-
ment, and climate. However, this human manipula-
tion can also have a decisive role on the erosion rate.
Most importantly, the land cultivability and type of
vegetation can also be a very determining factor in
the type of livelihood of those living in the related
settlements. As such the settlement or use of many
shelters in an area, especially in association with rais-
ing livestock, depends on land cultivability and type
of vegetation (Afifi 2018.636). To this end, the pur-
pose of land surveying is to determine the land va-
lue from the location point of view (Rahimi, Hasan-
pour 2011.21).

The map of the area based on land use (Fig. 1.6)
shows that about half of the sites are located in areas

m cultivation of water
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m jungle mdryfarming

m poor pasture

Fig. 9. Location of Iron Age sites in terms of land
use.

that are currently used for agriculture, whether
irrigated or rainfed, and the other half are in areas
that are located in a pasture or forest areas (Fig. 9).
This local difference in the sites should be consid-
ered as related to the livelihood of the residents.
This means that in pasture areas the sites indicate
that nomads used them for temporary settlement or
cemeteries, and that the sites on suitable agricultu-
ral land belonged to sedentary farmers.

Slope direction factor

As a general concept, direction is a well-defined fea-
ture for the linear effects of a phenomenon in geo-
metry. In the context of this study it also includes
other concepts, such as slope and geological slope
(Heydari Dastenaei, Niknami 2020.320). Slope di-
rection determines the amount of solar energy that
the soil receives. This energy determines the tempe-
rature of air and soil and the amount of available
water in the soil, which are the factors that cause
differences in the vegetation of different slopes. In
mountainous areas slopes facing the sun seem to
be more suitable for settlement, while in tropical
areas this is the case for slopes that do not face the
sun. In the Middle Atrak Basin the southern slopes
are the most important and the northern slopes the
least, because the former receive the lowest heat in
summer and the most heat in winter. The eastern
and western slopes are less important than the
southern slopes, and are used in spring and au-
tumn (Heydari Dastenaei 2018.7). Surveying the
location of Iron Age sites indicates that the northern
slopes contain more settlements and the southern
slopes are less used (Fig. 10). Accordingly, 12 sites
are located on northern slopes, 11 sites on the north-
east, two sites on the east, six sites on the southeast,
six sites on the south, two sites on the southwest,
eight sites on the west, and 12 sites on the west
areas.

Zoning of Atrak River Basin

Potential zones for the placement of Iron Age set-
tlements have been determined by weighting and
classification of the abovementioned criteria and en-
vironmental factors, including communication rou-
tes, distance from water resources, land use, slope,
slope direction, altitude, and soil type. The layers’
weights, which are the same factors as determined
in the model, were evaluated according to the avai-
lable options, and finally the total weight of the la-
yers was obtained using the calculation formulas.
The weight of each layer according to the preference
options is shown in Table 2.
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In AHP, in addition to considering the factors and
combining their different levels, the rate of the num-
ber of achieved priorities and the accuracy of weight-
ing results can be trusted due to the method of cal-
culating the comparisons’ compatibility with regard
to the studied layers, and determining the overall
compatibility rate. In this research, the value of the
compatibility rate is calculated as 0.4, which indi-
cates the appropriate compatibility of the studied
layers. According to Table 3, it can be seen that alti-
tude, distance to a water source, distance to a com-
munication route, slope, and soil type have the high-
est weights, and land use and slope direction have
the lowest weights.

In Table 4, according to the results obtained from
the final weight of the factors affecting the creation
of ancient sites, it can be seen that altitude is in the
first place with a weight of 0.26, distance to rivers
is in the second place with a weight of 0.19, dis-
tance to communication routes is third with a weight
of 0.15, slope direction is fourth with a weight of
0.14, soil type is fifth with a weight of 0.08, land use
is sixth with a weight of 0.08, and in seventh place
is slope, with a weight of 0.07.

In the next step, GIS is used to prepare layers to se-
lect areas with a higher priority. The final map is
obtained by stacking the existing layers in terms of
weight, as extracted from Table 4. According to the
results obtained in this section, those areas with a
higher potential for locating settlements have lighter
colours, while those with a lower potential for this
settlements have darker colours.

2 10%

10% ©%

Southeast

Fig. 10. Percentage of Iron Age sites in relation to
slope direction.

More specifically, those valuable areas that have the
most potential for establishing settlements are the
relatively limited areas shown in green. These have
an area of 2235km?, equivalent to 10% of the total
area, with a low slope of about five degrees and a
suitable slope direction, land use, suitable vegetation,
and rich soil, and are generally suitable for the de-
velopment of settlements (Fig. 11). This area has 28
Iron Age sites, accounting for 46.7% of the sites.

Moreover, the areas marked in orange with an area
of 12 550km?, equivalent to 47% of the total area,
also have relatively good values. These areas are
geographically hilly, suitable for growing rainfed
plants, and also a good place for livestock grazing.
This section includes slopes up to 13 degrees, rain-
fed agricultural uses with an almost suitable soil
type, and a short distance to water sources and com-
munication routes. Twenty-four sites (39.3%) are
located in this area.

The dark brown areas with an area of 7900kmz2,
equivalent to 22% of the

Slope Slope Distance Distance Above  Type total, have a relatively
A Landuse . ; )

direction degree to roads to rivers sea level of soil low value for settlement
Slope direction 1 3.03 0.45 0.45 0.29 0.25 0.83 e
Landuse 0.33 1 435 0.32 0.45 0.26 0.27 T}_lese areas are hﬂlSlqu
slope degree 2.21 0.23 1 3.2 0.48 0.48 4 with steep vegetation
Distance to roads  2.22 3.12 32 1 0.26 0.31 4.55 and steep slopes, and
Distance to rivers 3.45 2.22 2.1 3.9 1 0.36 3.33 the land is used only for
Above sea.level 4 3.8 2.1 3.25 2.8 1 2 pasture. In addition, the
Type of soil 1.2 3.7 0.25 0.22 0.3 0.5 1 tvoe of soil and even

Total 14.41 17.1 13.45  12.34 5.57 3.15 15.98 Y i X
the soil depth in these
Tab. 2. The binary preference matrix of the components. areas is low, and they
are far from permanent
Slope direction 0.69 0.77 0.234 0.037 0.052 0.079 0.052 0.071 water sources such as ri-
Landuse 0.023 0.058 323 0.026 0.081 0.093 0.017 0.087 vers, as well as commu-
Bg,ciree oftsloped 0.153 0.0;3 o.o7g 0.2589 0.082 o.1518 0.258 0.141 nication routes. It is no-
istance to roads 0154 0182 0.238 0.081 0.046 0.098 0248 0.55 teworthy that seasonal
Distance to rivers  0.239  0.13 0.156 0316 0179  0.113 0.09 192 ) )
Above sea level 0.278 0.222 0.56 0.263 0.502 0.317 0.125 0.266 water spylngs are usual-
Type of soil 0.083 0216 0019 0018 0054 0159 0063 o0.087| Iy seen in these areas,

Tab. 3. Normalized matrix of preferences.
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grazing. Seven ancient sites in this area can be seen,
accounting 11.4% of the sites.

Finally, the dark red areas, with an area of 393km?
and equivalent to 15% of the total area, do not have
any settlement value. These areas have steep slopes
and rocky, non-agricultural lands, with poor range-
land vegetation. Thus, due to their high altitude and
steep slopes, unsuitable terrain for agriculture, and
distance from communication routes, these areas are
often unsuitable for settlement. However, an Iron
Age site (IAMA 44) (1.6%) is located in this area,
which seems to have been a short-term seasonal es-
tablishment.

Discussion and conclusion

The use of GIS and geostatistical techniques can be
a useful, practical tool in archaeology. These tools
make it possible to apply complex mathematical
equations to maps. On the other hand, using the
existing interpolation methods in the field of statis-
tics, statistical and spatial analysis can be carried out
in different places based on the locational and geo-
graphical situation of the phenomena. In the present
study, we tried to evaluate the effects of environ-
mental factors on the formation of Iron Age settle-
ments. The results showed that environmental con-

56 56 57
1 1

ey Abnormal Normalized
weight weight

Slope direction 0.0500158 0.071450106
Landuse 0.0611772 0.087396017
Degree of slope 0.0987156 0.14105536
Distance to roads 0.1083421 0.154775398
Distance to rivers 0.1342631 0.191802997
Above sea level 0.1863892 0.266270269
Type of soil 0.061098 0.087282862
Total 0.7 1

Tab. 4. Calculation of final weights based on pref-
erences with regard to the environmental factors.

ditions in the form of slope characteristics, slope di-
rection, altitude, distance from communication rou-
tes, access to water resources, soil type, and land use
all positively affect the distribution and density of
site in the area being studied.

In the first step, in order to determine the impor-
tance of each layer using the AHP method, indica-
tors were compared pairwise with each other, and
each indicator was weighted. According to the re-
sults of the AHP model, the highest weight is related
to the altitude index with a weighted score of 0.26,
and the lowest weight is related to the slope direc-
tion, with a score of 0.07. In the next step, the lay-
ers were standardized into four levels and a zoning

57 58
1 1
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Fig. 11. Iron Age zoning map.
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map of the Iron Age areas of the Middle Atrak Ba-
sin was prepared. The results show that one site is
in a zone with no settlement value, size sites are in
a low importance zone, 24 sites are in a relatively
appropriate zone and 28 sites are in a very impor-
tant zone.

The results of analyses show that the locations of
the sites in different zones indicates different kinds
of livelihoods were pursued there. Based on zoning
analysis, it is determined that the areas that are lo-
cated in Zone 4 (show in dark colours) are villages
that engaged in irrigated and rainfed agriculture.
The areas located in Zone 3 are areas that used both

highland resources and plain agricultural resources.
Such sites had a combined economy of livestock and
agriculture, and also engaged in trade. Sites in Zone
3 are sites at the foot of the mountains and seaso-
nal sites with livestock. Finally, Zone 1 is not suit-
able for settlement at all, and for this reason only
one site is located in this area, and this site, like
those in Zone 3, is a seasonal site.
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at Ugurlu/Gokceada, Turkey
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ABSTRACT - Eleven human skeletons were found in a 2m deep circular pit in an open area dating
1o 5389-5300 cal BC at Ugurlu/Gokceada. The pit can be considered as a part of the pit tradition
Jrequently seen in Thracian and Balkan prehistory. Its unique contents, however, are discussed in
this paper in the scope of possible motivations. An ‘accompanied dead’ hypothesis is offered as the
possible motivation of the case based on the contents and depositional details of bodies within the
pit. This lype of deposition was practiced throughout Europe starting from the early Neolithic through
the Chalcolithic.

KEY WORDS - accompanying dead; the second half of the 6" millennium BC; Ugurlu/Gokceada;
Turkey

Mogoc primer ‘pridruzenih mrtvih’ v drugi polovici 6. tisocletja pr. n. st.
na najdiscu Ugurlu/Gékgeada, Turcija

1ZVLECEK - Na najdiscu Ugurlu/Gokceada je bilo v dva metra globoki okrogli jami zunaj naselja, da-
tirani med 5389-5300 pr. n. st., najdenih enajst cloveskih okostij. Jamo lahko razumemo kot del pra-
zgodovinske tradicije, ki jo pogosto srecamo v Trakiji in na Balkanu. Njeno vsebino v clanku pred-
stavljamo v okviru moznih praks. Predlagana hipoteza o ‘pridruzenih mrtvih’ kot mozni praksi te-
melji na vsebini in podrobnostih polaganja trupel v jamo. Tak nacin polaganja se v Evropi zacne v
zgodnjem neolitiku in traja vse do konca halkolitika.

KLJUCNE BESEDE - pridruzeni mrtvi: druga polovica 6. tisocletja pr. n. $t.; Ugurlu/Gokceada; Turcija

Introduction

Burial customs and ritualistic behaviour patterns are
a great source for understanding past belief systems,
social structures, and cultural interactions between
different groups and regions. Western Anatolia,
Thrace, and the Balkans are of special importance
in terms of understanding the spread of Neolithic
lifeways and the transition to the Chalcolithic. Infor-
mation on burial practices and/or any other types of
rituals related to human remains is not well repre-
sented in this area. A recent discovery of a pit with
human remains offers an opportunity to look into
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the ritual behaviours of people during the 6t mil-
lennium BC on the island Gokceada in Turkey.

The settlement of Ugurlu is located in the western
part of Gokceada, in the northern Aegean Sea. The
site is on the pathway to Europe from Anatolia, mak-
ing it an important site in terms of understanding
human cultural interaction (Fig. 1). Six cultural lay-
ers have been identified in the excavation at Ugurlu
(see Table 1 for the phasing). The earliest phase of
the site dates to the pre-pottery Neolithic 6800-6600
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cal BC, and is the earliest evidence of agri- [ ppaging

Period Date

culture and animal husbandry in the area |

Pre-pottery Neolithic 6800-6600 cal BC

(Erdogu 2014; 2017; 2020). VIV

Transition to Early Neolithic 66006500 cal BC

Vv

Early Neolithic 6500-5900 cal BC

Ugurlu is also one of the few settlements | v

Late Neolithic 5900-5500 cal BC

in the region that represents the transi-

tion from the Neolithic to the Chalcolithic |

Transition to Late Neolithic to

Early Chalcolithic 5500-5300 cal BC

(5500-4900 cal BC) between western |l

Early Chalcolithic 5300—4900 cal BC

Anatolia and the eastern Aegean islands. | Hiatus

- 4900—4500 cal BC

This transitional period bears witness to | !

Middle Chalcolithic 4500-4300 cal BC

changes in settlement organization, buil- |

Surface: Early Bronze/Middle Age  ?

ding plans, pottery production, and subsi-
stence economy (Erdogu 2014; 2017). A
particularly distinct feature was the prac-
tice of pit use. This new tradition emerged in Phase
IV, continued throughout Phase III, and was slowly
disappearing in Phase II. To date, more than 37 pits
have been found in Phase IV (3 pits) and Phase III

(Fig. 2).

During Ugurlu Phase III, the settlement appears to
be divided into two parts. The western part has a
communal building (B4) with a courtyard, while in
the eastern part the buildings are multi-roomed
dwellings (Erdogu 2020). Most of the pits were in
the northwest part of the settlement in the open area
around the communal building (Erdogu 2020).

The pits differ in terms of size and depth (10-90cm),
and with a few exceptions they are all plastered with
greenish clay and have similar inclusions. Among
the contents of these pits are

Tab. 1. Phasing of Ugurlu settlement (reproduced from Giircal
2021.65).

other pits, and to discuss the possible motivations
for this deposition of human bodies.

The structural and depositional characteristics
of the pit 188

The pit is located in the western part of the settle-
ment in the courtyard of the communal building
(Fig. 2). Two AMS dates were taken from the human
bones. The first one from the first skeleton at the
bottom of the pit which gave a date of 6380+30 BP
(Beta-480187, 5389-5310 BC at 95.4%); the second
date comes from a human bone from the upper layer
and gave a date of 6340+30 BP (Beta-465445, 5363-
5302 BC at 95.4%. This range is contemporary with
the communal building’s earliest use at around
5300-4300 cal BC (Boz, Erdogu 2019.3).

fragments of pottery and animal
bones, clay and marble figurines,
bone and flint tools, fragments
of shell ornaments (bracelets and
rings, efc.), and stone axes (Ka-
ramurat et al. 2021). Three of
these pits contained a small num-
ber of disarticulated human re-
mains (seven pieces of human
bone in pit 25, and a few others
in pits 29 and 104). All pits were
deliberately infilled and covered
with large stones to end the lives
of the pits. Apart from these
three pits that have fragments of
human remains, one other pit
stands out with its remarkable
deposition of several individuals
(unit 188, feature 88). This paper
thus aims to describe pit 188 and
place it within larger contextual
data, especially in relation to
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Fig. 1. The location of Ugurlu/Gokceada in the Aegean.
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Fig. 2. The distribution of the pits around the communal building (Ugurlu Archive).

Having a 1m diameter and ¢. 2m depth, this pit is
one of the largest of 34 pits found in Phase III. The
pit was plastered with yellowish-green clay plaster
on the side walls and the floor. Fragments of clay
were found throughout the infill of the pit, indi-
cating that the inner walls were also plastered in a
similar way as the other pits. A total of 11 individ-
uals I were found piled up on top of each other with
numerous stones in between them. After the last
body was interred, the pit was filled with stones for
closure at a depth of between 60 and 80cm.

In addition to human bodies, the pit contained a
large amount of archaeological material, including
two large broken grinding stones, a great number of
pottery sherds, three pieces of red ochre, a small

number of beads, and a worked bone (for details
see Karamurat et al. 2021). Partially articulated leg
bones and the pelvis bones of two calves were also
among these finds, as well as many fragments of ani-
mal bones. A sterile grey ash deposit covering a
30cm area and with ¢. 1.5cm thickness was found
on one of the largest stones in the middle of the pit.

The pit was filled up with many stones and marked
by another stone, as seen in othersZ.

Human remains
Standard osteological analysis was carried out for

age and sex estimation. The biological sex of the
adults was identified based on morphological fea-

1 Different skeletal parts of the same individual were recorded under two separate skeleton numbers in the field. The pieces were
matched in the lab therefore the total number of the skeletons within this pit is 11 rather than 12, as was indicated in the previ-

ous publication (Boz, Erdogu 2019).

2 Pit 187 was directly on top of pit 188 (F88) and has been interpreted as a different pit (Karamurat et al. 2021). However, fur-
ther excavation revealed that human bones were extended into the assumed border of pit 187, indicating that this pit appears to
be the upper part of pit 188. Therefore, the marking stone on pit 187 was in fact marking pit 188, as in other pits.
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tures of the pelvis and skull (Buikstra, Ubelaker
1994). Changes in pubic symphyses (Brooks, Su-
chey 1990) and occlusal tooth wear (Smith 1984)
were used to group the adult skeletons into three
broad age categories: young adults (20 to 30 years
old), mature adults (30s and 40s), and older adults
(50+). Dental development (Schour, Massler 1941)
was used for subadult ageing. The age range of indi-
viduals varies from 3 to 4 years to mature adults,
and both biological sexes are represented among
the 11 individuals found in the pit (Tab. 2).

Taphonomic changes, trauma-related fractures, and
other pathological lesions were examined macrosco-
pically using osteological methods, as described in
Silvia M. Bello and Peter Andrews (2006). The gene-
ral condition of bones is poor and fragmentary.
Some bones were crushed into a state that they
were almost fused as if to form a bony layer. This
condition applies especially to some bones of the
last two individuals in the sequence (Indv. 1 and 2)
whose bones were closer to the surface. Taphono-
mic analysis of the better-preserved bones revealed
numerous fresh bone fractures as well as dry bone
breaks (Fig. 3). Macroscopic analysis of bone surface
showed no evidence of cut marks that might be re-
lated to traumatic events or sharp force wounds,
chopping, or bone peeling.

Description of bodies

The first body to be interred in the pit was a 5- to 6-
year old child (Indv. 11) which was found directly
on randomly distributed stones on the floor of the
pit (Fig. 4.a). The body was lying on its right side,
with the right arm from the elbow and left leg lo-
osely open towards to south, the rest of the body
was in a flexed position. Different sizes of
stones and animal bones were scattered di-
rectly on top of this child’s skeleton along
with articulated parts of two calves. Two
large fragments of grinding stones (not
parts of the same one) seemed to have
been dumped into the pit. One was leaning
perpendicular to the side of the pit, the
other was partially covering the child’s
head (Fig. 4.b).

Above the child, five more bodies were
piled up one after another with many dif-
ferent-sized stones interred with them.
Even though each skeleton was articulated
individually, the position of each body was
randomly scattered on top of each other

the biggest stone in the middle, which weighed 80kg.

Individual A

number ge group Sex

1 MA Female

2 MA Female

3 Adolescent (~ 18) Female

4 YA Male

5 Juvenile (~ 3—4yrs) Indeterminate
6 Juvenile (~10-11yrs) Indeterminate
7 MA Male

8 MA Female

9 Juvenile (~ 12 yrs) Indeterminate
10 MA Female

1 Juvenile (~ 67 yrs) Indeterminate

Tab. 2. Age and sex distribution of individuals

Jrom grave pit 188. Skeleton numbers represent
stratigraphical order from the top to the lowest le-
vel. Age categories are: juvenile: 3-12 years; ado-
lescent: 12-20; young adult (YA): 20-30; mature
adult (MA): 30s-40s.

which indicates that they were thrown in rather
than placed carefully in the pit. Stratigraphically, the
second individual (Indv. 10), a middle-aged adult
female, was dumped in with her head on the floor
facing down and with the body leaning perpendicu-
lar against the wall of the pit. The hips and the legs
were leaning on the side at a level that was about
50cm higher than the head. Her arms were twisted
towards the back and the hands were found on the
back of the body. The position of the arms and hands
were unlikely to happen naturally unless they were
tied at the back. The two biggest stones in the pit
were thrown/ placed in the pit after this female. One
of the stones was on top of her head, crushing her
skull completely (Fig. 5). Before the other bodies
were placed, sterile grey ash was thrown on top of

v, & 3 i

Fig. 3. Fresh bone breaks (indicated by arrows) related with
the stones between the skeletons (Ugurlu Archive-Photo Ne-
Jjat Yiicel).
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After placing the ash deposit, four
more bodies were dumped carelessly

(Fig. 6).

In contrast to these six people, a
young adult male body (Indv. 4) ap-
pears to have been intentionally
placed on its left side, with the legs
flexed tightly against the abdomen,
the arms flexed tightly at the elbow
on the chest, and the hands under
the chin. This individual’s arms and
legs might have been tied to the
body firmly or wrapped with perish-
able material before placement (Fig.
7). After this individual, five more
bodies were dumped in the pit with
a vast number of stones.

Along with the mature adult female
(Indv. 10) and young male (Indv. 4)
mentioned above, another individu-
al, a mature adult male (Indv. 7) also
has a body position that suggests
binding. This mature male’s body
was in full articulation, with the
head and the chest facing upwards
and the legs up against the side of
the pit. The legs were very tightly
bent at the knees so that there was almost no space
between the femur and lower legs. The arms were
opened to the sides and bent tightly at the elbow to-
wards the shoulders, the hands were resting on the
shoulders. This peculiar position once again is very
unlikely to occur naturally and suggests that the
hands were tied at the neck and perhaps the legs
might have been tied together too (Fig. 8).

[

Except for these three indivi-
duals with the possibility of
binding, other bodies’ arms
and legs were spread out
within the pit (7.e. Indv. 3 and
8), and body parts of the dif-
ferent individuals were inter-
twined while the bones main-
tained their anatomical posi-
tions (Fig. 6).

Apart from one skeleton (Indv.
6), all other individuals’ re-
mains were intact with slight
displacements of some bones,
which appeared to be caused
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Fig. 4. A The first Individual 11 at the bottom of the pit, B stones
and animal bones over the skeleton (Photo Basak Boz).

by gravity within the empty spaces of the pit. Some
of the bone displacement was caused by the weight
of the stones (i.e. the left femoral head of Indivi-
dual 8 was removed from the acetabulum by the
weight of the stone on top of the left knee, leaving
one side of the pelvis and leg bones moved from
its original position). Apart from these slight mo-
vements of bony elements of some individuals, one
child’s (6+2 years) body was separated into two

Fig. 5. Skeleton of a female (Indv. 10) with her hands at her back (Photo
Bagsak Boz).
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Fig. 6. Mlustration of the position of individuals in relation to each
other. A is the top view of the pit with skeletons and D is the lowest le-
vel. Only the bodies are shown here to avoid further crowding with the
stones in between the bodies (illustration by Begona Rodriquez).

parts at the lumbar vertebrae. The child (Indv. 6)
was located directly on the abdomen of Individual
7 with no soil in between, lying on its right side. The
upper body was in full articulation down to the lum-
bar vertebrae, including the hyoid bone and small
manual phalanges. The bones of the lower body, on
the other hand, were disarticulated and commingled.

A few individuals from the upper layers have miss-
ing skeletal elements. For example, chronologically
the last individual placed in the pit (Indv. 1) was
lacking one lower arm bone (right ulna), a young fe-
male (Indv. 3) was missing the right fibula, and last-
ly a 3 to 4 year-old child (Indv. 5) was missing the
right lower leg bones.

Discussion

Deposition of the bodies

Eleven individuals were squeezed into a pit measu-
ring one meter wide and two meters deep, along
with dozens of large and small stones (Fig. 9). Such
an occurrence is rather bizarre and enigmatic. How
could eleven bodies possibly fit in this relatively
small pit? One possible scenario is that long inter-
vals elapsed between the interments of each body,
which would allow the previous ones to decay and

occupy less space. Throwing/pla-
cing stones would also weigh
down the bodies. In this scena-
rio, the pit must have been cov-
ered with a lid to prevent soil ac-
cumulation in between intern-
ment events. The slight displace-
ment of some bones of articulat-
ed bodies (i.e. the sacrum of the
vertically placed pelvis of Indivi-
dual 7 slipped down with gravi-
ty) suggests some void spaces
within the pit during the decay
process indicating that the pit
was not filled with soil after the
disposal of the bodies. The extre-
mities of some individuals were
found intertwined with other bo-
dies and there was almost no fill
between the bones (Fig.10). The
only exception to this is the first
child’s body at the bottom of the
pit, where the body was covered
with random stones and animal
bones. The bones of none of the
above individuals were mingled
with or directly touching the
bones of this child (Fig. 4).

The other possible scenario would be that the bodies
were kept unburied for some time before being
moved to this death pit, perhaps for a special occa-
sion. A ritual ceremony may have been performed,
and these 11 bodies may have been moved to this
pit to be interred together as a secondary burial. The

Fig. 7. Tightly flexed position of individual 4.
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only case that is plausible for this is the body of a
child (Indv. 6) whose body was separated into two
and whose lower body was partially disarticulated.
These data could have indicated different stages of
decomposition if only the bones of the upper body
(even the small finger bones, and the hyoid bone)
were not in full articulation. Therefore, it seems un-
likely that this body was half defleshed when it was
thrown into the pit. Cultural intervention (i.e. dis-
memberment) is a likely option for this kind of se-
paration of body parts that may have occurred be-
fore placing the body into the pit. However, no cut
marks were visible on the surviving bones to sup-
port the argument of dismemberment. Another plau-
sible case for dismemberment is the missing the right
lower leg of a 3 to 4 year old child (Indv. 5); how-
ever, the presence of animal holes throughout the
pit could be another possibility for the loss of the
small bones of this child. Along with this child, mis-
sing single elements from two other individuals (the
right ulna for Indv. 1 and the right fibula for Indv.
3) makes the dismemberment option unlikely for
these two cases. Both Individual 1 and the legs of In-
dividual 3 were close to the surface, and thus these
single bone losses might have been the result of a
later intervention (i.e. animals) or poor preservation.

Neither scenario is firmly supported by the condi-
tion of bones in terms of articulation, skeletal com-
pleteness (with a few exceptions), the taphonomic
evidence, or the depositional structure of the pit. It
is therefore plausible that the bodies were deposit-
ed in two different processes. The first one includes
two actions; placing/throwing the first child (Indv.
11) as the first event, then the other ten bodies being
deposited of as the second event after a certain time.
The second option is that all bodies were deposited
simultaneously in a single event or within short in-
tervals (Fig. 9). However, these tentative attempts at
explaining the deposition of 11 bodies in this rela-
tively small pit remain highly speculative.

Burial customs in western Anatolia in the
second half of the 6" millennium cal BC3

Mortuary practices in the region of Thrace, Balkans,
Greece, and Anatolia show great diversity during the
Neolithic and Chalcolithic periods. However, despite
the well-documented mortuary practices of central
and south-east Anatolia throughout the Neolithic pe-

Fig. 8. Illustration of an adult male (Indv. 7), the
arms and hands positions suggesting binding (il-
lustration by Begona Rodriguez).

riod (see for example, Andrews et al. 1995; Bicakg:
et al. 2012; Boz, Hager 2013; 2014; Biiyiikkaraka-
ya 2019; Erdal 2015; Ozbasaran 2012; Oztan 2012;
Lichter 2016; Boric 2015), western Anatolia is less
known.

For north-west Anatolia, our information comes
mainly from the Marmara region. During the mid-
dle of the 7th millennium BC, at Barcin Hoyiik VI
(6600-5900 cal BC), adults were buried in court-
yards while infants were buried in abandoned hou-
ses (Roodenberg et al. 2013; Ozbal, Gerritsen 2019).
At Aktopraklik, bodies are flexed and buried under
the house floors in the Late Neolithic (6400~ 6235
cal BC) layers. The emergence of cemeteries starts
in the first half of the 6t millennium at the Early
Chalcolithic level (5736-5635 cal BC) at Aktoprak-
lik C in the abandoned settlement (Karul, Avci 2013;
Lichter 2016.72). Also, at Iipinar X/IX, most of the
Late Neolithic and Early Chalcolithic burials were
located in a non-residential area at around the first
half of the 6th millennium (ZLichter 2016.72; Rooden-
berg 2008).

In contrast, western Anatolia has revealed very lit-
tle information to set a pattern of burial customs
and related ritual activities during that period. For
example, at Ulucak only a small number of infants
have been found buried in the settlement during the

3 The process of Neolithization developed in different regions with different dynamics and different processes. Neolithization and
subsequent changes in material culture in the excavated settlements in coastal west and northwest Anatolia have led some resear-
chers to propose a different chronology and terminology for this region (for detail see Erdogu, Cevik 2020). Comparative chro-

nology between sites and regions is provided in Table 3.
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first half of the 7th millennium (Cevik, Abay 2016.
12; Cevik 2019.223), while sites like Yesilova and
Ege Giibre have no information on the ways of dis-
posing of human remains in the studied period.

During the Early (the first half of the 6th millennium)
and Middle Neolithic (the second half of the 6th mil-
lennium) in the Balkans, burials are rare and found

¢. 1 meter diameter

Fig. 9. lllustration of the bodies in order in the pit
(by Begona Rodriguez).

within settlements (Stratfon et al. 2018.1). They
are generally grouped into two body positions -
flexed burials and extended supine burials (i.e. Cer-
nia, Muntenia). According to DuSan Bori¢ (2015) the
latter is a continuation of the local Mesolithic bur-
ial customs in the region. The flexed body position
was a new way of burying the dead in the region
and is considered to originate from the Near East
(Boric 2015). There are also different ways of deal-
ing with dead bodies and burials in Balkan prehis-
tory. These forms of burials mostly consist of frag-
mented bodies, recombination/hybrid burials, or the
replacement of body parts with an object and remo-
ving body parts and other forms (Chapman 2010;
Chapman et al. 2014). Ditch burials are another
type of burial, which are off-site burials from the
eastern Balkans, such as at Nova Nadezhda (Bacva-
rov et al. 2016). During the Neolithic in Greece,
single or multiple simple pit burials were common
with some variety such as cremations and pot buri-
als (Fowler 2004; Chapman et al. 2014). Diversity
in mortuary behaviours was also traced in the Neo-
lithic of central Europe (for details see Hoffmann,
Orschiedt 2014).

Towards the late 6th millennium (5400-5000 cal
BC) and early 5th millennium, extramural cemeter-
ies emerged in the eastern Balkans in settlements
such as Durankulak (¢. 5000-4500 BC) and Cerni-
ca (5355-5215 cal BC) (Stratton et al. 2018.23).
This change in the way of disposition of the dead
away from the settlements was interpreted as “po-
tentially significant new relations between the li-
ving and the dead” (Boric 2015; Nikolov 2011; Stra-
tton et al. 2018.2). On the other hand, diversity in
the treatment of the dead continued throughout the
Neolithic and Chalcolithic in the Balkans (Chapman
et al. 2014).

This diversity in the treatment of the dead in the 6th
millennium extended to another type of ritual acti-
vity. Some human remains were found within ritual
places related to pits in the eastern Balkans. For in-
stance, more than 20 off-settlement ritual areas in
eastern Bulgaria have been reinterpreted as pit sanc-
tuaries throughout the 6th millennium at sites such
as Volaga-Ohaden, Dana Bunar 2, Kapitan Andreevo,
and Voden (NVikolov 2011; Bacarov, Gorczyk 2017).
These off-settlement places consist of many irregu-
lar-shaped dug-out features and pits with filled frag-
mented material including grinding stones, animal
bones, efc., and closed by a cairn of stones. Among
many of these ritual pits, only a small number in-
clude human remains such as four single inhuma-
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tions at early Neolithic Volaga-Oha-
den (first half of the 6th millenni-
um), five inhumations were found
in Krum and two isolated skulls
placed vertically in pits at Dana Bu-
nar 2 and Usae in the second half of
the 6th millennium (5400-5000 BC)
(Nikolov 2011; Bacarov, Gorczyk
2017). Pit use is interpreted in var-
ious ways, for example, Vasil Niko-
lov (2011) interpreted 110 small cy-
lindric pits around a big pit at Dana
Bunar, as a place for ceremonial ac-
tivities where sacrificial food along
with fire was offered to the Mother-
Goddess. John Chapman (2010) sug-
gests that pit use could indicate how
ritual behaviours produce social
meaning or beliefs, whereas Krum
Bacvarov and John Gorczyk (2017.
439-440), relate pit use as a way of
creating a bond with a socio-culturally important
landscape.

In terms of the burial practices of Ugurlu, no burials
have been found up to this date within the settle-
ment, neither in Phase IV nor Phase IIl. However,
this could be a sign of non-residential burial areas,
as in western Anatolia and the Balkans, which makes
it challenging to place pit 188, whether as part of
the burial customs in earlier levels or a part of the
changes at the site during the transitional period
along with other changes in material culture and
the settlement plan. Among these changes, pit con-
struction starts to appear at Ugurlu in the first half
of the 6th millennium and continue in the second
half of the millennium as in the Balkans.

Cansu Karamurat and colleagues (2021.8), argue
that the emergence of pits at Ugurlu probably start-
ed with building closure rituals in Phase IV repre-
sented by three pits. During Phase III, pit rituals
seem to be repeated more regularly and are concen-
trated in the communal area. Based on the findings
from the 37 pits with their fragmented material con-
tents, the locations and marking stones for each pit
seem to have significance and are interpreted as pla-
ces for social negotiations (Karamurat et al. 2021.
15). Among these pits, three pits in Phase III in-
clude a few pieces of human remains along with
other fragmented materials. This behaviour of frag-
menting and circulating items is possibly part of the
same rituals which served people’s enchainment to
the place and perhaps to a particular group. Frag-
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Fig. 10. Intertwined extremities of different individuals with no
[ill between them indicating simultaneous disposal of the bodies.

mentation and circulation of pieces of items and bo-
dies are common practices in many societies through-
out Near Eastern and Balkan prehistory, and are ge-
nerally associated with transforming bodies and so-
cial identities, gaining power, claiming places, nego-
tiating relations in the societies and a bond between
past and present (Chapman et al. 2014; Glencross,
Boz 2016; Bloch, Parry 1982; Metcalf, Huntington
1991; Kuijt 2008; Karamurat 2013).

Pit 188 was constructed during the second half of
the 6th millennium (5389-5310 cal BC) which in
many ways is similar to other pits at Ugurlu yet dif-
fers somewhat by its differentiating properties, es-
pecially the presence of articulated whole human
bodies. Can we place this pit within the general pit
rituals at the site, or could other motivations ex-
plain the contents of the pit and the reason for its
construction? Even though it is difficult to give a
straight answer given the nature of the archaeologi-
cal record, this pit with 11 human bodies could have
been more than just another variation of human dis-
posal within a region with a wide variety in terms
of mortuary practice.

In the following parts of the text, the other possibi-
lities of the motivations for this pit will be discussed.

A consequence of an epidemic

The depositional structure of the pit contents seems
to represent a single, if not two, depositional episo-
des. General carelessness in depositing the bodies
raises the question of whether these people died of
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Ugurlu

North tern-
Date (cal BC) Ortnwes er.n Sites Greece Balkans Sites
West Anatolia
¢. 7000-6800 Epi-paleolithic Final Mesolithic
B lucak
¢. 6800-6500 Initial Neolithic arcin, Uluca Initial Neolithic

o

. 6500—-6000/5900

Early Neolithic

Barcin, Aktopraklik
Ulucak, Ugurlu
Ege Gibre, Yesilova

Early Neolithic

¢. 6000—-5700/5500

Late Neolithic

Ulucak, Ugurlu
Ege Gibre, Yesilova

Middle Neolithic

Volaga-Ohaden

Akt klik Early Neolithi
¢. 5700-5400/4900 | Early Chalcolithic II|p|n:r[,)rsg:Jrlu Middle Neolithic a(rSytarseovl)) e Volaga-Ohaden
D kulak
. Middle — Late ur.an ua
Middle . . . Cernica, Dana
¢. 5400—-4600/4200 L Ugurlu Late Neolithic Neolithic
Chalcolithic o Bunar 2,Usae
(Vinca A, B)
Krum
Chalcolithi
¢. 4600-4200 Final Neolithic (Viiécaocll, IIDC) Durankulak

Tab. 3. Absolute and relative chronologies between the region and sites used for comparison. The compa-
rative framework is mainly based on Cevik and Abay (2016), Erdogu and Cevik (2020), Tomkins (2007),
Demoule and Perles (1999), Radivojevic and Roberts (2021), Sampson (2018), Tsirtsoni (2018), Krauss

(2011), and Blum et al. (2014).

an acute illness. The expected mortality profile for
the rapid death from disease should be similar to
the living population, with a representation of all
age groups with a higher proportion of infants, chil-
dren, and the elderly (Margerison, Kniisel 2002).
The presence of different age groups, including
young children, adolescents, and adults, and the re-
presentation of both sexes in the Ugurlu pit make
it plausible for a deadly disease to be an alterna-
tive cause of this deposition. The paleopathological
analysis did not show any lesions on the bones, in-
dicating that none of the individuals suffered from
long-term disease, but this in no way diminishes the
possibility of acute illness being the cause of death
due to the fact that acute diseases do not show any
traces on the surface of bones in a short period.
Nevertheless, the indications of possible bindings
of at least three individuals raises doubts about the
acute disease scenario, since such binding requires
close contact with sick, dead bodies. Why would
they tie up the sick bodies instead of quickly getting
rid of them? Moreover, the presence of some arte-
facts (i.e. animal parts, the layer of ash, and grind-
ing stones) indicates this was not a case of the quick
deposition of sick, dead bodies, as they were most
likely to be related to rituals.

Victims of murder or ritual sacrifice

The composition of the pit, what seems to be the ca-
reless body positions of some individuals, and the
indication of tied hands and legs of some other in-

dividuals, makes the case intriguing. Could the mo-
tivation for the construction of the pit and its depo-
sition be a result of some sort of sacrificial killing or
other types of destruction of one group within the
community or outsiders? The existence of aggressive
behaviours has been documented from various pre-
historic sites spanning the Early Neolithic to Chalco-
lithic. Some of the cases were interpreted as victims
of prehistoric warfare, as in Halberstadt dated to c.
5600-4900 cal BC (Meyer et al. 2018), or the mas-
sacre of local people by invaders, as in the case of
Talheim in the early Neolithic (Wahl, Trautmann
2012). Here we can also note Asparn-Schlets in Au-
stria (Teshler-Nicola et al. 1999), Potocani in Croa-
tia (Novak et al. 2021), and Els Traocks in the Spa-
nish Pyrenees, where Early Neolithic farmers were
massacred, possibly over resources (4/f et al. 2020).

In the case of Ugurlu, the lack of weaponry within
the pit and the demographic composition of the
group differs from that of war victims, where young
and middle-aged males are predominant, although
females and children are present in cases of attacks
on a settlement (Wahl, Trautmann 2012). Analysis
of the bones in pit 188 showed no fractures related
to blunt force trauma or cut marks on the skull bones
or the other bones of the skeletons. On the other
hand, fresh bone breaks were detected on some
bones, especially on the long bones of certain indi-
viduals (Fig. 3). The presence of heavy stones di-
rectly on top of some of these fractures indicates that
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these particular fractures may have been the result of
the weight of the stones, and they were thrown/
placed when these bodies were still fleshed. The
ability of the bones to retain the flexible collagen
matrix after a certain time and the general frag-
mented condition of bones make it difficult to as-
sess if any of these fresh bone fractures were peri-
mortem or early post-mortem taphonomic fractures
(i.e. after death but still fleshed). The fractures that
occur at the time in between the fresh bone and
complete dry bone tend to show varying degrees of
perimortem fracture characteristics (Wieberg et al.
2008). For this reason, it is not possible to use these
fractures to argue for either the presence or absence
of violence. Besides, the difficulty of finding the in-
tent of observed injuries is a generally accepted issue
(Schulting, Fibiger 2012.12). On the other hand,
typical battle-related injuries such as skull (includ-
ing face) trauma, since this is often the main target
for interpersonal/intergroup violence, traumas on
ribs and scapulae, or defence injuries to the fore-
arms and hands were not observed on the bones.

Another possible explanation for the human depo-
sition is a ritual sacrifice, however recognizing a sa-
crificial event and distinguishing it from other forms
of ritualized killing in the archaeological record can
be very difficult (Swartz 2017.224). Swartz summa-
rizes possible indications of sacrifice in an archaeo-
logical context. Analysis of architectural and strati-
graphic context, repetition of the behaviour, devia-
tions from normative human and animal deposi-
tions, and signs of violent death are some of the in-
dications for sacrifice (Swarzt 2017.228). Localities
can be also important signs for sacrificial purposes
if the bodies were placed in a different location than
usual burial places. If the case is a retainer sacrifice
then it can be identified through the positions of bo-
dies, as the person who the others were sacrificed
for will have a specific body position and sophisti-
cated grave goods, while the others will have dis-
respectful modes of disposition (Chenal et al. 2015).

In the case of Ugurlu, pit 188 was located in the
courtyard of the communal building along with
other pits. This location seems to be special, al-
though this does not entirely differentiate this pit
from the others. This is also true for the pit con-
struction and some of the inclusions. The specific
structure of the pit in terms of lining with plaster,
closing and sealing by stones, placing ‘marking sto-
nes’, the inclusion of fragmented artefacts, and the
ubiquitous presence of animal bones are the shared
features of almost all pits. Therefore, based on con-
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struction specifications and contents other than the
human remains, pit 188 seems to represent some of
the common ritual behaviours related to pits.

The presence of a distinct artefact could be a sign of
a sacrificial act such as an altar, a specific ornament,
or animal parts that might have been used during
ritual behaviour (Swartz 2017). For example, an im-
ported pink stone slab was found in the Skull Buil-
ding at Gayonii Tepesi (southeast Turkey) which
contained human and animal blood (Ozdogan 2007
Croucher 2010). Pit 188 contains some fleshed parts
of animals, specifically the upper legs and arms of
two young calves, which is the only case within 37
pits at Ugurlu. Three small lumps of red ochre, a
thin layer of sterile grey ash deposit, and broken
grinding stones are also distinct depositions that
could be remnants of offerings in pit 188. In terms
of specific ornaments, none of the individuals had
grave goods directly associated with the bodies, in-
cluding the adult male (Indv. 4) in the centre, whose
body was in a tightly flexed position as opposed to
the other individuals with aberrant positions. It is
unclear if the objects found in the fill were part of
ritual activities and placed intentionally, or if they
arrived there through accidental intrusion, as none
of the artefacts were directly associated with the bod-
ies.

Philippe Lefranc and colleagues (2010; see also
Schmitt, Déderix 2018), in a literature review, ag-
reed that ‘accompanying dead’ seem to be wide-
spread in the Late Neolithic Upper Rhine region (see
also Testart 2010). However, it is difficult to con-
clude that this is a common or ordinary way of dis-
posing of the dead, since this type of burial has only
been found in small numbers. Because of the vari-
ety of different modes of disposal of the dead, in-
cluding ‘non-normative’ body positions accompa-
nied by grave goods, Lefranc and colleagues (2010)
indicate that some of these disposals might have
had other social implications than sacrifices for a
high-status individual. An example from the late
Neolithic site Bergheim in Colmar/France reveals a
case where at least 14 individuals’ body parts were
scattered within the pit and showed various modifi-
cations, i.e. amputation, cuttings some limbs, and
some traces of violence (Chenal et al. 2015). Fanny
Chenal and colleagues (0.c.1322), suggest that these
individuals were sacrificed to accompany a privi-
leged individual. Another example is from the Diden-
heim region in Alsace, where a man was accompa-
nied by one adult and two children (7esfart et al.
2010).
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Traces of violence on human and/or animal bones
are other indications of a sacrificial event if confirm-
ed that they were not caused by warfare or murder
(Swartz 2017.229). As explained earlier, there are
no observable fractures that could be directly relat-
ed to violence on the Ugurlu human remains (i.e.
cranial blunt force trauma, cut marks on bones).
Nonetheless, killing a person or an animal does not
have to leave marks on bones. For example, heart
extraction, throatslitting, and decapitation were
modes of sacrifice for the victims in Mesoamerica
and Andes (Swartz 2017.232).

Despite the lack of observable evidence of violence
on bones, the presence of an adult male tightly
bound in the middle (Indv. 4) whose body was ap-
parently carefully placed as opposed to the other
ten bodies, along with some special deposition (i.e.
a layer of ash, ochre lumps) raises the possibility
that the others might have been sacrificed for the
individual in the centre.

Conclusion

The first proper human body deposition (except for
a few fragments of human bone) has been found at
Ugurlu, and has the potential to give insight into
the ritual behaviours of the inhabitants of the is-
land. Taking all the evidence together, pit 188 stands
out as part of the pit ritual practice. However, the pit
deviates from others by its inclusion of people with
a variety of positions (side, at the back, and face
down), including bodies with haphazard body posi-
tions, one individual separated into half and three
bound bodies, which makes interpretation a chal-
lenge. The nature of this deposition within the wider
pit tradition context at Ugurlu indicates a symbolic
act, but the impetus and motives behind this specif-
ic pit are difficult to interpret with certainty. Consi-
dering the possibilities based on contextual evi-
dence and information from other sites, ritual killing
is certainly one possibility and may have been a re-
gular practice at Ugurlu among the inhabitants dur-
ing the 6th millennium, as also seen in the Balkans
(see Chanel et al. 2015; Testart et al. 2010). If these
ten people were killed to accompany the individual
in the middle whose body was laid out intentional-
ly, as Alain Testart and colleagues (O.c.) suggest, it
may indicate a hierarchy within the society and its
continuity to the world of the dead. However, Te-
start offers another possibility of social relegation of
the status of these people by burying them in uncon-
ventional positions. Nonetheless, some of the accept-
ed indications of ritualistic purpose can change

meaning in different circumstances and in different
communities. For some, dedication to underground
or above ground forces, for a rebirth/renewal of
anything, seasonal transitions, rain, fertility, power
relations or to eliminate something bad or improve
what exists, may all have been factors, but overall,
they seem to have been for the same greater pur-
pose of community cohesion.

The phenomena were practiced in central and east
Europe at around 4500 BC and going south at
around 3500 BC (7estart et al. 2010), which sug-
gests that this cultural behaviour travelled from the
northeast to west and south (Chanel et al. 2010; Te-
start et al. 2010). Nonetheless, Ugurlu’s earlier exam-
ple with the date 5300 cal BC raises another ques-
tion of the origins of this type of practice of human
disposal. Further findings will provide more insight
into the burial practices and ritualistic behaviours of
the inhabitants of Ugurlu and their relation to other
settlements around the region.
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ABSTRACT - Cremation was one of the permissible burial practices in the Linear Potlery Culture
(LPC). This treatment has largely remained unexplained by previous research in Central Europe
due to its descriptive nature. As a result, we present several thoughts on some key issues here. First,
we discuss the current state of research in Central Europe, as well as some specifics with regard to
the LPC and cremation. Second, we focus on two graveyards with exclusively or primarily cremation
graves. Based on the current state of research, our goal is to evaluate the resulls oblained using a
quantitative data analysis method, as well as an evaluation of the interpretation of cremation with-
in the LPC population.

KEY WORDS - Central Europe; Linear Pottery culture; cremation; state of research; customary mode
of disposal

Mrtvi in kremirani: o kremiranih pokopih
v kulturi Linearne keramike v srednji Evropi

IZVLECEK - Upepelitev je bila ena od sprejemljivih pogrebnih praks v kulturi Linearne keramike
(LPC). Ta praksa je v prejsnjih raziskavah v srednji Evropi ostala nepojasnjena. Zato v clanku pred-
stavljamo nekaj razmislekov o nekaterih kljucnih vprasanjih. Predstavijamo trenutno s