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Preface and Acknowledgements

While the desideratum concerning a southern European perspective on pre-
historic wetland settlements has been latent for several decades, the need for the
present collection of papers has increasingly emerged in the context of the
editors’ work within the ERC Synergy project ‘Exploring the dynamics and
causes of prehistoric land use change in the cradle of European farming’
(EXPLO). The project tackles the adaptation strategies applied by early
European farming communities to changing climate and environmental con-
ditions. The Southwestern Balkans, in particular the border triangle between
northern Greece, North Macedonia, and Albania, is not only one of the first
areas where agriculture from Western Asia reached Europe more than 8000
years ago, it also features lakes which offer unique and underexplored archives
of cultural and environmental (pre-)history. There, archaeological excavations
of prehistoric settlements and on- and off-site bioarchaeological and palaeo-
ecology investigations are conducted, especially in the wetland areas of the
Lakes Ohrid, Prespa, and Kastoria as well as in smaller lakes such as Volvi or
Zazari. With the participation of the Universities of Bern (cPI Albert Hafner,
Institute of Archaeological Sciences; PI Willy Tinner, Institute of Plant Sci-
ences; both Oeschger Centre for Climate Change Research (OCCR)), Oxford
(PI Amy Bogaard, School of Archaeology), and Thessaloniki (PI Kostas
Kotsakis, School of History and Archaeology), the project was implemented in
2019 and will run for a total of six years until 2025. Researchers from the fields
of archaeology, biology, and climate sciences are involved.

Based on the desideratum mentioned above, the editors planned a con-
ference in 2020 in Bern, entitled Prehistoric Wetland Sites of Southern
Europe: Archaeology, Dendrochronology, Palaeoecology and Bioarchaeo-
logy with invited experts from Europe, the USA as well as China.
The interest in a pan-Southern European scope of the archaeological wet-
land settlement phenomenon—from the Iberian Peninsula to the Balkan
Peninsula—and consequently in promoting the exchange among the relevant
experts—has been reflected not least in the positive response of numerous
sponsors which showed willingness to generously co-finance the conference.
We take this opportunity to thank these funders for their favourable support.
Due to the pandemic-related cancellation of the workshop, the event was held
online in a closed setting over two days at the end of April 2021. Despite its
virtual mode, the conference was a success, with 23 papers presented and at
times up to 80 colleagues attending online. In the present book, 16 of the 23
presented papers are published.
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The editors thank the authors for their lively participation in the confer-
ence, the preparation of the manuscripts, and their patience during the
preparation phase of the publication. We also wish to express our gratitude to
the experts (in alphabetical order) who critically peer reviewed the essays:
Cyrille Billard (Service Régional d’Archéologie (SRA), Direction Régionale
des Affaires Culturelles (DRAC) Normandie, Caen, France), Felix Bittmann
(Natural Sciences Department, Lower Saxony Institute for Historical Coastal
Research (NIhK), Wilhelmshaven, Germany), Enno Giele (Institute of Chi-
nese Studies, Heidelberg University, Heidelberg, Germany), Maja Gori
(Institute of Heritage Science, National Research Council of Italy (ISPC-
CNR), Rome, Italy), Kristof Haneca (Flemish Heritage Institute, Flanders
Heritage Agency Department, Brussels, Belgium), Maria Ivanova-Bieg
(Vienna Institute for Archaeological Science (VIAS), University of Vienna,
Vienna, Austria), Peter Kuniholm (Laboratory of Tree-Ring Research and
School of Anthropology, University of Arizona, Tucson, USA), and Oliver
Nelle (Tree-ring laboratory Hemmenhofen, State Office for Cultural Heritage
Baden-Württemberg, Gaienhofen-Hemmenhofen, Germany). Finally, we
thank the Editors of the series Natural Science in Archaeology, Günther A.
Wagner, Christopher E. Miller, and Holger Schutkowski for their interest in
our publication project, as well as the Publishing Editor Annett Büttner and
the Production Coordinator Chandra Sekaran Arjunan for their guidance
through the publication process.

The prepress of the book was co-financed by the Burgergemeinde Bern
and foundations which wish to remain unnamed. The scientific and editorial
supervision of this book, coordinated by Ariane Ballmer, as well as the
papers tagged with the keyword ‘EXPLO’ were prepared within the frame-
work of the ERC Synergy project ‘Exploring the dynamics and causes of
prehistoric land use change in the cradle of European farming’ (EXPLO),
funded by the European Union’s Horizon 2020 research and innovation
program under the grant agreement No. 810586.

Bern, Switzerland Ariane Ballmer
Albert Hafner
Willy Tinner
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About This Book

Unique in its scope, this book provides for the first time a Southern European
perspective on prehistoric wetland settlements and their natural environment.
These are dwellings originally built in humid locations, i.e. on shores and in
shallow water areas of lakes, bogs, marshes, rivers, estuaries, and lagoons.
The relevant archaeological remains are in most cases waterlogged and offer
outstanding preservation conditions for organic materials and are moreover in
close proximity to uninterrupted natural archives (e.g. lake or mire
sediments), which allows for a broad range of transdisciplinary research
approaches. The sites discussed in this book date from the Neolithic and the
Bronze Age (c. 5500–1000 BC) and are located in nine countries of Southern
Europe, i.e. Spain, France, Italy, Slovenia, Croatia, North Macedonia,
Albania, Greece and Bulgaria.

Four dimensions of prehistoric wetland settlements are explored in the
book—the archaeological, the dendroarchaeological, the palaeoecological
and the bioarchaeological: Part I is dedicated to archaeology, i.e. the
excavation of settlement remains, their transdisciplinary exploration as well
as their interpretation; Part II deals with dendroarchaeology and its
contribution to the understanding of occupation sequences and regional
chronologies; and Part III concerns uninterrupted off-site palaeoecological
records of past ecosystem change, including human–environment interac-
tions, as well as bioarchaeological on-site approaches to subsistence
strategies and land use practices.

Prehistoric Wetland Sites of Southern Europe showcases how different
disciplines and areas of expertise from the humanities and the natural
sciences meet on an equal footing to elaborate coherent pictures of the past.
Besides a cross-section of research statuses of different archaeological sites,
currently ongoing research as well as novel, hitherto unpublished case studies
and findings are made accessible to the international research community.
Drawing on a wide range of expert contributions from both archaeology and
the natural sciences, this book targets scholars, professionals, and students
from the fields of prehistoric archaeology and palaeosciences and is
furthermore of interest to cultural heritage stakeholders.
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1Prehistoric Wetland Sites
of Southern Europe: Archaeological
Matter, Environmental Context,
Research Potential, and Threats
to Preservation

Ariane Ballmer, Albert Hafner,
and Willy Tinner

Abstract

Archaeological remains of dwellings that were
originally built in wetland environments and
today in many cases are waterlogged, offer
rich materials and data due to their outstand-
ing preservation. At the same time, off-site
deposits in wetlands bear detailed information
on palaeoenvironmental conditions. The
unique methodological possibility to correlate
archaeological settlement sequences with tem-
porally uninterrupted palaeoenvironmental
records in a high temporal resolution, and
thus to reconstruct coherent long-term
human–environment relationships, is of par-
ticular significance. In this opening chapter,

the authors introduce the basic parameters of
an overarching, contextual perspective to
prehistoric wetland settlements of Mediter-
ranean Europe, not only in geographical
terms, but also in (inter-) disciplinary, or
methodological terms, respectively. Sites from
eastern Spain, southern France, Italy, Slove-
nia, the Balkan Peninsula, and the Bulgarian
Black Sea coast are discussed by archaeolo-
gists, dendrochronologists, bioarchaeologists,
and palaeoecologists. Whereas the waterlog-
ging of the anthropogenic remains and envi-
ronmental data allow for advanced
archaeological and palaeoenvironmental
research, at the same time the in situ-pre-
servation of the relevant sites, deposits and
findings is at stake due to natural erosion
processes and human interventions, as well as
increasingly to climate change. To preserve
this exceptional cultural heritage, the authors
underline the pressing necessity and impor-
tance to record, inventory, and protect, or
professionally excavate and document these
sites.
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1.1 Wetland Sites: Archaeological
Evidence, Methodological
Potential and Epistemological
Value, and Preservation Bias

Wetland environments have been frequented,
used, and occupied worldwide since the Palaeo-
lithic, through the ages, and still are in recent
times (Menotti and O’Sullivan 2013a, b). Con-
stituting a specific site category in prehistoric
archaeology, ‘wetland settlements’ are dwell-
ings which were originally built on humid,
occasionally submerged, or water-affected
subsoils—lake shores, bogs, rivers, estuaries,
and lagoons. Thus, they display architectural
features intended to keep the floors dry: the
buildings are raised from the ground on wood
piled platforms, or feature underlays of wood
grids, branches, and twigs (for an overview see
Menotti 2004, 2013). Compared to terrestrial
sites they tend to occur more rarely in the
archaeological record, which is due to their state
of preservation, the chances of their discovery
and the applied research strategies. The notion
that wetland environments may have been less
frequently settled both in space and time is a
hypothesis, which needs to be carefully evaluated
on a regional scale and for specific time periods.

Archaeological sites under water and in
waterlogged sediments are among the most im-
portant archives for studying human prehis-
tory as well as human–environment
relationships of the Holocene (Maarleveld 2014;
Rey et al. 2017; Hafner et al. 2020). Unlike in
terrestrial soils, organic material (plant remains
such as wood, fibres, grains, seeds or fruits,
microfossils such as pollen and spores, as well as
ancient environmental DNA) is preserved over
millennia in these contexts, offering an excep-
tional range and quality of information. Thus, an
abundance of organic artefacts has survived in
these contexts, from wooden architectural ele-
ments and tool components to products from
plant fibres such as woven fabrics. The specific
conditions in waterlogged milieus also offer
opportunities particularly to three interdisci-
plinary research fields: dendroarchaeology

(establishing chronologies and deducing climatic
conditions based on archaeological wood) (Sch-
weingruber 1988; Menotti 2004; Haneca et al.
2009), bioarchaeology (gaining insights into
subsistence economy and life ways based on on-
site plant and animal remains) (Jacomet 2004,
2013; Jacomet and Brombacher 2005; Schibler
2004), and palaeoecology (reconstructing the
local and regional vegetation and land use prac-
tices through off-site palaeoecological records,
using palynology, macrofossil and aDNA ap-
proaches, and drawing conclusions on climate)
(Gobet et al. 2003; Rey et al. 2017; van Vugt
et al. 2022).

The peculiarity of wetland sites is that under
the best conditions the settlement data can be
correlated with ecological off-site data in a
very high temporal resolution, allowing the
most accurate possible integrative reconstruction
of past human–environment relationships
(Moore et al. 1991; Rey et al. 2017). This
advantage is due to the site-specific possibilities
of using tree-ring and varve chronology com-
bined with radiocarbon dating (wiggle-
matching), an elaborate approach that is rou-
tinely and successfully applied in archaeology
(Bronk Ramsey et al. 2001; Galimberti et al.
2004). As a matter of fact, off-site waterlogged
deposits with palaeoenvironmental data can also
be found in the environs of terrestrial settle-
ments, allowing for the reconstruction of the
palaeoenvironment there. However, two limita-
tions need to be considered: first, due to
preservation conditions, terrestrial settlements
barely ever provide absolute occupation
chronologies that are comparably detailed to
wetland settlements. Hence, the chronological
correlation of settlement and environmental data
is not possible with comparable precision. Sec-
ond, in terrestrial settlements the preservation of
botanical remains is limited and heavily relies on
charring. This impairs the knowledge about the
spectrum of exploited and used plant and animal
resources, which would be necessary for the
reconstruction of a comprehensive picture of
human–environment relations. Thus, the
methodological and epistemological value of
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wetland sites clearly lies in the increased
complexity and diversity of information pro-
vided by the favourable preservation conditions
on the one hand, and the potential of highly
resolved dating of both on- and off-site data,
and consequently their temporally accurate
confrontation, on the other. Thus, their infor-
mation value regarding questions on human–
environment interactions, subsistence economy
and land use enhances that from concurrent
archaeological sites on mineral soils (which in
turn occur in larger numbers). Consequently,
wetland settlements refer to more than an
architectural phenomenon and specific ways of
life. In fact, they offer a unique archival quality,
which can even be tentatively used for the
complementary understanding of terrestrial set-
tlements, in particular regarding absolute
chronologies and economic aspects, as well as
the spectrum of (organic) material culture,
including wood building techniques.

Despite the specific preservation conditions
offered by the waterlogged sediments, these
also lead to a taphonomic bias and thus, to a
certain degree, to a distorted perception of the
bigger picture. From a methodological point of
view, it is therefore not surprising that wetland
settlements tend to be attributed key roles in
larger-scale scenarios of past processes and
developments. For instance, in the case of La
Marmotta at Lake Bracciano (Rome, Lazio, Italy)
(see Chap. 4 in this book), the site’s preservation
conditions significantly impact the interpretation
of the settlement’s position within the supra-
regional context and the reconstruction of diffu-
sion dynamics. Whereas crop remains have been
recorded in a whole series of Early Neolithic sites
along the European Mediterranean coast, the
wetland settlements of La Marmotta, La Draga
(Lake Banyoles, Girona, Spain) (Chap. 11), and
Isolino Virginia (Lake Varese, Lombardy, Italy)
(Chap. 16), in particular allow for a deeper
insight into the Early Neolithic spectrum of cul-
tivated plants and hence are considered reference
nodes within a conceptual network of spreading
dynamics in the Western Mediterranean. Thus,
for all the positivism regarding the preservation
conditions waterlogged wetland settlements

offer, possible taphonomic biases need to be
considered when discussing contexts beyond
individual sites.

1.2 Southern Europe: No Blank
Zone on the Map of Prehistoric
Wetland Sites

Currently, the highest and best-researched con-
centration of prehistoric wetland settlements is
found around the Alps, especially north and
south of the Alpine range. Their waterlogged
remains on lake shores, rivers or in bogs are
dated between c. 5000 and 500 cal BC, i.e. are
mainly from the Neolithic and Bronze Age, and
in significantly fewer cases from the Iron Age
(Menotti 2004). Established in 2011, the serial
UNESCO Cultural Heritage site ‘Prehistoric Pile
Dwellings around the Alps’ includes 111 of the
over 900 known sites in six countries around the
Alps (Switzerland, Austria, France, Germany,
Italy, and Slovenia) (Dunning and Hafner 2005;
Hafner 2022).

The present book deals with prehistoric wet-
land settlements south of this cluster. Focusing
on Southern Europe, i.e. Mediterranean Europe,
the discussed sites spread from eastern Spain
across southern France, Italy, Slovenia, then
down the Balkan Peninsula and as far as the
Black Sea coast (Fig. 1.1). They are roughly
dated between 5500 and 1000 cal BC, i.e. the
Neolithic and the Bronze Age. The additional
case study from China is to be understood as an
illustrative excursus, which should exemplarily
open a window to further regions of the world
featuring prehistoric wetland settlements.

The state of research on Southern European
wetland sites is quite diverse, though regional
research discrepancies over such a large geo-
graphical, multinational area are not surprising.
Being in close exchange with the circum-alpine
research community, the Italian, Spanish and
Slovenian sites have always had access to tight
networks of specialised expertise. At the same
time, wetland settlements in many other parts of
Southern Europe have been standing in the
shadows of other site categories, research
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questions and action priorities for some time. On
the one hand, expert knowledge, and material
resources necessary for conducting research
in waterlogged archaeological contexts has
been less available in the regions concerned.
There, the practice of recognising, excavating,
and protecting archaeological wetland sites
was lesser established on the other hand—the
two factors obviously being interdependent.

This is especially the case for the Balkans,
where for a long time wetland settlements have
only been excavated very selectively and in many
cases with less specialised approaches (for an
overview see Naumov 2020). While prehistoric
wetland sites are known from the entire Balkan
peninsula, a few have made international headli-
nes in the recent past, of which two are especially
highlighted as follows. The pile-dwellings on the
North Macedonian shore of Lake Ohrid have
gained a certain international prominence through
the previous work of the North Macedonian

archaeologist P. Kuzman (Kuzman 2013, 2016,
2017), not least significantly due to the open-air
museum at the ‘Bay of Bones’ near Gradište—
designed by him—, which is built on the premises
of the archaeological site of Ploča Mičov Grad
itself and counts as a top regional destination for
both national and international tourists since 2008
(cf. Chap. 6 in this book). Another exceptional
case concerns the large-scale excavations in the
Amindeon Basin in the Florina region (North-
western Greece), where since 2000 multiple
wetland settlements have been excavated at
unprecedented expense (Chrysostomou et al.
2015; Giagkoulis 2020) (cf. Chap. 8 in this book).
These showcase excavations were possible due to
the polluter-pays principle: since the lignite
extraction work posed a significant threat to vast
archaeological remains, the Greek state mining
company had to bear the costs of their profes-
sional excavation (not of the post-excavation
work though, leading to the majority of the

Fig. 1.1 Prehistoric wetland sites of Southern Europe.
Blue dots and squares: sites and study areas discussed in
the book; the numbers correspond to the Chapter
numbers: (2) La Motte, Agde, Occitania (France); (3)
Northern Italy (4) La Marmotta, Rome, Lazio (Italy); (5)
Zambratija, Umag, Istria (Croatia); (6) Ploča Mičov Grad,
Lake Ohrid (North Macedonia); (7) Sovjan, Korçë Basin
(Albania); (8) Dispilio and Amindeon Basin, West
Macedonia (Greece); (9) Black Sea Coast (Bulgaria);

(10) Zhejiang Province (China); (11) La Draga, Lake
Banyoles, Girona (Spain) (12) Northern Italy; (13)
Ljubljansko Barje, Ljubljana (Slovenia); (14) Southwest-
ern Balkans; (15) Southern Balkans and Greece; (16)
Isolino Virginia, Lake Varese, Lombardy (Italy); (17)
Ploča Mičov Grad, Lake Ohrid (North Macedonia). Black
dots: sites registered as UNESCO Cultural Heritage
‘Prehistoric Pile Dwellings around the Alps’ (https://
www.palafittes.org/homepage.html) (A. Ballmer)
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findings being unevaluated and unpublished to
date). Further wetland settlements have been
extensively researched and represent key sites in
Balkan prehistory: several of them are discussed
in this book (especially Chaps. 7, 8, 9 and 14). In
the framework of the currently ongoing ERC
Synergy-project Exploring the dynamics and
causes of prehistoric land use change in the
cradle of European farming (EXPLO),1 highly
specialised interdisciplinary on- and off-site
research is being carried out around Lake Ohrid
(on both the North Macedonian and the Albanian
side), and on several shores in Greece, such as
those of Lake Kastoria and Great Lake Prespa, as
well as in smaller Greek lakes such as for instance
Volvi or Zazari (Gassner et al. 2020; Hafner et al.
2021; Reich et al. 2021; Bolliger et al. 2023;
Brechbühl et al. 2023; Chaps. 6, 8, 14, 15 and 17
in this book).

As a matter of fact, the Southern European
facies of prehistoric wetland settlements, albeit
with smaller-scale perspectives, has always been
on the radar of European archaeology:

The Conference Proceedings WES’04. Wet-
land Economies and Societies (Trachsel and
Della Casa 2005) do not only involve all relevant
regions around the Alps, and especially contrast
the northern alpine wetland settlements with the
southern alpine ones, but for instance also
include the Albanian wetland site of Sovjan
(Touchais et al. 2005), arguing that:

(…) dealing with economy and society inevitably
lead to discussions on regions, landscapes, habitats
and their particular features, as being part of the
cultural background of Neolithic and Bronze Age
communities throughout Europe. (Della Casa
2005, 12)

This wide-ranging survey additionally
brought the multi- and interdisciplinary research
practice of wetland archaeology into the lime-
light. Regarding the contributing authors, sites
and methods, the present book, in parts, can
certainly be understood as a logical consequence

of some 20 years of continued research, shifting
the geographical focus, and relying on new dis-
coveries and methodological advances.

When the nearly thousand-page Oxford
Handbook of Wetland Archaeology (Menotti and
O’Sullivan 2013a) discusses wetland settlements
in Europe, the Americas, Africa, the Middle East,
Asia and Oceania, the prehistoric examples of
Southern Europe are interestingly only men-
tioned in passing but are not discussed further:

Prior to the development of the lake-dwelling tra-
dition in the Alpine region, lakeside settlements
were mainly located in the Mediterranean area.
Some of the best examples are those of Sovjan (c.
7000 cal BC), former Lake Maliq in Albania,
Dispilio (c. 5300–3500 cal BC) on Lake Kastoria,
Greece, La Marmotta (c. 5500–5200 cal BC) on
Lake Bracciano, Italy, La Draga (c. 5400–5000 cal
BC) on Lake Banyoles, Spain, and Isolino Virginia
(Lake Varese)’

and

Bronze Age wetland settlements are not found
anywhere else in the Mediterranean except on
Lake Ohrid on the border between Albania and
Macedonia, where (especially on the Macedonian
shores of the lake) pile dwelling communities
became established and thrived throughout this
period. A Bronze Age anthropogenic layer, dating
to the end of the third millennium cal BC, is also
found at Sovjan (former Lake Maliq, Albania, not
far from Lake Ohrid), a site already occupied in the
Early Neolithic. (Menotti and O’Sullivan 2013b,
16–17; see also Pétrequin 2013, 258 in the same
Handbook, referring to the sites of La Marmotta,
La Draga, Isolino Viriginia and Dispilo).

In the 23rd/24th issue of Plattform (2014/15),
the annual publication of the Southern German
Association of Pile-Dwelling and Local History
(Verein für Pfahlbau- und Heimatkunde) an entire
part is dedicated to ‘Pile-dwellings in Europe’. In
the foreword the editor G. Schöbel states:

With contributions on early pile-dwellings in the
Balkans, i.e. from Southeastern Europe, a new
research approach becomes apparent that has only
received little attention so far,

and

In contrast, the pile-dwelling settlements of Greece,
Macedonia, and Albania – although known and
much older – have received little attention.
(Translated from German) (Schöbel 2014/15, 1).

1 ERC Synergy-project Exploring the dynamics and
causes of prehistoric land use change in the cradle of
European farming (EXPLO) (2019–25), hosted by the
Universities of Bern, Oxford, and Thessaloniki (cf.
Preface of this Book).
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Hence, in addition to an article on Isolino
Virginia at Lake Varese (Italy) (Banchieri 2014/
15), the issue of Plattform also includes prehis-
toric wetland sites from northern Greece
(Chrysostomou and Jagoulis 2014/15), North
Macedonia (Naumov 2014/15), and Albania
(Oberweiler et al. 2014/15).

In the recently published edited book Settling
waterscapes in Europe. The archaeology of
Neolithic and Bronze Age pile-dwellings (Hafner
et al. 2020), the geographical focus is on the
northern Alpine region (France, Switzerland,
Germany and Austria) as well as the Baltic States
and Russia, but it also includes two contributions
dealing with wetland sites on the Balkan Penin-
sula (Giagkoulis 2020; Naumov 2020).

In this respect, with regard to prehistoric
wetland settlements, Southern Europe is by no
means to be understood as a blank zone, but
rather as less intensively and systematically
researched, less internationally published, and
above all not overarchingly approached. This
book intends to satisfy this desideratum.

1.3 Prehistoric Wetland Sites
of Southern Europe:
Archaeology,
Dendrochronology,
Palaeoecology
and Bioarchaeology

The aim of this book is not to offer a complete
compilation of Southern European wetland sites,
but rather to present a cross-section of research
statuses of different sites, currently ongoing
research as well as novel, hitherto unpublished
findings from relevant disciplines that have not
been accessible to the international research
community. By bringing together a selection of
Mediterranean European wetland sites (cf.
Fig. 1.1), a contextual perspective is opened for
the first time. When multidisciplinary approaches
have become a matter of course in archaeological
sciences, this book is a testimony of transdisci-
plinary research: the presented studies showcase
how disciplines and areas of expertise from the
humanities and the natural sciences meet on an

equal footing and gain advanced knowledge
through dialogue. In the process, the high degree
of specialisation, and the conceptual, method-
ological, and practical overcoming of disci-
plinary boundaries becomes equally visible.

The book is divided into three parts, the first
being dedicated to archaeology in the integral
sense, i.e. the excavation of sites, their interdis-
ciplinary exploration, as well as their interpreta-
tion, the second to dendroarchaeology and its
contribution to the understanding of occupation
sequences and regional chronologies, and the
third to off-site palaeoecological research on past
environments and people’s impact on it, as well
as bioarchaeological on-site approaches to sub-
sistence strategies and land use practices, based
on plant remains.

1.3.1 Archaeology

Part I of this book assembles eight contributions
on selected archaeological sites and features,
focusing on cases whose results have been
underrepresented in the published literature to
date. Based on new or previously only partly
accessible research results, the chapters provide
an impression of the broad variety of Neolithic
and Bronze Age settlements in Southern Europe,
characterised by diverse features, site chronolo-
gies and environmental settings. The pivotal
impact of transdisciplinary research to the
understanding of these sites—from specialised
excavation and object recovery techniques, to
documentation methods like underwater pho-
togrammetry (Structure from Motion), dating
methods (dendrochronology and radiocarbon
dating), to palaeoecological off-site research on
environmental conditions, to bioarchaeological
analyses of on-site plant and faunal macro-
remains—is also made clear and will be further
developed subsequently in parts II and III of the
book.

Thibault Lachenal (Chap. 2) presents the
Late Bronze Age site of La Motte 1 near Agde on
the French Mediterranean coast. Now flooded by
the river Hérault, the settlement was originally
situated on the edge of a coastal lagoon. Due to
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its exposure to a highly variable natural envi-
ronment the settlement was provided with elab-
orate bank fortification structures, which were
intended to protect the village from water ero-
sion. The example testifies to the perception and
handling of both environmental opportunities
and hazards by the settlement’s inhabitants.

Marco Baioni, Claudia Mangani and
Roberto Micheli (Chap. 3) provide a synthetic
overview of the northern Italian wetland settle-
ments, a large part of which are UNESCO Cul-
tural Heritage sites. Spreading from western
Piedmont to Veneto, i.e. from Trentino to the
lower Lombardy and Veneto plains, particular
clusters are located around Lakes Varese and
Garda. Whereas they are settled from the Early
Neolithic to the Late Bronze Age, a particularly
high number between the Early and Middle
Bronze Age (c. 2000–1400 cal BC). The authors
provide the latest state of research, including new
results—such as from the new investigations on
the settlements of Palù di Livenza and Lucone di
Polpenazze.

Occupied from as early as 5600 cal BC, the
pile-dwelling of La Marmotta at Lake Bracciano
(Rome, Lazio, Italy) belongs to the earliest-dated
wetland settlements in this book’s geographical
scope. Ariane Ballmer, Mario Mineo and
Valeska Becker (Chap. 4) review the current
state of research and highlight selected aspects,
such as the site chronology, as well as out-
standing topics related to the settlers’ way of life,
in particular concerning agriculture but also
navigation. With its early occupation dates and
the fascinating spectrum of finds, the site seems
to refer to a ‘pioneer settlement’ of a group of
early farmers, and might have given substantial
impetus to the Neolithisation of the western
Mediterranean region.

Katarina Jerbić (Chap. 5) explores the
wetland settlement of Zambratija Bay near Umag
on the Adriatic coast of northern Croatia. The
submerged site contains the remains of a pile-
dwelling settlement from around 4000 cal BC.
The author especially points out the potential of
the site for future research, which she mainly
sees in dendrochronology as well as palaeoen-
vironmental analyses.

Johannes Reich, Marco Hostettler, Ariane
Ballmer and Albert Hafner (Chap. 6) present
the latest results from the Neolithic and Bronze
Age (middle of 5th millennium cal BC, and
18th–14th centuries cal BC) pile-dwelling set-
tlement at Ploča Mičovgrad Grad near Gradište
on the North Macedonian shore of Lake Ohrid.
The latest research on this site represents a
milestone in Balkan wetland settlement archaeo-
logy, especially in terms of excavation tech-
niques, absolute dating, and interdisciplinary
research approaches (see Chaps. 14, 15 and 17 in
this book).

The essay by Gilles Touchais, Cécile Ober-
weiler and Petrika Lera (Chap. 7) introduces
the findings of the French-Albanian excavations
undertaken between 1993 and 2006 at Sovjan
(Korçë Basin, Albania) and complements them
with the very latest results, with a focus on the
Bronze Age occupation. With the help of the
waterlogged stratigraphy as well as the corre-
sponding features and find material from the
occupation layers, the authors are able to set
decisive reference points for the Bronze Age in
the Southwestern Balkans.

Kostas Kotsakis and Tryfon Giagkoulis
(Chap. 8) summarise the results from the rescue
excavations project in the Four Lakes Region in
the Amindeon Basin in north-western Greece,
and furthermore present the latest findings from
the ongoing investigations at the Neolithic pile-
dwelling settlement at Dispilio on the southern
shore of Lake Kastoria. Besides the chronology of
the wetland occupations, yielding dates as early
as c. 5600 cal BC (Dispilio), they also pursue
clues on the house construction and the internal
structure of the different settlements, and fur-
thermore discuss the sites’ natural environment.

Ariane Ballmer, Kalin Dimitrov, Nayden
Prahov and Pavel Georgiev (Chap. 9) provide
an overview of the Bulgarian version of prehis-
toric wetland settlements from palaeolake shores,
marshes, riverbanks, and lagoons, which
according to current knowledge concentrate
along the Black Sea coast. Evidence of Eneo-
lithic and Early Bronze Age pile-dwelling set-
tlements is available from the Varna Lakes area,
as well as from the sites of Sozopol harbour,
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Ropotamo and Urdoviza. The authors relate the
deliberate settling of the wetlands to strategic
roles within the natural and economic landscape,
especially to the exploitation of aquatic resour-
ces, but possibly also in connection with the
copper ore distribution network.

Finally, a geographical excursus to eastern
China serves as an exemplary illustration of the
globality of the phenomenon of prehistoric wet-
land settlements: Haowei Wo and Guoping Sun
(Chap. 10) offer insights into the wetland set-
tlements of the Zhejiang Province, the best-
preserved archaeological features from prehis-
toric China. Here, wetland settlements first
appear in the 8th and 7th millennia cal BC with
the Early Neolithic Shangshan culture, followed
by wetland settlements of the Kuahuqiao and
Hemudu cultures. Rice cultivation and the
exploitation of maritime resources are estab-
lished. The Liangzhu city, dated to the 4th and
3rd millennia cal BC (Late Neolithic), shows
characteristics of an ‘early state’, featuring
complex social organisation, monumental archi-
tecture, and elaborate infrastructural buildings.

1.3.2 Dendrochronology

The chapters in Part II are dedicated to the den-
drochronology of prehistoric Southern Europe,
partly related to individual sites and their dating,
but also concerning the methodological con-
struction of regional standard curves. The fun-
damental research for absolute chronologies of
the relevant regions relies on the advantages of
waterlogged remains, especially construction
timbers. While dendroarchaeology is firmly
established in Spain, Italy and Slovenia, and
circumalpine chronologies can even be correlated
with one another (Billamboz and Martinelli
2015), the tree-ring chronologies of the
Mediterranean zone still show major gaps and
therefore rely on basic research, i.e. the con-
struction of regional standard chronologies
through systematic sampling and dating of
archaeological wood from prehistoric settlement
contexts (previous relevant works are by Kuni-
holm and Striker 1987; Manning et al. 2006;

Čufar et al. 2008, 2010; Westphal et al. 2010;
Pearson et al. 2014; Ważny et al. 2014; Roibu
et al. 2021). Especially in recent years, important
gaps have been filled thanks to targeted, sys-
tematic sampling and elaborate analyses (Hafner
et al. 2021; Maczkowski et al. 2021; Andreaki
et al. 2022; Bolliger et al. 2023).

Oriol López-Bultó, Vasiliki Andreaki,
Patrick Gassmann, Joan Anton Barceló, Fer-
ran Antolín, Antoni Palomo, Xavier Terradas
and Raquel Piqué (Chap. 11) discuss the latest
results on the absolute dating of the Early Neo-
lithic lakeshore settlement of La Draga (Lake
Banyoles, Girona, Spain). Based on tree-ring
analyses of the construction timbers,
radiocarbon-dating, and wiggle-matching, three
building phases are proposed, corresponding to
settlement stages between c. 5300 and 4800 cal
BC. Furthermore, a minimum lifetime of the
wooden constructions of 27 years is established.

The general dendrochronology of the northern
Italian lakeshore settlements is presented by
Nicoletta Martinelli (Chap. 12). The tree-ring
chronologies are dated by radiocarbon and
wiggle-matching and (with interruptions) cover
Bronze Age occupation phases from the begin-
ning of the Early Bronze Age around 2200 cal
BC to the 14th century cal BC (Middle Bronze
Age, beginning of Late Bronze Age). Interest-
ingly, the single sequences covering the time
span between the 16th century and the end of the
14th century cal BC coincide with a period from
which no wetland settlements are evidenced in
the northern Alpine foreland.

Anton Velušček and Katarina Čufar
(Chap. 13) look back on 25 years of den-
drochronological research at the Ljubljana marsh
(Slovenia). Between 1995 and 2017, nearly 8800
samples of waterlogged wood from 16 archaeo-
logical sites, mainly from vertical piles the
dwellings were built on, were collected, and
examined. Oak and ash tree-ring chronologies
were established for most of the sites. Absolute
dating was carried out by means of radiocarbon
measurements and wiggle-matching, and for the
4th millennium cal BC settlements with the help
of teleconnection with the German-Swiss refer-
ence chronology. Eventually, the authors point to
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the Slovenian oak chronologies’ potential to be
teleconnected with those from other regions.

For the Southwestern Balkans, a region which
until recently has shown significant deficits in the
absolute dating of prehistoric time periods,
Andrej Maczkowski, Matthias Bolliger and
John Francuz (Chap. 14) present tree-ring
chronologies for the archaeological sites of
Sovjan (Korçë Basin, Albania), Ploča Mičov
Grad (Lake Ohrid, North Macedonia) and Dis-
pilio (West Macedonia, Greece). These are the
first prehistoric, centennial and multi-centennial
tree-ring chronologies for the region—anchored
in a high temporal resolution by means of
radiocarbon dating and wiggle-matching—cov-
ering various periods of the Neolithic, Chalcol-
ithic and the Bronze Age.

1.3.3 Palaeoecology
and Bioarchaeology

Finally, three essays from the fields of palaeo-
ecology and bioarchaeology address the ecologi-
cal and subsistence economic dimensions of pre-
historic wetland settlements. Palaeoecological and
bioarchaeological research has a long and strong
tradition in Southern Europe (Palaeoecology: e.g.
Mercuri et al. 2010; Mercuri 2014; Ucchesu et al.
2015a, b, 2017a, b; Ramos-Román et al. 2016;
Pérez-Jordà et al. 2017; Sarigu et al. 2017, 2022;
Mora-González et al. 2018; López-Sáez et al.
2020; Florenzano et al. 2022; bioarchaeology, or
archaeobotany respectively: e.g. Colledge and
Conolly 2007; Marinova 2007; Rottoli and Pes-
sina 2007; Marinova and Popova 2008; Valamoti
et al. 2008, 2020; Bogaard et al. 2016; Antolín
2016; Kreuz and Marinova 2017; Kotzamani and
Livarda 2018; Bouby et al. 2020; deVareilles et al.
2020; Piqué et al. 2021; Vaiglova et al. 2021—just
to mention a few publications from the past 20
years).While bioarchaeology has the advantage of
reaching very high taxonomical resolutions for
plants and animals used by humans and brought to
the settlements, palaeoecology has the advantage
of providing uninterrupted ecological time-series
including long-term information on abundances of
crops and weeds. Such time-series are particularly

useful to reconstruct land use activity trends and
developments (e.g. crop production, or harvest
success and failure) over centuries and millennia,
independently from archaeological excavations,
and thus in fact complement the bioarchaeological
and archaeological evidence. Recent develop-
ments in the field of palaeoecology include prob-
abilistic approaches to assess past land use
intensities as well as a more detailed categorisa-
tion of organisms that are either native or intro-
duced to a region. This problem is particularly
pronounced for Southern Europe since many
crops and weeds or their relatives (e.g. wild cereal
species) have their origins in the Mediterranean
region, including the Fertile Crescent. Thus, until
recently, the detailed disentanglement of human
and natural impacts on vegetation posed quite a
challenge (Deza-Araujo et al. 2020, 2022a, b),
making thorough off-site land use reconstructions
difficult. Recent progress also includes the devel-
opment of highly precise off-site chronologies that
allow a better comparison between off-site and
quite accurately dated on-site records, specifically
the application of wiggle-matching techniques to
off-site records (Rey et al. 2019a, b). These
advances hold out the prospect of corresponding
applications and results in Southern European
case studies.

Based on vegetation shifts, César Morales-
Molino, Lieveke van Vugt, Ariane Ballmer,
Sarah Brechbühl, Kathrin Ganz, Sylvia
Gassner, Erika Gobet, Albert Hafner, André
F. Lotter, Carolina Senn, Antoine Thévenaz
and Willy Tinner (Chap. 15) discuss the impact
the first farmers in the Southern Balkans had on
their natural environment. They refer to recent
methodological developments in palaeoecology
that contribute to tightening its linkages with
archaeology and bioarchaeology. Two case
studies are in the centre: Limni Zazari
(Macedonia, Northern Greece) and Ploča Mičov
Grad (Lake Ohrid, North Macedonia). As an
example, the correlation of highly precise and
accurate lake-sediment chronologies with
dendrochronologically-dated archaeological set-
tlements is carried out. Furthermore, using cor-
responding data from pollen assemblages from
lake surface samples, the authors show that
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modern pollen–vegetation relationships can be
reliably used to interpret fossil pollen records.
Continuous pollen records of cereals and ruderal
plants from Limni Zazari (Greece) allow the
dating of early farming activities to around
6250 cal BC. At Ploča Mičov Grad (North
Macedonia), pollen evidence of cereals and
weeds hint at an onset of agriculture at 5500–
5100 cal BC, i.e. significantly earlier than the
tree-ring inferred beginning of the settlement
occupation.

Bigna L. Steiner, Ferran Antolín, Raül
Soteras, Mauro Rottoli and Daria G. Banchieri
(Chap. 16) present the results of archaeobotanical
analysis and radiocarbon dating performed on
drilling cores extracted from the site of Isolino
Virginia at Lake Varese (Lombardy, Northern
Italy). At least two phases of occupation are
identified, one between 5000 and 4700 cal BC,
and another one between 4250 and 3650 cal BC,
yielding an impressive number of plant macro-
remains. The main crops during the 5th millen-
nium cal BC appear to be naked wheat, naked
barley, flax, and poppy, and possibly also pea. For
the time being, this crop assemblage is rather
comparable with some from the Western
Mediterranean area than with the ones from the
Eastern Italian sites, where glume wheats seem to
have been the most important crops.

The book concludes with a Chapter by Amy
Holguin, Ferran Antolín, Mike Charles, Ana
Jesus, Héctor Martínez Grau, Raül Soteras,
Bigna L. Steiner, Elizabeth Stroud and Amy
Bogaard (Chap. 17), dedicated to the abundant,
well-preserved botanical macroremains from the
Late Neolithic occupation layers of the pile-
dwelling settlement at Ploča Mičov Grad at Lake
Ohrid (North Macedonia). Within an occupation
duration of a few decades, the inhabitants of the
Late Neolithic pile-dwelling settlement appar-
ently made use of a range of cultivated cereals
(particularly einkorn, emmer and barley), pulses
(including lentil, pea and bitter vetch) and oil-
seed crops (flax and opium poppy), as well as
wild fruit and nuts (such as almond, pistachio,
blackberries and wild strawberry), thought to
have been grown, or collected respectively in the
vicinity of the village. Based on weed remains,

the authors assume high-input agrarian practices,
featuring small-scale and labour-intensive culti-
vation. Thus, they add an essential dimension to
our picture of the everyday life at Ploča Mičov
Grad and initiate discussions about the strategic
use and alteration of the wetland settlement’s
environment.

1.4 The Prehistoric Wetland Sites
of Southern Europe at Stake

Evidently, waterlogged anthropogenic and natu-
ral deposits bear an enormous methodological
and research potential and epistemological value
for archaeology. Yet, in addition to investigating
the sites, their protection and preservation is
equally crucial. This is because cultural and
natural heritage in waterlogged sediments, and
thus the possibility of recording and document-
ing the corresponding findings, is in a race
against time: the in situ-preservation of archaeo-
logical wetland sites worldwide is threatened by
resource extraction, land reclamation through
drainage and filling, construction works and
landscaping, water management, and finally by
the consequences of climate change.

When in the past, a series of archaeological
wetland sites in the Amindeon Basin in Northern
Greece had been severely threatened by mining
activities (cf. supra), they were detected in time
and could be safeguarded by means of extensive
rescue excavations. However, others risk being
unrecognised or remain unprotected, and thus are
in danger of possibly being destroyed, or insuf-
ficiently documented due to a lack of resources,
time pressure and economic priorities. Aware
that there are many more, we would like to
address two specific situations within the
EXPLO-study area to illustrate some common
threats to which archaeological wetland sites are
exposed: an example of damage of waterlogged
archaeological remains through man-made drai-
nage measures and land reclamation was recently
recorded on the Albanian shore of Lake Ohrid, in
the vicinity of the village of Udënisht (cf. Andoni
et al. 2017). The archaeological layers of the
Neolithic pile-dwelling settlement of ‘Lin 3’
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have been preserved both underwater as well as
on the adjacent terrestrial shore. Farming activi-
ties in the land area involves the improvised
extension of the agricultural fields towards the
lake into the reed belt by means of slash-and-
burn and subsequent earth fill, as well as the
maintenance of a system of irrigation canals
between the lake and the cultivated plots.
Whereas ploughing seems unlikely to reach the
archaeological layers, the water canals are clearly
more invasive, as is evident from the frequent
recovery of waterlogged, archaeological timbers
in these trenches. A striking example of recent
water level change, potentially exposing flooded
archaeological remains of lake shore settlements
to the air, is observed at Great Lake Prespa,
located on the tripoint of Albania, Greece, and
North Macedonia. Its water level has dropped by
c. 8 m since 1987, likely due to climatically
induced reduction in precipitation, as well as
excessive water extraction for agricultural pur-
poses (van der Schriek and Giannakopoulos
2017). As a result, today, the formerly sub-
merged remains of at least a part of the Neolithic
shore settlement of Kallamas on the Albanian
lake shore are largely on dry land (Westphal et al.
2010; Oberweiler et al. 2014). Obviously further,
so far unidentified, sites around Lake Prespa may
be affected, too.

The archaeological waterlogged sites’
exposure to erosion, oxidation, and biological
decay in response to rising water tempera-
tures, lake and sea-level changes, or wetland
drying, inevitably lead to an irreversible loss
of unique archives to human and environ-
mental (pre-) history. Specifically, climate
change-induced risks to archaeological wetland
sites have been addressed and discussed by
experts for years (e.g. Menotti and O’Sullivan
2013b; Van de Noort 2013a, b). This threat
cannot be emphasised enough and, moreover, is
becoming increasingly urgent. At the same time,
the focus of previous studies by international
initiatives on climate change and cultural her-
itage was mostly on the effects of climate change
on historic buildings and urban settlement land-
scapes, as well as on technical preventive mea-
sures to future climate change induced issues

(Sabbioni et al. 2010; Bertolin and Camuffo
2014; Dunkley 2015; Dastgerdi et al. 2019;
Sesana et al. 2021; Hafner 2022; Hafner and
Underwood 2022). To bring the precarious situ-
ation described above into focus, the impact of
climate change on the particularly vulnerable
waterlogged archaeological relics in lakes, bogs,
marshes, rivers, and oceans needs to be further
identified, recorded, assessed, and monitored in
detail. While a significant number of circum-
alpine wetland sites benefit from intense moni-
toring and protection measures due to their
UNESCO-status, in the future, special attention
must be paid to regions exhibiting archaeological
wetland sites where they are still under-explored,
barely valorised, and less specifically protected.
In the Balkans, for instance, the protection efforts
at Lake Ohrid are particularly noteworthy in this
regard: because of numerous endemic species
and an important series of cultural heritage
(mostly from historical times), the North Mace-
donian part of Lake Ohrid was classified as a
mixed natural and cultural UNESCO World
Heritage property in 1980 (Natural and Cultural
Heritage of the Ohrid region) (https://whc.
unesco.org/en/list/99/). In 2019, the World Her-
itage property was extended to the Albanian part
of the lake. This promises to entail an inventory
of the sites, which should lead to specific pro-
tection efforts in the future.

When the findings from wetland sites that are
continuously obtained and presented by
researchers further emphasise their cultural
value, two strategies for preservation in particular
have been established: on the one hand, imme-
diate protection through the conservation of the
archaeological and environmental contexts in situ
(e.g. Ramseyer 2013; Olivier 2013; Hafner and
Underwood 2022), and on the other hand the
safeguarding approach by means of recovery and
documentation of the features and finds to the
highest possible standards and conditions.

In this sense, this book shall set an example:
the presented research not only captures the
phenomenon of prehistoric wetland settlements
in Southern Europe but also demonstrates the
extent to which state-of-the-art wetland archaeo-
logy, including cutting-edge interdisciplinary
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approaches can provide novel insights of the
highest precision, thereby doing justice to the
ephemeral cultural asset and its overarching
significance.
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2From Lagoon to River: Bank
Management at the Submerged
Late Bronze Age Settlement
of La Motte (Agde, France)

Thibault Lachenal

Abstract

The La Motte 1 site (Agde), submerged in the
bed of the Hérault River, corresponds to a
settlement from the end of the Bronze Age
initially established on the edge of a lagoon
that is now clogged. The site is characterised
by more than 500 wooden piles divided into
two main groups located on shoals. The use of
varied species attests to the exploitation of
distinct environments such as Mediterranean
mixed oak forests and riparian forests. More-
over, the spatial analysis illustrates the pres-
ence of several coherent alignments that use a
specific species. The excavation trenches dug
support the interpretation thereof as systems
for bank maintenance and protection via
different techniques: wattle made from the
strawberry tree on oak piles, and possible live
stakes made of willow. The study of the goods
and radiocarbon dating show the successive
installation of these systems between the 10th
and the beginning of the 8th centuries BC.
The goal of the various technical solutions
was to protect the areas around the settlement
from erosion. Their use must therefore be
examined in the light of the changes in their

immediate surroundings, which saw a rise in
the sea level coupled with a progressive filling
of the delta of the Hérault. This case study
thus illustrates the capacity to adapt and the
vulnerability of the populations of the Bronze
Age in the face of changes in a particularly
sensitive environment.

Keywords

Southern France � Late Bronze Age �
Lagoon � Piles �Wattle � Bank reinforcement

2.1 Introduction

Currently submerged in the bed of the Hérault
River, the La Motte 1 site was discovered in
2001 during a subaquatic survey. In 2004, a dig
revealed a deposit of objects, mostly made of
bronze, corresponding to a rich ornament with
feminine connotations dating to the eighth cen-
tury BC (Moyat et al. 2005, 2007; Verger et al.
2007). Although this exceptional discovery was
the focus of the work during this dig, the pres-
ence of a settlement from the end of the Bronze
Age, embodied by wooden piles and numerous
remains of a domestic nature, was also brought to
light. The context in which this settlement was
located remained unclear: low bank of a river,
island, or shoal in the riverbed, or even a village
built on a lagoon (Moyat et al. 2007, 80)?
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Likewise, its extent and duration of occupation
were not able to be determined. New subaquatic
excavation campaigns were thus undertaken in
2011, accompanied by a research program on the
palaeoenvironment and the geomorphology of
the territory around Agde from the beginning of
the Holocene1 (Gascó et al. 2014; Gascó et al.
2015; Deviller et al. 2019; Lachenal et al. 2020).
These multidisciplinary studies revealed a per-
manent settlement set up on the edge of an
ancient lagoon, with an economy mainly based
on agriculture and livestock (Bouby et al. 2016;
Lespes et al. 2019). Both the lagoon and the al-
luvial plain were exploited, although land
resources seem to be prevalent. Several signs
point to the elevated social status of the group (or
of certain individuals) who occupied the site.
Herd management, which indicates the search for
quality meat, supposes a privileged social envi-
ronment (Lespes et al. 2019). The presence of
several deposits of metal objects, including a rich
ceremonial garment, indicates the same (Verger
et al. 2007; Lachenal 2022a). Metallurgy seems
to have been a dynamic craft activity at the site,
as attested by the presence of several moulds,
which raises the question of the role of the set-
tlement in the production and distribution of
objects made from copper alloy, potentially
manufactured using the copper ore from the
Cabrières district located in the hinterland
(Lachenal 2022b). The location of the site near
the coast and the natural landmark formed by the
Cap d’Agde potentially gave it a strategic posi-
tion in the organisation of exchanges. The
founding of this community does not therefore
seem to be the result of chance. However, such
interface areas between the land and sea, reputed
to be unsanitary, present numerous constraints.
Bronze Age lagoon settlements around the Gulf

of Lion were thus considered for a long time to
be sites occupied temporarily, during the dry
season (Py 1990).

Indeed, adaptation to this environment
required the implementation of specific structures
by the settlement’s occupants. Made of wood,
these structures were exceptionally preserved due
to the submersion of the site. Here, we present
the various types of structures identified during
digs, their supposed function, and their
chronology.

2.2 From Lagoon to River: Location
and Palaeogeography
of the Site

The La Motte site is currently located in the bed
of the Hérault River, 5 km from its mouth and a
little more than 500 m north of the modern city
of Agde, in a portion of the river intersected by
the Canal du Midi (Fig. 2.1). The site is located
downstream of a meander formed by the river
where it meets the northern flow of the Mont
Saint-Loup volcanic complex.

The archaeological remains, which appear on
the surface of the river bottom, are located on
shoals preserved from erosion (Fig. 2.2), at a
depth of between 4 and 6 m. It should be noted,
however, that the bottom water level is artifi-
cially raised by 1.83 m by the La Pansière dam,
400 m downstream.

The location of the settlement at La Motte in
potentially very dynamic coastal surroundings
immediately raised the question of the site’s
environment and the evolution thereof. A set of
34 boreholes associated with 61 radiocarbon
datings and biological and geochemical analyses
allowed the geomorphological evolution of the
lower Hérault valley from the beginning of the
Holocene to be described (Devillers et al. 2019).
Until 6500 cal BP, the morphology was domi-
nated by waves and retrogradation. During this
phase, successive ephemeral river mouths
formed and were rapidly submerged by the rising
sea level. A progradation phase started after
6500 cal BP. It progressively filled the estuary
with the advance of the ria, and several shallow

1 This program, which is still underway, ran in 2011 and
from 2013 to 2015 under the supervision of Jean Gascó
(CNRS UMR 5140 ASM), then from 2016 to 2021 under
Thibault Lachenal (CNRS UMR 5140 ASM), in collab-
oration with the association Ibis (Agde). The work was
supported by the LabEx ARCHIMEDE via the Investisse-
ment d’Avenir program, ANR-11-LABX-0032–01, and
the projects DYLITAG (dir. B. Devillers) and SiLÂB (dir.
T. Lachenal).
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lagoons associated with beach ridges have been
distinguished. For the Bronze Age, the high
density of information points to a delta mor-
phology with a pronounced fluvial dominance. It
appears that the site of La Motte was established
on the edge of an ancient lagoon, near the mouth

of the river. During the site’s occupation, the
fluvial sedimentation dynamics, associated with
anthropic waste, led to the filling in of the lagoon
before the sediments transported by the river
clogged the lower part of the Hérault valley
(Devillers et al. 2019). This mosaic of
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Fig. 2.1 Location of the La Motte site in south-eastern France (GIS by T. Lachenal; background BD by ALTI®)
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environments is illustrated by the palaeoento-
mological and carpological analyses, which attest
to the nearby presence of Mediterranean and ri-
parian forests, the river, and the biotopes found
along coastal lagoons, such as sansouïres (salt
marshes) and reedbeds (Bouby et al. 2016, 85–
86). The site was thus located in Bronze Age
lagoon habitats that are well known along the
coast of the Gulf of Lion, in particular around the
Étang de l’Or and Étang de Thau (Dedet and Py
1985; Leroy 2010).

2.3 The Plan and the Structures

The study of the La Motte site uses two com-
plementary approaches: an extensive overhead
survey of all the structures directly visible on the
surface and excavation trenches in several key
sectors to document the stratigraphy of the site
and its evolution. This strategy was adopted in
response to the time and cost constraints specific
to subaquatic operations.
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The La Motte site is characterised by more
than 500 wooden piles divided into two main
groups. The first, to the west and near the right
bank, has a northwest-southeast orientation and
includes more than 200 pieces of architectural
wood. The second, near the left bank to the east,
is more roughly oriented north–south and con-
tains 323 piles (Figs. 2.2 and 2.3). In these two
sectors, located on shoals, the wood was asso-
ciated with remains from domestic activities
(pottery, fauna, grinding goods, etc.), as well as
numerous basalt blocks. The latter very probably
come from the outcrops located farther south,
from the volcanic flow on which the modern city
of Agde is built. Riprap consisting of large
blocks of basalt reaching a width of 50 cm also
borders the remains to the east and to the north.
An excavation trench carried out in sector 1
(Fig. 2.3) revealed, however, that they were
installed after the Bronze Age occupation and
must date to between antiquity and the modern
era.

2.3.1 The Piles

The wood identified corresponds for the most
part to vertical elements, piles and stakes, some
of which may have collapsed. The specimens
analysed reveal the use of varied species, which
indicates a diversified exploitation of distinct
environments: Mediterranean mixed oak forest,
alluvial forest (floodplain) and riparian forest
(streambed). Oak (Quercus sp.) and elm (Ulmus
sp.) are highly dominant, but willow (Salix sp.),
holm oak (Quercus ilex), alder (Alnus sp.), and
ash (Fraxinus cf. angustifolia/ornus) are also
well represented. The diameters of the wood,
which range from 3 to 20 cm, are for the most
part between 6 and 10 cm (Fig. 2.4). These were
therefore mostly young trees. The piles were
made from whole trunks of green wood, which is
evidenced by the deformation of some pile tips
after their staking and were not debarked. They
seem to reflect a simple exploitation of a forest
environment in which wood was plentiful. The
points of these piles were sharpened to a single or
multiple bevel/s (Lachenal et al. 2020).

2.3.2 Spatial Distribution
of the Species of Wood

In the sectors in which the anatomic identifica-
tion of the wood was carried out exhaustively, it
is possible to perform a spatial analysis of the
structuring of the site based on the nature of the
wood used (Lachenal et al. 2020).

In sectors 1 and 2 on the left bank, among the
wood that was subject to an anatomical deter-
mination, elm (Ulmus sp.) and oaks (Quercus
sp. and Quercus cf. coccifera/ilex) represent the
large majority (Fig. 2.5). Several coherent
arrangements can be distinguished, with a line of
fallen oak specimens to the south that seems to
divide into two branches, which are also present
farther north. One of them is superimposed on an
alignment of elm posts.

In sectors 3 and 4, to the west on the right
bank, there is also a large variety of species, with
ten tree species identified (Fig. 2.6). Three of
them, however, are clearly superior in number:
oak (82 pieces), elm (78 piles), and willow (Salix
sp.: 26). The groupings of the wood show several
alignments using a specific species. To the
southwest, a line of piles corresponds for the
most part to specimens made of elm. In parallel,
three alignments of oak piles can also be distin-
guished farther east, towards the middle of the
river. Finally, in the northwest of this sector,
three small sections principally use stakes made
from willow. The coherence of these various
arrangements allows them to be interpreted as
several successive structures. The use of different
wood could thus be explained as the result of the
exploitation of varied environments: deciduous
oak forest, alluvial forest for elm and riparian
forest for willow.

2.3.3 Interpretation of the Alignments
of Piles: Results of the
Excavation Trenches

2.3.3.1 Sector 2
An excavation trench passing through squares
D44, D63, D87, and D118 was dug in the
southern part of the line of oak piles of sector 2 in
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order to interpret these alignments of piles
(Fig. 2.3). The dig revealed the presence of
wattle (US 3) inclined to the east (Fig. 2.7b). The
posts supporting it are oak piles on which the
bark has been partially preserved, with irregular,
non-rectilinear shapes between 2 and 2.5 m long

(Fig. 2.7a). They support a lattice of unpruned
strawberry-tree (Arbutus unedo) branches that
are twisted and woven between the piles
(Fig. 2.8). The presence of oysters in a living
position at the tips of the piles suggests that the
base of this structure was underwater when it was
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in use (Fig. 2.7a). This structure can be inter-
preted as a bank reinforcement system. The
incline observed can thus correspond either to the
collapse of the structure or to its installation on
an inclined slope. A level of basalt blocks, some
of which had been colonised by oysters (US 23),
was present at the base of the wattle (Fig. 2.7b).
This corresponds to a deliberate laying of stones
that may also have been used to reinforce the
bank and act as a submerged foundation for the
wattle, according to a mixed solution currently
used in vegetation engineering2 (Adam et al.
2008, 152).

The stratigraphy associated with this wattle
features the alternation, under more recently
formed units (US 17, 14), of layers of sandy and
clay loam grey in colour, rich in ceramic goods,
fauna, and shells (US 11–15, 10, 18, 1, 2, 7, 22),
with browner layers very rich in organic matter
but poorer in terms of goods (US 4, 6, 8, 13, 12,
19). All these levels are, just like the wattle,
inclined towards the east. They thus tend to
confirm the presence of a bank in this sector,
located in contact with the protohistoric settle-
ment and the palaeolagoon. The various types of
levels identified can be interpreted as fill of

different origins: waste from the kitchen and
other domestic activities for the levels rich in
goods, and waste from construction phases or
deposits of plants transported by the current for
those rich in organic matter. Either the wattle
arrangement was used to protect the banks from
erosion, or it was deliberately placed as form-
work to hold this fill and reclaim land from the
lagoon, similar to the systems of artificial islands
in the village of Ganvié, located on Lake
Nokoué in Benin (Pétrequin and Pétrequin
1984).

2.3.3.2 Sector 3
In Sector 3, the trench dug in D26 (Gascó et al.
2014, 2015; Lachenal et al. 2020), is located at
the southern end of the alignments of oak piles
identified to the west (Figs. 2.3 and 2.6). The
stratigraphy encountered here also has a marked
incline to the southwest, perpendicular to the
alignments of piles, indicating the presence of a
bank. It consists of heterogeneous levels of
domestic waste (US 11, 12, 13, 17) and others
especially rich in stratified or compacted plant
organic matter (US 2, 3, 4, 6, 8, 9, 18), while
sterile sandy clay layers may have been depos-
ited by episodes of flooding (US 5, 7, 10). In US
15, an arrangement of wattle supported by posts,
partly collapsed, was identified (Fig. 2.9). The
presence of oysters fastened onto its base indi-
cates its installation in partly submerged sur-
roundings. It can be interpreted as wattle
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2 The French term for vegetation engineering, ‘génie
végétal’, is defined as the use of live plants, parts thereof,
and seeds in order to solve engineering problems in the
mechanical fields of protection against erosion and land
stabilisation and regeneration (Adam et al. 2008, 43).
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supporting a bank, having an opposite orientation
with respect to that of sector 2, but a similar
installation and function.

2.3.3.3 Sector 4
In this sector, a trench was dug in squares C22
and C23, where an alignment of willow piles was
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Fig. 2.9 a Plan of wattle remains in the trial trench of sector 3 (D26). b Stratigraphic section (drawing by B. Debrand,
CAD by J. Gascó)

2 From Lagoon to River: Bank Management at the Submerged … 31



set up (Figs. 2.6 and 2.10a). This is also the zone
in which the deposit of ornamental elements was
discovered. The excavation once again revealed a
stratigraphy strongly inclined towards the
southwest, perpendicularly to the alignment of
piles identified in this sector (Fig. 2.10b). This
sequence is thus also located in a bank area on
the edge of the protohistoric occupation. Here
again, there are anthropic deposits corresponding
to domestic waste or fill (8, 11, 15, 17, 19, 22,
23, 24), levels of accumulation of small plant
debris transported by the current (US 12, 14, 18,
21), and flood episodes marked by pure clay
sediment (1/13). The excavation also uncovered
the piles embedded on the edge of this bank,
which are not associated with wattle here. They
consist of willow and elm with a small diameter,
between 8 and 10 cm, and with the bark pre-
served (Fig. 2.11). The willows have the partic-
ularity of having conserved small branches, and a
fine development of roots was sometimes
observed above their tips, even though their
points were sharpened. It is thus possible to put
forward the hypothesis of these being live stakes,
a technique still in use today for bank stabilisa-
tion. The use of willow is revealing because it is
the preferred species in vegetation engineering
today due to its pioneering nature and its aptitude
for vegetative regeneration (Adam et al. 2008,
p. 97). This species is also particularly resistant
to submersion and flooding; therefore, its use
suggests good knowledge of its ecology on the
part of the site’s inhabitants. Another hypothesis
is that the branches were left behind to facilitate
the installation of the piles in the ground.

At the base of this trench, six fallen piles were
discovered, belonging to a first collapsed pal-
isade on sterile lagoon levels (US 25). These
piles still have a part of their bark and have a
sharpened tip, always directed towards the upper
part of the bank (Fig. 2.12). This preoccupation
with reinforcing the banks thus required regular
structural works by the site’s occupants. The
presence of oysters and shipworm holes on these
piles indicate a brackish lagoon environment.
The willow piles installed later, however, per-
form better in riverine surroundings. The
sequence thus appears to record the progressive

passage from a lagoon edge to a fluvial envi-
ronment, as also indicated by the geomorpho-
logical studies.

2.3.4 The Question of the Settlement
Structures

The alignments of piles can for the most part be
interpreted as systems for bank reinforcement
and maintenance at the centre of which there
was a settlement, as suggested by the levels of
domestic waste identified in the excavations,
which produced a very large amount of goods.
Unfortunately, the part of the site located
between these supposed banks was very highly
eroded, as shown by the bathymetric survey
(Fig. 2.2). A transect of subaquatic boreholes
confirmed the absence of preserved strata in this
part of the river. It is probable that the wattle
systems acted as a framework for the archaeo-
logical layers, in accordance with their initial
goal of bank maintenance, and maintained them
in place. On the contrary, when moving away
from these structures, the levels were washed
away by the action of the river, a phenomenon
marked by the presence of erosional ledges. It is
possible, however, to detect the remains of set-
tlement structures in the immediate vicinity of
the banks. In particular in sector 4, in the
northwest of the site, posts with a large diameter
that are not integrated into the alignments of
piles stand out. They allow the reconstruction of
a structure on load-bearing posts, having a
subrectangular shape and ending in an apse to
the north (Fig. 2.13). A characteristic of this
structure is the use of highly varied types of
wood, whereas the bank structures generally
show a relative homogeneity in the species used.
Other pieces of wood with a large diameter
present in various sectors of the site raise
questions about the presence of other buildings.
However, at present, in the spaces studied, no
other complete and coherent floorplan was dis-
cerned. The presence of settlement structures is,
however, also suggested by the discovery of
wall elements made of daub (Lachenal et al.
2020).
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2.4 Chronology of the Site
and of the Structures

In order to determine the absolute chronology of
the deposits and structures identified, radiocar-
bon dating was carried out on certain piles and
on material from the excavation trenches. At
present, twenty dates are available for the site
(Table 2.1). These dates are associated with other
chronological information provided by the
stratigraphy, the typology of the goods, and
dendrochronological synchronisation. As a
result, they lend themselves to Bayesian mod-
elling (Bronk Ramsey 2009; Lanos and Dufresne
2012), through which the validity of the peri-
odisation proposed can be verified and the limits
and duration of each phase can be suggested. The
model was created using the ®ChronoModel
software (Lanos and Philippe 2017, 2018). Two
types of periodisation were carried out,

sometimes including the same dates, relating on
the one hand to the infrastructure and on the
other hand to the chronotypological data indi-
cated by the ceramic goods (Figs. 2.14 and 2.15).
The information on stratigraphic anteriority and
posteriority are indicated by arrows (from the
oldest to the most recent). Certain piles were also
synchronised by dendrochonological analysis
(Lachenal et al. 2020). Thus, piles 215 and 254
were shown to be contemporary. Pile 23, how-
ever, was cut down after pile 318, which was
installed at the same time as pile 315, during the
construction of the wattle in sector 2. This
structure is located in the stratigraphy between
US 2 and 12 in the excavation trench dug in this
sector.

Here, we have distinguished a phase prior to
the installation of the wattle in sectors 2 and 3, a
phase corresponding to this installation, and a
later phase. Two other periods correspond to the
installation of the two levels of piles and of

Fig. 2.11 a View of the piles appearing in the trial trench of sector 4 (C22–C23) during the excavation (photo by
J. Montès). b Detail of a branch preserved on a trunk (photo by T. Lachenal). cWillow pile sample (Photo by J.-C. Iché)
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willow stakes uncovered in the excavation trench
of sector 4 (Figs. 2.14 and 2.15). This analysis
shows that the collapsed palisade in this zone
dates to the 10th century BC (Fig. 2.16). The
associated goods correspond to the Late Bronze
Age IIIA of the regional chronology (Dedet
2014), which can be correlated with the classic
north-alpine Hallstatt B1-period (David-Elbiali
and Dunning 2005). These corpora are charac-
terised by an abundance of convex, more rarely
carinate, bowls and dishes, frequently decorated

with patterns incised with a bifid comb with blunt
teeth (Fig. 2.17, No. 1–4, 6, 9–10). The large jars
with a neck sometimes underlined with a
fingertip-impressed band (Fig. 2.17, No. 8), or
with a cylindrical neck decorated with fluting and
a rim, are also characteristic of this period
(Fig. 2.17, No. 13).

Later, the installation of the wattle in sectors 2
and 3 would have been carried out at the end of
the 10th century or at the beginning of the 9th
century BC (Fig. 2.16). The levels preceding the
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Fig. 2.12 Views and plan of the piles collapsed at the base of the trial trench of sector 4 (photo by T. Lachenal and J.-
C. Iché; drawings and CAD by T. Lachenal)
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installation of these structures contained ceramic
goods from the beginning of the Mailhac I style
of the Late Bronze Age IIIB (Guilaine 1972).
This style saw the appearance of rectilinear
beakers (Fig. 2.17, No. 21) and cups with inter-
nal incised decoration (Fig. 2.17, No. 16). The
decoration was still most often geometric, in the
form of meanders or broken lines (Fig. 2.17,
No. 21–24). This stage could correspond to the
Hallstatt B2-period.

The strata covering thewattle systems date to the
second half of the 9th century BC and are possibly
contemporary to theHallstatt B3-period (Fig. 2.16).
The associated goods feature the appearance of
more complex decoration, whether figurative,
zoomorphic, or anthropomorphic (Fig. 2.18).

Finally, the levels uncovered in sector 4
together with the alignment of willow piles
would illustrate the beginning of the 8th century
BC (Fig. 2.16). This period corresponds to the

ChronoModel 3.1.2

Sector 1 Sector 2 Sector 3 Sector 4

Events

Fig. 2.14 Chronological modelling based on events dated by radiocarbon (®ChronoModel)
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phase of transition between the Bronze Age and
the Iron Age defined regionally (Janin 1992),
contemporary to the beginning of the Hallstatt C-
period in continental Europe. This period saw a
continuation of the Mailhac I style, together with
the appearance of new forms such as low sinuous
carinated bowls (Fig. 2.18, No. 12–14). The
latter are characteristic of the 8th century BC in
the necropolises of Languedoc (Janin 1992;
Taffanel and Janin 1998).

2.5 Conclusion

Deliberately settled at the interface between two
environments, lagoon and alluvial plain, the
occupants of the La Motte site had to carry out
works in order to protect their settlement for at
least two centuries (Fig. 2.19). The excavation
trenches dug in three sectors of the site provide
information on the implementation of the

alignments of piles revealed by the spatial anal-
ysis while taking into account the xylological
determination. They all point to systems for bank
maintenance and protection via different tech-
niques: simple wooden piles, strawberry-tree
wattle supported by oak posts, and possible live
willow stakes. This implies a comprehension of
the natural functioning of the ecosystems, with
the selection and implementation of species of
wood and techniques suitable for the manage-
ment and restoration of the area bordering the
lagoon. The occupants of the site sought long-
term solutions capable of protecting their settle-
ment and apparently tested several methods. The
various parallel alignments identified could thus
correspond to successive works, as the domestic
waste created near the homes allowed land to be
reclaimed from the lagoon. Their goal appears to
have been to protect the area around the settle-
ment from erosion. Their implementation
must thus be viewed in the light of the

ChronoModel 3.1.2

Phases

Fig. 2.15 Chronological model of event phases (®ChronoModel)
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geomorphological evolution of the surroundings,
which involved a rise in the sea level coupled
with a progressive filling of the Hérault delta.
The sedimentological studies reveal an increase
in the influence of the river during the last phase
of occupation of the site, which was dated to the
beginning of the 8th century BC. The abandon-
ment of the settlement could thus be connected to
an aggradation of the river. This phenomenon
must have destabilised the surroundings in which
the site’s occupants lived, with an increase in
floods that threatened the settlement or the
beginning of a filling of the lagoon to which it

was connected. The settlement potentially moved
onto the basalt relief located 500 m downstream,
where the modern city of Agde is situated.
Indeed, it was in this sector that the Peyrou
necropolis, dating to the 7th century BC, was
excavated (Nickels et al. 1989).

The bank reinforcement systems uncovered at
La Motte are unprecedented for the Bronze Age
in a lagoon setting. They illustrate the vulnera-
bility and the adaptation capacity of a community
established in an unstable environment and thus
provide a faraway echo of problems that are just
as relevant today.
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3Wetland Archaeology in Northern
Italy: An Overview

Marco Baioni, Claudia Mangani,
and Roberto Micheli

Abstract

Northern Italy has furnished abundant evi-
dence of the ‘pile-dwelling phenomenon’
which is found throughout the Alpine area.
Neolithic pile-dwellings are known for north-
ern Italy starting from the Early Neolithic
(Isolino di Varese). However, lake-dwelling
villages were most widespread in Northern
Italy between about 2000 and 1400 BC,
between the Early and Middle Bronze Age,
and continued in the Late Bronze Age. At a
time when in other Alpine regions pile-
dwellings became rarer, in a large part of
northern Italian territory they became the main
settlement model. Pile-dwelling villages
spread from western Piedmont to Veneto,
from Trentino to the lower Lombardy and
Veneto plains, along the banks of lakes, peat

bogs and river depressions. The main concen-
tration of pile-dwelling settlements was in the
Varese lakes and around Lake Garda. In recent
decades, in part thanks to the introduction of
dendrochronology, our knowledge of these
sites has deepened. New excavations, scientific
analysis and dendrochronology have helped to
increase our knowledge of these settlements.

Keywords

Northern Italy � Pile-dwellings � Neolithic �
Bronze Age � Wooden elements � Structural
typology

3.1 Introduction

Northern Italy is home to numerous of the ‘pile-
dwelling’ sites that have been found throughout
the Alpine region since the 19th century. The first
fortuitous discoveries of pile-dwellings in Italy
occurred between 1830 and 1850 in Peschiera
(province of Verona) on Lake Garda, when the
Austrian engineer corps was reorganising the
defences of the local fortress.1 However, the first
real interest in the pile-dwellings of northern Italy
occurred after the discovery of Swiss pile-
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1 This military fort, which originated in Roman times,
reached its greatest strength under the Republic of Venice
in the 16th century. In the 19th century it was part of the
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defend Lombardy-Venetia.
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dwelling villages during winter 1853–54 (Ruoff
2004; Marzatico 2004; Pétrequin 2013; Menotti
2013). On 25 April 1863, Swiss researchers pre-
sented the results of their investigations into Lake
Zurich pile-dwellings in Milan to the Società
Italiana di Scienze Naturali, which conducted a
visit to the Varese lakes in Lombardy, thought
then to be especially suitable for ‘stilt-house’
settlements. Three days later, in the presence of
Antonio Stoppani, Édouard Desor and Gabriel De
Mortillet, the first underwater searches were con-
ducted in Lake Varese, which led to the discovery
of the Bodio centrale and Isolino di Varese sites
(De Marinis 1982). These discoveries constituted
the starting point of studies on the prehistoric pile-
dwellings of northern Italy.

Research into pile-dwellings was carried out
in the late nineteenth and early 20th century
using the methods available at that time. In Italy,
after an initial 19th century interest in pile-
dwellings influenced by romantic notions and
interpretations framed according to national
identity, in the period between two world wars
attention to them—and to prehistory in general—
lost momentum in favour of exaltation of the
Roman civilisation as the origin of Italian history
and culture (Marzatico 2004). Only in the 1970s
did scientifically accurate research resume, with
the work of Renato Perini in Fiavé in Trentino
(Perini 1984, 1994) and Lavagnone in Lombardy
(Perini 1981, 1988), leading to an appreciation of
the complexity of prehistoric pile-dwellings.

The paper offers a brief summary of Neolithic
and Bronze Age wetland sites, focussing on two
notable localities, Palù di Livenza for the Neolithic
and Lucone di Polpenazze for the Bronze Age.
Both sites were inscribed on the UNESCO World
Heritage List in 2011 and are under investigation
by the authors as part of multidisciplinary projects
aimed at understanding the dynamics of the pre-
historic peoples who settled in the wetlands.

3.2 Geographical Distribution

Approximately 200 known pile-dwelling sites
are distributed in wetland zones along the entire
southern belt of the Alps, from western Piedmont

to Friuli (Fig. 3.1). Their main wetland features
and landscape contexts can be summarised as
follows:

• Small lakes and peat bogs in the Alpine belt,
well represented by the sites of Fiavé and
Ledro in Trentino;

• Large Prealpine lakes, especially Lake Varese
and Lake Garda in Lombardy and Veneto;

• Small lakes and peat bogs in moraine areas,
distributed throughout the belt running
between the Alps and the Po Plain, becoming
more numerous in the Lake Garda area in
Lombardy and Veneto;

• Small lakes and peat bogs in the Berici and
Euganei hills in Veneto;

• Rivers, springs, and marshy areas in the
lowlands. These pile-dwellings are found
mainly in the lowlands of eastern Lombardy
and Veneto.

3.3 Chronology

Although there the presence of forager groups is
evidenced during the early Holocene in northern
Italian wetlands, the appearance of stable settle-
ments dates to the Early Neolithic,2 but is most
documented later during the Middle and Late
Neolithic,3 with the Square-mouthed Pottery
culture4 (Cultura dei Vasi a Bocca Quadrata)
and then the Lagozza culture.

The greatest diffusion of pile-dwelling sites,
however, occurred at the beginning of the Early
Bronze Age,5 between the end of the 3rd and
beginning of the 2nd millennium BC, when they
became the predominant type of settlement
within the Polada culture (Fasani 1982; Baioni
et al. 2018; Martinelli 2019), although other

2 The Early Neolithic is hereafter indicated as EN.
3 The Middle and Late Neolithic are hereafter referred to
as MN and LN respectively.
4 Hereafter SMP culture.
5 Bronze Age subdivisions are hereafter indicated as
follows: EBA (Early Bronze Age), MBA (Middle Bronze
Age), LBA (Late Bronze Age), FBA (Final Bronze Age).
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types are also known such as those on hilltops
and in caves. Between the late EBA and early
MBA there occurred perhaps the greatest spread
of this type of settlement: the Polada culture,
starting from the Lake Garda area, spread along
the main rivers in the central Po Plain reaching
the River Po (Rapi 2013), while further west in

Piedmont and western Lombardy the Bodio-
Mercurago-Pollera phase of the North-western
Bronze Age culture developed (Grassi and
Mangani 2014).

At the beginning of the MBA, alongside pile-
dwellings, the first dry-ground villages sur-
rounded by ditches with house structures still on

Fig. 3.1 Distribution map of the main Italian pile
dwellings. Neolithic sites in yellow; Bronze Age sites in
red; sites not mentioned in the texts in grey. For reasons
of scale, some points indicate several settlements. (1)
Avigliana (Torino), Torbiera di Trana; (2) Montalto Dora
(Torino), Lago Pistono; (3) Viverone (Biella)/Azeglio
(Torino), Lago di Viverone (sites Vi1, Vi2, Vi3); (4)
Arona (Novara), Lagone di Mercurago; (5) Biandronno
(Varese), Isolino Virginia; (6) Cadrezzate (Varese), sites
in Lake Monate; (7) Bodio Lomnago (Varese), Bodio
Centrale, Desor Maresco, Keller-Gaggio; Bardello (Var-
ese), Palude Ranchet, Bardello Stoppani; Cazzago Brab-
bia (Varese), Ponti or Cazzago; (8) Besnate (Varese),
Lagozza; (9) Bosisio Parini (Lecco/Como), Cascina del
Pascolo; (10) Sergnano (Cremona); (11) Corte Franca
(Brescia), Valle delle Paiole and other sites; (12) Iseo
(Brescia), Torbiere di Iseo (several sites); (13) Piadena
Drizzona (Cremona), Lagazzi del Vho; (14) Polpenazze
del Garda (Brescia), Lucone; (15) Moniga del Garda
(Brescia), Porto; Padenghe del Garda (Brescia), West
Garda and La Cà; Desenzano del Garda (Brescia), Corno
di Sotto; (16) Desenzano del Garda (Brescia), Lavagnone;
(17) Cavriana (Mantova), Bande-Corte Carpani; Solferino
(Mantova), Barche; (18) Monzambano (Mantova),

Castellaro Lagusello; (19) Manerba del Garda (Brescia),
San Sivino-Gabbiano; (20) Sirmione (Brescia), San
Francesco, Porto Galeazzi, Lugana Vecchia, La Maras-
china; (21) Cisano (Verona), Porto; (22) Cavaion
Veronese (Verona), Cà Nova; (23) Lazise (Verona), La
Quercia and Pacengo (Porto, Bor, Bosca); (24) Peschiera
del Garda (Verona), Frassino, Belvedere and historical
Peschiera sites (Imboccatura del Mincio, Bacino Marina;
palafitta del Mincio or Setteponti); (25) Volta Mantovana
(Mantova), Isolone del Mincio; (26) Roverbella (Man-
tova), Prestinari and minor sites; (27) Isola della Scala
(Verona) sites; (28) Oppeano (Verona), Feniletto, 4C, 4D,
4E sites; (29) Nogara (Verona), Dossetto; (30) Cerea
(Verona), Tombola; (31) San Pietro Polesine (Rovigo),
Canàr; (32) Arcugnano (Vicenza), Fondo Tomellero, and
other sites; (33) Arcugnano (Vicenza), Molino Casarotto,
Le Fratte; (34) Arquà Petrarca (Padova), Laghetto della
Costa; (35) Ledro (Trento), Molina di Ledro; (36) Fiavé
(Trento), Torbiera Carera; (37) Colmaggiore di Tarzo
(Treviso), Revine lago; (38) Polcenigo/Caneva (Porde-
none), Palù di Livenza; (39) Caorle (Venezia), San
Gaetano; (40) Terzo di Aquileia (Udine), Canale Anfora
(Authors)
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posts emerged; the construction system for
buildings on stilts successfully tested in wet
environments was thus extended to dry-land
settlements in the case of the terramare (Bernabò
Brea et al. 1997; Vanzetti 2013). Pile-dwellings
continued to be used during the LBA and FBA,
but their incidence progressively decreased.
Although the LBA was a phase of major demo-
graphic expansion, only a few pile-dwellings are
known, and the general abandonment of wetland
settlements is documented. In the subsequent
FBA the number of sites became even lower,
especially in the Po Plain, and pile-dwellings
became extremely rare (Billamboz and Martinelli
2015). Similar evidence of settlement reduction
is also documented in the southern Po Plain,
where geohydrological data reveal reduced water
availability in the LBA and FBA that seems to
mark the end of the terramare phenomenon
(Cremaschi et al. 2006).

A difference in the incidence of the pile-
dwelling phenomenon can be observed between
the north and south of the Alps: in northern Italy
there were few pile-dwellings in the late 4th mil-
lennium and the first half of the 3rd millennium
BC, while their number increased between the end
of the 3rd and the first half of the 2nd millennium
BC (Fig. 3.2). In comparison, the period of max-
imum development north of the Alps is found
during the Neolithic, with a peak during the late
phases, and then again in the LBA and FBA. Thus,
the spread of pile-dwelling settlements on the two
sides of the Alps seems to have had an asyn-
chronous development in prehistoric times, with
different origins and motivations.

3.4 Environmental Studies

In recent years, several research projects have
been undertaken to study the environmental
conditions of these settlements and their dia-
chronic variations. With regard to Neolithic sites,
reconstructive environmental analyses are
underway in Palù di Livenza and Isolino Vir-
ginia. As for the Bronze Age, numerous projects
have already been completed or are still in pro-
gress in Viverone, Oppeano, Ledro (Joannin

et al. 2014), Sergnano, Bodio (Grassi and Man-
gani 2014), Lucone di Polpenazze (Valsecchi
et al 2006) and Lavagnone (Ravazzi et al. 2018).
Based on the studies carried out in the latter two
sites, a synthesis has recently been presented for
the Lake Garda area, which highlights phases of
anthropic impact, as well as reforestation after
the abandonment of pile-dwelling sites starting
from 1200 BC (Ravazzi et al. in press).

Further synthesis work has been carried out in
connection with the drafting of the Italian
UNESCO World Heritage List Management Plan
(Ruggiero et al. 2022). In this case, the focus was
on the state of conservation of the archaeological
deposits and assessment of the erosion phenom-
ena that damage archaeological deposits in the
World Heritage List site components (Baioni
et al. 2015). The objective here was to evaluate
the extent of erosion phenomena damaging
structures and strata.

3.5 Definition of Pile-Dwellings
and Their Structural Typology

Although the concept of pile-dwellings may
appear to be linked to specific structural charac-
teristics of buildings raised on posts above the
ground or water surface,6 the use of this term is
often not based on detailed analysis of the settle-
ment structures, but instead it has a more generic
meaning linked to the environmental conditions of
the archaeological deposit. The Italian term pala-
fitta, from the original meaning of ‘piling’, was
used in the 19th century to translate the German
Pfahlbau introduced by F. Keller in 1854. As
research continued and the complexity of these
settlements was better understood, the term
appeared ambiguous, since the ‘fields of poles’
could derive either from shore settlements in dry
conditions or settlements on decks.7

6 Essentially, houses on poles overlooking water.
7 In German, the use of two terms, Moorsiedlungen for
shore settlements on the ground and Ufersiedlungen for
settlements on decks, has become widespread (Billamboz
and Schlichtherle 1984; Schlichtherle 2004).
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In Italy, on the other hand, an attempt was
made to distinguish between pile-dwellings
sensu stricto, with a deck of planks supported
by posts, and villages built on layers of timber,
branches, stones, and earth, based directly on
the ground (in Italian bonifiche or reclaimed
land). This distinction was formalised by Balista

and Leonardi (1996), who also attempted a
classification of the two structural types. This
classification, taken up in a recent overview
(Baioni et al. 2018), was developed in the
context of studies on pile-dwellings of the
Bronze Age, but can now also be extended to
the Neolithic.

Fig. 3.2 Chart showing the chronological distribution of
pile dwellings in Italy and the rest of the circum-Alpine
region (Graphics by M. Baioni after similar charts present

in the literature, starting with Corboud and Petrequin
2004, Fig. 4)
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According to this classification, based on the
remains found at some Bronze Age sites
(Fig. 3.3), northern Italian wetland settlements
may be divided into:

• Settlements built directly on the ground sur-
face or soil, or timber structures laid on it
(bonifica), i.e. houses built at ground level,
often with wooden floors lying on a frame-
work of logs and small branches or more
complex wooden structures. Within this group
it is possible to recognise a further subdivision
into constructions built on the ground: on
layers of timber, branches, stones and/or soil
(Type A1: Lavagnone 4); or on wooden
structures, such as large oak beams placed side
by side and supported by small posts driven
into the lake silt (Type A2: Arquà Petrarca;
Isolino; Molino Casarotto); or on caissons,
rectangular structures made of wooden beams
and filled with various materials (Type A3:
Barche di Solferino); or directly on the ground
surface (Type C: Ledro).

• Dwellings on raised decks, i.e. houses built on
structures that raise them to varying heights
above ground or water level. This group in-
cludes settlements with constructions built: on
high raised decks supported by isolated poles
(Type B1: Lucone D, Lavagnone 2, Fiavé 3);

on high raised decks supported by posts held
by a grid structure (podium) of horizontal
beams (Type B2: Fiavé 6); on low raised
decks supported by poles stabilised with pile
shoes (B3: Lavagnone 3).

3.6 Neolithic Occupation
of Wetland Zones

The first stable occupation of wetlands south of
the Alps started in the second half of the 6th
millennium BC and increased later during the
Neolithic, in the 5th millennium BC. The initial
phase corresponds to a later period of the EN that
followed the first expansion of the Impresso-
Cardial complex groups. The submerged site of
La Marmotta in Lake Bracciano (see Chap. 4 in
this book) in central Italy constitutes an interest-
ing example of this phenomenon; other cases are
also documented in northern Italy on Lake Var-
ese. A similar occupation pattern is also found at
La Draga in Catalonia (see Chap. 11 in this book)
and Dispilio in Greece (see Chap. 8 in this book).
All these examples indicate that wetlands at-
tracted settlement within a few centuries after the
initial early farmers’ expansion and the first
transformation of forests and woodlands into

Fig. 3.3 Summary diagram of the various types of pile dwellings (M. Baioni after Balista and Leonardi 1996; De
Marinis et al. 2005; Rapi 2013)
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agricultural landscapes in southern Europe. The
ecological variety associated with the availability
of different soils, compared to those previously
managed by the Neolithic farmers, certainly
favoured the occupation of these areas (Menotti
2013; Pétrequin 2013; Hafner et al. 2016). Wet-
lands have the ecological characteristic of com-
prising a great variety of habitats present in
limited spaces where different ecosystems coex-
ist, with remarkable biodiversity and a high pro-
ductivity of plant biomass which attracts wild
animals. They are thus rich in natural resources
and particularly favourable for subsistence.
Unfortunately, few of the Neolithic settlements
investigated to date in northern Italy preserve
archaeological deposits with reliable stratigra-
phies; furthermore, the trenches excavated are
often limited in size and, unlike other areas in the
Alpine region, little information is available
concerning the internal organisation of Neolithic
villages and their spatial extension in wetlands.

The main Neolithic remains are wooden
platforms or areas of reclaimed land which sug-
gest the presence of dwellings on the ground,
while only in very few cases is there evidence of
features on stilts. For this reason, Palù di Livenza
constitutes a very interesting case study of a
Neolithic pile-dwelling settlement.

3.6.1 Palù di Livenza: A Multiphase
Pile-Dwelling Settlement

Palù di Livenza is a wetland zone at the foot of the
Cansiglio plateau near Pordenone in north-east
Italy, extending into the territory of Caneva and
Polcenigo where the karst springs of the River
Livenza are located. The presence of wooden
posts and other archaeological finds has been
known since the 19th century. The numerous
investigations carried out in the last forty years
have led to the discovery of a large number of
archaeological finds which revealed the excep-
tional nature of the site. Systematic investigation
by means of surveys, excavations, and coring,
focussed along the drainage channel in Sectors 1
and 2, have furnished information about a Neo-
lithic pile-dwelling settlement (Fig. 3.4 (1)).

Archaeological excavations have uncovered
wooden features with aerial platforms and land
reclamation works, demonstrating various phases
of site occupation (Peretto and Taffarelli 1973;
Corti et al. 1998; Vitri et al. 2002).

A new phase of research has been launched in
Sector 3: although the excavation area was lim-
ited to only 48 m2, corresponding to just a small
fraction of the archaeological site’s total exten-
sion, the investigations outlined a diachronic
sequence of five main Neolithic structural phases
in which four different pile-dwelling features
alternate with abandonment of the area (Micheli
et al. 2018, 2019, in press) (Fig. 3.4 (2)). Hun-
dreds of wooden elements were identified, con-
sisting of both horizontal beams and fixed vertical
poles. The construction systems identified show
technical similarities and employ the same type of
foundation structures: sleeper beams and plinths
made of worked oak logs supported standing
buildings, which may have been both residential
in function and used for other purposes, such as
granaries or other storehouses (Fig. 3.4 (3, 4)).

Proceeding from below, structural phases 1, 4
and 5 are represented by the remains of the foun-
dations on sleeper beams of three buildings that
may be interpreted as dwellings on stilts based on
the dimensions of wooden features and the accu-
mulations of waste deposits with abundant pot-
sherds, stone tools and unfinished artefacts, baked
clay fragments, organic and animal remains. Phase
2 revealed the remains of a smaller structure on
Pfahlschuh-type plinths, probably rectangular in
shape, interpreted as an elevated silos held up by
fixed wooden posts (Fig. 3.4 (2 and 4)); this
structure was destroyed by fire, as indicated by the
abundance of burnt remains of cereals, including
fragments of whole ears. The remains of Phase 3
comprised a foundation structure on sleepers of
smaller dimensions than those of Phases 1, 4 and 5
which can be interpreted as a deposit or warehouse,
also destroyed by fire. Inside this construction
were preserved abundant grain, numerous dried
small wild apples, shapeless blocks of flint and
some unfinished wooden objects (a small spoon,
agricultural tools and other objects that are difficult
to interpret). The wooden tools found include a
digging stick with a thickened, pointed end—a
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kind of a proto-spade, which we may imagine was
used for tilling the soil and digging holes in the
ground. Over time, through the various phases,
there is a progressive rotation of the orientation of
the foundations of the overlapping Neolithic pile-
dwellings in relation to the changing conformation
of the land and seasonal variations in the water
level (Micheli et al. 2023).

Oak sleepers between 3 and 4 m long (Fig. 3.4
(3)), with regularly-spaced rectangular through-
holes, constituted the main foundation elements
that supported the posts that held up the raised
structures by means of mortise‐and‐tenon joints in
Phases 1, 3, 4 and 5. These structures are also
associated with numerous piles which lack any
clear order, but some of which presumably

Fig. 3.4 Palù di Livenza, a Neolithic multiphase pile-
dwelling settlement: (1) The artificial channel with the
location of Sectors 1–3; (2) Palimpsest of the wooden
foundation structures identified in Sector 3; (3a) Detail of

the phase 5A sleeper beam; (3b) Detail of the phase 4
sleeper beam; (4) Palimpsest of the wooden foundation
structures identified in phases 1–3 in the south-eastern
part of Sector 3 (SABAP-FVG archive)

54 M. Baioni et al.



functioned together with the plinth systems and
sleeper beams; they were constructed at the same
time and/or after the pile-dwellingswere built. The
same foundation mechanism based on mortise‐
and‐tenon joints underwent progressive improve-
ment over time, passing from 2 holes in Phase 1
beams to 3 holes in those of Phase 3, up to 4 holes
in Phases 4 and 5. This suggests refinement of the
construction techniques used to support the aerial
features, giving greater stability to the buildings,
that was based on local experience acquired in situ
by the Neolithic people living at Palù di Livenza as
an adaptive response to the particular environ-
mental conditions of the wetland—where water
was in the past, as it is today, the natural element
that regulates everything. The data from Sector 3
reveal the complexity of the architectural mecha-
nisms developed by the Neolithic farmers to pre-
serve their dwellings from the threat of water level
fluctuations.

The artefacts found suggest that the lower
Phases 1–4 can be ascribed to the SMP culture in
some of its various aspects that evolved in the
second half of the 5th millennium BC, starting
from 4400 to 4300 cal BC. The last Phase 5 may
be attributed to the LN Alpine groups and dates
to between c. 3950 and 3650 cal BC (Micheli
2018; Micheli et al. 2018, 2019, 2023).

3.6.2 Neolithic Remains in Northern
Italian Wetlands

Although Italian Neolithic settlements in wet-
lands are generally not numerous, those investi-
gated so far reveal the complexity of the
architectural solutions devised by the Neolithic
groups to adapt their constructions to water level
fluctuations, the instability of the waterlogged soil
and the prolonged damp environmental condi-
tions. Evidence from northern Italy suggests that
Neolithic dwellings were built on the ground,
directly on wooden platforms or planking on the
surface of reclaimed land or on preparation layers,
as seen in the examples dating to the EN at Isolino
Virginia and Pizzo di Bodio, to the MN at Fimon-
Molino Casarotto, to the RN at Lagozza di Bes-
nate and Colmaggiore di Tarzo, and lastly to the

LN at Fiavé 1. The data emerging from these sites
suggest the existence of Neolithic perilacustrine
settlements that developed along the outer belt of
the lakes’ maximum flooding zones, or in areas
along the shores or on islands, in any case in areas
of the wetlands at higher altitudes.

Elevated constructions, on an aerial deck
supported by poles above water, are therefore
currently documented with certainty only at Palù
di Livenza, where in fact oscillations of the water
table in the basin were, as today, frequent, and
irregular. The same foundation system seen in the
aerial deck constructions was used for the erec-
tion of the larger buildings in Phases 1, 3, 4 and 5
(houses and a warehouse), while a system based
on Pfahlschuhe-type plinths was adopted for the
Phase 2 structure, interpreted as a probable ele-
vated silo (Fig. 3.4 (2 and 4)). This archaeologi-
cal evidence reveals the substantial continuity
over time of the architectural solutions adopted,
which must have been particularly effective in
limiting the problems arising from the presence of
water and persistent dampness, while at the same
time giving stability to the raised buildings.

At Isolino Virginia (see Chap. 16 in this book)
the site extends over an island, where a deposit
about 4 m thick preserves a succession of Neo-
lithic wooden platforms (Fig. 3.5 (1)), and the
remains of subsequent repeated occupations
throughout the Neolithic.8 The buildings were
erected not later than the early phase of the
Neolithic on reclaimed land directly overlying
lake sediments, which over time led to subsidence
and the collapse of these structures. This situation
resulted in repeated interventions and reclamation
operations with deposits of tree trunks and mixed
branches, together with sand and stones (Fusco
1976–77; Guerreschi 1978–79; Guerreschi et al.
1992; Baioni et al. 2005). At Pizzo di Bodio on
Lake Varese a deeply-stratified settlement was
present during the E/MN, and later in the Copper
Age dwellings were built on reclaimed land from
the early stages of occupation (Banchieri and
Balista 1991).

8 The site was occupied during the EN by people of the
Isolino group, throughout the MN by local SMP culture-
related groups, and in the LN by Lagozza culture groups.

3 Wetland Archaeology in Northern Italy: An Overview 55



At the Fimon–Molino Casarotto site (Vicenza)
three main features attributed to the first phase of
the SMP culture were investigated in the early
1970s (Bagolini et al. 1973). Wooden platforms
on reclaimed land located on the edge of a lake

basin rich in natural resources were composed of
parallel horizontal elements fixed to the ground
by posts driven into the silt; each platform had a
large hearth in the centre, which appeared to have
been rebuilt over time during diverse occupation

Fig. 3.5 Neolithic settlements in wetland zones in
northern Italy: (1) EN wooden platform found during
the 1995 excavations at Isolino Virginia; (2) Plan of
dwelling areas with wooden structures found in the MN
site of Fimon-Molino Casarotto; (3) Detail of a multi-
phase hearth in dwelling area 1 at Fimon-Molino

Casarotto; (4) Plan of the wooden structures found in
the LN site of Fiavé 1; (5) Detail of wooden platform
remains in the area north of Sector IX at Fiavé 1 (1 after
Baioni et al. 2005; 2–3 after Bagolini 1983–84; 4–5 after
Perini 1984)
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phases (Fig. 3.5 (2, 3)). The site was occupied at
various times during the MN between 4900–4800
and 4300–4200 cal BC. In the same basin, recent
investigations at Le Fratte (Bianchin Citton 2016)
brought to light the remains of a LN settlement
consisting of alignments of wooden poles without
associated floor levels.

Investigations at Lake Pistono near Montalto
Dora (Torino) in Piedmont identified Neolithic
remains located on a peninsula overlooking the
lake basin (Padovan et al. 2019). Roughly per-
pendicular features consisting of two rows of
post-holes were interpreted as the remains of two
dwellings, maybe on stilts, referable to the SMP
culture (phase 2) dating to around the mid-5th
millennium BC.

Land reclamation features used to consolidate
the ground on which stood raised dwellings,
probably on stilts, have been identified since the
late 19th century at Lagozza di Besnate (Varese)
(Guerreschi 1966; 67; Borrello 1984), location of
the eponymous RN culture site, related to the
Chassey and Cortaillod groups. Other reclama-
tion works consisting of alignments of wooden
poles, burnt wooden planks and stone embank-
ments were identified at Colmaggiore di Tarzo
(Treviso) in Veneto, about 20 km from Palù di
Livenza, where a multi-phase LN settlement
extended over an area situated between two lakes
(Bianchin Citton 1994). The first occupation of
the famous multi-phase Bronze Age site of Fiavé
in Trentino is attributed to the LN and dated to
about 3900 and 3600 cal BC. It developed on a
natural island (Fig. 3.5 (4)) and on areas where
land reclamation (Fig. 3.5 (5)) had been carried
out using artificial networks of larch and pine
trunks, with twigs, stones, gravel, and earth
(Perini 1984, 29–51).

To find other similar Neolithic pile-dwellings
with foundations such as sleeper beams or
Pfahlschuhe-type plinths as documented at Palù
di Livenza we must look beyond Italy, remaining
however in the Alpine region. There are various
wetland sites in southern Germany, south-eastern
France, and Switzerland, dating from the second
half of the 5th to the 4th millennium BC, where
variations on Pfahlschuhe-type plinths are
known, as well as long sleeper beams with

multiple holes or other mortise‐and‐tenon joint
systems for sustaining the weight of stilt build-
ings (Pétrequin and Pétrequin 1988; Sch-
lichtherle and Billiamboz 2015; Ebersbach 2013;
Hofmann et al. 2016). Archaeological data reveal
that similar solutions were adopted by groups
that inhabited different places at various times
during the Neolithic. In many cases, the Neo-
lithic groups that developed these methods did
not have direct relations or contacts with each
other, as the case of Palù di Livenza also seems
to suggest, even when the other known Italian
cases are considered. It is probable that ingenu-
ity, empirical and technological knowledge
acquired through experience, and the need to find
effective solutions to contingent problems posed
by the various wetland environments occupied
by Neolithic communities led the various groups
to independently devise similar apparently sim-
ple mechanisms that sufficed to give stability to
aerial constructions and limit the threat posed by
water in lakeside villages.

3.7 Bronze Age Occupation
of Wetland Zones

During the Bronze Age, the pile-dwelling phe-
nomenon spread throughout northern Italy,
starting from the pre-Alpine belt and its numer-
ous intra-moraine lakes. The phenomenon also
characterises both peat bogs and small lakes in
western Piedmont and the belt between the pro-
vinces of Lecco, Como, and Bergamo, with a
concentration in the southern area of Lake Iseo
and its peat bogs (Poggiani Keller et al. 2005). In
the Veneto area, the presence of pile-dwellings
on the lagoon near the sea is also known, such as
the LBA site of San Gaetano (Caorle–Venice).

However, the areas where Bronze Age pile-
dwellings are particularly concentrated are
essentially three:

• between Lake Garda and the River Po,
including western Trentino, eastern Lombardy
and western Veneto;

• between the Berici and Euganei hills in
Veneto;

3 Wetland Archaeology in Northern Italy: An Overview 57



• between Lake Varese and Lake Viverone
(western Piedmont-eastern Lombardy).

Undoubtedly the richest and most complex of
these is the Garda area, where the main ongoing
research is also concentrated. These three areas
are briefly described below, with reference to the
sites of greatest interest.

3.7.1 Area Between Lake Garda
and the River Po, Including
Western Trentino, Eastern
Lombardy and Western
Veneto

Two important sites are known: Ledro (Molina di
Ledro–Trento, IT-TN-01) and Fiavé (Fiavé Car-
era–Trento, IT-TN-02). Ledro is an important
pile-dwelling settlement that was excavated
between the 1930s and 1960s, unfortunately
without recording which layers most of the finds
came from (Rageth 1975).

In the area of the ancient Lake Carera at
Fiavé,9 seven consecutive pile-dwellings have
been brought to light: they occupied different
areas of the basin during a long period of time,
from LN (Fiavé 1 village) to LBA (Fiavé 7
village). In what is called ‘area 2’ we can still
see the dense vertical pile field of Fiavé 3 and
Fiavé 5 villages (erected between the EBA and
MBA) (Fig. 3.6 (2)). The more interesting
structures are those of Fiavé 6 village (advanced
MBA): built on a peninsula and enclosed by a
palisade, the village spread out from the shore
area, where an aerial deck supported by posts
was held by a grid (podium) of horizontal poles
(Type B2) (Fig. 3.6 (3)). The shape and
dimensions of the houses have been hypothe-
sised (with two different proposals), without
resorting to dendrochronological dating (Perini
1984, 1994) (Fig. 3.6 (1)).

Between 1986 and 1993 a new area (area 4)
was identified: it has characteristics similar to
area 2 (Marzatico 1996).

There are numerous submerged sites along the
southern shores of Lake Garda. The sites where
investigations are in progress include San Sivino–
Gabbiano (Manerba del Garda–Brescia, IT-LM-
02), identified in 1971, where the first underwater
survey was carried out by L.H. Barfield in 1978.
Recently a new survey has been undertaken,
accompanied by sampling of the piles in order to
reconstruct, thanks to dendrochronology, the
organisation of the settlement.10

The Moniga Porto site, investigated in 1981,
featured preserved in situ structures and stratig-
raphy (Pia 1982), while that at Corno di Sotto,
identified in 1966, has recently (2013) been the
object of a research project that detected a strong
erosive process damaging anthropogenic depos-
its (Baioni et al. 2015).

There is little information regarding the sub-
merged pile-dwellings around the Sirmione
peninsula (Mangani and Ruggiero 2018), while a
study has recently been published that attempts
to understand the complex topography of the
Peschiera del Garda sites (Albertini and Marti-
nelli 2018).

Recent research has furnished detailed infor-
mation concerning a submerged pile-dwelling at
Belvedere (Peschiera del Garda-VR, IT-VN-04),
where dendrochronology revealed the presence
of posts from both an older village (2060–
2040 cal BC) and a more recent one (1751,
1655–1635 cal BC) (Capulli et al. 2014; see
Chap. 12 in this book).

Another important submerged site is La
Quercia (Lazise–Verona), investigated between
1984 and 1994. It is the only settlement in Lake
Garda where stratigraphic underwater excava-
tions have been carried out, together with a
topographic survey which revealed more than
6000 piles in an area of almost 2 ha (Fozzati
et al. 2015).

9 The chronological sequence of the Fiavé site was drawn
up by Perini (1981, 1984), who identified seven phases
from Fiavé 1 (LN) to Fiavé 7 (LBA).

10 Research direction: Soprintendenza ABAP-BG-BS, in
collaboration with Manerba del Garda municipality and
economic support from the Lombardy Regional
Authority.

58 M. Baioni et al.



A particularly rich picture emerges from the
numerous small lakes and intra-moraine basins
surrounding the southern part of Lake Garda.
The Lucone basin (Polpenazze del Garda–Bres-
cia, IT-LM-05) is on the eastern side; known
since the 1960s, with 4 different sites, it was

occupied from the beginning of the EBA until the
late MBA (Poggiani Keller et al. 2005). Only
Lucone A and Lucone D have been excavated;
pile-dwelling settlements were found in both.
Since 2007, annual excavation campaigns aimed
at thoroughly documenting an EBA pile-

Fig. 3.6 Fiavé-Carera (Trento): (1) Plan of the Fiavé 6
phase with indication of the two house-shape hypotheses;
(2) Posts of Fiavé 3–5 pile dwelling; (3) Beam grid
supporting the posts of Fiavé 6. Desenzano del Garda–

Lavagnone (Brescia); (4) Areas excavated at Lavagnone
with EBA structures (from Rapi 2013 with modifications);
(5) EBA trackway in Sector B (After De Marinis et al.
2005)
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dwelling at Lucone D have been conducted. For
this reason, it has been chosen as a representative
site (see infra, Sect. 3.7.4).

The Lavagnone basin (Desenzano del Garda/
Lonato del Garda–Brescia, IT-LM-01), known
since the 19th century, was first systematically
excavated by Perini (1981, 1988). The University
of Milan11 has continued research at Lavagnone
since 1989 (De Marinis 2007; Rapi 2013). The
area has been divided into various excavation
sectors (A, B, C, D, E); the settlement identified
underwent topographical shifts and changes in
architectural techniques during the Bronze Age
(Fig. 3.6 (4)). Different settlement areas, a timber
trackway (a road leading to the settlement), and a
small part of a palisade have been identified (De
Marinis 2007; De Marinis et al. 2005) (Fig. 3.6
(5)). Research is now focussed on a residential
nucleus (Sector E) located towards the centre of
the basin, dating to the MBA, which has yielded
interesting wooden finds such as a pirogue and a
yoke. In addition, the study of archaeological
objects from the layers of ‘Lavagnone 3’ was
recently completed (Rapi 2020).

Regarding the site of Barche (Solferino–
Mantova), identified in 1918 and partially
investigated in 1938 (Zorzi 1940), a reinterpre-
tation of the old excavation data has recently
been proposed by G. Leonardi to try to recon-
struct the interesting wooden box (cassone)
drainage structures (Baioni et al. 2018).

The nearby basin of Bande–Corte Carpani
(Cavriana–Mantova, IT-LM-07) was identified in
the 19th century and excavated between 1952
and 1983 (Piccoli 1982a). This too is a pile-
dwelling site characterised by topographic and
structural variations over time. Recently, N.
Martinelli published a study of the plan of part of
the settlement (excavations 1981–1983) based on
dendrochronological analyses, in which two
walkways dated between 1999 and 1994 cal BC,
and a house built in 1980 and renovated in

1974 cal BC, with spaces organised in two
‘naves’ (Baioni et al. 2018), were identified
(Fig. 3.7 (1)).

At the small lake of Castellaro Lagusello
(Monzambano–Mantua, IT-LM-08) two settle-
ments dating between the MBA and LBA have
been identified. The first excavations (1977–78)
recognised a sequence of settlements on drained
land (Piccoli 1982b). The most recent research
has identified a large deck set on the ground
(Fasani 2002).

At Lake Frassino (Peschiera del Garda–Ver-
ona, IT-VN-05), a submerged pile-dwelling was
identified in the early 1980s (Fozzati et al. 2015;
Gonzato et al. 2019) and investigated by under-
water excavation campaigns carried out by the
Soprintendenza between 1989 and 2000.
Research was resumed in 2014. The finds date to
both the EBA and MBA. Dendrochronological
and radiocarbon dates of samples taken from the
lake range from 1776 to 1703 cal BC (see
Chap. 12 in this book).

Numerous settlements in marshy areas are
documented outside the moraines around south-
ern Lake Garda, near springs, rivers, and ancient
riverbeds. Two new settlements were discovered
during archaeological controls in a wetland area
near Vallese (Oppeano–Verona). The first set-
tlement (named 4C) dates to the EBA and the
second (4D) to the MBA. The oldest (site 4C), a
short-lived pile-dwelling abandoned after a
flooding event, preserves different types of
wooden structures; its overall development
occurred in the late EBA 1 and early EBA 2
(Gonzato et al. 2021a). In site 4D, four phases
have been identified. Phase 2 featured the best-
preserved wooden structures, marked by standing
wooden partitions delimiting frequently restored
hearths and floor sequences (with intercalated
finely bedded hearth rake-out layers). These
structures were rectangular in shape and bounded
by horizontal wooden elements and a wattle and
daub wall (Gonzato et al. 2021b) (Fig. 3.7 (2)).

Tombola (Cerea–Verona, IT-VN-18), already
known from surveys in 1955, was investigated in
1999. Vertical piles and horizontal timbers
forming two rectangular structures were identi-
fied. The site dates to between the late MBA and

11 Director of research: M. Rapi. The first dendrochrono-
logical analyses carried out by P. I Kuniholm (Griggs
et al. 2007) are being extended by a new dating project by
Ivana Pezzo, which is currently under way.
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LBA. Dendrochronology has revealed two dif-
ferent phases of tree felling (Salzani et al. 2018;
see Chap. 12 in this book).

The site of Canàr (San Pietro Polesine–
Rovigo), excavated numerous times in the 20th
century (1984–88, 1990, 1994), presents two
main occupation phases. Alongside a ditch, both

a palisade and fence were found, made up of
boards inserted vertically into the ground. These
were contemporary with remains related to resi-
dential structures; unfortunately, it was not pos-
sible to ascertain their possible connection with
some pole shoes present in the investigated area
(Salzani et al. 1996).

Fig. 3.7 (1) Bande di Cavriana (Mantova)—Plan of
building reconstructions based on dendrochronology;
(a) Reconstruction of post positions at insertion levels
in the 1981 (right) and 1983 (left) excavation areas; (b)
Identification of walkways made from wood felled
between 1999 and 1994 cal BC; (3) Identification of
load-bearing posts of a building, probably residential,

erected in 1980 cal BC; (4) Identification of posts related
to a probable renovation of the building using trees felled
in 1974 cal BC (N. Martinelli, graphics E. Cavallo). (5)
Oppeano (Verona)–Vallese, site 4D, plan of excavation
area with row of dwellings (C. Mangani) and detail of a
wooden structure (After Gonzato et al. 2021b)
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3.7.2 Area Between the Berici
and Euganei Hills
(Veneto)

The hilly areas of the Berici and Euganei, where
there are various peat bogs and small lakes, are
located in the central part of the Veneto region.
The numerous sites include Laghetto della Costa
(Arquà Petrarca–Padua, IT-VN-07), a settlement
on drained land identified in 1885, that was
investigated in the late nineteenth and early 20th
century (Martinelli 2015).

3.7.3 Eastern Piedmont and Western
Lombardy

The second area in terms of the number of Bronze
Age pile-dwelling settlements known is the zone
around Lake Varese, comprising various smaller
lakes and peat bogs. Many pile-dwellings (De
Marinis 2009) were identified during 19th century
research along the shores of Lake Varese, Lake
Monate and nearby marshy areas. In general,
these settlements have yielded finds dating from
the late EBA to early MBA, together with a few
LBA artefacts. More recent research has been
conducted at only a few of these sites, such as
Sabbione (Cadrezzate–Varese, IT-LM-12) and
Bodio centrale (Bodio Lomnago–Varese, IT-LM-
10). The Sabbione pile-dwelling, investigated
between 1980 and 1996, shows a progressive
enlargement of the village area marked by the
presence of several palisades; at least two houses
have been identified (Fig. 3.8 (1, 2)). They are
both rectangular in plan and are built on three
rows of load-bearing posts; the larger covers an
area of about 32 square metres, the smaller about
15 square metres (absolute dates between 1633
and 1625 cal BC). The settlement, erected
between 1674 and 1605 BC, was located on the
subaerial shore of the lake (Martinelli 2017).

New research was conducted at Bodio cen-
trale between 2006 and 2012; this was not lim-
ited to the identification of wooden structures but
included an underwater excavation of approxi-
mately 107 square metres (Fig. 3.8 (3)). A prob-
able dwelling structure was identified, dating

between 1693 and 1674 cal BC ± 22. The finds,
among the few discovered during controlled
archaeological excavations in the Varese lakes
area, date to the early MBA and belong to the
north-western facies ‘Bodio-Mercurago-Pollera’
phase (Grassi and Mangani 2014).

Three settlements have been identified since
1966 on the bottom of Lake Viverone. Site Vi.1-
Emissario (Viverone/Azeglio-Turin, IT-PM-01)
has been investigated since 1977 by means of
topographic survey campaigns of piles and den-
drochronological sampling, which led to the
definition of the complex organisation of this
circular settlement with a diameter of about 70 m
and a complex system of palisades with an access
walkway and central walkway. The den-
drochronological study of 149 wooden elements
of the perilacustrine settlement Vi1-Emissario on
Lake Viverone, with the use of wiggle-matching,
allowed the construction phases of the structures
to be dated to between 1424 and 1401 ± 41 cal
BC (2r) (Rubat Borel et al. 2022).

Among the research that has continued in
recent decades, that at the site of Lucone D has
been chosen as a case study to illustrate a set-
tlement with structures with a high raised deck
supported by isolated posts (Type B1) dating to
the EBA.

3.7.4 Lucone D: An EBA Pile-Dwelling

Since 2007, research has been resumed12 in the
Lucone di Polpenazze pile-dwelling site D
(Polpenazze del Garda-BS, IT-LM-05) by the
Archaeological Museum of Valle Sabbia
(Gavardo-BS).13 At present the excavation area
consists of two contiguous sectors (1 and 2), with
a total of area of 343 m2 (Baioni et al. 2020,
2021a, b, 2022) (Fig. 3.9 (1, 2)).

Lucone D was a short-lived settlement (under
1 hectare) with two main phases: it was founded
in 2034–2033 BC and the latest felling of trees

12 The first research dates back to the second half of the
last century. For an overview see Baioni et al. (2007).
13 Director of research: M. Baioni.
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used for the rebuild occurred in 1967 BC (den-
drochronological dates, see Chap. 12 in this
book). From a stratigraphic perspective, two
macro-phases—LUD1 and LUD2—may be
clearly recognised:

Phase LUD1 represents the first period of use
of the settlement and ended with a fire (LUD 1b)

which affected the entire excavated part of the
village. Phase LUD2 represents the reoccupation
of the area after the fire.

The stratigraphy is characterised by the con-
trast between areas of continuous deposition of
layers with a plant-based matrix and extensive
dumps of waste material, that in this phase

Fig. 3.8 Cadrezzate (Varese), Lake Monate, ‘Il Sab-
bione’ pile dwelling: (1) Dating and localisation of village
structures based on dendrochronology (N. Martinelli;
graphic F. Orsi); (2) Dating and reconstruction based on
dendrochronology of two buildings in the village (N.

Martinelli; graphic F. Orsi). (3) Bodio (Varese), Bodio
Centrale pile dwelling, hypothetical reconstruction of a
rectangular building made of elm posts (blue) and then
reinforced with oak posts (red) (N. Martinelli, graphics by
C. Mangani)
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become large and complex, containing dozens of
interleaved lenses and patches of various sorts.

The number of archaeological finds is con-
siderable, as is usual in prehistoric pile-
dwellings. Lucone D also offers a good oppor-
tunity for multidisciplinary studies of the ancient

environment, palaeoeconomy and palaeodiet
(Badino et al. 2011; Perego 2017; Bona 2018;
Perego and Jacomet 2013).

The excavation of area D provided a lot of
data concerning the structures of the pile-
dwelling village. These are still being studied

Fig. 3.9 Polpenazze del Garda (Brescia)—Lucone: (1)
Map of Lucone basin with main archaeological sites (A,
B, C, D, E) and excavation areas (green) (CTR Regione
Lombardia, T. Quirino). (2) Lucone D: Excavation area
showing excavation campaigns and Sectors 1 and 2 (M.

Baioni). (3) Lucone D, Sector 1: Hypothetical reconstruc-
tion of village layout using 2035–2032 BC and 2032–
2030 BC posts: older building (red), more recent building
(purple), connecting walkway (green) (N. Martinelli, E.
Saletta, graphics by T. Quirino)
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and include more than 1300 wooden elements
overall, plus hundreds of fragments of heat-
altered clay from hearths and walls. In Sector 1
about 460 vertical poles have been identified, of
which about 300 have been dated by den-
drochronology. As often happens in these ‘post
field’ pile-dwelling sites of the Italian EBA, the
posts identified belong to various construction
phases and only by combining dendrochrono-
logical dating (which identifies posts felled at the
same time) and spatial analysis using GIS is it
possible to discern which posts were functionally
related.

At present, spatial analysis has been carried
out only for part of Sector 1. From this first
study, it has proved possible by means of careful
in-depth analysis and dendrotypological obser-
vations, to identify a small rectangular building
encircled by a row of posts dating to the years
2034 and 2033 BC. For the following years 2032
and 2031 BC, other structures have been

identified for which we were not always able to
define complete plans, because parts of them lie
beyond the excavation area. This was a larger
rectangular house, surrounded by a perimeter
structure to which a walkway seems to be con-
nected. The houses are of different sizes, but their
width is around 5 m (Fig. 3.9 (3)).

The fire deposit is the main source of the
numerous wooden elements found that belonged
to the wooden deck of the houses, the walls and
probably the roof.

There are many wooden boards, generally not
fully preserved, whose remains are 20–30 cm
wide and occasionally more than 2 m long (av-
erage thickness 5–8 cm) (Fig. 2.10). Sometimes
there are preserved mortises and joints for the
insertion of the planks between the poles
(Fig. 3.10 (3)). There are also numerous beams
that must have belonged to the standing structure
of the house, sometimes with pile shoes
(Fig. 3.10 (2)).

Fig. 3.10 Polpenazze del Garda (Brescia)—Lucone D,
Sector 2: (1) Plan with two beams with 25 rectangular
holes found together with tapered posts (C. Mangani, T.
Quirino); (2) Photographic plan of second beam with

tapered posts (C. Mangani); (3) Detail of first beam with
post inserted in one of the rectangular holes (Photo by M.
Baioni)
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Of particular interest are two beams, almost
8 m long, which were found in the peaty levels
towards the centre of the basin (Fig. 3.11 (1, 2)).
These are twin elements, perhaps made from the
same oak trunk, with 25 square holes in

corresponding positions, maybe mortises for the
insertion of joists. The use of these two structural
timbers is still unclear; perhaps they were ele-
ments that connected thewall and the roof. In 2020
in Sector 2, among the material involved in the

Fig. 3.11 Polpenazze del Garda (Brescia)—Lucone D:
(1) Sector 1, photographic plan of fire deposit surface with
boards and beams at different burning stages (C. Man-
gani); (2) Sector 2, photographic detail of tapered pole

inserted into its pile-shoe (Photograph M. Baioni); (3)
Sector 2, photograph of wooden door made of three
boards and joists (Photo by M. Baioni)
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collapse that occurred after the fire, the first
wooden door from an Italian context was discov-
ered. The door consists of three wooden planks,
two of which were made by literally carving
trunks, resulting in two large handles. The third
central one is simply a smooth board, made from a
different wood. Beams that held the structure
together were passed through the handles
(Fig. 3.11 (3)). The artefact is the first discovery in
Italy of a type of wooden door that is rather rare,
but known in Switzerland, at Zurich Opera House
car park (Bleicher and Ruckstuhl 2015, 76–79)
and at Pfäffikon-Burg (Eberli 2010).

Certain wooden elements may have belonged
to the roof structures, such as a wooden beam
with two oblique ends and a not-through-passing
mortise on the side opposite the sloping surfaces.
It could be a support element for a kind of roof
truss. The discovery of numerous rectangular-
shaped bark fragments, in some cases with a
hole, suggests the presence of bark shingles on
the roof. In the fire layers especially, parts of the
houses made of clay are preserved. These are
often parts of a box-type hearth, but fragments of
clay bearing imprints of poles or branches, per-
haps parts of walls or floors, are also present.

3.8 Conclusions

In northern Italy, human occupation of the wet-
lands can be dated from the EN and continued
until the LN. This first occupation may be
explained by the wide availability of natural
resources and water that these places offered all
year round, and the greater variety of land that
could also be exploited for agriculture; they were
thus particularly favourable for Neolithic sub-
sistence. Subsequent archaeological evidence is
scarce until the EBA, when in northern Italy
there was an explosion of pile-dwelling settle-
ments in the area affected by the Polada culture;
it may in fact be noted that the wetland sites were
not of particular interest to Copper Age groups.14

Although Neolithic wetland sites are not yet
numerous, they already reveal the appearance of
complex architectural strategies – which then
became more complex in the Bronze Age. From
the Neolithic onwards, pile-dwelling communi-
ties show remarkable ability in their choice of
wood and its processing. In the Bronze Age more
sophisticated techniques appeared that led to the
manufacture of wooden structures of consider-
able length. Excavations in progress and the
application of dendrochronology to old research
material have also begun to provide information
on settlement layouts and house plans in Italy.
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4The Early Neolithic Lake-shore
Settlement of La Marmotta at Lake
Bracciano (Anguillara Sabazia, Rome,
Italy): a Critical Overview
of the Current State of Research,
and a Discussion of Selected Aspects

Ariane Ballmer, Mario Mineo,
and Valeska Becker

Abstract
Occupied from around 5600 BC, the lake-
shore settlement of La Marmotta at Lake
Bracciano (Anguillara Sabazia, Rome, Italy)
counts as one of the earliest permanently
occupied wetland settlements in southern
Europe. The first settlers were a Neolithic
group, pursuing crop cultivation and stock
breeding. The archaeological site with its
fascinating spectrum of finds is not only of
great interest per se but also plays a key role in
the understanding of the supra-regional spread
of the Neolithic along the northern Mediter-
ranean coast. Thus, the settlement seems to
have been a kind of gateway from which the
western Mediterranean region, and possibly

also the western Alpine region, would have
received essential inputs, especially in terms
of agricultural resources and practices. The
pending evaluation of the extensive underwa-
ter excavations between 1992 and 2006 cur-
rently only allows for a provisional and
relatively diffuse knowledge of the site. In
the present chapter, the site chronology,
selected aspects of the settlers’ way of life,
in particular concerning agriculture but also
navigation, as well as the site’s potential role
in the Neolithisation of the western Mediter-
ranean are dealt with in detail.

Keywords
Western mediterranean � Early Neolithic
Italy � Neolithisation � Pile-dwelling �
Tyrrhenian impressed ware � Painted ware �
Ceramica lineare

4.1 Introduction

The settlement of La Marmotta belongs to the
most intriguing sites of the initial Mediterranean
Neolithic, while simultaneously raising many
questions. In addition to an impressive inventory
of spectacular organic finds due to waterlogging,
the site’s utmost importance lies in its chrono-
spatial setting: first occupied in the middle of the
6th millennium BC, i.e. the Early Neolithic, the
site is one of the first permanently occupied
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wetland settlements of the ‘pile dwelling’-type in
Europe. From La Marmotta, impetus for the
Neolithisation of the western Mediterranean
would have been given.

It is therefore not surprising that the site is
referred to on a regular basis. At the same time,
its archaeological materials remain largely
unevaluated and hence unpublished. Preliminary
reports by the responsible excavators as well as
by specialists from the various disciplines were
already submitted after the initial intervention in
1989 and published in 1993 (archaeology in
general, incl. structures and finds: Fugazzola
Delpino et al. 1993; archaeobotany: Rottoli
1993; dendrochronology: Martinelli 1993;
archaeozoology: Cassoli and Tagliacozzo 1993;
human tooth: Macchiarelli and Salvadei 1993).
In 1995, an article was published on a dugout
canoe (Fugazzola Delpino and Mineo 1995) and
another on the faunal remains found in its context
(Cassoli and Tagliacozzo 1995). From the late
1990s on, a series of general reviews on the site
as well as specific find categories were published
(review articles: Fugazzola Delpino 1998–1999;
Fugazzola Delpino and Pessina 1999; Fugazzola
Delpino and Mineo 2000; Fugazzola Delpino
2002; pottery: Delpino 2020; anthropomorphic
figurine: Fugazzola Delpino 2000–01; wild boar
tusk artefacts: Fiore et al. 2006; special plants:
Rottoli 2001–02; Bernicchia and Gemelli 2004;
Fugazzola Delpino 2004; Speroni 2004; Bernic-
chia et al. 2006; harvesting tools, especially
sickles: Mazzucco et al. 2018, 2020; dugout
canoes: Fugazzola Delpino and Mauro 2014;
Mineo 2016; Bondioli et al. 2000; woodwork:
Caruso Fermé et al. 2021; Mazzucco et al. 2022;
textiles, basketry, and cordage: Mineo 2019;
Mineo et al. 2023).

Although both specific aspects and larger
contexts have been published, these mostly seem
to be based on general observations, whereas the
underlying information is largely inaccessible.
With a few exceptions, practically no corre-
sponding basic data (such as plans and trench
sections of the excavation; systematic inventory
lists featuring figures and further relevant data;
drawings or photos of finds) is currently avail-
able, which means that numerous statements and

contexts cannot be verified or reassessed for
discussion, respectively. With the intention of
highlighting the significance of La Marmotta
without repeating what has already been pub-
lished in multiple general reviews, we chose to
focus on selected topics, considering the latest
state of research in order to ultimately discuss the
site’s further context, i.e. the site chronology,
outstanding elements related to the settlers’ way
of life, in particular concerning agriculture but
also navigation, and finally the site’s potential
role in the Neolithisation of the western
Mediterranean.

4.2 Discovery and Investigation

In spring of 1989, when a pipeline was installed
close to the town of Anguillara Sabazia (Rome),
rich archaeological deposits were uncovered
underneath the bed of Lake Bracciano, several
metres below today’s water level. It soon became
apparent that these were the remains of a pre-
historic settlement. Between 1992 and 2006,
systematic underwater excavations were carried
out under the supervision of the Soprintendenza
Speciale of the Museo Nazionale Preistorico
Etnogafico ‘Luigi Pigorini’ (today: Museo delle
Civiltà) in Rome, directed by M. A. Fugazzola
Delpino, and from 1993 to 1999 with the col-
laboration of M. Mineo (Fugazzola Delpino
2002).

4.3 Topographical Setting

The archaeological site of La Marmotta is located
on the southeastern shores of a volcanic lake, the
present-day Lake Bracciano, at the outflow of the
River Arrone, in a bay sheltered on three sides by
promontories (Fig. 4.1). It lies approximately
300 m seawards from the modern shoreline. The
archaeological deposits are fully submerged at a
depth of 9–12 m below today’s water level. The
site remains extend over an area of not less than
2 ha, of which 25% have been investigated. The
archaeological relics owe their excellent preser-
vation, on the one hand, to waterlogging, and, on
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the other hand, to a c. 2 m thick covering layer,
which ‘sealed’ the settlement relatively quickly
after its abandonment and thus protected it from
later disturbances.

The choice of the settlement’s location and its
occupation for nearly 500 years may be related
mainly to the favourable conditions of the sur-
rounding area: the mineral-rich volcanic soils
offered fertile arable land, ideal for farming. In
addition, the locus is connected to the Tyrrhenian
coast through the River Arrone, flowing from the
southeastern shore of LakeBracciano into the sea in
the Fregene-region north of Ostia. If we assume an
Etruscan river harbour in the hinterland of Fregene,
like they are known from other Southern Etrurian
rivers (Daum 2015; Michetti 2017), the navigabil-
ity, or at least some sort of raftability of the
Arrone in prehistoric times seems conceivable.

4.4 Site Chronology and Course
of Events

4.4.1 Stratigraphical Sequence

According to the excavators, individual archaeo-
logical layers were hardly distinguishable from
each other by eye, and moreover, there were no
separating layers between them. Furthermore, the
stratigraphy did not present itself identically in
the different trenches. On a general level, the
following observations seem valid: a 20–30 cm
thick archaeological deposit was recorded (Layer
1), consisting of anthropogenic material succes-
sively accumulated on the lake bottom. Mainly
based on the pottery assemblages, described in
more detail in the following chapter, two levels
(Levels I and II) could be distinguished within

Fig. 4.1 La Marmotta.
Geographical setting of the
archaeological site (Authors)
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Layer 1 (Fugazzola Delpino et al. 1993; Fugaz-
zola Delpino 2002):

• Layer 1, Level II corresponds to the very
beginning of the settlement.

• Layer 1, Level I is characterised by a great
number of findings and represents the most
extensive village occupation. (As developed
infra, based on the pottery, an older and a
younger phase can be distinguished within
this level, in the following referred to as
‘bottom’ or ‘top’, respectively).

Layer 1 was covered by a 2 m thick deposit of
natural lake sediments with a characteristic
component of snails...

• … accordingly called ‘Chiocciolaio’-layer.
The bottom part of this deposit consists of
remains of the village’s final occupation years
as well as of its abandonment, including the
collapsed and submerged structures. Since the
pottery spectrum (cf. infra) from the
Chiocciolaio-layer differs from that of the
preceding anthropogenic Layer 1, Level I,
these are to be understood as the eroded
remains of a separate settlement phase.

4.4.2 Pottery Typology

The pottery recovered at La Marmotta constitutes
an important part of the find material and allows
to contextualise the settlement within the
framework of archaeological cultural phenomena
during the Italian Early Neolithic. Whereas the
oldest Neolithic remains, including the most an-
cient pottery in Italy, are found in the regions of
Apulia, Calabria, and Basilicata as well as on
Sicily, the pottery from La Marmotta shows
characteristics of a more advanced stage (Neoli-
tico antico II). This stage refers to at least three
different styles that display connections to vari-
ous geographic regions. The pottery styles
occurring at La Marmotta have been described
and contextualised in several publications, espe-
cially by Fugazzola Delpino et al. 1993,

Fugazzola Delpino 2002, and Delpino 2020, yet
not extensively laid out. In the following, the
pottery will be presented in accordance with the
published material and related to the layers it was
found in. Moreover, it will be set in the overall
framework of the Italian Early Neolithic and
beyond.

The earlier archaeological level (Layer 1,
Level II) contains particularly well-preserved
pottery of high quality: it is made of purified clay
and well-fired, and the surfaces are carefully
smoothed or even polished. Fine ware shapes
include bowls, simple and carinated cups as well
as jars with and without handles. Amongst the
coarse ware, flasks, bowls, and jars occur. The
bottoms of both the fine and the coarse ware are
either flat or rounded. In rare cases, they show
stand rings or pedestals. Vertically and horizon-
tally pierced lugs, knobs, and handles are pre-
sent. The decorations on the pottery found in
Layer 2, Level II are both painted and, to a rarer
extent, impressed (Fugazzola Delpino et al.
1993).

The painted pottery found in Layer 1, Level II
shows white, red, grey, and black painted orna-
ments (Fig. 4.2). The motives consist of hori-
zontal bands of parallel or angular lines and
ladder-like bands. In some cases, the inside of the
vessels is decorated, too (Fig. 4.2, no. 4–5)
(Fugazzola Delpino et al. 1993). In Italy, Early
Neolithic painted pottery first occurs in the
southeast from c. 5700 BC on, with the styles
named Lagnano da Piede, Masseria La Quercia
or Passo di Corvo arcaico, and tipico. These
styles differ from each other with respect to
motives and colours, but seem to occur almost
contemporaneously at various sites, though with
different micro-regional onsets, yet showing
significant chronological overlaps (Tiné 2002).
This also applies to the Catignano painted pot-
tery, which resembles the one found at La Mar-
motta. The Catignano painted pottery is
concentrated in the Abruzzo region, and, as
a cultural phenomenon, is dated to around
5600/5500–4900 BC (Tozzi and Zamagni 2003;
Radi and Tozzi 2009). The westernmost sites of
this group are located about 140 km from Lake
Bracciano.
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The ceramics featuring impressions (Fig. 4.3,
no. 1–10) belong to the so-called Impresso pot-
tery culture (also referred to as Impressa,
Ceramica impressa-cardiale, Impresso-Cardial,
etc.). Impresso pottery constitutes the first pottery
in Early Neolithic Italy, where it emerges around
6000 cal BC in the south of the country. Sub-
sequently, it spread along the coasts, with
regional styles named Ceramica impressa adri-
atica, Ceramica impressa tirrenica or Ceramica
impressa ligure. At La Marmotta, we grasp the
Tyrrhenian facies of this cultural phenomenon
(ital. Ceramica impressa tirrenica, c. 5600–4900

BC) (Fugazzola Delpino et al. 1993). Sites
attributed to the Ceramica impressa tirrenica are
located in Lazio and Tuscany (Becker 2018) and
have yielded pottery decorated with impressions
and tremolo-like imprints mostly made with
shells from molluscs like dog cockle (Glycymeris
glycymeris) and others (Cardium, Arca, Mytilus,
Tellina, Pectunculus, Columbella, Conus,
Cypraea). In other cases, impressions are made
with wooden or bone tools. They are arranged in
shapes of triangles, lozenges, zigzag, and her-
ringbone patterns. Bands filled with serrated
impressions alternating with undecorated bands

Fig. 4.2 La Marmotta. Pottery. 1–5: Painted ware (Illustrations by L. Silenzi; first published by Fugazzola Delpino
et al. 1993; photos: Museo delle Civiltà, Roma; composition by V. Becker)
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are frequent. Sometimes they are arranged obli-
quely or vertically to the rim, sometimes hanging
‘fringes’ of punctures are featured below the rim.
The very finely serrated or toothed punctures
refer to a technique peculiar to the Tyrrhenian
facies of Impressed ware. In some cases, the
impressions were filled with white paste.

The subsequent level (Layer 1, Level I)
allows for a distinction between an older and a

younger phase, in the following referred to as
‘bottom’ or ‘top’, respectively:

Like Level II of Layer I, the bottom part of
level I still contained both painted pottery and
pottery decorated with impressions referring to
the Ceramica impressa tirrenica, and the painted
ware pointing to Catignano and southern Italy.
On two bowls, a mixed decorative technique has
been applied: their inner surface is painted, while

Fig. 4.3 La Marmotta. Pottery. 1–10: Impresso ware, 11–14: Ceramica lineare (Illustrations by L. Silenzi; first
published by Fugazzola Delpino et al. 1993; composition by V. Becker)
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the outer wall is decorated with imprints (cf.
Binder et al. 2022).

The pottery in the top part of level I is made
less carefully. A new type of decoration appears:
incised lines. Whereas vessel shapes now
encompass flat bowls, jars, and globular vessels,
incised lines (mostly found on globular and
semi-globular vessels) are arranged to form zig-
zags, crosses, and triangular motives. They are
evidence of a new pottery style called ‘pottery
with incised lines’ (Italian: Ceramica a linee
incise, Ceramica lineare), which is typically
found in Tuscany, Lazio, and Umbria at a more
advanced stage of the early Neolithic (Fig. 4.3,
no. 11–14). It dates around 5400/5300–
4800/4700 BC and can be subdivided into three
regional groups named after eponymous sites,
facies di Sasso, facies di Sarteano, and facies di
Monte Venere (Becker 2018). They only
slightly differ from each other with respect to
details in vessel shapes or decoration motives.

The most recent anthropogenic deposit, the so-
called Chiocciolaio-layer, contained pottery
decorated with incised lines only. It seems that at
this stage, the Ceramica lineare would have
completely replaced both the Tyrrhenian Impres-
sed ware and the painted pottery. It is not quite
clear whether this observation can be used as an
argument for a more local orientation of the set-
tlement and a decrease in supra-regional contacts.

Finally, some exceptional ceramic receptacles
are worth mentioning, such as a vessel decorated
with an incised ‘sun’-motif. Incised and painted
figural anthropomorphic and zoomorphic repre-
sentations such as an incised motif resembling a
butterfly are very rare or even unique (Fugazzola
Delpino 2002).

The general chronological attribution of the
present pottery styles, i.e. the Tyrrhenian
Impressed ware, the painted wares of southern
Italy and Catignano, and the Ceramica lineare,
fits well with La Marmotta’s absolute dates (cf.
infra): the oldest pottery remains at La Marmotta
belong to the Tyrrhenian Impressed complex,
which is dated to around 5600–4800 BC. The
painted ware occurs around the same time in
southern Italy (Becker 2018). The same applies
to the Catignano painted pottery, in which case a

series of new dates point to its onset around
5600/5500 BC (Boschian and Colombo 2009).
The relatively small number of absolute dates for
the Ceramica lineare makes its chronological
placement more difficult. Yet, the available
radiocarbon data indicate its beginning at around
5400/5300 BC (Rosini et al. 2005), allowing us
to assume a more recent dating than the previ-
ously mentioned styles or cultural phenomena.

4.4.3 Radiocarbon Dates

At an early stage of the site’s excavation, the
radiocarbon dating of a few construction timbers
allowed the confirmation of the site’s Early
Neolithic context (cf. Fugazzola Delpino et al.
1993). Further 14C-dates were specifically pro-
duced for dendrochronology (Fugazzola Delpino
and Tinazzi 2010) (cf. Sect. 4.4). Though, from
today’s perspective, these values as such are less
significant than those from recently measured
short-lived botanical remains: first, the sampled
timbers cannot be attributed to specific archaeo-
logical contexts at this stage; second, it is not
always sufficiently clear which part of the tim-
bers has been sampled, and third, the calibrated
values show relatively wide probability ranges.

In recent years, radiocarbon ages of short-lived
botanical remains (opium poppy capsules and
cereal caryopsides) was performed (Table 4.1)
(Salavert et al. 2020; Mazzucco et al. 2022),
delivering much more accurate and comprehen-
sible values than those previously available.

The 14C-ages of the short-lived botanical
remains roughly range between c. 5600 and
5200 cal BC: the charred grains from Layer 1,
Level II covering a maximum timespan of
between c. 5600 and 5400 cal BC, with those from
Layer 1, Level I ranging between a little after 5500
and 5200 cal BC. Based on their 14C-values, the
opium poppy capsules appear to belong to the
earlier occupation level (Layer 1, Level II). The
close proximity of the dates, even across the
levels, seems to confirm the stratigraphic finding,
meaning that we are dealing with a continuous
accumulation of Layer 1, possibly hinting at a
more or less continuous site occupation.
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4.4.4 Dendrochronology

About 3400wooden piles were recorded within the
excavated area, most of them inserted vertically
into the former lakebed. They used to be part of a
bank reinforcement as well as of house substruc-
tures. The dendrochronological analysis of these
timbers was first started by N. Martinelli (prelimi-
nary report:Martinelli 1993) and later taken over by
O. Tinazzi at the Laboratory of the Italian Institute
of Dendrochronology (Fugazzola Delpino 2002;
Fugazzola Delpino and Tinazzi 2010). A total of
2044 piles, mostly of oak, but also of laurel, ash,
and alder, were examined. The tree ring chronolo-
gies were built with oaks and ash. The absence of a
dendrochronological reference curve for the con-
cerned region and period posed a particular chal-
lenge and attempts to find supra-regional matches
for possible teleconnections were inconclusive
(Fugazzola Delpino and Tinazzi 2010).

In an article from 2010, M. A. Fugazzola
Delpino and O. Tinazzi present an absolutely
dated mean curve (‘Mean Curve 1’), covering
248 years between 5538 and 5290 cal BC. Based

on the available data, it is not possible to identify
particular clusters amongst the felling dates
between 5457 and 5290 cal BC. An additional
(floating) curve (‘GR13’) is presented by the
authors, covering 154 years towards the end of
the 6th millennium cal BC.

While the suggested tree felling dates (or
construction dates, respectively) coincide with
the conclusions drawn from other material from
La Marmotta (stratigraphy, pottery, 14C-ages),
the unavailability of the underlying data prevents
a deeper discussion. The same applies to the
statements on the building architecture and set-
tlement layout deriving from the dendroarchaeo-
logical analyses (Fugazzola Delpino and Tinazzi
2010).

4.4.5 A Brief History of the Village

Based on the combined information available
from the stratigraphy, the pottery typology, and
absolute dating, a course of events as presented
in Table 4.2 can be established:

Table 4.1 La Marmotta. Radiocarbon dates from short-lived botanical remains, sorted by sample context. Calibrated
using OxCal 4.4 (Bronk Ramsey 2009) and the IntCal20 atmospheric calibration curve (Reimer et al. 2020) Mazzucco
et al. (2022) have rightly pointed out, that the values of CNA-5289.1.2 and CNA-5291.1.1 might be the result of a
secondary stratigraphical displacement of the relevant sample material (composition by A. Ballmer)

Lab no. Sample material 14C Age
[yr BP]

cal BC 2r
(95.4%)

Sample
context

Publication

ECHo2454 Opium poppy capsule (Papaver
somniferum)

6600 ± 50 5622–5478 Layer 1 Salavert et al.
(2020)

ECHo2657 Opium poppy capsule (Papaver
somniferum)

6600 ± 30 5617–5480 Layer 1 Salavert et al.
(2020)

CNA-
5754.1.2

Charred caryopsis of emmer wheat
(Triticum dicoccum)

6367 ± 34 5471–5220 Layer 1,
Level I

Mazzucco
et al. (2022)

CNA-
5288.1.1

Charred caryopsis of emmer wheat
(Triticum dicoccum)

6393 ± 40 5474–5230 Layer 1,
Level I

Mazzucco
et al. (2022)

CNA-
5289.1.2

Charred caryopsis of emmer wheat
(Triticum dicoccum)

6577 ± 43 5620–5475 Layer 1,
Level I (?)

Mazzucco
et al. (2022)

CNA-
5290.1.1

Charred caryopsis of emmer wheat
(Triticum dicoccum)

6534 ± 43 5614–5381 Layer 1,
Level II

Mazzucco
et al. (2022)

CNA-
5291.1.1

Charred caryopsis of emmer wheat
(Triticum dicoccum)

6431 ± 42 5476–5321 Layer 1,
Level II (?)

Mazzucco
et al. (2022)

CNA-
5755.1.1

Charred caryopsis of emmer wheat
(Triticum dicoccum)

6558 ± 31 5611–5475 Layer 1,
Level II

Mazzucco
et al. (2022)
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There is substantial archaeological evidence
of settlement activity from the 56th century BC
onwards, which, mainly based on the pottery, but
also on stratigraphic indications, as well as ref-
erence points from absolute dating, can be divi-
ded into four phases.

According to Fugazzola Delpino and Tinazzi
(2010), the tree rings of the GR13-curve, refer-
ring to the village’s latest construction phase,
show signs of ‘stress’, possibly hinting at one or
several regional environmental event/s: fire epi-
sodes, micro-climatic shifts, or volcanic erup-
tions. However, the causality between these
several possible impacts and the abandonment of
the settlement remains unclear at this stage. On
the other hand, conspicuous burning traces in the
Chiocciolaio-layer indicate a village fire during
the latest occupation phase (Fugazzola Delpino
et al. 1993). Whether the settlement had to be
abandoned because of a conflagration, or whe-
ther the settlement was intentionally set on fire
on its abandonment, or burned down shortly after
its abandonment, is unknown. The signs of rapid
sedimentation of the last archaeological layer
(evidenced by the good preservation of the
archaeological finds on the surface of the latest
deposit as well as by the quality of the covering
layer) hint at the role of the rising lake water
level in the abandonment of the settlement.

4.5 Perspectives on the Way of Life:
Subsistence Economy
and Navigation

4.5.1 Subsistence Economy:
Domesticated Animals,
Cereals, and Opium
Poppy

The waterlogged archaeological layers have
delivered rich evidence of the subsistence econ-
omy prevalent at the time of La Marmotta’s
occupation, featuring a broad spectrum of plant
and animal resources deriving from agricultural
production as well as from foraging activities.

Both the faunal remains and a part of the plant
remains from the 1989 campaign have beenTa
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published in preliminary reports by Cassoli and
Tagliacozzo (1993) and Rottoli (1993; see also
Rottoli 2001–02; Rottoli and Pessina 2007).
Some findings and conclusions have been gen-
erally presented by Fugazzola Delpino in 2002.
Specific plant species from La Marmotta, in
particular wheat and opium poppy, have been
included in recent research projects (de Vareilles
et al. 2020; Salavert et al. 2020; Mazzucco et al.
2022), leading to some of the relevant basic data
being published.

Awaiting more data to be available, we would
like to briefly address two aspects that are
important for the overall assessment of the site:
domestic animals on the one hand, and the
presence of domesticated cereals and opium
poppy on the other.

As has already been implied in 1993 by
P. F. Cassoli and A. Tagliacozzo, and further
developed on a larger database by Fugazzola
Delpino (2002), from the earliest occupation of
La Marmotta, domestic animal species show an
advanced state of domestication. This is evi-
denced by the sizes of cattle and goats, as well as
the absence of horns in ewes. The minimal
number of individuals in ovicaprids (sheep pre-
vailing over goat) is stated to be significantly
higher than both cattle and pigs together.

Although the 1993 report deals with a part of
the botanical macro-remains only, it shows clearly
that the main plant components of the core
‘Neolithic package’ are present at La Marmotta,
i.e. wheat, barley, lentil, and pea. Around 65% of
the recovered remains of cultivated plants con-
sisted of cereals, represented by substantial pro-
portions of charred specimens including ears,
spikelets, and individual caryopses. In addition
to two-row hulled barley (Hordeum distichum),
emmer (Triticum dioccum L.), and einkorn (Tri-
ticum monococcum S.), archaic free-threshing te-
traploid naked wheat (Triticum durum/turgidum)
was identified. For the time being, there is only
tentative evidence of free-threshing hexaploid
naked wheat (Triticum aestivum) (Rottoli 1993;
Rottoli and Pessina 2007).

The crucial role of arable farming at La
Marmotta, in particular of cereal cultivation, is
indirectly evidenced by the presence of

numerous tools employed in the cultivation,
harvesting, processing, and storing of plants and
plant products. Above all, the 52 wooden sickles
with implemented flint blades, or parts thereof,
indicate the practice of arable farming (Fig. 4.4)
(Mazzucco et al. 2018, 2020; Mineo et al. 2018,
2021, 2022).

Interestingly, abundant remains of opium
poppy (Papaver setigerum/somniferum) have
been found at La Marmotta (Fig. 4.5). In fact,
this is the oldest record of opium poppy in the
Mediterranean to date. Whereas it is not possible
to tell whether the finds belong to the wild or the
cultivated species (Rottoli 1993, 2001–02;
Rottoli and Pessina 2007; Salavert et al. 2020),
the opium poppy’s seeds and capsules were
presumably used in food preparation and for its
oil content, as well as for medical purposes.

4.5.2 Navigation

Five dugout canoes have been discovered at La
Marmotta, made from different types of wood
(Fugazzola Delpino and Mauro 2014). The two
largest ones (up to 11 m long) could have served
in more complex undertakings.

The biggest dugout, named ‘La Marmotta 1’,
made from an oak log and measuring 10.4 m in
length, is thought to be evidence of advanced
boat building knowledge (Fig. 4.6): the bow has
a tapered shape, whereas the stern presents itself
as bulky. The bottom of the hull is partially
flattened, possibly to improve its seaworthiness.
At the bottom, four transversal ribs are carved
out in regular intervals. Near the stern, wood had
been hewn off, leaving a ridge that is reminiscent
of a keel. Based on its find context, the ‘La
Marmotta 1’ is assigned to the earliest settlement
occupation (Fugazzola Delpino and Mineo 1995;
Fugazzola Delpino et al. 1997; Bondioli et al.
2000). Its seaworthiness was practically demon-
strated in an experimental expedition: in 1998,
Czech archaeologists successfully navigated a
replica from Sicily to Portugal in five stages
(Tichý 2001, 2016). Furthermore, it has been
suggested that by fastening two dugouts with
planks (for instance by means of the wooden
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fixtures found on both of the large dugouts from
La Marmotta [Fugazzola Delpino and Mineo
1995; Fugazzola Delpino and Mauro 2014]), a
catamaran-like vehicle could be assembled,
hypothetically suitable to transport substantial
amounts of cargo, including not only humans but
possibly also livestock and crops (see Vigne and
Cucchi 2005; Zilhão 2014).

Several miniature clay models of boats were
found within the earliest occupation layer of the
settlement. They measure about 15–20 cm in
length each and are light enough to float
(Fugazzola Delpino et al. 1993; Fugazzola Del-
pino 2002). One of the published ones features a
raised prow and a raised stern as well as convex
long sides (Fig. 4.7), referring to a watercraft
type going beyond a simply shaped dugout.
Another one has an eyelet at each of the narrow
ends. The function of these boat models may be
linked to cultic-ritual practices.

Some boats from La Marmotta, both operative
log-boats and miniature models with developed
features, are significantly more elaborate than

rafts or simple dugout canoes. This could hint at
the very particular predisposition of the residen-
tial community to navigate (besides lakes and
rivers, one would like to imagine the navigation
of the seas)—possibly an essential component of
their identity.

4.6 Reference to the Past: The
‘Venus’ from La Marmotta

The entirely preserved small figurine of a naked
female is highly interesting and enigmatic at the
same time (Fig. 4.8). It was found under a col-
lapsed house floor in Layer 1, Level II, corre-
sponding to the settlement’s first occupation
phase (Fugazzola Delpino 2002). The sculpture
is three-dimensionally carved from light green
steatite and measures 4.8 cm in height (Fugaz-
zola Delpino 2000–2001). Its round head shows
no face; at the back of the head, implicitly rep-
resented hair hangs down. The arms are slightly
bent and rest on the belly under large breasts.

Fig. 4.4 La Marmotta. Selection of Early Neolithic ‘sickles’ with wooden hafts and flint implements (Courtesy of
Museo delle Civiltà, Roma; composition by A. Ballmer)
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Fig. 4.6 La Marmotta. Dugout canoe ‘La Marmotta 1’
carved from a single oak log and featuring advanced boat
building techniques (Illustration by Progetti and Sistemi;

courtesy of the Museo Nazionale Preistorico Etnografico
‘L. Pigorini’, Rome; first published by Bondioli et al.
2000; modified by A. Ballmer)

Fig. 4.5 La Marmotta. Opium poppy capsules (Papaver setigerum/somniferum) (Courtesy of Museo delle Civiltà,
Roma)
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The abdominal region is corpulent; belly button
and pubic triangle are carved. The thighs, but-
tocks, and legs are plastically sculpted and are
equally full as the breasts and abdomen, while
the lower legs are represented in a reduced way,
even without feet.

From a stylistic point of view, the La Mar-
motta figurine must be attributed to the Upper
Palaeolithic figurines of the Gravettian techno-
complex (Hansen 2007; Skeates 2017). It shows
striking resemblance to similar figurines from the
Balzi Rossi/Grimaldi caves in Liguria (White and
Bisson 1998) or even the famous ‘Venus of
Willendorf’ (Wachau, Lower Austria) (Antl-
Weiser 2008). Although M. A. Fugazzola Del-
pino (2000–2001) would like to establish a
connection with Neolithic figurines from Thes-
saly, Anatolia, and the Levant, this is not obvi-
ous. Rather, the specimen from La Marmotta
currently represents the southernmost finding
point within the distribution area of the Gravet-
tian figurines between the Pyrenees and the Don
(Hansen 2007). The limestone raw material of
the ‘Venus from Willendorf’ has recently been
located in Lake Garda region in Northern Italy
(Weber et al. 2022), evidencing the long-distance
circulation of such pieces.

For all the sensations of the find, the temporal
discrepancy between La Marmotta’s settlement
occupation and the stylistic context of the fig-
urine cannot be ignored. J. Robb (2007) has
plausibly argued that the La Marmotta figurine

might in fact be a Palaeolithic product that would
have been collected by the Early Neolithic set-
tlers of La Marmotta from another site and
absorbed into their own practices—and hence
incorporated into the archaeological context. Due
to the figurine’s deposition in the context of a
building interpreted as assembly house or com-
munal building, it has been interpreted in relation
to a ‘founding ritual’ of this specific building
(Fugazzola Delpino 2002); it is of course
tempting to expand this idea towards the initial
founding of the entire settlement. Apart from the
strange aesthetic and special status that the piece
may have had for the community, it may also
have been understood as a reference to a remote,
absolute past, thus—as a symbol of a temporal
continuity—creating a kind of legitimacy of the
group and/or place.

4.7 La Marmotta and the Western
Mediterranean Early Neolithic

At least three points allow an extended discus-
sion of La Marmotta: the impressed pottery, the
documented spectrum of cultivated plants, in
particular the naked wheat, as well as the pres-
ence of opium poppy.

It is noticeable that the pottery from the ear-
liest period of occupation has no local back-
ground, rather, the painted ware displays
connections to southeastern and central-eastern

Fig. 4.7 La Marmotta. Clay model of dugout canoe with raised prow and stern, and convex long sides (Courtesy of
Museo delle Civiltà, Roma)
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Italy. The concurrently present Impresso pottery
belongs to the Tyrrhenian facies which is found
in Lazio and Tuscany as well as in Sardinia and
Corsica. It seems that in the course of the
Neolithisation process, southeastern Italy would
have been settled first (c. 6000 BC), followed by
southern Italy, including Sicily (c. 6000/5900
BC), then quite rapidly afterwards Liguria (c.
5800 BC) and only thereafter Sardinia, Corsica,
and the Tyrrhenian coast (c. 5600/5500 BC) (for
a synopsis see Becker 2018). Based on the cur-
rently available data, La Marmotta would have
taken a leading role in the spreading of the
Tyrrhenian Impresso facies. Eventually, in the
latest stage of La Marmotta’s occupation, a more
local pottery tradition is documented, evidenced
by the presence of Ceramica lineare.

The evidence of a cultivated plant spectrum
referring to the core ‘Neolithic package’ as well
as of domesticated ovicaprids and other animals
leads to the conclusion that La Marmotta must
be understood as a ‘pioneer’ settlement of an
already completely neolithisised group, quite
possibly originating outside of the Tyrrhenian
circle, for instance in southern Italy. The
hypothesis of a ‘migration’ by sea can be
supported by the presence of relatively elabo-
rated dugout canoes (not only visible in actual

vehicles but also in their symbolic representa-
tion) in the first settlement phase of the village:
authors like Guilaine and Manen (2007),
Tresset and Vigne (2007), or Zilhão (2014)
have put forward the realistic scenario accord-
ing to which early farmers would have moved
across the Mediterranean bringing with them
seeds or seedlings of cultivated plants as well
as livestock.

With this in mind (the presence of early
Tyrrhenian Impresso pottery, domesticated plants
and animals, as well as an occupation from as early
as 5600 BC at the latest), La Marmotta can be
considered as a catalyst of the Tyrrhenian
Neolithisation and moreover of the Neolithisation
of large areas of the western Mediterranean region
(see, e.g. the southeastern Spanish site of La
Draga, Banyoles, occupied from c. 5300 BC on:
see Chap. 11 in this book), but also parts of central
and Northern Italy (for instance, the waterlogged
site of Isolino Virginia at Lake Varese, occupied
from c. 5000 BC on, is also linked to the western
Mediterranean tradition (see Chap. 16 in this
book)), including the western Alpine sphere
(Jacomet 2007). La Marmotta’s role as prime
mover is supported by the presence of opium
poppy (Papaver setigerum/somniferum): A. Sal-
avert and her team found that during the relevant

Fig. 4.8 La Marmotta. Figurine of a naked female made of green steatite. Likely made in the Upper Palaeolithic, it was
collected, kept and deposited by the Early Neolithic settlers of La Marmotta (Courtesy of Museo delle Civiltà, Roma)
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period, opium poppy is only found in central Italy
and the western Mediterranean region, with La
Marmotta yielding one of the earliest pieces of
evidence (Salavert et al. 2020; see also: Rottoli
1993, 2002; Rottoli and Pessina 2007). Based on
its chrono-spatial distribution pattern, it is specu-
lated that, in contrast to the cereals and pulses of
Europe’s first farmers, the domestication of the
opium poppy could have taken place in central
Italy from where it would have spread west, and
eventually northwards (Salavert 2010, 2011, Sal-
avert et al. 2018; de Vareilles et al. 2020; Jesus
et al. in press).

Certainly, the reconstruction of the detailed
spreading dynamics of the western Mediter-
ranean Early Neolithic requires further research.
Being inclined to grant La Marmotta the status of
a hub in the Neolithisation process of the western
Mediterranean and furthermore the western
Alpine regions, the discussion underlines the
urgency of evaluating and publishing the site.

4.8 Epilogue

Various find categories are currently being
worked on by Italian and international special-
ists. Not yet published before the completion of
this manuscript, but expected in 2023, the book
‘The Submerged site of La Marmotta (Rome,
Italy). Decrypting a Neolithic Society’ (Mineo
et al. in press) will present a series of new, pre-
viously unpublished materials and promising
analyses. Undoubtedly, the site will keep the
research community further engaged.
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5An Introduction to the Submerged
Prehistoric Pile-Dwelling
in Zambratija Bay on the Croatian
Adriatic Coast

Katarina Jerbić

Abstract
Since its discovery in 2008, the submerged
prehistoric pile-dwelling in Zambratija Bay
has been a subject of handful discussions and
papers. Although several small-scale surveys
and test excavations were performed on the
site immediately after the original discovery,
targeted research has not been done there until
2017 as part of a small individual Ph.D.
project, executed by the author of this paper.
The aims of the paper are twofold: (1) to
present preliminary data that was available
prior to commencing the aforementioned
Ph.D. and (2) to justify the fieldwork methods
chosen for the Ph.D., which was successfully
finished in 2020.

Keywords
Croatia � Adriatic coast � Pile-dwelling �
Palaeolandscape

5.1 A Modern Pile-Dwelling Fever

In 2008, a submerged prehistoric maritime pile-
dwelling was discovered in Zambratija Bay in
Croatia, at only around 100 kms distance from
some of the most famous Alpine prehistoric pile-
dwellings (Fig. 5.1). The site revealed an unusual
opportunity for archaeologists in Croatia to
experience what could be described as a
‘modern-day’ pile-dwelling fever (Benjamin
et al. 2011; Koncani Uhač 2008, 2009; Koncani
Uhač and Čuka 2015, 2018). This article repre-
sents an overview of the specific archaeological
and environmental circumstances that surround
the submerged site in Zambratija Bay. It is the
first article derived from the most recent inter-
disciplinary research performed in 2017 on the
site as part of an underwater archaeological Ph.D.
at Flinders University in Adelaide, which took
place between 2016 and 2020.

5.2 Site Discovery and Research
up to 2016

Zambratija Bay is located on the northeastern
Croatian Adriatic coast. The submerged pile-
dwelling lies three metres underwater, and it was
first recognised as a site in 2008 by underwater
archaeologists from the Archaeological Museum
of Istria in Pula (AMI) as part of an underwater
inspection. Three features all found within a
small area on the seabed were crucial for the
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initial determination of the site as a potential
prehistoric pile-dwelling: (1) wooden piles pro-
truding out of the seabed, (2) an organic platform
30 by 67 m in size composed of peat and woo-
den material and (3) sherds of prehistoric pottery
within the near vicinity of the first two features
(Koncani Uhač 2008, 2009, 265). Together with
two other underwater sites identified within the
bay at the same time—the remains of a prehis-
toric laced boat (Boetto et al. 2015; Koncani
Uhač 2009, 267; Koncani Uhač et al. 2017a;
Koncani Uhač and Uhač 2012) and a submerged
Roman Antiquity embankment/road (Koncani
Uhač 2009, 264), the submerged prehistoric site
was surveyed and excavated on several occasions
between 2008 and 2017.

The initial archaeological campaign started
immediately after discovery in 2008 as an
investigation of the entire bay, resulting in the
excavation of six trenches and a collection of
pottery finds from the seabed (Koncani Uhač

2008, 2009). One of those trenches was placed
within a location with a high concentration of
wooden piles, revealing an undisturbed cultural
context resembling a dwelling structure (Koncani
Uhač and Čuka 2015), containing prehistoric
pottery, superimposed by layers of peat and
wood. The first total station survey was also
conducted in 2008, documenting the excavated
trenches, peat platform and 34 wooden piles
protruding from the seabed on the north-western
ridges of what was later identified as a submerged
karstic sinkhole (Benjamin et al. 2011, 195;
Koncani Uhač 2008, 397, 2009, 265). One woo-
den pile, later determined to be made of Oak
(Quercus L.) (Koncani Uhač and Čuka 2015, 27),
was fully excavated from the seabed and revealed
traces of wood shaping technology, with a
tapered base to allow for ease of placement into
the natural ground. The pile was stored in the
AMI laboratory until 2011, when a small sample
taken from its surface was sent for radiocarbon

Fig. 5.1 Aqua: The location of Zambratija Bay. Yellow: Prehistoric pile-dwellings south of the Alps. Purple:
Prehistoric pile-dwellings north of the Alps (Map edited by E. Aragon Nuñez based on UNESCO (2017–2018))
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dating, revealing an age of 5260 ± 30 BP, cali-
brated to 4230–3984 cal BC (Fig. 5.2) (Beta-
296187) (Koncani Uhač and Čuka 2015, 28;
Reimer et al. 2020).1 Further excavations and
surveys followed in 2011, for the purposes of
defining and marking more piles as well as
determining the outer limitations of the settle-
ment. A bathymetric survey was conducted in
2012 which resulted in recorded elevations of the
seabed within the bay, providing the necessary
data for the partial reconstruction of a submerged
palaeolandscape where the aforementioned sub-
merged karstic sinkhole was clearly identifiable
(Fig. 5.3) (Koncani Uhač and Čuka 2015, 30).
Later overlayed with the results from the total
station survey, the bathymetric data revealed that
the wooden piles and the peat platform were
located around the outer elevated edges of the
sinkhole (Koncani Uhač and Čuka 2015, 28). One
more excavation campaign at the submerged
settlement in Zambratija took place in 2014, when
three trenches were excavated around the edges of
the submerged sinkhole to further determine the
site’s archaeological and environmental stratig-
raphy, as well as to record additional piles
(Koncani Uhač and Čuka 2015, 31).

Pottery sherds collected from around the site
and in archaeological trenches from all archaeo-
logical campaigns mentioned above were typo-
logically attributed to known prehistoric
complexes in the Istrian Peninsula region, rang-
ing from the Late Neolithic/Early Copper Age to
the Bronze Age (Koncani Uhač and Čuka 2015).
Although representing a large 3000-year time-
frame, part of the contextualised pottery assem-
blage showed a resemblance to the so-called
Nakovana-style, which in the Eastern Adriatic
context represents the end of the Neolithic and
the start of Early Copper Age (Forenbaher 1999–
2000). On the Istrian Peninsula, Nakovana-style
pottery is found in contextualised layers covering
a radiocarbon age range between 4252–4048 and
3959–3797 cal BC (Forenbaher et al. 2013, 592).
Together with the 4230–3984 cal BC radiocar-
bon date derived from the wooden pile, the
finding of Nakovana-style pottery helped roughly
set the occupation of the submerged settlement in
Zambratija Bay to the Early Copper Age,
potentially making it one of the earliest examples
of the prehistoric pile-dwelling lifestyle within
the broader Alpine-Adriatic region with closest
comparable contemporary dates found at the Palù
di Livenza and Hočevarica pile-dwellings in Italy
and Slovenia (Corti et al. 1997; Čufar and Mar-
tinelli 2004; Čufar and Velušček 2004; Čufar
et al. 2015; Tasca et al. 2019).

The archaeological and environmental find-
ings in Zambratija Bay represented an unex-
pected discovery, and therefore, the initial

Fig. 5.2 Left: An updated calibration (Reimer et al.
2020) of the original radiocarbon date from Koncani Uhač
and Čuka (2015). Right: The wooden pile that was

extracted from the seabed. The sample for the radiocarbon
analysis was taken from this pile (Original photos by
AMI; image edited by E. Aragon Nuñez)

1This date was first published in Koncani and Uhač
(2015) as 5260 ± 30 BP calibrated to 4230–3980 cal BC.
The author had run the radiocarbon date through the most
recent OxCal 4.4 IntCal20 calibration curve (https://c14.
arch.ox.ac.uk/oxcal/OxCal.html) for the Northern
Hemisphere.
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Fig. 5.3 Location of Zambratija Bay on the Istrian Peninsula and the bathymetric map of the bay (Image edited by E.
Aragon Nuñez)
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underwater research did not include a theoretical
and methodological plan designed for the
investigation of prehistoric pile-dwellings (Ben-
jamin et al. 2011; Boetto et al. 2015; Koncani
Uhač 2008, 2009; Koncani Uhač et al. 2017a;
Koncani Uhač and Čuka 2015; Koncani Uhač
and Uhač 2012). The duration of each those
initial investigations did not exceed more than
two weeks and consequently some of the larger
questions, such as the spatial extents of the set-
tlement, occupational timeline(s) and socio-
economic developments of the settlement, as
well as the environmental history and climatic

occurrences which triggered all the site formation
processes leading to the conditions we see on the
site in present time, therefore remained unknown.

5.3 Significance and Potential
of the Submerged Site
in Zambratija Bay

A Ph.D. research fieldwork was conducted in
Zambratija Bay in May and June 2017. It was an
interdisciplinary project divided into two field-
work campaigns (seabed coring and waterlogged

Fig. 5.4 Up: One of the wooden pile samples from
Zambratija Bay collected in 2017. Down: A small section
of a seabed core from Zambratija Bay with clearly visible
organic remains (wood and charcoal) as well as ash. This

section of the core was positioned at 107–120 cm under
the seabed, under a thick layer of marine sediments
(Photos by K. Jerbić)
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wood sample collection) which included an
international team of maritime archaeologists and
environmental scientists working together to
address the site’s archaeological and palaeoen-
vironmental significance and archaeological
potential (Fig. 5.4). The significance and poten-
tial of the site can be divided into three main
categories: (1) as a cultural indicator of past sea-
level and environmental change; (2) as a poten-
tial ‘Adriatic’ version of the European prehistoric
pile-dwelling phenomenon; and (3) as possibly
being one of the archaeological sites to con-
tribute to the connection of the Southern Alpine
dendrochronological Oak sequence. A discussion
about these three categories is presented below.

5.3.1 Zambratija Bay
as an Archaeological
Proxy for Past Sea Levels
and Palaeoenvironment

Zambratija is an archaeological site with stratified
evidence of human activities in a landscape that
was once terrestrial but is now submerged three
metres under water. The proximity of the site to
the current shoreline provides an indication of
former sea levels and a means to assess the local
environmental history. After the most recent Ice
Age around 20 million km2 of the Earth’s terri-
tory was inundated by the rising sea (Harff et al.
2016b, (1), leaving landscapes and natural habi-
tats abandoned by their terrestrial flora, fauna and
human populations. These submerged landscapes
are now being investigated by collaborative
research where existing records are updated with
new available proxy data. Archaeologists world-
wide are drawn to these investigations not only to
find submerged archaeological sites, but also to
reconstruct the ecosystems which the human
populations were inhabiting and exploiting, as
well as to find possible land bridges and passages
used to occupy new territories (Flemming et al.
2003; Gearey et al. 2017; Harff et al. 2016a;
Lewis Johnson and Stright 1992; Masters and
Flemming 1983). According to the currently
available data, the settlement in Zambratija Bay
was in use around 6000 years ago. This

timeframe chronologically connects the site to
interdisciplinary debates on the aftermath of the
Pleistocene/Holocene transition visible in scien-
tific records as climate and sea-level stabilisation
(Felja et al. 2015; Smith et al. 2011; Stocchi et al.
2005; Šegota and Filipčić 1991), an event that
partially influenced intense periods of prehistoric
population migrations and the spread of farming
and the Neolithisation of the European continent
(Forenbaher and Miracle 2005; Forenbaher et al.
2013; McClure et al. 2014; Turney and Brown
2007). Due to its apparent preservation and
the presence of waterlogged organic material, it
is also highly significant as a very reliable
archaeological indicator of past sea-level change
and direct evidence of human resilience to
extreme environmental circumstances.

5.3.2 Zambratija Bay
as a Potential Adriatic
Version of the European
Prehistoric Pile-Dwelling
Phenomenon

A typological analysis of the Zambratija pottery
was culturally ascribed to local cultural groups
and styles from the Late Neolithic to the Early
Bronze Age (Koncani Uhač and Čuka 2015).
This relative chronology was further supported
with one radiocarbon date from a wooden pile
confirming that the site was contemporary with
the Eastern Adriatic Late Neolithic cultural
complexes (Forenbaher et al. 2013, 592). The
presence of wooden piles driven into the organic,
submerged freshwater sediments however, indi-
cated that Zambratija was a prehistoric pile-
dwelling similar to those around the Alpine
lakes, an architectural innovation which started
in the Early Neolithic and lasted for around
3500 years (Menotti 2015a). The nearest Alpine
pile-dwellings to the Eastern Adriatic are situated
in Austria (Ruttkay et al. 2004), Italy (Marzatico
2004) and Slovenia (Velušček 2004) with the
earliest known settlements there aligning with the
one preliminary date from Zambratija.

In recent times, the 2011 UNESCO Heritage
listing revoked the interest in prehistoric pile-
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dwellings across European archaeological circles.
This interest is focused on contextualising the
past and present with multidisciplinary research
in Eastern Europe where the number of known
pile-dwelling sites is regularly being updated with
new, significant discoveries changing our under-
standing of the prehistoric pile-dwelling phe-
nomenon (Hafner et al. 2021; Karkanas et al.
2011; Maczkowski et al. 2021; Mazurkevich and
Dolbunova 2011; Mazurkevich et al. 2011; Reich
et al. 2021). Croatia is no exception to this trend,
where a few more prehistoric sites other than the
one in Zambratija Bay show architectural, envi-
ronmental and archaeological indicators of being
prehistoric pile-dwelling sites. Three of the sites
—Janice (Bekić et al. 2015), Šimuni (Bekić 2017)
and Ričul (Čelhar et al. 2017)—are recent dis-
coveries, whilst all others were late-nineteenth to
mid-20th century findings that have resurfaced to
the Croatian prehistoric pile-dwelling discussion
as a result of desktop assessments for the author’s
Ph.D. project (Brunšmid 1900; Ljubić 1885,
1887; Majnarić-Pandžić 1993; Marović 2002;
Milošević 1992, 1999). Together with those sites,
and possibly even more, Zambratija Bay repre-
sents a knowledge gap between the Alps and the
Balkans that could potentially connect the cur-
rently known geographical prehistoric pile-
dwelling clusters and answer questions regard-
ing the expansion of the prehistoric pile-dwelling
lifestyle within Europe.

5.4 Remarks on Further
Developments

As mentioned, the 2017 fieldwork campaign was
composed of two components—seabed coring
and waterlogged wood sample collection. Coring
is a common minimal impact method used by
researchers to investigate submerged palae-
olandscapes, sea-level studies and wetland stud-
ies (Faught 2004, 278; Gifford 1983; Lambeck
et al. 2004, 1569), which represented an ideal
method for the project due to budget, travel and
timeframe limitations. Since there were more than
one hundred recorded wooden piles at the time, a
wooden sample collection was also chosen as an

assessment method to review the dendrochrono-
logical potential of the site. The results of both of
these methods are currently underway to being
published together with all the external collabo-
rators that participated in the Ph.D. project.

It is evident that Zambratija represents a
depository of archaeological and environmental
data that can add value to a variety of archaeo-
logical and interdisciplinary fields. The main
fields mentioned in this article include submerged
prehistory and palaeolandscapes, Wetland
Archaeology and Alpine pile-dwelling research
and dendrochronology. There are however many
other aspects of and cultural implications to
Zambratija Bay, such as being a resource for
human adaptations to climate change and adding
archaeology to current climate change debates by
using the Climate Change Archaeology model
(Van de Noort 2011, 2013), and even serving as
cultural evidence and background for applications
in local tourism and sustainable development
(Iveša et al. 2017; Koncani Uhač et al. 2017b).
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6Neolithic and Bronze Age
Pile-Dwellings at Lake Ohrid:
Underwater Excavations at Ploča
Mičov Grad (North Macedonia)

Johannes Reich, Marco Hostettler,
Ariane Ballmer, and Albert Hafner

Abstract

One of the regions of Europe where archaeo-
logical lakeshore sites or so-called pile-
dwellings are found is the tripoint of Albania,
Greece and North Macedonia, which includes
dozens of known lakeshore sites on and in
different lakes. One of the aims of the ERC
Synergy Project EXPLO is the systematic
underwater archaeological investigation of
key pile-dwelling sites in this region. Cur-
rently, more than a dozen prehistoric lake- or
river shore sites from the Neolithic and the
Bronze and Iron Ages are known in the area
surrounding the lakes of Ohrid, Prespa and
Maliq (Fig. 5.1) (Naumov in Plattform 23:10–
20, 2016; Andoni et al. in New Archaeolog-
ical Discoveries in the Albanian Regions.

Procedings of the International Conference,
Tirana 30–31 January 2017. Botimet Albano-
logjike, Tirana, pp 123–140, 2017; Oberweiler
et al. in Bulletin Archéologique Des Écoles
Françaises à L’étranger 2020; Lera et al. in
Bulletin archéologique des Écoles françaises à
l’étranger 2020). Several of these sites still
show waterlogged archaeological layers, in
which organic matter and wooden construc-
tion elements are well preserved. However,
only a few are systematically investigated and
the number of absolute dates for most of the
sites is still rather low. This paper summarises
the recent archaeological fieldwork conducted
by the University of Bern in partnership with
the Museum of Ohrid and the Center for
Prehistoric Research in Skopje on the site
Ploča Mičov Grad in North Macedonia based
on the publications of Hafner et al.
(J Archaeol Sci Rep 38, 2021) and Reich
et al. (J Archaeol Sci Rep 39, 2021) as well as
new preliminary results of the ongoing
research. We focus on ongoing research that
has provided the first absolute chronologies of
Neolithic and Bronze Age settlements at Lake
Ohrid (Hafner et al. J Archaeol Sci Rep 38,
2021). The main methodology relies on both
dendrochronological and radiocarbon datings.
This high precision dating, in combination
with studies of the material culture, con-
tributes to a better chronological understand-
ing of the prehistory of the surrounding basins
and the southwestern Balkans in general.
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6.1 Natural Setting

The research area covers a very old, mountainous
lake area with three partially interlinked large
lakes: Ohrid, Great Prespa and Small Prespa
(Fig. 6.1). Lake Ohrid has a surface area of 358
square kilometres and a maximal depth of
289 m. The Great Prespa lake has a surface area
of 259 square kilometres and a maximal depth of
54 m (GIZ 2015). Deep lake sediment drillings

in Lake Ohrid recently revealed that the lake was
established around 1.36 million years ago
(Wagner et al. 2019; Wilke et al. 2020). South of
Lake Ohrid the elevated plain of Korçë extends,
where former Lake Maliq was located until its
drainage in the middle of the 20th century
(Fouache et al. 2010).

These lake basins are surrounded by several
North–South-oriented mountain ranges with
peaks reaching altitudes of up to 2300 m. The
mountain ranges of Galičica and Mali i Thatë
separate the two basins of Lake Ohrid and
Lake Prespa. Great Prespa has no river outlet
but is connected to Lake Ohrid by an under-
ground karst aquifer system. The water flows
from Lake Prespa, c. 150 m higher up, through
the karst into Lake Ohrid, where it emerges

Fig. 6.1 Prehistoric lake and rivershore settlements
around the tripoint of Albania, Greece and North Mace-
donia from the Neolithic and the Bronze Age in the three

lacustrine sub-basins of Maliq, Prespa and Ohrid
(J. Reich, EXPLO/UBern)
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again in several spring areas (Matzinger et al.
2006; Amataj et al. 2007; Vogel et al. 2010;
Hauffe et al. 2011; Jordanoska et al. 2013).
Lake Ohrid feeds the Black Drin river which
flows northwards and discharges into the
Adriatic Sea. The Korçë basin, with former
Lake Maliq, is not connected to this karst
aquifer system and is drained by the river
Devoll, discharging to the Adriatic Sea as well
(Fouache et al. 2010).

6.2 Ploča Mičov Grad: Description
and Research History

To date, the locations of eleven prehistoric sites
are known from the shores of Lake Ohrid. Their
chronological range spans from the Middle
Neolithic until the Late Bronze Age and Early
Iron Age. Apart from single examples where
radiocarbon dating had been performed earlier,
the chronology of the sites and the surrounding
region relied entirely on typochronological
analyses until recently.

The archaeological site of Ploča Mičov Grad,
also known as the Bay of Bones, is situated in a
bay south of the Gradište peninsula on the east-
ern shore of Lake Ohrid. Today the site lies in
three to five metres deep water (Fig. 6.2).
Towards the lake, the lakebed outside the bay
drops rather steeply. Landwards in the shallow
water, the lakebed is formed by bedrock. The
first prehistoric ceramic finds from the area
around the peninsula of Gradište were already
made in the 1970s by local fishermen (Kuzman
2013). After the site’s discovery by professional
diver Milutin ‘Mičo’ Sekuloski in 1997, the first
underwater archaeological investigations led by
archaeologist Pasko Kuzman were started. In
several campaigns up to 2005, more than 6000
piles were documented, and the pile field exten-
sion could be estimated at up to 8000 m2. Details
on the methodological approach and its results
have remained mostly unpublished until now.
Preliminary reports mention the presence of an
archaeological layer of 150 cm thickness under-
neath the covering layer of the present lake bot-
tom (Kuzman 2013).

Fig. 6.2 Ploča Mičov Grad. The bay of Ploča Mičov
Grad south of the Gradište peninsula at the foot of the
Galičica mountains on the east shore of Lake Ohrid. The

open-air reconstruction of a prehistoric lakeshore settle-
ment marks part of the estimated site extension (G.
Milevski)
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The large number of finds and piles under-
water were interpreted to originate from a woo-
den platform on which houses of a single
habitation phase were built (Kuzman 2013;
Naumov 2016). Based on typochronological
comparisons, this phase was dated to the Late
Bronze and Early Iron Ages. This interpretation
was directly applied to a life-size reconstruction
of a prehistoric village on site. The platform
carrying houses was built as an open-air museum
(‘Museum on Water’) which currently is one of
the most visited places by tourists around Lake
Ohrid.

6.3 Ploča Mičov Grad: Current
Investigation

Research on the site resumed in 2018. After a
pilot study initiated by the Institute of Archaeo-
logical Sciences of the University of Bern, in
partnership with the Center for Prehistoric
Research in Skopje and the Museum of Ohrid,
the investigations were continued in 2019 by the
same institutions but in the framework of the
ERC Synergy Project EXPLO. One major aim of
the field campaigns, taking place over several
weeks in two summers, was to obtain the first
dendrochronological data from the thousands of
wooden piles. In combination with an extensive
application of radiocarbon dating the first reliable
absolute chronological data of a prehistoric
lakeshore settlement site at Lake Ohrid could be
achieved.

During the first campaign, an area of 40 m2 in
the centre of the known extension of the pile field
was documented and sampled (Fig. 6.3, Field
1a). In water depths of up to five metres, the
lakebed was cleaned of macrophytes and a 10–
20 cm thick sandy surface layer with stones was
removed. The surface layer contained many
ceramic fragments, stone tools and animal bones.
The piles were mostly covered by this surface
layer and had flatly eroded pile heads. In this
field campaign, a total of 265 vertical piles were
documented and a slice of 10 cm thickness was
sawn from each pile as a sample for den-
drochronological analysis.

In the second year, the pile field documenta-
tion and the dendrochronological sampling were
continued resulting in a total area of 10 m � 9 m
(Fig. 6.3, Field 1). Additionally, an area of 2 m
3 m was excavated into a depth of 50 cm into the
sediments (Fig. 6.3, Field 2). The excavated area
was laid out adjoining the NW corner of Field 1.
The second field campaign added 516 docu-
mented and mostly sampled vertical piles. During
these two field campaigns, a total number of 781
vertical piles in an area of 96 m2 were docu-
mented resulting in a density of 8.1 piles/m2. The
dendrochronological analysis of the wooden
samples from 2018 is completed (Hafner et al.
2021), whereas the samples of 2019 are currently
under investigation (see Chap. 14 in this book).

Additionally, in 2019 the safely accessible part
of the site was drill cored in two transects with an
UWITEC drilling platform by a team of the
Institute of Plant Sciences of the University of
Bern, also one of the institutions carrying the
ERC Synergy Project EXPLO (Figs. 6.4 and 6.5).

6.4 New Underwater
Documentation Approach

For the further analysis of a pile field based on
the dendrochronological information, it is crucial
to ensure the correlation between the in situ
location of the pile and its sample during and
after fieldwork. Only when each pile is accu-
rately mapped, can the full potential of the high-
resolution absolute chronological data be
exploited and leads to insights into the spatial
and temporal relationships within a site.

To meet this criterion, a workflow had to be
developed that guarantees high accuracy and
flexibility and that is at the same time fast and
robust. For the scope of such short field cam-
paigns of only a few weeks, the common meth-
ods used to document pile fields were either too
slow, too expensive or logistically too complex.
In consequence, a novel methodology and
workflow for the underwater documentation of
pile fields in archaeological lakeside settlement
sites were developed, adapting approaches using
Structure from Motion (SfM) from other fields
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concerned with underwater documentation such
as maritime archaeology (Fig. 6.6) (cf. McCarthy
et al. 2019). As the reproducibility, effectiveness
and high suitability of this approach have been
proven in 2018 (Reich et al. 2019), it was further
used in the field campaign of 2019 (Reich et al.
2021).

For the documentation of the pile field, the
investigated area is structured in a local excava-
tion grid. In the case of Ploča Mičov Grad, a grid
of 10 m by 10 m was set up (cf. Figure 6.3, Field
1). The corner points were marked with wooden

measuring posts driven c. 1 m deep into the lake
bottom. For georeferencing, the corner points
were measured with an RTK-GNSS receiver
mounted on a buoy, which was positioned over
the measuring posts with a rope by a diver. An
alternative measurement concept was tested in
2019 in collaboration with the Institute of Geo-
desy and Photogrammetry of the Swiss Federal
Institute of Technology (ETH) in Zurich (Fandré
2020).

After the grid was set up, the plants, stones
and sand were removed on a strip of 10 m by

Fig. 6.3 Ploča Mičov Grad. Vectorised plan of the
recovered wood samples of the excavation campaigns
2018 (black) and 2019 (grey). The circles mark the

location of each vertical pile, indicating its surface area as
diameter (CRS: local and EPSG:32634) (J. Reich,
EXPLO/UBern)
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1 m until the surface of the first archaeological
layer was reached (Fig. 6.7). After exposure, all
piles were tagged with a number. For the pho-
togrammetrical documentation, ground control
points were set according to the excavation grid
using coded targets. To get the three-dimensional
coordinates of each ground control point, only
the water depth above each point had to be
measured, as the x- and y-coordinates were given
by the excavation grid. In the subsequent pho-
tographic recording, the strip was continuously
photographed from two sides 1–1.5 m above the
lake bottom. Special attention was paid to an
overlap of at least 60% between the successive
photos. In this way, between 60 and 110 photos
were taken for a strip of 10 m2 (Fig. 6.8). From
those photos, the strip could be reconstructed
three-dimensionally and a georeferenced ortho-
photo could be generated (Fig. 6.9). The

orthophotos of several strips were combined in a
GIS and the location of each pile was vectorised
(cf. Figure 6.3).

After an evaluation of the recorded photos and
their suitability for a three-dimensional recon-
struction using SfM software, each pile was
sampled with a handsaw for the dendrochrono-
logical analysis. This procedure was repeated for
each strip of 10 m2.

During the two archaeological diving cam-
paigns at Ploča Mičov Grad, a total of 90 m2

(Field 1) were documented following the
described workflow. In the additional 6 square
metres of Field 2, the surface of each artificial
spit going into the archaeological layer was as
well documented by means of SfM.

6.5 Archaeological Layer

The excavation in Field 2 was opened on an area
of about 5 m2. The excavation penetrated
approximately 40 cm into the layer, without
reaching the lower bottom. It was not possible to
distinguish different sub-layers within the
organic layer. Part of the small trench was
excavated in four artificial spits, while less than
half was only excavated in two artificial spits.
Nevertheless, a total amount of 58.1 kg pottery,
3.1 kg stone tools and 1.8 kg bone and antler
were recovered from the trench. The abundant
presence of organic material and non-organic
artefacts allows for a characterisation of the
organic layer as an anthropogenic layer, origi-
nating from settling activities on the site.

Additional information on the nature of this
organic layer could be retrieved from drill cores
extracted on two crossed transects (cf. Fig-
ure 6.5). The 14 drill cores showed the presence
of the same organic layer over the entire site and
its thickness of up to 1.7 m (Fig. 6.10). Until
now the layer appears not to be subdivided by
any sterile layers and must be considered as the
result of a continuous accumulation process.
Below the organic layer, sterile lake marl or
layers with a mixture of lake marl and organic
material were found. The content of these drill
cores is currently under investigation by

Fig. 6.4 Ploča Mičov Grad. Drill coring with the
UWITEC platform and simultaneous pile field documen-
tation and sampling under water (M. Hostettler, EXPLO/
UBern)
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specialists of the School of Archaeology at the
University of Oxford (see Chap. 17 in this book).

6.6 Absolute Chronological Data

Until now the dendrochronological analysis of
268 wooden elements (265 vertically standing
piles and three horizontally oriented elements)
from the 40 m2 excavated in 2018 is completed
(Hafner et al. 2021). More detailed information
on the dendrochronological analysis and its cur-
rent state is presented in Chap. 14.

Ninety-three % of the 268 samples are either
oak or coniferous woods, and half of them have
more than 50 annual rings and are therefore most

suitable for dendrochronological analyses. One
hundred and seventeen samples (114 oaks and
three junipers) were dendrochronologically
measured and analysed. From these measured
wood samples, a series of 36 samples were taken
for radiocarbon dating. The radiocarbon data was
combined with the dendrochronological results
and a first chronological classification was
achieved through wiggle-matching (Bronk
Ramsey et al. 2001; Galimberti et al. 2004).

The results of this combined dendrochrono-
logical and radiocarbon dating approach show
the existence of up to four main settlement pha-
ses both in the 5th and 2nd millennium cal BC.
The construction timbers, which indicate settle-
ment activities from the 5th millennium cal BC,

Fig. 6.5 Ploča Mičov Grad. Orthophoto of the archaeo-
logical site underwater with the sampled area (square) in
front of the open-air ‘Museum on Water’. The hatched
area marks the estimated extension of the pile field based
on the archaeological interventions between 1997 and

2005. Circles = location of core drillings from 2019;
circles with red cross = core drillings with radiocarbon
dated samples (CRS: EPSG:32634) (J. Reich, M. Hostet-
tler, G. Milevski, EXPLO/UBern)
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all date consistently to the middle of the mil-
lennium. In the 2nd millennium cal BC, settle-
ment activities are evidenced around 1800, 1400
and 1300 cal BC (Fig. 6.11).

To clarify the relationship between the
anthropogenic layer and the construction phases,
samples from the organic layer consisting of
short-lived plant remains were selected and
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Fig. 6.6 Working steps of the proposed novel Structure from Motion-based workflow for underwater pile field
documentation and pile field analysis (Reich et al. 2021)
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Fig. 6.7 Ploča Mičov Grad. A diver is removing vegetation (macrophytes) and the covering layer on the lake bottom,
exposing more wooden piles as seen on the left in the already exposed part (M. Hostettler, EXPLO/UBern)

Fig. 6.8 Ploča Mičov Grad. a Diver taking pictures of a
prepared strip of the pile field with all wooden elements
marked by a number tag. b Single documentation picture
used for 3D-reconstruction by means of Structure from
Motion. On the left and the right sides, a coded target is
visible, and these are automatically detected in the
software Agisoft Metashape and used for georeferencing.

c A roughly 5.5 m long and 1 m deep strip of the pile
field visualised in an oblique view on a textured mesh.
The blue squares represent camera positions used for the
3D-reconstruction. The red square marks the position of
the camera while taking the photo shown in Fig. 6.8b
(a A. Ulisch, EXPLO/UBern; b and c J. Reich, EXPLO/
UBern)
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radiocarbon dated. A series of eight cereal chaff
samples were taken from four drill cores. From
each of these four drill cores, a cereal chaff
sample was taken both from the upper and the
lower parts of the main organic layer. Addition-
ally, two macrofossil samples taken in 2018 from
the top part of the layer were dated.

A bi-phased sequence-phase model was used
for the calibration of the radiocarbon ages to
calendar ages with the IntCal20 calibration
curve in OxCal v.4.4.2 (Bronk Ramsey 2009a,
b; Reimer et al. 2020). The sequence was

modelled by taking into account the strati-
graphic position of the samples within the main
organic layer and by assuming that the six
samples from the upper part represent a later
phase than the one captured by the samples
from the lower part.

To visualise the two phases, Kernel Density
plots (KDE plots) were used (Bronk Ramsey
2017). The sequence-phase model shows that the
time of accumulation of the main organic layer
can be estimated between the 45th and the 44th
century cal BC (Fig. 6.12).

Fig. 6.9 Ploča Mičov Grad. Joined orthophoto mosaics
of the documented and sampled area during the excava-
tion campaigns 2018 and 2019. Field 1a (2018): axis 500

to 504; Field 1b (2019): axis 504 to 509; Field 2: axis 497
to 500 (CRS: local and EPSG:32634) (J. Reich, EXPLO/
UBern)

110 J. Reich et al.



In combination with the already completed
dendrochronological analysis of the wood sam-
ples, this result is even clearer, as the mean curves
including sapwood (MK 5, MK 4 and MK 10) all
point to the forty-fifth and the forty-fourth century

cal BC. The current results suggest that the whole
preserved organic layer in Ploča Mičov Grad dates
between the forty-fifth and the forty-fourth cen-
tury cal BC and was probably accumulated in
around 100 years of settlement activity.

Fig. 6.10 Ploča Mičov Grad. Schematic illustration of drill cores showing the massive organic layer and the location
of the radiocarbon dated samples (A. Bieri, UBern, J. Reich and A. Ballmer EXPLO/UBern)
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6.7 Material Culture: First
Chronological Conclusions

This newly gained absolute chronological data
allows making further conclusions concerning
the material culture found in the surface layer and
the organic layer. Firstly, the preserved organic
layer and all the included material culture can be
attributed accurately to the middle of the 5th
millennium cal BC. Secondly, all archaeological
remains from the settlement phases dated to the

2nd millennium cal BC are situated above the
organic layer and form part of today's surface
layer and lake bottom.

The fragmentary information available from
the excavations between 1997 and 2005 indicates
that most of the published find material origi-
nates from the surface layer (Kuzman 2013).
Thus, the finds of the previous excavations can
be related to the younger phases around 1800,
1400 and 1300 cal BC. Artefacts typochrono-
logically pointing to the Middle Bronze Age
around 1800 cal BC are still to be identified. At

Fig. 6.11 Ploča Mičov Grad. Calibrated results of the
radiocarbon dates of the wood samples from 2018.
Green = results of wiggle matching; grey = single cali-
brations. Modelled with OxCal v4.4.2 (Bronk Ramsey

et al. 2001; Bronk Ramsey 2009a, b; Reimer et al. 2020).
Underlying data: https://doi.org/10.5281/zenodo.4613033
. Code: https://doi.org/10.5281/zenodo.4560125 (M. Bol-
liger, J. Reich, EXPLO/UBern)
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least the two younger phases are in agreement
with the attribution of the so far known material
to the Late Bronze Age. However, the also pos-
tulated Early Iron Age was not detected by
means of dendrochronology nor radiocarbon
dating of organic remains.

The pottery found in the organic layer is in a
very well-preserved condition. Most of the
recorded sherds have an intact surface and are
decorated in some cases with linear incisions or
knobs or painting. Typochronologically, these
elements can be attributed to the Final Neolithic
of the southwestern Balkans. The conclusions
from the scientific dating allow placing the finds
on the absolute timescale between the forty-fifth
and the 44th century cal BC.

In contrast, the preservation of the finds from
the surface layer shows mostly eroded surfaces
and rounded edges. The finds include decoration
with knobs or ledges on the surface. Handles seem
to be a frequent feature although a systematic

evaluation of the material has not taken place yet.
Currently, the main features support a rough
classification to the Late Bronze Age.

6.8 Material Culture: Regional
Contextualisation

For a typochronological comparison with other
sites in the region, long stratigraphic sequences
are particularly suitable. In the region, two sites
have been extensively excavated and show
stratigraphies ranging from the Neolithic period
to the Iron Age. These are the two sites of Sovjan
and Maliq, both located in the Korçë basin at the
western shore of ancient Lake Maliq (Prendi
2018; Oberweiler et al. 2020).

Maliq is one of the best-known prehistoric
sites of Albania. The site is located on the right
side of the present course of the river Devoll. It
was discovered in the middle of the 20th century

Fig. 6.12 Ploča Mičov Grad. Sequence-phase model of
archaeobotanical samples representing the ‘top’ and ‘bot-
tom’ phase of the organic layer; brown = modelled Kernel
Density estimation plots; grey = single dates. Modelled

with OxCal v4.4.2 (Bronk Ramsey et al. 2001; Bronk
Ramsey 2009a, b; Reimer et al. 2020). Underlying data:
https://doi.org/10.5281/zenodo.4612910; Code: https://doi.
org/10.5281/zenodo.4560161 (J. Reich, EXPLO/UBern)
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during drainage works in the Korçë plain and was
subsequently excavated. The excavated areas are
grouped in sectors A–C, which are separated by
several hundred metres (Hasa 2018; Prendi
2018). The stratigraphic sequence of Maliq con-
sists of four main phases (Maliq I–IV) which are
roughly attributed to the Late Neolithic (Maliq I);
the Final Neolithic, Eneolithic or Chalcolithic,
depending on the nomenclature (Maliq II); the
Bronze Age (Maliq III) and the Iron Age (Maliq
IV). The individual phases are again subdivided
based on stratigraphical and typochronological
attributions. Assignment of the published find
material to the excavated sectors and layers is not
possible based on the published information. This
has repeatedly led to doubts about the validity of
the phase classification and its dating, especially
for the sub-phases of Maliq III (e.g. Gori 2015;
Maran 1998).

Until now only one radiocarbon date from
Maliq has been published (Fig. 6.13) (Guilaine
and Prendi 1993). It dates Maliq phase IIa to the
middle and second half of the 5th millennium cal
BC. In comparison to the available dates from
Ploča Mičov Grad at Lake Ohrid, a contempo-
raneity between the settlement activities in con-
nection to the organic layer with Maliq IIa can be
assumed. At least for the early phases, water-
logged wooden construction remains were found
providing potential for future dendrochronologi-
cal analysis. An initial assessment of the material
culture at both sites, using the example of cera-
mic bowls, shows that the similarities are striking
(Fig. 6.14) (Prendi 2018, 353–356). The profiles
of the vessels, the described surface treatment,
and the decorations mainly through linear and
simple geometrical incisions or white paint on a
black polished surface are highly comparable.

Fig. 6.13 All published radiocarbon data of the lake-
shore settlement sites of Maliq (red), Sovjan (orange) and
Ploča Mičov Grad (blue). Modelled with OxCal v4.4.2
(Bronk Ramsey et al. 2001; Bronk Ramsey 2009a, b;
Reimer et al. 2020). Underlying data: (Guilaine and

Prendi 1991; Lera et al. 1996; Lera and Touchais 2002,
2003; Gori 2015; Oberweiler et al. 2020; Maczkowski
et al. 2021); https://doi.org/10.5281/zenodo.4613033
(J. Reich, EXPLO/UBern)
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The site of Sovjan is located about 5 km north
of Maliq. It was discovered in 1988 after agri-
cultural activities and intensively excavated
between 1993 and 2006 by the Franco-Albanian
Korçë Basin Archaeological Expedition. The site
has a stratigraphy with 13 layers, with the oldest
layers dating to the 7th millennium cal BC. After
repeated settlement activities through the Neo-
lithic and the Bronze Age, the site was finally
abandoned around the 8th or 7th century cal BC
when rising water levels led to an inundation of
the site (Fouache et al. 2010). The deeper layers
of the site, especially layer 8, showed very good
organic preservation including construction tim-
bers. In comparison to Maliq, the stratigraphic
sequence from Sovjan is much better dated with
scientific dating methods. In total there are 40
published radiocarbon dates (cf. Figure 6.13)
(Lera et al. 1996; Lera and Touchais 2002, 2003;
Gori 2015; Oberweiler et al. 2020; Maczkowski
et al. 2021). Some of them were only recently
sampled, analysed and published within the
EXPLO project. A series of samples from

wooden construction elements connected to
Level 8 was dendrochronologically measured
and dated by means of wiggle-matching (Macz-
kowski et al. 2021).

The radiocarbon dates from Sovjan Level 5c
show, around 1300 cal BC, a possible contem-
poraneous phase with Ploča Mičov Grad. Level
5c is also typochronologically firmly attributed to
the Late Bronze Age and further subdivided into
three sub-levels (Gori and Krapf 2016). The
published selection of pottery from the youngest
Sub-level 5c1 is very well comparable with the
pottery found in the surface layer in Ploča Mičov
Grad (Gori and Krapf 2016, 114, 116). The
vessel shapes as well as the shape and position of
the handles can be directly compared with the
surface finds from Ploča Mičov Grad and show a
high degree of resemblance (Kuzman 2013,
XIV–XXVI). Taking into account the published
material from Maliq phase IIId (Prendi 2018,
452–461), the same observations can be made.
The shape of the vessels, but also the shape of the
handles as well as their position point to some

Fig. 6.14 Ploča Mičov Grad. A selection of pottery from spits 2–4 in Field 2 excavated in 2019 (Drawings G.
Naumov; Re-drawing: J. Reich, EXPLO/UBern)
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degree of chronological relation between the
three sites. However, more precise conclusions
about the exact relative and absolute chronology
between the three different phases of the Late
Bronze Age must be taken with caution at this
point.

6.9 Outlook

Recent research on the prehistoric underwater
lakeshore settlement of Ploča Mičov Grad has
extraordinary potential to produce new insights
into the prehistory of the Albania—Greece—
North Macedonia tripoint region. With the new
data and results presented here, and ongoing
research into other lakeside settlements, the basis
for a new local reference chronology around
Lake Ohrid is set.
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7The Lakeside Settlement of Sovjan
(Southeastern Albania) During
the Bronze Age in the Light
of New Chronological Data

Gilles Touchais, Cécile Oberweiler,
and Petrika Lera

Abstract

While preparing the final publication of the
excavations carried out on the prehistoric
lakeside settlement of Sovjan (1993–2006),
during the last years, we have undertaken
(1) the complete re-examination of the strati-
graphic data, (2) the detailed study of the
pottery of the Bronze and Iron Age levels, and
(3) the realisation of new absolute dates, by
radiocarbon and even more so by den-
drochronology. The latter is based on the
analysis of a series of wood samples taken
during the partial reopening of the excavation
trench in 2018. From all these data, the relative
and absolute chronological sequence of Sovjan
could be completed, corrected, and updated,
and the successive phases of human occupation
synchronised with environmental change. As
the most significant updates concern the
Bronze Age, the present paper focuses on the

definitive chronological sequence of this period
and summarises the main related data.

Keywords

Albania � Lake Maliq � Lakeside settlement �
Bronze Age � Dendrochronology

7.1 Introduction

The prehistoric site of Sovjan, discovered by
chance during the digging of a drainage canal at
the end of the 1980ies, is located in the Korça
plain, one of the closed little basins typical of the
Balkans, at an altitude of about 800 m a.s.l. It is
situated very close to the well-known prehistoric
settlement of Maliq, which was explored in the
early 1960ies by Frano Prendi, one of the pio-
neers of Albanian archaeology (Prendi 1966,
2018). These two sites, like several others, were
established on the western edge of the shallow
marshy Lake Maliq, now dried up, which was
located in the northwestern part of the plain.

At Sovjan, some trenches were opened in
1990–1991 by the Albanian Institute of Archaeo-
logy in Tirana (Korkuti and Petruso 1993, 715),
and a systematic excavation was conducted from
1993 to 2006 by the French-Albanian mission in
the Korça basin, the fruit of a cooperative
agreement between the Albanian Institute of
Archaeology at Tirana, the University of Paris 1
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Panthéon-Sorbonne, and the French School in
Athens.1 One of the main objectives of the joint
French-Albanian project was to carry out in
parallel the archaeological exploration of the
prehistoric settlement and the systematic study of
the palaeoenvironment at a local and regional
level, in order to: (1) define more precisely the
interaction between the inhabitants of the pre-
historic settlement and both their immediate and
more distant environment in terms of the
exploitation of minerals, as well as vegetal and
faunal resources; and (2) put the settlement of
Sovjan in its natural geographical setting, by
studying for instance the impact of the lake level
fluctuations during the occupation of the village
(Touchais and Fouache 2007; Fouache et al.
2010). To meet this last objective, several series
of core drillings were carried out in the Korça
basin, including a ten-core transect beginning on
the summit of the tell of Sovjan and extending
eastwards towards the lake, which provided a
comprehensive stratigraphic section of the littoral
sediment sequence (Lera et al. 2008, 885–887).

The site of Sovjan appears as a very low tell,
oval in shape and of moderate extension (c.
1.5 ha); it has been cut by the canal from north to
south (Fig. 7.1). The excavation made it possible
to observe a stratigraphic sequence of fourteen
strata corresponding to several occupation peri-
ods which extend from the earliest Neolithic
(around 7000 BC) to the Early Iron Age (around
700 BC), when the level of the lake rose, and the
site was flooded. However, there seems to be a
gap in the occupation between the Late Neolithic
and the Early Bronze Ages.

This sequence has been presented several times
in the past, in a more or less complete way
(Touchais et al. 2005; Touchais and Lera 2007;
Touchais 2008; Lera et al. 2010; Oberweiler et al.
2014). However, in view of the final publication,
we recently conducted a systematic review of all
the stratigraphic data from the excavations. This
re-examination, combined with a detailed study of
the archaeological material—especially ceramics
—and new absolute chronological data, made it

possible to clearly distinguish seven main occu-
pation phases, for the first time, dating to the
Neolithic (Sovjan I–II = levels 13, 12, 11),2 the
Bronze Age (Sovjan VI, V, IV, III = levels 9, 8, 7,
6, 5c), and the Early Iron Age (Sovjan VII = levels
5a, 5b),3 and secondly, to correct and clarify sev-
eral points in the chronological and architectural
sequence of the settlement during the Bronze Age.

Thanks to the many parallels observed
between the ceramics of levels 9 to 5c and those
from corresponding levels of nearby sites—such
as Maliq—or more distant ones—from Mace-
donia (e.g. Kastanas, Archontiko) and the
northern Balkans to Central and Southern Greece
—and with the support of absolute dating, it has
been possible not only to date the four Bronze
Age phases of Sovjan more accurately, but also
to establish reliable synchronisms with the pha-
ses of other sites and/or cultural areas of the
southwestern Balkans (Fig. 7.2).

These latest updates are summarised here, as a
preview of the final publication of our research at
Sovjan (Touchais et al. 2023) in which all the data
are presented in detail. We will focus on Phases
VI to III, with particular emphasis on the lat-
ter which features the newest absolute chrono-
logical data, mainly from dendrochronology.

7.2 Sovjan VI

During the systematic re-examination of the
stratigraphy and the finds, layer 5c was subdivided
into three strata: 5c1, 5c2 and 5c3 (Fig. 7.3) (Lera
et al. 2010). However, the detailed study of 5c1
showed that the upper stratigraphic units of this
stratum contain pottery which belongs to a tran-
sitional phase between the Late Bronze Age
(LBA) and the Early Iron Age (EIA), while the
pottery of the two underlying strata shows
exclusively LBA-characteristics. This transitional
phase, corresponding with Kastanas V (see
Fig. 7.2), has been defined as Sovjan VI.

1 See preliminary reports in the Bulletin de Correspon-
dance Hellénique (BCH) 118 (1994) to 131 (2007).

2 Level 14 corresponds to the natural soil, and level 10 to
a gap in the occupation of the settlement (see above).
3 Levels 4 to 1 follow the flooding of the site. They are
natural sediments and do not show traces of human
activity.
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Fig. 7.1 Topographical plan of Sovjan with location of the excavation trenches (L. Fadin, EFA)
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Only very few architectural features could be
associated with this phase: a small number of
heaps of burnt or decomposed clay from collapsed
walls, several post holes, and one single oak stake.
Three radiocarbon dates are available for this
phase, ranging between the 14th and 9th centuries

BC, whereas the dendrochronological analysis
of the oak stake points to 1008 BC.4 Sovjan
VI might therefore be considered roughly

Fig. 7.2 Chrono-stratigraphic sequence of Sovjan with
the main synchronisms. EN Early Neolithic; LN Late
Neolithic; EBA Early Bronze Age; MBA Middle Bronze

Age; LBA Late Bronze Age; EIA Early Iron Age; EH
Early Helladic; MH Middle Helladic; LH Late Helladic
(C. Oberweiler, T. Krapf, G. Touchais)

4 Analysis performed at Cornell University laboratory,
1995.
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contemporary with the (Aegean) Submycenaean/
Protogeometric periods.

7.3 Sovjan V

Phase V includes three habitation levels, all
dating to the LBA: the latest one, to which the
floor S2 belongs,5 corresponds to the lower
stratigraphic units of level 5c1 (see above);
underneath comes level 5c2 with its floor S3, and
then level 5c3. All these levels consist of a
similar soil, brownish grey to greenish in colour.
They have a sandy-clay texture and contain
varied amounts of micro-charcoal and reddish
clay nodules, resulting from the decomposition
of architectural structures.

7.3.1 Level 5c1

Floor S2, found in all sectors, is very well
characterised, both by associated remains of
architectural structures—which unfortunately do

not provide any information of the plan, neither
of the dimensions of the houses, but which
nevertheless show a general orientation of the
buildings along two axes NS and EW—and by a
large amount of pottery (more than 11,000
sherds) and other artefacts (more than 160).
There is evidence to suggest that S2 was
destroyed (accidentally?) by fire: by baking the
loam constructions, the fire partially conserved
the buildings in situ. Many pottery fragments
were baked to a degree of vitrification.

The architectural traces consist mainly of
collapsed loam walls, fragments of floors made
of earth and loam, of wattle and daub walls or
roofs, about sixty wooden piles, many post holes,
and at least nine domestic hearths or ovens. We
also note the presence of many fragments
belonging to one (or more) perforated kiln bot-
toms, finding parallels in Greece—and even in
Macedonia—during the LBA, and which prove
the presence of one (or more) potter(s) at Sovjan
during this period. Among the rich set of arte-
facts associated with floor S2, there are mill-
stones and other macrolithic tools, bone and
antler tools, bone pins with carved heads (Tou-
chais and Lera 2007, Fig. 12), clay spindle
whorls, loom weights, and small perforated discs

Fig. 7.3 Large pit formed by level 6 in trenches A9–A10b (G. Touchais, EFA)

5 Floors («sols») are numbered continuously from top to
bottom; floor S1 belongs to layer 5a (Sovjan VII: EIA).
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—which could have functioned as textile
implements (Cheval 2012), one bronze knife of
the type Sandars 1a (Touchais and Lera 2007,
Fig. 9), and one spearhead of the ‘willow leaf’
type that points to contacts with the central
Balkan area (Vasic 2015, 34–100). We would
like to highlight the presence of a clay bellow’s
tip with traces of burning, testifying to local
metallurgical activity, as is also confirmed by
two stone moulds for bronze axes (Touchais and
Lera 2007, Fig. 11) and one single-use clay
mould from level 5c2 (see below). If we add the
fact that at least some of the bone pins were made
on site, as evidenced by the many blanks and
preforms (Christidou 2007), we conclude that
Sovjan V was not just a rural village subsisting
on agriculture and livestock, but also a place of
active artisan production and craftsmanship.

Beside the local pottery, which presents all the
characteristic features of the LBA-ceramics in the
Korça basin and the neighbouring areas (Gori
and Krapf 2015, 115–117), level 5c1 yielded
some Mycenaean sherds which can be attributed
to the phases LH III (A–) B and LH IIIC (Tou-
chais and Lera 2007, Figs. 6–8). Furthermore,
two bronze objects, as well as bone pins with
ornate heads, belong to the objects circulating in
the Balkans and the Aegean during the LBA. The
relative chronology based on the find material
corresponds to the very coherent series of eleven
radiocarbon dates available for the stratigraphic
units of level 5c1. These can be attributed to
phase V since all of them fall into the second half
of the 2nd millennium BC (between 1501 and
1013 cal BC).

7.3.2 Level 5c2

The lower part of level 5c2 corresponds to floor
S3, which has been identified over a smaller
surface than floor S2. It is characterised by a
large amount of reddish clay nodules and large
charcoal fragments, but also by several concen-
trations of ash. The identifiable architectural
remains related to this floor are limited to five
wooden piles and four poorly preserved ovens or
hearths.

The pottery is very fragmented and only a few
vases could be partly reconstructed. Neverthe-
less, the pottery shapes are similar to those of
level 5c1. However, compared to the underlying
level 5c3, we note several innovations that are
typical of the LBA, such as incised decorations
or the pattern of three perforations or triangle
prints on the upper attachment of kantharoi
handles (Gori and Krapf 2015, 111–113). The
forty-nine lithic, bone, and clay artefacts hardly
differ from those of level 5c1, except a fragment
of a single-use clay mould which indicates the
mastering of the lost-wax casting technique.

The five radiocarbon dates available from this
level range between 1450 and 1229 cal BC.
Hence, they are very close to those of 5c1,
without any of them dating later than the middle
of the 12th century. This suggests a continuous
occupation but also a relatively short duration for
level 5c2.

7.3.3 Level 5c3

The underlying level 5c3, which is relatively
thin, constitutes a ‘buffer layer’ between the
floors S3 and S4, the latter belonging to level 6
(see below). It has been interpreted as an aban-
donment level, at least based on the areas that
have been excavated: in fact, no architectural
remains have been discovered. However, the
pottery from this layer, although quite scarce and
very fragmented, fits coherently into the typo-
logical development from level 6 to level 5c2. It
shows not only the first appearance of types that
are characteristic of the LBA, such as the kan-
tharos and the pyraunos (cooking pot with inte-
grated support), but also the introduction of the
oxidation-firing process, which produces light-
surfaced vases. This pottery assemblage could
potentially evidence an occupation of this period
in another area of the settlement. Such ceramics
are not represented in the upper or the lower
layers. Furthermore, the two radiocarbon dates
obtained for level 5c3 (between 1628 and
1306 cal BC) are a little older than those of 5c2
but in perfect continuity. This suggests that the
village of Sovjan did not experience a real period
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of abandonment like the one observed a few
centuries earlier (see below), but rather that the
dwellings of this phase are located somewhere
outside of the explored area.

7.4 Sovjan IV

Sovjan IV corresponds to level 6, which is easily
distinguishable from the overlying levels by its
yellow colour and its sandy texture. This level is
associated with a floor, S4, which can be subdi-
vided into two successive horizons, h1 and h2.6

In the main sector at the edge of the canal,
level 6 formed a large pit, oriented NW–SE and
roughly corresponding to the trenches A9b–A9–
A10b–A10 (Fig. 7.3). This pit was about 3 m
wide, over 15 m long, and 0.70 m deep; its
bottom was lined with a thin black layer, which
contained many fragments of charred wood. In
the upper part of the pit, floor S4 was identified.
It was delimited by differently oriented wall
segments, clearly corresponding to two succes-
sive horizons (Fig. 7.4). The lower part of the pit,
filled with the same sandy yellow soil, did not
contain any archaeological material. As the pit
lies directly above an older floor (S5) which
belongs to level 7 (see below), it is assumed that
it is a backfill pit, containing material accumu-
lated while cleaning up the area before installing
new dwelling structures: the inhabitants of level
S4 would therefore have first burned the previous
dwelling level in order to make space—which
would explain the presence of the thin carbon
layer at the bottom of the pit—and then they
would have backfilled the area where they
intended to settle with sand, in order to level it
out and to protect it from moisture.

The wall remains corresponding to the upper
horizon h1, one of which (locus 917) had a
narrow foundation trench in which were stuck,
at regular intervals, plank-shaped wooden beams
(Fig. 7.4), allow us to assume a long, rectan-
gular building (Building A) with dimensions of
c. 8 � 2 m and oriented NE–SW. Inside, a large

storage jar and at least one oven or hearth were
found. Most of the structures associated with
this horizon were in poor condition, as was the
pottery, suggesting significant post-depositional
natural and/or anthropogenic formation pro-
cesses. Despite this, at least two complete vases
were recorded, including a dark burnished kan-
tharos with raised handles of the ‘pseudo-
Minyan’ type (Touchais and Lera 2007,
Fig. 4), which clearly imitates Aegean proto-
types of the early Middle Bronze Age (MBA).

The lower horizon h2 was better preserved
and richer in archaeological findings. Remains of
a house (Building B) were recovered, which had
at least one wall built in a different technique
(locus 918), i.e. a wooden frame supported by a
double alignment of cylindrical piles (Fig. 7.4).
This building was over 7 m long and over 2 m
wide (possibly c. 15 � 4 m) and its orientation
(N–S) differed from that of Building A. Several

Fig. 7.4 Remains of walls of Building A (917) and
Building B (918) (G. Touchais, EFA)

6 Like the floors, the horizons are numbered continuously
from top to bottom.
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hearths or ovens, as well as an oval pit containing
charred seeds (barley, einkorn, wheat, spelt,
bread wheat, bitter vetch: Allen 2005) suggesting
that it was probably a buried container made of
perishable material, also belong to this horizon—
perhaps even to this building. The pottery of
horizon h1 includes several almost complete,
light-surfaced vases which all belong to types
that were already present (in dark wares) in level
7 (or even 8). Hence, they testify both to the
persistence of the traditions of the previous phase
with regard to the repertoire, but also to a tech-
nological innovation which will be generalised in
the subsequent phase, i.e. the oxidation-firing
process.

The exact chronology of level 6 is difficult to
determine. Based on the incomplete data, it was
initially dated to the beginning of the LBA
(Touchais and Lera 2007; Touchais 2008). How-
ever, the detailed study of the ceramic typology
(Gori and Krapf 2015, 107–109) and a series of
radiocarbon dates ranging between 2567 and
1931 cal BC now clearly prove that this level does
not date later than the early MBA in the Aegean
but might even date a little earlier. Consequently,
level 6 seems to represent the transition from the
Early to the Middle Bronze Age at the turn of the
3rd millennium BC. This also implies a gap of
three or four centuries in the occupation of the
settlement, namely between the end of phase IV
and the beginning of phase V, which could pos-
sibly explain the significant post-depositional
transformations observed in horizon h1.

7.5 Sovjan III

Phase III encompasses three distinct stratified
levels that are easy to distinguish from each other:
level 7 with floors S5 and S6, level 8 with several
successive layers of wooden constructions, and
layer 9 which did not yield any architectural
remains and contained only a very small amount
of pottery. These three levels are characterised by
a monochrome dark burnished ware, the same as
in Maliq IIIc (Prendi 2018, Pls. CXXIV–
CXXXI). The levels also all lie below the water
level, leading to permanent waterlogged, which

makes their exploration more delicate and
requires the ground water to be constantly
pumped out during the excavation process.

7.5.1 Level 7

Level 7 is a very clayey layer of bluish-grey
colour, containing many small charcoal frag-
ments. According to sedimentological analysis,
its formation is linked to a rise in the level of the
lake (see below). In A7, A7b, and A9, this level
included floor S5, split into two successive
horizons, h3 and h4 (Fig. 7.5). This floor carried
at least four ovens or hearths, as well as a peb-
bled area referring to heated stone hearths as
known from the Neolithic lakeside settlements in
the circum-alpine area. Since floor S5 was lying
one level below the top of the wooden planks
which supported the wattle walls of the previ-
ously built ‘Maison du Canal’ (see below, layer
8), floor S5 is assumed to represent the last state
of this house. The floor deposit was characterised
by a high density and variety of material: crushed
vases, numerous artefacts (chipped-stone, ground
stone and bone tools, clay tools), plant remains,
and fauna debris, including a significant con-
centration of fish bones.

In A10b, another floor (S6), delimited to the
west by an alignment of post holes which cor-
responded to a wall that runs parallel to the east
wall of the previous house at c. 2 m distance: this
floor has been attributed to the latest stage of the
underlying Building C, the entire western part of
which had been cut off by the canal (see below,
layer 8). The floor deposit, which included six
clay loom weights, bore traces of a violent fire;
here, the only anthropomorphic figurine found in
Sovjan was discovered (Fig. 7.6). Its style recalls
that of a late Early Bronze Age (EBA) figurine
from Gradište Pelince in North Macedonia (Gori
2015, Fig. 77a).

On the basis of clear parallels between the
pottery of level 7 and that of Maliq IIIc—con-
sidered as typical of the MBA according to the
traditional Albanian chronology—level 7 was
from the start assigned to this period, i.e. to the
first half of the 2nd millennium BC (Touchais
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Fig. 7.5 South section of trench A9, with indication of the stratigraphic horizons of levels 7 and 8 (G. Touchais, C.
Oberweiler, EFA)

Fig. 7.6 Clay figurine from level 7 (Sv 02/186.5) (G. Touchais, EFA)
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2008). However, the in-depth study of pottery
(Gori 2015), supported by six radiocarbon dates
close to those of level 6 (between 2452 and
1954 cal BC)—has obliged us to question this
former dating. In fact, the presence of ceramic
types, such as the two-handled globular bowl
with flaring rim or the so-called ‘smoking pot’
(Gori 2015, 82–84, 117–120), which are attested
in well dated EB III contexts in Greece and the
Balkans, argues that Sovjan 7—as well as Maliq
IIIc—should be synchronised with the latest
phase of the EBA, i.e. the last centuries of the 3rd
millennium BC. Sovjan 7 therefore appears to be
roughly contemporary with phase B at Archon-
tiko in western Macedonia, whose absolute dates
also fall between 2300 and 1900 BC (Gori and
Krapf 2015, 94).

7.5.2 Level 8

Level 8 is mainly characterised by the presence
of numerous remains of well-preserved wooden
constructions, most of them in situ, which gives
Sovjan a special status among the known Bronze
Age settlements of the Balkans.

Level 8 is 0.70 m thick on average and char-
acterised by a dark brown to black clay sediment,
rich in rather decomposed organic matter (peat).
The careful examination of the stratigraphy made
it possible to distinguish at least four successive
horizons within this level (h5, h6, h7, h8), related
to various timber structures: floors of logs, wattle
walls, piles, fallen beams, etc. Most of these
wooden structures are of oak, except certain
floors which sometimes combine wood from
several different tree species. The structures
essentially belong to four different units: the
‘Maison du canal’, the Building C, the ‘Chemin
de rondins’ (Log Path), and the ‘Maison du
Pêcheur’ (Fisherman’s House).

7.5.2.1 The Timber Structures
The most spectacular find is a large apsidal house
measuring more than 15 m in length and over
4 m in width, which has been called the ‘Maison
du Canal’. It is built of wattle and daub and
preserved to a height of about 0.50 m. Orientated

N–S, it consists of a large space separated from a
small apsidal room to the north by a partition
wall (Fig. 7.7). A rather narrow opening (0.80 m
wide) in the eastern exterior wall (towards the
lake side), interpreted as door, was preserved, as
well as remains of a bark layer in the northern
part of the large space, which probably served as
floor insulation (Fig. 7.8). The exact shape of the
southern border of the house is not known
because it was destroyed. However, one can
imagine that it had a wide opening, like the huts
of the culture of Palma Campania (first half of
the 2nd millennium BC) discovered near Nola, in
Campania (Albore Livadie 2002), which consti-
tute the closest formal parallels to Sovjan’s
‘Maison du canal’. Another common feature is
the overhanging roof that extends down to
the ground, which creates a sort of covered gal-
lery all around the house where food could be
stored.

In addition to the wattle and daub walls and
the layer of bark, further architectural elements of
the ‘Maison du canal’ have been preserved:

Fig. 7.7 ‘Maison du Canal’ from south (G. Touchais,
EFA)
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several areas of scattered plants or compacted
branches, one of which (L1) covered most of the
interior surface and was made up of wood and
bark splinters, probably resulting from on-site
timber cutting for the construction of the house;
four wooden floors located at different levels,
two of which were visible in A9 (loci 870 and
969) and two others in A7 (loci 796 and 933)
(Fig. 7.9); a threshold related to a previous stage
of the eastern exterior wall, slightly shifted to the
west (Fig. 7.9); several large pieces of wood
fallen to the ground and collapsed sections of
wattle walls; as well as some elements that may
belong to the roof. A single hearth, surrounded
by several vases and tools, could be connected to
the house. It belongs to the late floor, which
corresponds to horizon h5 (see below).

Based on the study of all these elements, it is
possible to distinguish four architectural stages of
the ‘Maison du canal’, which largely correspond
to the four horizons (h5–h8) mentioned above.
For various reasons, mainly due to the difficult
excavation conditions, it has not been possible to
relate each of these stages to a specific floor.
However, each of them could be precisely dated
by dendrochronology (see below).

Immediately east of the ‘Maison du canal’
stood Building C, whose latest stage was already
visible in level 7 (see above). The traces of its
western wall consisted of a double row of post
holes that could be traced over a 3 m distance.
Further, a ridge post with a mortise at one of its

Fig. 7.8 Layer of bark in the ‘Maison du Canal’ (G. Touchais, EFA)

Fig. 7.9 Wooden floors 796 and 933, and the sill of the
eastern door belonging to the 3rd stage of the ‘Maison du
Canal’; in the background, the eastern exterior wattle wall
of the 4th stage (G. Touchais, EFA)
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two ends was found in the context of this
building, as well as the remains of a wooden
floor and a section of collapsed wattle wall.

Very close to the ‘Maison du canal’ and
Building C, to the north, was the ‘Chemin de
rondins’, a horizontal timber structure of 2 m
width and more than 4 m length, oriented E–W.
It seems to have been built of about twenty oak
half-logs resting on four large sleepers
(Fig. 7.10). This structure is interpreted as a path
built directly on the ground, allowing people to
move from one dwelling to another while keep-
ing their feet dry. This is where the complete
antler hammer-axe with a beech wood handle
was discovered, lying between two sleepers
(Touchais et al. 2005, Fig. 2).

On the north side of this path the access to
another house was found, of which only the
entrance area and a small part of wall were
excavated. The door consisted of an oak sill of
1.20 m length with two vertical posts on each
side, whereas the wall was built in the same

wattle technique as the one applied in the ‘Mai-
son du canal’ (Fig. 7.10). This house was called
‘Maison du Pêcheur’ because of the large amount
of fish scales found inside.

7.5.2.2 The Relative Chronology
of Level 8

The pottery of level 8, of which over a third comes
from the ‘Maison du Canal’ (as is the case for all
the material categories), is very similar to that of
level 7. From a technological point of view, it
shows the same predominance of dark mono-
chrome vases betraying a clear preference for
reduced firing conditions—which will change in
LBA (see above), and the same exclusive use of
plastic decoration (especially, fingered bands).
From a typological point of view, the repertoire
includes many shapes also occurring in level 7
(globular bowls, conical cups, ‘smoking pot’),
although few types, like the tankard, are found
almost only in level 8 (Gori 2015, 84–87). All these
features find their closest parallels in the sites of

Fig. 7.10 ‘Chemin de rondins’ from west; in the upper left corner, the ‘Maison du Pêcheur’ (G. Touchais, EFA)
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Kastanas layer 27 and Sitagroi Vb (Macedonia).
Comparable pottery types from more distant
regions (Serbia, Peloponnese) also fall into the last
phase of the EBA (Gori and Krapf 2015, 103–104).

7.5.2.3 The Absolute Chronology
of Level 8

The lack of a significant chronological difference
between the levels 7 and 8 and their common
attribution to the last quarter of the 3rd millen-
nium BC are confirmed by the single radiocarbon
date available for level 8 (2336–2033 cal BC).
This date was provided by a charcoal sample
collected on the oldest wooden floor of the
‘Maison du Canal’ (locus 796).

New absolute data have been provided by
dendrochronology. Although many wood sam-
ples were taken during the excavations, they
could not be properly analysed for various rea-
sons. In 2018, we decided to reopen the main
trench (A7b–A10) in order to sample further
wood. Its dendrochronological analysis was car-
ried out by specialists at the Institute of Archaeo-
logical Sciences at the University of Bern, under
the supervision of Prof. A. Hafner. From the new
34 samples—including ten from the ‘Maison du
Canal’ alone—six ‘local’ curves (SOV-3, SOV-4,
SOV-7, SOV-10, SOV-12, SOV-16) could be
established for all the structures of level 8, from
which an average curve was calculated (SOV-18)
(Fig. 7.11). This last curve, which covers
269 years, represents the relative chronology of
level 8 (Maczkowski et al. 2021).

This relative sequence of 269 years could be
converted into absolute years thanks to radio-
carbon dating carried out on the same wood
samples. The modelling of the combined radio-
carbon and dendrochronological data made it
possible to obtain a relatively precise date for the
felling of the most recent timber, which was used
in the last (fourth) architectural stage of the
‘Maison du Canal’. This date, between 2158 and
2142 cal BC, marks the end of level 8 and
therefore provides a terminus post quem for the
beginning of level 7.

Thus, it is possible to assign calendar dates to
the four successive building phases (Fig. 7.12)
distinguished in layer 8 (from top to bottom):

Phase 4. In the latest phase (between 2158
and 2142 cal BC), the dendrochronological data
allows to interrelate three distinct structures with
the same architectural programme: 1) the fourth
stage of the ‘Maison du Canal’, 2) the ‘Chemin
de rondins’, and 3) the ‘Maison du Pêcheur’. The
fourth stage of the ‘Maison du Canal’ corre-
sponds to horizon h5, to which the bark layer and
the refuse or ‘litter’ L1 seem to belong (see
above). It also incorporates some re-usage of
older planks, two of which come from the eastern
wall of the previous stage (see below). On the
other hand, the curves SOV-3 and SOV-4 show
that the other two structures had undergone
repair work shortly after phase 4.

Phase 3. This building phase corresponds to
the third stage of the ‘Maison du Canal’ (horizon
h6), in which the eastern exterior wall and its
door were located 0.50 m further west than at the
final stage (see above). The dendrochronological
data show that the timber used in this phase was
felled ten to twenty-four years earlier than the
one of phase 4, i.e. between 2168/2152 and
2182/2166 cal BC. If we assume, for the sake of
convenience, an interval of twenty years—which
roughly corresponds to a human generation—
phase 3 can be dated between 2178 and 2162 cal
BC. The presence of some older piles may be
explained either by the re-use of older timbers, or
by the continuous use of structures built during
the previous phase. On the other hand, we note
that the timber used during this phase is almost
exclusively oak and comes from quite old trees,
i.e. between 170 and 190 years old at the
moment of felling. The material is therefore very
different from that which was used during the
two previous phases (see below).

Phase 2. This phase is synchronous with the
second stage of the ‘Maison du Canal’ (horizon
h7), which is mainly represented by the wooden
floor 969. Its structure indicates that it was not
resting directly on the ground but was slightly
raised. Based on combined dendrochronology
and radiocarbon data, this phase is dated between
2218 and 2202 cal BC. It therefore predates
phase 3 by around forty years. The logs used in
the construction of the floors in this phase, like
those in phase 1, belong to different species (oak,
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willow, elm, beech, ash, fir, pome fruit tree) and
were felled at a young age (10–15 years).

Phase 1. There are no dendrochronological
data indicating a building phase prior to phase 2,
yet an older phase has left traces in the stratig-
raphy, i.e. horizon h8, which corresponds to the
first stage of the ‘Maison du Canal’. The two

lowest wooden floors (796 and 870), the first of
which is radiocarbon dated to 2336–2033 cal BC
(see above), belong to this initial stage. As this
first floor constitutes the stratigraphic limit
between levels 8 and 9, it provides a terminus
ante quem for the beginning of level 8 and
therefore allows to date the first building phase

Fig. 7.11 Plotted tree-ring widths (semi-logarithmic
scale) of the individual wood samples and the constructed
mean curves discussed in the text. Numbers above the
vertical straight lines correspond to the relative ring
number. The histogram at the bottom of the image

represents the sample replication in the mean curve SOV-
18. The small black rectangles with ‘BE-#’ labels
represent the positions of samples taken for radiocarbon
dating (Matthias Bolliger, EXPLO/UBern)
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between 2336 and 2202 cal BC. Floor 870, on
the other hand, testifies to a first raised floor level
of the house, which suggests that the inhabitants
were seeking to insulate the interior of the
buildings from humidity.

7.5.3 Level 9

Level 9 is a compact clay-peat layer varying in
thickness between c. 1.00 and 1.80 m. It is only
evidenced stratigraphically in the trenches A7
and A9, where it appears immediately under-
neath level 8, while its stratigraphic position is a
little less certain in A12. In A9, the layer lacks
any archaeological material, which explains why
it was initially interpreted as virgin soil. This was
the case until the excavation could advance
deeper in 2001 and reach the Neolithic layers. In
A12, the small amount of pottery found in the
upper part of level 9 hardly differs from that of
level 8.

The only architectural remains found in this
level (A12) are nearly thirty large oak stakes, the
pointed ends of which were planted more than two
metres into the underlying layers. Some of them
had a fork at the top and supported the remains of a
raised wooden floor, similar to those of the first
two building phases of level 8 (see above).

Therefore, everything seems to indicate that
level 9 is an archaeologically sterile level and
that the structures, as well as the rare artefacts
found in its upper part, actually belong to level 8.
The only radiocarbon date available for this layer
(2563–2308 cal BC) are barely two centuries
earlier than that of level 8 (see above).

7.6 Human Settlement
and Variations
of the Lake Level

If we attempt to combine the results of the
archaeological excavations with those of the
palaeoenvironmental study carried out in parallel
(see above), the impact of the lake level varia-
tions on the settlement occupation during the
Bronze Age becomes quite clear.

The thick layer of sterile peat that precedes the
settlement of level 8 is easily identifiable in the
ten sediment cores taken from the transect men-
tioned above. It reflects a period of decreasing
lake level, with a resumption of peatland for-
mation that begins around 4000 BC (Lera et al.
2008, 885–887). Level 9, as it was recognised in
the archaeological trenches, therefore corre-
sponds to the end of this period and is evidence
of a moment before the water rise level attested
by level 7 (see below).

The first identifiable dwelling of Sovjan III (=
1st stage of the ‘Maison du Canal’) is built on the
shore of the lake, close enough that its founda-
tions got wet during periods of lacustrine trans-
gression. A generation later, the inhabitants
rebuilt this first dwelling (= 2nd stage) with a
raised floor, which indicates the lake level’s
overall rising trend. The same phenomenon
recurred some forty years later, with the 3rd stage
of the ‘Maison du canal’, featuring another raised
wooden floor. Finally, some twenty years later,
the construction of a wooden path to move
between the houses suggests that the dwellings
are in contact with surface water, which is

Fig. 7.12 Four architectural phases of the wooden structures of level 8 in the main trenches A7b–A10 (L. Fadin, C.
Oberweiler, EFA)
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confirmed by the grey clay in layer 7, indicating
a high lake level at around 2100/2000 cal BC.
This episode apparently forced the inhabitants to
temporarily abandon their dwellings and pre-
sumably move away from the shore. It is
tempting to relate this episode of lacustrine
transgression to the brief cold and humid climatic
event (‘4.2 ka event’) which occurs at about the
same time, i.e. between 4300 and 3800 cal BP,
causing a phase of high water levels in the lakes
of western-central Europe (Magny et al. 2009).
However, this hypothesis still lacks evidence.

Taking advantage of a period of low water,
the inhabitants of Sovjan phase IV resettled on
top of the ruins of the ‘Maison du canal’ after
having cleaned and filled the entire area with
sand (see above). They put up a first building
(B) that has the same orientation as the ‘Maison
du Canal’, which shows that its memory had not
been lost. Later, still during phase IV, a further
building (A) is built on top of the previous one.
This time, its orientation is different. In fact, the
LBA settlement will refer to it. Phase IV ends
with a gap of about three to four centuries, i.e.
based on radiocarbon dating between 1900 and
1600 cal BC. This temporary abandonment of
the settlement does not seem linked to a lake
level rise, as according to sedimentological
analyses, the beginning of the 2nd millennium is
a period of lake regression which will last for the
entire millennium.

The period which spans the entire second half
of the 2nd millennium BC is marked both by a
low lake level and by an elevation of the tell itself.
Consequently, the inhabitants of the phases V and
VI are installed on dry land and further away from
the shore than their predecessors. Several succes-
sive floors are related to these phases, which prove
that the settlement is continuously inhabited. The
finds show that it reached its peak towards the end
of the LBA, i.e. between 1300 and 1100 BC (level
5c1, floor S2). However, even if various—and
sometimes sophisticated—craft productions of
this period are well documented, the dwellings are
less known. Rather, they are most often reduced to
shapeless clay masses, while the rare indications
at best hint at the general structure and orientation
of the settlement.

7.7 Conclusion

It is now firmly established that the Bronze Age
levels explored at Sovjan range from the mid-3rd
millennium to the end of the 2nd millennium BC,
i.e. over a period of 1500 years—however, with a
gap covering almost the entire first half of the 2nd
millennium (MBA). Whereas the lake dynamics
had an undeniable impact on the evolution of the
settlement, they cannot exclusively explain all the
changes observed during this long period and in
particular not the abandonment phases. Some of
these changes are surely related to human factors
or choices, which however cannot be directly
revealed by archaeology. Only a systematic
exploration carried out at the scale of the entire
Korça basin, by excavating the synchronous set-
tlements identified during the archaeological
survey of the PALM Project (2007–2013),7 could
possibly allow to observe common trends and
suggest explanatory hypotheses.
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8Neolithic Lake Settlements
in Western Macedonia, Greece:
New Evidence from Dispilio
and Amindeon Basin

Kostas Kotsakis and Tryfon Giagkoulis

Abstract

The discovery and investigation of Neolithic
habitations established in marginal zones of
West Macedonia lakes and marshes constituted
an exceptional occasion for Greek prehistoric
archaeology. The distinctive site-formation
processes and the uniqueness of the preserved
organic materials posed unprecedented practi-
cal, methodological, and interpretive chal-
lenges, offering at the same time new
potentials for the study of the communities’
diachronic development. The present paper
summarises the research results derived from
the Rescue Excavations Project in the Four
Lakes Region (Amindeon Basin) and the latest
data from the ongoing study by the Aristotle
University of Thessaloniki (AUTH) of the
Dispilio lake settlement in the framework of
the ERC-funded EXPLO project. The aim is to
codify and evaluate the available information
about the chronology of the habitations, their
location in specific environmental settings, and
the evidence regarding the construction and
organisation of their built space. Subsequently,

these characteristics are juxtaposed with docu-
mented parallels from the neighbouring areas
to contextualise the specific attributes of the
wetlands into the regional Neolithic. This
comparative approach allows us to consider
to what degree the wetland habitations consti-
tute a unique phenomenon, or they are simply
one of the diverse manifestations of the
Western Macedonia Neolithic developed for
specific—so far not detectable—reasons.

Keywords

Western Macedonia (Greece) � Neolithic
communities � Wetland habitations �
Environmental setting � Chronology �
Regional contextualisation � EXPLO

8.1 Introduction

The lakeside site of Dispilio represents an
advanced stage of the Neolithic settlement in the
broader region of Northern Greece and Thessaly.
Before Dispilio, a long string of dry-land sites
goes back at least one thousand years before the
local neolithic people built their dwellings on
waterlogged ground. So why was this choice
preferred? It certainly looks out of place in
Thessaly, even in Western and Central Macedo-
nia, where recent research excavated some of the
pioneer sites of the earliest Neolithic (Kotsakis
2014; Maniatis 2014; Maniatis et al. 2015;
Karamitrou-Mentesidi et al. 2015).
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The contrast with the long tradition of dry-
land settlements is stark and calls for some
explanation, especially since there is plenty of
dry ground around the immediate vicinity of the
Dispilio site. Broadly contemporary with Dis-
pilio dry sites have been excavated in the vicin-
ity, on the hillslopes of Avgi (Stratouli et al.
2020) and the banks of Aliakmon River (Kolo-
kinthou, Stratouli et al. 2019 and Trita Koro-
milias, Tsouggaris et al. 2004). Environmental
considerations come to mind, e.g. a change in
climate parameters acting as a pull factor is a
possibility—but cultural, social, and economic
factors should also play an essential part in this
innovative choice. The abundance of palaeoen-
vironmental evidence preserved in the water-
logged deposits of Dispilio makes it an ideal case
to shed light on the interaction of environmental
and cultural factors.1

Since the beginning of the excavations at
Dispilio, the ongoing research added more
waterlogged sites to the Neolithic habitation of
the region. Some of them were excavated, and
we have a good idea of their material culture.
With all the affinities, relations, and influences,
they form an exciting picture of the Neolithic
culture in this region which will be briefly pre-
sented further down before focusing on the
Dispilio site itself.

8.2 Waterlogged Sites of Amindeon
Basin

To examine the new waterlogged sites of Wes-
tern Macedonia, we have to move further north
to the region of Amindeon, which according to
its geomorphology, is a typical basin situated at

an altitude of approximately 600 m a.s.l. defined
by relatively high mountainous ranges. An
extensive shallow-water lake covered the basin,
formed in the late Miocene to the early Pliocene
periods. The four surviving up to this day lakes
are the remains of this original palaeolake Eor-
daea dated in the late Miocene to the early
Pliocene periods (Kloosterboer-van Hoeve et al.
2001) (Fig. 8.1).

Former and recent palynological and anthra-
cological investigations document a predomi-
nance of mixed oak-hornbeam forests in Lakes
Chimaditis and Zazari during almost all of the
Early, Middle, and Late Neolithic, with one
maximum expansion between the mid-6th and
mid-5th millennium BCE. Moreover, coastal
halophytic and alluvial hardwood forests covered
these wetlands (Bottema 1974, 1982; Gassner
et al. 2020; Gerasimidis and Athanasiadis 1995;
Marinova and Ntinou 2018; Ntinou 2014).

This region had attracted little attention from
archaeological research, and consequently, the
available information regarding the development
of the prehistoric habitation was derived from
surveys and collection of surface material
(Kokkinidou and Trantalidou 1991; Trantalidou
1989). However, this situation changed during
the last two decades due to the intensification of
the lignite-mining activity that necessitated a
large-scale prospection and rescue excavations
project by the Florina Ephorate of Antiquities.
According to preliminary reports, fifty-four new
sites were identified, dating from prehistoric to
later historic periods (Chrysostomou and Giagk-
oulis 2016; Chrysostomou et al. 2015). Of par-
ticular interest is the presence of thirteen
settlements dating to the late-7th millennium
BCE; yet, except from one short reference to
potential Early Neolithic pit-houses in the
southeastern part of the dry-land habitation
Anarghiri XI (Chrysostomou and Giagkoulis
2018), no further information on these early
settlements and no 14C dates are published so far.

It seems plausible that the local farming com-
munities expanded their activities in zones closer
to the local waterscapes about the mid-6th mil-
lennium BCE. Indications are that nineteen Neo-
lithic ‘lakeshore habitations’ were established in

1 An interdisciplinary team from the universities of Bern,
Oxford, and Thessaloniki was awarded an ERC Synergy
Grant in 2018 for the project entitled ‘Exploring the
dynamics and causes of prehistoric land use change in the
cradle of European farming’ (EXPLO). EXPLO (2019–
2025) seeks evidence for the human–environment inter-
face. Dispilio is one of the focuses of the project. The
principal investigators (PI) of the project are Prof. Albert
Hafner and Willy Tinner (University of Bern), Prof. Amy
Bogaard (University of Oxford), and Kostas Kotsakis
(Aristotle University of Thessaloniki).
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the surroundings of the prehistoric wetlands,
influenced even periodically by water fluctuations.
Another eight occupations on the northern shore
of Lake Chimaditis are described as ‘typical
lakeside pile-dwellings’. The findings of Limno-
chori II and Anarghiri III represent this last type of
habitation and are regarded as the earliest attempts
of the local communities to settle in close rela-
tionship to water during the mid-6th millennium
BCE. In both settlements, the vertical posts, the
horizontal wooden elements, and destruction lay-
ers are presumed to belong to stilted houses built
in the Lake Chimaditis littoral zone (Chrysosto-
mou and Giagkoulis 2016, 7). The excavator
interpreted likewise the posts and horizontal wood
found in the earliest habitation phase of Anarghiri
IXa. The remains in the centre of the excavation
are attributed to another two-storey stilted house,
containing several clay structures and numerous
household artefacts which belong to the early-4th

millennium Final Neolithic of Northern Greece
(Chrysostomou and Giagkoulis 2018, 208–215).

The scale of the rescue excavation on the edge
of the lignite-mining zone, the preservation of
finds, and studies’ progress (Arampatzis 2019;
Giagkoulis 2019, 2020; Papadopoulou 2020)
make Anarghiri IXb the most extensively inves-
tigated and intriguing site in the Amindeon
Basin. The habitation was located at Lake Chi-
maditis’ northeastern edges, in an area covered
until the 1960s by shallow-water marshes. The
excavation down to the natural soil of approxi-
mately 12,000 m2 on the periphery of the set-
tlement of 28,000 m2 of the occupation’s total
area produced 80 14C dates of structural wood
and other carbonised organic materials (Fig. 8.2).
The Laboratory for the Analysis of Radiocarbon
with AMS of the University of Bern analysed the
samples and established the earliest habitation of
the site in the Late Neolithic I period

Fig. 8.1 Wetland habitations in Greek Macedonia,
Albania and Northern Macedonia: 1. Dispilio; 2. Amin-
deon Basin waterlogged habitations (Anarghiri III, IXa

and IXb, Limnochori II and III); 3. Kallamas; 4. Lin II; 5.
Ohridati; 6. Ploca Micov Grad (Digital map by Filippos
Stefanou)
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(approximately 5400 cal BCE), with continuous
human presence until the beginning of Final
Neolithic period (approximately 4200 cal BCE)
(Giagkoulis 2019, Vol. III Plan 3).

The exposed pile field of Anarghiri IXb con-
sisted of more than 3600 vertical and horizontal
wooden elements of various sizes and types
(Fig. 8.3). Despite their number, their strati-
graphic and spatial distribution, together with the
dating of specific vertical elements, permitted the
identification of enclosing structures and track-
ways on the eastern periphery of the habitation
(Fig. 8.4). The earliest structural complex com-
prising a double fence and a trackway was
established and used from 5300 to 5000 cal
BCE. The relocation of the trackways and the
fences after 5000 BCE correlates with the rear-
rangement of the main habitation area, probably
imposed by the elevation of the lake water. The
only documented evidence of the use of the site
after the abandonment of the habitation around
4200 BCE is the bridge-like structure connecting
the eastern edge of the settlement dated in EBA,
namely the mid-3rd mil. BCE (Giagkoulis 2019,
Vol. I 176–179, Vol. III Plans 24–29).

8.3 Dispilio Lake Settlement

The decision of Kastoria local authorities in 1935
to lower the Orestias Lake’s water level to create
arable land at its southern shore resulted in the
exposure of several posts and artefacts at Dis-
pilio. Three years later, Prof. Antonios Ker-
amopoullos conducted the first trial excavation,
and in his reports, he concluded that the wooden
elements and the movable finds were the remains
of a ‘Pre-Hellenic’ lakeside dwelling (Ker-
amopoullos 1939, 1941). Nevertheless, the sys-
tematic excavations at Dispilio started in 1992 by
Prof. George Chourmouziadis from the Aristotle
University of Thessaloniki and lasted until his
passing in 2013 (Chourmouziadis 2002). Thus,
from its very beginning, the excavation operates
as an institutional centre for the education of
students and young researchers in prehistoric
wetland archaeology, while Dispilio Open Air
Museum—namely a representation in the actual
scale of a lakeside Neolithic settlement at the
shore of Kastoria Lake—is one of the most vis-
ited places in Greece related to prehistory.

Fig. 8.2 Excavation of Anarghiri IXb (2015 campaign) on the edge of the lignite-mining zone (Giagkoulis 2019)
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The settlement of Dispilio situated at a loca-
tion called Nissi (‘the island’) was surrounded by
water until the mid-1970s. The anthropogenic
layers cover about 17,000 m2, but since the
shallow lake water north of the site remains
uninvestigated, there is no secure estimation of
the actual extent of the habitation (Fig. 8.5). The
excavation was conducted mainly in three sectors
and covered an area of approximately 1430 m2.
Regarding the settlement’s palaeoenvironmental
setting, palynological investigations document
the occurrence of dense, mixed deciduous oak
forests at intermediate and low altitudes, and
coniferous and beech forests in mountainous
areas. Pines and oaks are the dominant arboreal
taxa, while the presence of Junipers should also
be noted (Kouli 2015; Kouli and Dermitzakis
2008). The palaeobotanical results are confirmed
by the anthracological analysis, according to
which, despite the continuous use of the adjacent
mixed forest for firewood and timber by Dispilio
settlers, the local woodland experienced little
change, perhaps because of the small-scale
farming activities combined with the high
potential for vegetation regrowth in this hinter-
land area (Ntinou 2010).

A preliminary interpretation of stratigraphy
led the excavator to distinguish three phases.
Backed by a geomorphological examination
(Karkanas et al. 2011, Fig. 12), G. Chour-
mouziadis proposed a preliminary model for the
site’s development from a settlement built over
the water to an almost dry-land habitation on the
low mound formed by anthropogenic activities.
A series of 14C dates supported this conclusion,
setting the earliest occupation at the end of the
Greek Middle Neolithic (mid-6th millennium
BCE) and the last at the Final Neolithic (4th
millennium BCE), a span of more than
2000 years (Facorellis et al. 2014).

However, ascribing over a thousand piles to
the three-phase model proved harder than antic-
ipated. Of equal difficulty was the connection of
piles to specific architectural units. Conse-
quently, the early studies of the preserved woo-
den elements in the lowest excavation layers led
only to general remarks about habitation struc-
tures (Chatzitoulousis 2006; Chourmouziadi and
Giagkoulis 2002, 2004), but the overall archi-
tectural picture of the settlement together with its
evolution through time remained little
understood.

Fig. 8.3 Vertical posts extracted from the Late Neolithic layers of Anarghiri IXb (Giagkoulis 2019)
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The new period of research of the Aristotle
University of Thessaloniki started in 2014 and
aimed to clarify the issues and complete the
research previously accomplished. Primarily, the
focus was on re-examining the stratigraphy pre-
served in the excavated trenches. However, it
was soon realised that sorting out the palimpsest
of the piles required a thorough dendrochrono-
logical approach. Thus, the participation of the
Aristotle University of Thessaloniki in the
EXPLO project came as the natural next

step. Within the EXPLO framework, the plan is
to complete the dendrochronological analysis of
the Dispilio pile field, define the habitation’s
architectural character, and collect new, strati-
graphically sound, bioarchaeological, palaeoen-
vironmental, and geoarchaeological stratigraphic
evidence (Fig. 8.6). Furthermore, the underwater
exploration of the settlement’s waterfront and the
definition of the extent of the pile field there is a
supplementary objective, which would allow
comparisons with other lakeside settlements

Fig. 8.4 Anarghiri IXb pile field and the accessing and enclosing wooden structures (Giagkoulis 2019)
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investigated by EXPLO in North Macedonia and
Albania. All the above goals, together with the
incorporation of detailed expert studies of the old
archaeological material, will sum up the com-
plete publication of the site.

In the first two years of EXPLO’s imple-
mentation, the AUTH team realised several
research tasks: the detailed re-examination and
evaluation of the rich excavation archive,
recording and studying various classes of
archaeological material, and significant fieldwork
orientated to the accomplishment of the objec-
tives mentioned above.

In 2019 the team carried out the 3D pho-
togrammetric surveying of posts, which resulted
in the detailed documentation of the pile field and
the creation of a multivariate digital plan
(Fig. 8.7). Following this, the systematic sam-
pling of structural wood provided 787 samples,
analysed by the dendrochronologists at the
University of Bern. According to the on-site
visual wood-sorting, the dominance of juniper
timbers (Juniperus sp., 506 samples, i.e. 64% of
total) and the almost equal occurrence of conifers
(most probably Pinus sp., 116 samples, i.e. 15%
of total) and oaks (Quercus sp., 165 samples, i.e.
21% of total) are attested (Fig. 8.8).

The first results were derived from the anal-
ysis of the oak samples combined with radio-
carbon data.2 Most of these samples are
categorised in four reliable wiggle-matched mean
curves. The end felling date (5727–5661 cal
BCE) of the horizontal wood Disp10547 is the
earliest indication of human activity in the
excavated area of the East Sector, but it does not
represent a settlement phase so far, and the same
is for the horizontal wood Disp10930 (5471–
5404 cal BCE). The earliest mean curve is
MCDisp6005 (end felling dates 5612–5594 cal
BCE), with posts situated in the western part of
the excavation. Mean curve MCDisp6001(end
felling dates 5322–5293 cal BCE) is built by 58
comprehensively wiggle-matched posts covering
about 50 felling years that indicate a more or less
continuous building activity, with a possible 10-
year gap. This is the densest use of oak trees as
foundation posts, with a balanced distribution all
over the excavated area. MCDisp6003 with only

Fig. 8.5 Aerial view of Dispilio ‘Nissi’ and the excavated sectors (Survey: Filippos Stefanou)

2 In this paper we present the preliminary results of the
dendrochronological analysis realised by the EXPLO
dendro team (M. Bolliger, A. Mackzowski, J. Francuz and
S. Szidat). The analytic publication of this work and its
correlation to the archaeological data is in preparation.
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a few samples (end felling dates 5291–5209 cal
BCE) and MCDisp86 (end felling dates 5278–
5200 cal BCE) may represent two hardly
detectable building episodes.

Based on these results, three settlement phases
can be distinguished: one around 5600 cal BCE,
a second around 5300 cal BCE, and possibly a
third around 5250 BCE. The possibility that
these two last phases are continuous or the open
question of the 300-year gap between the earliest

and the second phases will hopefully be clarified
by the analysis of juniper and other conifer
samples.

In parallel to the dendrochronological study,
the systematic examination of the excavation
records, plans, and photos led to the detection of
seven distinctive stratigraphic horizons, com-
prising concentrations of wooden and clay
building elements, architectural interventions of
various types, inorganic sediments, and movable

Fig. 8.7 Three-dimensional photorealistic view of Dispilio pile field in 2019 (Dispilio Excavations archive)

Fig. 8.6 View of the excavation’s west profile with vertical posts and structural elements of the lowest excavation
layers (Dispilio Excavations archive)
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finds. The earliest horizons of Dispilio I–III are
rich in organic materials and have an abundance
of pottery and artefacts, preserving a particularly
revealing spatial distribution. The subsequent
horizons Dispilio IV–VII represent the later
phases of the settlement’s development, with an
evident alteration in the state of organic preser-
vation and the density and form of the architec-
tural traces that correspond to a dry-land
occupation.

As usual in Neolithic Greece, pottery is
noteworthy for its quantity. For some reason,
Dispilio potters have developed superior exper-
tise that other dry-land Neolithic sites of the
region do not easily match. The quality of exe-
cution is impressive; nevertheless, this phe-
nomenon does not inhibit pottery styles and
fashions, indicating influences from the sur-
rounding communities. Although relations
between communities tend, as a rule, to be

opportunistic, the individual and unique daily life
of the lake settlements would encourage and re-
inforce social interregional alliances and bonds
with communities of other similar settlements
further north. Within these communities of reg-
ular everyday practices and landscapes, the
bonds created are imprinted in material culture.
Ceramics point strongly to networks of such
‘communities of practice’. Pots like arcade bar-
botine, or bitumen decoration, are virtually
unknown in Thessaly or even southern parts of
Macedonia, Greece, but much at home in south
Albania or North Macedonia. The same also
holds for the rest of the material culture, espe-
cially figurines, which present some unique
forms, among which one ‘statue’ of a seated
woman more than 40 cm in height. The symbolic
repertoire of this exquisite culture is completed
by fine bone tools and ornaments, white marble
bracelets, and spondylus jewellery. Some

Fig. 8.8 GIS map of Dispilio East Sector pile field and the wood species of sampled vertical posts (Digital map by
Tryfon Giagkoulis and Filippos Stefanou)
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indications for specialisation in macrolithic stone
tool production exploiting a local source are
currently under investigation.

8.4 Discussion and Outlook

Although wetland archaeology in the cross-
border area of Greece, North Macedonia, and
Albania is a relatively young research field and
the available information is still under processing
(Naumov 2020), similar geomorphological as
well as environmental features—especially the
presence of several lakes—seem to be of
importance for the development of the farming
communities during the Neolithic (Gkouma and
Karkanas 2018). It is still too early to connect
this securely with specific environmental condi-
tions that EXPLO is investigating. However,
with the evidence available, we can conclude that
the mid-6th millennium marks a wave of
expansion towards lakes and waterlogged areas
in SE Europe. The earliest reliable indication for
habitation on a lakeshore, for the time being, is
the Mean Curve 6005 from Dispilio, dated
around 5600 cal BCE, within the Greek Middle
Neolithic phase. A single dated post from the
rescue excavation of the settlement ‘Ohridati’ is
the only comparable information on habitation
on the northern shore of Lake Ohrid in the mid-
6th mil BCE (Westphal et al. 2010). The long
series of 14C dates from Anarghiri IXb, the well-
documented Mean Curves from Dispilio, and
some recent dates from Kallamas on the Alba-
nian shore of Great Prespa Lake certify the
existence and diachronic development of farming
communities around the lakes securely during
the Late Neolithic I and II (Lera et al. 2020).

Moreover, some other known prehistoric
wetlands of the region, for example, Dunavec,
Maliq, and Sovjan in Korça Basin or Ustje na
Drim in Ohrid Lake, are dated in various Neo-
lithic phases. Yet, the lack of 14C dates and the
problems in the terminology of ‘early, middle,
and late’ Neolithic in correlation to specific
pottery categories do not facilitate the secure
integration of these settlements into an estab-
lished chronological framework. The preliminary

results of the ongoing dendrochronological
research of the samples from Ploca Mičov Grad
promise to create a robust chronological frame-
work for the 5th millennium BC lake habitations
of the region (Hafner et al. 2021), combined with
those that will hopefully emerge from the recent
research at Lin in Ohrid Lake.

The contribution of EXPLO to sorting out
Dispilio was significant. We hope that the future
results of the project, in combination with those
of Dispilio, will shed more light on the choice for
wetland habitation in SE Europe.
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9Prehistoric Wetland Settlements
of the Bulgarian Black Sea Coast

Ariane Ballmer, Kalin Dimitrov, Nayden Prahov,
and Pavel Georgiev

Abstract

Along Bulgaria’s Black Sea coast, a series of
settlement remains from the Eneolithic and
Early Bronze Age have been preserved under-
water and in marshy environments. A few of
them seem originally to have been terrestrial
settlements which were flooded and aban-
doned when the level of the Black Sea rose,
while others were actual wetland settlements.
Specific remains of ‘pile-dwelling’ architec-
ture have been found, for example, at sites in
the Varna Lakes area, in Sozopol harbour, and
at Ropotamo and Urdoviza. As well as
drawing parallels with the pan-European phe-

nomenon of pile-dwellings, the paper exam-
ines the broader significance of the Bulgarian
wetland settlements, including their complex
interrelationship with the water system and
their role in the overall cultural landscape at
the time of their occupation.

Keywords

Bulgaria � Black Sea coast � Wetland
settlements � Pile-dwellings � Eneolithic �
Early Bronze Age

9.1 Introduction

At present, only some of the Bulgarian underwater
sites can be securely addressed as actual wetland
settlements. It will be a matter for future research
to determine which of the known underwater
remains were originally built on humid ground and
featured specific architectural adaptations, such as
pile substructions. What is so far known about the
Bulgarian wetland settlements, however, integrates
well with the discoveries in other regions of the
Balkans (and beyond). All the known wetland
sites in Bulgaria are located along the Black Sea
coast (Peev et al. 2020). So far, none are known
inland. However, this picture is possibly only a
reflection of the current state of research.

The Black Sea coast has been a focus of under-
water archaeology since early on, with ancient port
facilities and shipwrecks being of particular interest.
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Inundated prehistoric settlements first became a
focus of attention in the second decade of the 20th
century and have been archaeologically explored
since the 1980s in campaigns involving expert sci-
entific divers and interdisciplinary research teams
(for an overview of the history of research along the
Bulgarian Black Sea coast, see Stanimirov
(2003); Krasteva and Hristov 2014; Dimitrov et al.
2020). Today, the Centre for Underwater Archaeo-
logy (= CUA) in Sozopol is systematically exca-
vating and evaluating these remains.

In Bulgaria, the earliest Neolithic settlements
appeared shortly before 6000 BC (for the absolute
chronology of Bulgarian prehistory, see Boy-
adziev 1995; Bojadziev 1998; Görsdorf and
Bojaǆiev 1996). The wetland settlements known
to date emerged only later, in the Eneolithic
(= ENE), or rather, the late ENE (Kodzhader-
men–Gumelniţa–Karanovo (= KGK) VІ to Varna
III, i.e. c. 4450–3950 BC). A second phase of
wetland settlement is dated to the Early Bronze
Age (= EBA), i.e. c. 3175–2525 BC. In between
lies the so-called Transitional Period (c. 3800–
3175 BC), generally characterised by a gap in the
settlement evidence (Вайсов 1992; Todorova
1995, 2003; Tsirtsoni 2016) and in the coastal
region, specifically, by higher water levels
(Filipova-Marinova 2007) and indications of
forest recovery (Filipova-Marinova et al. 2011).
Finally, finds from the Varna Lakes indicate a
third, Late Bronze Age (= LBA) phase of wetland
settlement in the second half of the second mil-
lennium BC (Тончева 1972; Toncheva 1981).

Given its favourable environment, with rich
and diverse resources, it must be assumed that
the western Black Sea coastline was an attractive
habitat from the Mesolithic onwards. In recent
years, evidence of Late Neolithic coastal sites
from the late 6th millennium BC has been dis-
covered (Leshtakov 2010; Leshtakov et al.
2020a, b). These were terrestrial sites. It is
unclear to what extent the absence of settlement
evidence from before the Late Neolithic is related
to changes in the coastline during the late 7th
millennium BC (see infra). These could have
resulted in the archaeological remains being
buried under thick packages of marine sediment,
below today's sea level.

It is crucial that past activities along the
western Black Sea coast (as well as the preser-
vation of their traces) are understood against the
background of water level fluctuations, the
associated development of the coastline, and, last
but not least, variations in water salinity (see
Sect. 9.3.2). While the scientific debate on the
evolution of the Black Sea cannot be rehearsed
here, the aspects that are of immediate impor-
tance to the present subject will be briefly
addressed. Thus, in the course of the late Qua-
ternary, the Black Sea basin underwent various
changes, some of them dramatic (Yanko-
Hombach et al. 2007a, b; Kislov and Toporov
2011; Lericolais et al. 2011; Nicholas et al. 2011;
Benjamin et al. 2017; Kislov 2018). During the
period of most extreme low water, the Black Sea
was an autonomous freshwater body, not con-
nected to the global ocean system. While the
rhythm and speed of rise and fall in Black Sea
water levels are debated, what is significant for
the present discussion is that repeated water level
fluctuations, major and minor, are proven to have
occurred during the Mid- and the first part of the
Late Holocene. These had decisive effects on the
coastline and thus on areas of coastal prehistoric
settlement and economic activity. During the
periods discussed in this article (especially 4450–
2525 BC), the water level may have been about
6–8 m lower than today, at least during the per-
iod of occupation of the settlements. These sites
were later flooded during a complex series of
relatively rapid, short-term sea level fluctuations
—and eventually submerged by a significant
water level rise.

9.2 Archaeological Remains
of Wetland Settlements:
An Overview

In Bulgaria, two main concentrations of prehis-
toric wetland sites can be found: one in the
region of Varna on the northern Black Sea coast,
and the other south of Burgas (Fig. 9.1). In the
following, the most important sites are presented,
taking into account research data up to 2021. At
the time of their occupation, the presented sites

150 A. Ballmer et al.



were presumably located on permanently marshy
or periodically inundated ground, since they are
characterised by an adapted architecture, with
substructures elevating the floors above ground
level (for instance, in the form of houses on
wooden stilts, commonly known as ‘pile-
dwellings’).

9.2.1 The Varna Lakes

Lake Varna and Lake Beloslav are located west
of today’s city of Varna. Before modern con-
struction works, they were connected to each
other by marshlands and independent of the sea
(Fig. 9.2). In order to create a waterway trade
route in the first third of the last century, the
water levels of both lakes were considerably
lowered and canals were installed between the
lakes and the sea. It was during the construction
of the canal between the two lakes in 1921 that
the very first pile-dwelling in Bulgaria was dis-
covered: Strashimirovo 1 (Шкорпил and

Шкорпил 1921). Since then, more than ten
waterlogged sites of prehistoric wetland settle-
ments have been recorded in Lakes Varna and
Beloslav in the course of canal-, harbour-, and
dike-building works (Table 9.1). As most of
these sites have not been properly explored, their
interpretation is complicated. However, some
relevant conclusions can be drawn from pub-
lished preliminary reports and the finds stored at
the Varna Archaeological Museum. Most of the
sites delivered material from two main phases:
the late ENE (KGK VI, variant Varna II and
Varna III) and the EBA (II and III). Two radio-
carbon dates were obtained from the Ezerovo II
site (Table 9.2) which correspond with the EBA
find material. Interestingly, the finds from the
Ezerovo I and Old Canal sites indicate an LBA
wetland occupation phase at Lake Varna
(Тончева 1972; Toncheva 1981; Прахов et al.
2019) (Fig. 9.2). It should also be mentioned that
during the archaeological excavations of Arse-
nala in 1986, 37 pieces of wood, mainly standing
posts, were sampled for dendrochronological

Fig. 9.1 Bulgarian Black Sea coast with concentrations of known prehistoric wetland sites (K. Dimitrov)
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examination (Orcel and Orcel 1991). This pre-
liminary study, which revealed two settlement
phases, was to remain the only dendrochrono-
logical investigation of Bulgarian wetland
settlements for a long time.

As well as common settlement finds, such as
pottery, all the sites yielded construction timbers
and artefacts made from organic materials. In
some cases, the reports explicitly mention that
the archaeological finds were embedded in layers
containing seashells, while the wooden piles
were vertically inserted into mud, clay, or marl
layers with no finds. Furthermore, it was noticed
at the time that the archaeological layers were
covered by sediments saturated with freshwater
molluscs, silt, and peat. These observations have
led to the hypothesis of the presence of pile-
dwellings, originally located on the shores of a
deep, sheltered, semi-freshwater bay but even-
tually flooded due to a sea level rise (Маргос

1965, 1973; Иванов 1973; Божилова and Ива-
нов 1985; Ivanov 1993).

Despite the extensive interference caused by
construction activities, there is reason to assume
that many of the relevant sites still have archaeo-
logical remains preserved in situ (Прахов et al.
2019). Action has been taken by the CUA
for future site monitoring, research, and
conservation.

9.2.2 The Black Sea Coast South
of Burgas

The Bulgarian wetland sites at which most
archaeological research has been carried out are
concentrated along the southwestern Black Sea
coast, south of Burgas. The relatively rugged
shoreline is characterised by rocky outcrops and
bays with lagoons (Fig. 9.3). Most of the

Fig. 9.2 Prehistoric wetland sites in the Varna and
Beloslav Lakes area and the nearby (terrestrial) funerary
sites (Map basis: Russian historical topographic map
(scale 1:42 000) from the end of the 19th century,
representing the landscape before the industrial interven-
tions of the 20th century; blue shades: bathymetric map of
Lake Varna (Божков 1936)). (1) Outflow from Lake
Varna into the sea, EBA and LBA settlements; (2)
Morflot, evidence of late ENE and EBA settlements; (3)
Topolite, evidence of EBA settlement; (4) Ezerovo, late
ENE and BA finds, areas with in situ preservation; (5)

Arsenala-Ladzhata, Late ENE and EBA settlements,
areas with in situ preservation; (6) Strashimirovo, late
ENE and EBA settlements; (7) Beloslav, unclear evidence
of EBA settlement; (8) Povelyanovo, late ENE and EBA
settlements; (9) Devnya, late ENE settlement, evidence of
waterlogged pile-dwelling and (D) necropolis (Тодорова
& Симеонова 1971); (10) Baltata, EBA settlement. (V–
I) Varna necropolis I, 329 burials with very rich finds
from the late ENE; (V–II) Varna necropolis II, rich early
ENE burials; (V-III) Varna necropolis III, rich late ENE
burials (K. Dimitrov)
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ubmerged remains were discovered by chance
during harbour construction works.

9.2.2.1 Sozopol Harbour
The historical town of Sozopol, ancient Apollo-
nia Pontica, is located on a rocky peninsula on
the south side of Burgas Bay, connected with the
mainland by a narrow sandy isthmus (Fig. 9.3).

During the construction of a new harbour in
1927, dredging was carried out in the historical
harbour of Sozopol. Rich archaeological remains
were recovered from the sea bottom. When the

harbour was extended at the end of the 1980s,
settlement remains from the ENE and the EBA
were discovered. Between 1990 and 2021, sys-
tematic underwater excavations were carried out,
bringing to light further ENE and EBA settle-
ment relics (Fig. 9.4) (Ангелова et al. 1994,
1996; Draganov 1995, 1998; Angelova and
Draganov 2003; Filipova-Marinova et al. 2011;
Dimitrov et al. 2020; Димитров et al. 2021a, in
press). Repeated dredging activities since the
1920s have severely affected the archaeological
remains lying at less than 4.5 m bpsl. In the

Fig. 9.3 Southern Bulgarian Black Sea coast with prehistoric wetland sites (K. Dimitrov)
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centre of the port, the remains of an ENE set-
tlement were found preserved at a depth of c.
5.0 m bpsl. As well as wooden piles, pottery was
recovered, along with artefacts made from flint,
stone, bone, and antler.

While the pottery assemblage from Sozopol is
clearly made in an ENE style, the technology,
shape, and decoration of the pots feature a
number of novel, post-ENE elements. This hints
at a tradition extending beyond the KGK VI
culture complex and into the first half of the
Transitional Period (late KGK VI to the begin-
ning of the Cernavodă I culture complex (c.
3800–3700 BC)). Thus, the Sozopol site captures
the very latest known moment of the ENE, not
only along the Black Sea coast, but also within
the supra-regional context (Dimitrov et al. 2020).

A recent reconstruction of the palaeo-terrain
has revealed that the ENE settlement was origi-
nally built on a flat terrace on the southern shore
of a small bay or freshwater or brackish lake,
located between the Sozopol peninsula and St.
Kirik island, in what is now the northern part of
the harbour (Fig. 9.5) (Димитров et al. 2020).
The settlement’s occupation was terminated by a
flood event, caused either by a water level rise or
by tectonic subsidence (Draganov 1995). This
flood coincided with the Transitional Period.
After 3200 BC, the water level dropped, and the
bay would have become habitable again.

South of the sector with the ENE remains, an
area with a preserved cultural layer from the
EBA was discovered during the archaeological
campaigns of the 1980s and 1990s (Leshtakov

Fig. 9.4 Sozopol harbour. Location of the underwater
archaeological trenches (blue dots). The extent of the
prehistoric settlement, which has been severely disturbed
by modern construction activities, can be estimated based
on the original terrain (map basis: archive topographic

data, presenting the situation prior to the first dredging
activities. Aerial photographу from 1918. Scientific
Archive BAS, Shkorpil archive, no. 165/856; DEM,
extracted from bathymetric survey in 1927, State Archive
Varna, f. 1K, Български народен морски сговор)
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1994; Draganov 1995). In 2021, these EBA tra-
ces were further investigated (Fig. 9.6). Within
an area of 5 � 5 m, both vertically inserted
wooden posts and horizontally oriented wooden
elements were recorded, clearly testifying to pile-
dwelling architecture. The pottery from this
context is attributed to EBA phases II and III. So
far, the EBA settlement of Sozopol represents the
most recent known wetland settlement on the
southwestern Black Sea coast.

While only a minimum of the pottery finds
has been published (for an overview, see Vas-
sileva 2018, 2019; Dimitrov et al. 2020), more
effort has been put into the evaluation and pub-
lication of the faunal remains (Boev 1995;
Spassov and Iliev 1997). At Sozopol, hunting for
wild animals seems to have been more important

than livestock farming. Marine resources,
including dolphins, played a prominent role.
Among the remains of domesticated species, an
interesting proportion of sheep and goats is
noticeable.

Extensive research has been conducted on
palaeo-ecological aspects of the settlement.
Sediment coring in the harbour was carried out
by Filipova-Marinova et al. (2011), followed by
targeted analyses related to vegetation and cli-
mate. The palynological study indicates the
presence of mixed oak forests, which show signs
of opening during both occupation phases in
response to land appropriation and wood
exploitation. The pollen record of both phases
points to the cultivation of wheat and barley
(Filipova-Marinova et al. 2011).

Fig. 9.5 Sozopol harbour. Рalaeo-landscape with the estimated extent of late ENE and EBA settlements, based on
excavations, test trenches, core drilling, and surface observations (K. Dimitrov)
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Three radiocarbon dates were obtained from
pieces of charred and uncharred wood from the
archaeological layers excavated in the 1980s and
1990s. Ranging between the 42nd- and the 32nd
century BC, they fit well with both the late ENE
and the EBA find material (Filipova-Marinova
et al. 2011) (Table 9.2). Kuniholm et al. (2007)
performed dendrochronological analyses on a
collection of samples obtained in 1988 from oak-
wood piles in an area of Sozopol harbour des-
ignated as ‘square D’, part of a sector that con-
tained only ENE material. From the samples, a
224-year tree-ring chronology was constructed,
with an end date in the final stages of the 5th
millennium BC, in line with the late ENE occu-
pation. Separate construction phases could not be
identified. So far, these are the oldest absolute
dates from a wetland settlement along the Bul-
garian Black Sea coast.

9.2.2.2 Alepu Lagoon
The Alepu lagoon lies south of Sozopol between
the promontories of Sveta Agalina and Sveti
Toma (Fig. 9.3). In 2012, Flaux et al. (2016)
were able to trace early human presence at the

edge of the palaeo-lagoon by means of sediment
coring. The archaeological evidence consists of a
seemingly anthropogenic layer c. 5.5 m bpsl, i.e.
c. 1.5 m underneath the sea bed, containing rich
organic materials—charcoal and wood frag-
ments, seeds, fish and shell remains, small bone
fragments—as well as lithic fragments and
undetermined potsherds. However, evidence of
actual dwellings, in the sense of structural fea-
tures such as wooden posts, was not identified.
A small number of oak ‘piles’ were found ver-
tically fixed into the palaeo-lagoon bottom. Due
to their small diameter of 4.5–6 cm, they can
hardly be associated with house substructures
(especially in the absence of additional, clearer
remains of buildings) but are rather to be regar-
ded as stakes for enclosures or fences, fish traps
or similar. It will be necessary, in future, to check
the lagoon for more substantial evidence of an
actual prehistoric settlement (Fig. 9.7 (1)).

Based on radiocarbon dating of the sapwood
of one oak stake, the earliest anthropogenic tra-
ces from the Alepu lagoon are dated to between
3371 and 3102 cal BC, while further radiocarbon
dates from charcoals and organic macro-remains

Fig. 9.6 Sozopol harbour. Remains of the EBA settlement (CUA excavation 2021): pottery and vertical and horizontal
timbers (K. Dimitrov)
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indicate human activity between 3341 and
3029 cal BC, the beginning of the EBA
(Table 9.2) (Flaux et al. 2016).

9.2.2.3 Ropotamo
The Ropotamo river estuary is situated 5.5 km
south of the Alepu lagoon (Fig. 9.3). In prehis-
toric times, the bay at the mouth of the estuary
was protected by Cape St. Dimitar, which then
extended further out to sea than it does today.

Archaeological remains from the first millennium
BC were recorded at Cape St. Dimitar as early as
the end of the 19th century. In 1974, an under-
water archaeological site with several anthro-
pogenic layers was detected in the area at the
mouth of the estuary. I. Karayotov conducted a
series of underwater archaeological investiga-
tions in the 1980s, funded by the Maritime
Society of Burgas (Карайотов et al. 1989;
Georgiev et al. 1991). In 1989, he discovered

Fig. 9.7 Topography of the archaeological wetland sites
south of the Bay of Burgas. The red areas correspond to
the estimated extent of settlements. The blue lines refer to
the palaeo-rivers. (1) Alepu lagoon (map basis: satellite
image); (2) Ropotamo (map basis: Lidar DEM); (3)

Urdoviza (Kiten) (map basis: palaeo-landscape recon-
struction, according to Lidar DEM); (4) Atiya (map basis:
aerial photographу from 1918. Scientific Archive BAS,
Shkorpil archive, no. 165/856) (K. Dimitrov)
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remains of an EBA settlement (Карайотов 1990;
Karayotov 1990, 1992, 2002). At a depth of
about 2 m beneath the sea bottom, a layer of
mussels and oysters was encountered, from
which the tops of vertically inserted wooden
posts protruded. Underneath this stratum, a layer
containing pottery and other typical EBA mate-
rials, including fireplace remains, was reported.

In 2017, the underwater archaeological exca-
vations at the Ropotamo estuary were followed
up as part of the international Black Sea Mar-
itime Archaeology Project (Black Sea MAP).
Beginning in 2018, annual archaeological exca-
vations were undertaken by the CUA, funded by
the Bulgarian Ministry of Culture. In these more
recent campaigns, four archaeological trenches
with a total surface area of about 80 m2 were
excavated. A sequence of stratified deposits more
than 3 m thick was revealed (Вагалински et al.
2018; Димитров et al. 2019, 2020, 2021b).
Underneath modern, Ottoman, Byzantine,
archaic Greek, and natural deposits, EBA layers
were discovered at a depth of between 4.15 and
5.25 m bpsl (Fig. 9.8, Layers Va–c). The finds
included EBA pottery, burnt clay, and 75 verti-
cally inserted wooden piles (Fig. 9.9). The latter
clearly indicate that the Ropotamo EBA settle-
ment was a pile-dwelling village, featuring
buildings constructed on platforms above ground
level. While the first and main construction event
was characterised by piles driven vertically into
the initial ground level VI (Fig. 9.8, left pile),
smaller piles were also found in stratigraphically
higher positions (Fig. 9.8, right pile). The latter
may have originated from later repair work in the
course of the settlement occupation, a working
hypothesis which requires more detailed
investigation.

The preliminary evaluation of the remains from
Ropotamo has shown a prevalence of wild animal
resources over livestock (Карастоянова 2021), as
well as evidence of metallurgical activities. The
finds can generally be associated with the Ezero
A-Cernavodă III culture complex (Драганов
1990; Leshtakov 1994; Лещаков 2006).

Nine radiocarbon dates from three wooden
piles are available for Ropotamo (Grant 2018; for
the most recent dates of each of the three piles,

see Table 9.2). While dendrochronological anal-
yses are still ongoing, preliminary Bayesian
modelling of the radiocarbon dates allows to
chronologically estimate the tree felling, and thus
the construction of the settlement, to the end of
the 31st century BC, i.e. to EBA stages I and II
(Grant 2018; Вагалински et al. 2018). This
dating is consistent with the pottery types found
at the site.

According to geomorphological observations,
the EBA settlement was built on a semi-dry ter-
race of a tributary of the Ropotamo palaeo-river
(Fig. 9.8, Layer VI) that was prone to periodic,
small-scale flooding (Fig. 9.7 (2)), leading to the
use of pile-dwelling architecture. The covering of
the Bronze Age features and finds by alternating
sediment layers of marine shells and sand testi-
fies to a water level rise with a lasting impact.
The state of preservation of the archaeological
material indicates rapid flooding and sedimenta-
tion (Dimitrov et al. 2020).

In 2020, several Late Neolithic pottery sherds
were found underneath the EBA settlement
remains (Fig. 9.8, Layer VII). Based on the
sediment properties and the remarkably good
state of preservation of the pottery, they probably
originated from a terrestrial settlement built near
the Ropotamo river about two millennia before
the EBA occupation, at a time when the sea level
was lower, and were buried in stable terrestrial
soil before the settlement was inundated.

9.2.2.4 Urdoviza (Kiten)
The Urdoviza site is located in Kiten Bay, about
20 km south of Sozopol (Fig. 9.3). The archaeo-
logical remains lie 8–10 m bpsl. Given the
palaeo-terrain and the water level at the time of
its occupation, the prehistoric settlement must
have been located on the Karaagach river terrace,
at a distance of about 500–600 m from the for-
mer coastline (Fig. 9.7 (3)) (Draganov 1995;
Angelova and Draganov 2003). While scattered
stray finds from the Bronze Age had been
reported from the 1970s on, the prehistoric set-
tlement at Kiten Bay was only identified in 1986
during the excavation of a merchant ship from
the Ottoman period. The site was archaeologi-
cally explored between 1986 and 1989. The total
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Fig. 9.8 Ropotamo. Schematised stratigraphy (trench 4,
CUA excavations 2019–2020). Layers Іa–b: 3.4–3.6 m
bpsl; 0.2 m thick; mixed sea bottom sediments; accumu-
lated surface finds; Ottoman and mediaeval finds. Layers
ІІ–III: 3.6–4.0 m bpsl; 0.4 m thick; sea bottom sedi-
ments; Roman finds, isolated pre-Roman finds: Hellenis-
tic, Late Archaic, Late Iron Age. Layers ІVa–b: 4.0–
4.15 m bpsl; 0.15 m thick; sea bottom sediments, oysters;
no archaeological finds: cultural hiatus. Layer Vа: 4.15–
4.25 m bpsl, 0.1–0.15 m thick; stones, oysters, burnt clay
plaster fragments, EBA pottery, tops of vertically inserted
wooden posts. Layer Vb: 4.25–4.90 m bpsl, 0.65 m

thick; marine sediments; EBA pottery, stone querns,
wooden posts. Layer Vc: 4.90–5.25 m bpsl, 0.3–0.35 m
thick; marine sediments, big round stones; EBA pottery,
wooden posts. Layer VІ: 5.25–5.35 m bpsl, 0.1 m thick;
grey clay, river mud, free from any marine materials; level
into which most larger piles were driven vertically. Layer
VІІ: 5.35 m bpsl; excavated to a depth of 6.6 m bpsl
without reaching the bottom of the layer (the shape of the
lower boundary in the figure corresponds to the excava-
tion boundary, not the bottom of the layer); a few Late
Neolithic potsherds, small charcoals (K. Dimitrov)
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area investigated covered more than 900 m2

(Porozhanov 1991; Draganov 1995; Angelova
and Draganov 2003, 2003).

The typology of the recovered pottery corre-
sponds to the Western Black Sea coast EBA I
and II, i.e. an early stage of the Cernavodă III-
Ezerovo culture (2900–2700 BC) (Fig. 9.10).
Parallels are found in the archaeological material
of Ezerovo II, Ezero VIII–V and Yunatsite XIII–
IX (Leshtakov 1994; Angelova and Draganov
2003).

Clay hearths and daub fragments from house
floors and walls were recorded (Draganov 1995).
In addition to the typical settlement finds, at least
300 wooden posts from buildings, mainly oak,
were found protruding vertically from the sub-
soil. There are indications of timbers that were
originally fastened horizontally to the standing
posts by means of lacing (Angelova and Draga-
nov 2003). Based on the wooden building
remains, it must be assumed that the vertical
posts served to raise the house floors from the
ground in order to prevent dampness from
seeping in from the marshy environment, on the
one hand, and water ingress as a result of short-
term, periodic flood events on the other.

Wild species dominate the spectrum of fauna
prevalent during the time of occupation (Ribarov
1991), with marine resources, comprising tuna
and dolphins, standing out in particular.
Domesticated animals were also present, as evi-
denced by remains of cattle and horses. Except

Fig. 9.9 Ropotamo. EBA wooden piles protruding from the sea bed (CUA excavation 2020) (K. Dimitrov)

Fig. 9.10 a–b Urdoviza (Kiten). Selection of EBA
pottery (CUA excavations 1986–1990) (K. Dimitrov)
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for the conspicuous quantity of horse bones as
well as the absence of sheep and goats, both the
spectrum and the proportions of the animal spe-
cies found at Urdoviza are comparable with those
of Sozopol harbour. Palynological analyses of
sediments indicate forest clearance during the
settlement period. Unlike at Sozopol, there is no
pollen evidence of cereal cultivation in the close
environs.

A series of radiocarbon dates from wooden
building elements from Urdoviza ranges between
c. 2900 and 2300 cal BC (Table 9.2) (Görsdorf
and Bojaǆiev 1996). Within this range, the older
dates are consistent with the typochronology and
the dendrochronology of the site. Kuniholm et al.
(1998, 2007) analysed 83 of the timbers which
were sampled in the 1980s by means of den-
drochronology and were able to establish a 285-
year tree-ring chronology. Based on this, four to
five successive construction phases over a period
of 64 years can be distinguished at Urdoviza,
dating from between the twenty-ninth and the
28th century cal BC. This absolute time span is
consistent with the typochronological classifica-
tion of the site. The lack of information about
where, within the excavation perimeter, the
sampled wooden elements were found prevents a
more detailed dendroarchaeological assessment
regarding individual buildings or the spatial
development of the settlement.

The low degree of fragmentation of the
Bronze Age pottery was probably due to the last
village being rapidly buried in sediments after its
abandonment. Following a water transgression, it
was apparently covered within a short time by
shelly, sandy silt (Angelova and Draganov
2003).

9.2.3 Further Potential Wetland
Settlements

Among the other prehistoric submerged sites
frequently mentioned in the literature, only Atia,
northwest of Sozopol, can be considered to have
been an actual wetland settlement, possibly even
a pile-dwelling village (Figs. 9.3 and 9.7 (4)).

The site was discovered in 1968, when the navy
port of Atia was constructed (Лазаров 1975,
2009). There are many indications that the site
has since been completely destroyed. During the
dredging of the area, wooden piles, pottery, and
other archaeological finds were brought to the
surface. The mostly unpublished finds refer to the
final ENE and the end of the EBA, and from a
chronological point of view appear to be close to
those from Sozopol (Vassileva 2018, 2019;
Dimitrov et al. 2020).

The ‘underwater sites’ of Cape Shabla, north of
Varna (Peev 2004, 2008; Peev and Slavchev
2018), are likely to have been terrestrial burial
sites that were inundated after their abandonment.

9.3 Discussion

While the Varna Lakes sites need to be further
explored in order to collect reliable data, enough
is already known about the prehistoric wetland
settlements of the southwestern Bulgarian Black
Sea coast to place them in a broader context. In
the following, we discuss aspects of the sites’
chronological evolution and their relation to
neighbouring bodies of water, as well as their
role within the regional settlement topography
and economic networks.

9.3.1 Site Chronology

During the wetland occupation phases, settle-
ments were established in sheltered coastal areas
with humid environments where the floors of
buildings were elevated from ground level by
means of wooden substructures (‘pile-dwellings’).
The settlement phases correlate with bioarchaeo-
logical indicators of forest clearance and cereal
cultivation. While there is evidence of livestock
farming, foraging and the hunting and gathering of
marine resources also seem to have been quite
important. Between the ENE and the EBA, most
settlement activity was interrupted for a period of
c. 500 years. This supra-regional hiatus at the very
end of the ENE, known as the Transitional Period,
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witnessed a general abandonment of settlements,
accompanied by woodland recovery, indicative of
low human impact.

At the present time, several questions are still
open regarding the detailed chronology and
duration of occupation of the settlements, which
can only be answered by additional excavations
and targeted analyses. Based on the current state
of knowledge, the southwestern Black Sea coast
experienced two main phases of prehistoric wet-
land settlement between c. 4450 and 2525 BC:

• The earliest known wetland settlement, at
Sozopol harbour, appeared in the final ENE
and seems to have lasted into the earliest stage
of the Transitional Period.

• During the EBA, after a hiatus of several
hundred years and simultaneously with the
post-hiatus resettlement of inland areas, the
coastal wetlands were reoccupied. The earliest
EBA radiocarbon date comes from the Alepu
lagoon, although the nature of the anthro-
pogenic activity at this site is not clear at this
stage. The settlements at Ropotamo and
Urdoviza (Kiten) appeared as early as the first
phase of the EBA and continued to be occu-
pied in EBA phase II. Finally, a later settle-
ment at Sozopol harbour appeared in the
second stage of the EBA and continued to be
inhabited throughout the third stage and right
up to the end of the EBA.

At the moment, post-EBA wetland settle-
ments are not known on the southwestern Black
Sea coast.

9.3.2 Settlement Locations and Their
Relation to Bodies
of Water

The presented wetland settlements were not
established on the open seacoast but were set
back, on the flat shores of inland waters close to
the sea. The proximity of river outlets or lakes
would have offered freshwater and/or brackish-
water resources (Angelova and Draganov 2003).

For the time being, multiple questions con-
cerning water fluctuations and water levels
remain unresolved (Peev et al. 2020). The relics
from most of the presented sites consistently
indicate that the water level during the ENE and
EBA must have been between 5 and 8 m bpsl, or
even lower. This archaeological conclusion,
however, does not coincide with geological water
level reconstructions, which suggest higher water
levels in those periods—meaning, in turn, that
the settlements would have been considerably
inundated at the time of their occupation. This
discrepancy can be explained either by undeter-
mined water level fluctuations or by local tec-
tonic subsidence. Further open questions concern
the detail of water level fluctuations between the
ENE and the EBA, when a major flooding fol-
lowed by a regression is thought to have taken
place (Kislov 2018). Based on the observed
taphonomic processes in the presented settle-
ments, it appears that a water level rise must,
indeed, have occurred at the time of their aban-
donment or shortly afterwards. The rapid trans-
gression led to a relatively quick covering of the
archaeological traces with sediments, resulting in
the good preservation recorded at several sites.
There is no doubt that in order to understand the
biographies of the wetland settlements and the
lives of their inhabitants, on the one hand, and
the formation of the archaeological sites on the
other, it is crucial to distinguish between supra-
regional water level changes, resulting in greater
and more sustained effects, seasonal water level
fluctuations, and micro-events with regional or
local impacts.

It must be noted that, in addition to these
ecological forces, sociocultural factors should
also be included in the discussion about the
choice of settlement locations.

9.3.3 Topography and Economy

It is worth mentioning the simultaneous occur-
rence of two different settlement types on the
western Black Sea coast, defined by their loca-
tions. During the Late Neolithic, terrestrial
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settlements were located both on rocky promon-
tories and other places close to the seа (e.g.
Budjaka and Akladi Cheiri (Лещаков and Клас-
наков 2008; Лещаков et al. 2009, 2015; Lesh-
takov et al. 2020a)), and at a distance from the
coast on low ridges (e.g. Garmitsa (Leshtakov
et al. 2020b)). As discussed in this review, during
both the late and final ENE and the EBA, wetland
settlements were established, located in humid
environments on the terraces of river estuaries
(e.g. Alepu lagoon, Ropotamo, and Urdoviza)
and near sea gulfs and bodies of fresh or brackish
water (e.g. Sozopol harbour and the Varna Lakes
sites). This diversity of dwelling milieus may be
explained by increased development and organi-
sation of territory and resources, hand in hand
with the subsistence diversification and economic
specialisation which is attested at a supra-regional
level from the end of the Neolithic onwards.

Within the process of land appropriation,
occupation, and use, the precise status of the
wetland settlements is unknown. An immediately
obvious and plausible explanation for their choice
of location is the availability of marine, fluvial,
and lagoonal resources. Moreover, the locations
of the settlements may also have been related to
distribution and exchange networks. The wetland
villages of the southern Bulgarian Black Sea
coast are located near to the copper ore sources of
Medni Rid, known to have been exploited from
the late ENE onwards (Pernicka et al. 1997;
Dimitrov 2002; Leshtakov 2010; Dimitrov et al.
2020). While copper tool finds in wetland settle-
ments reflect metal consumption, the presence of
crucibles, casting moulds, and bellows at the
settlements of Sozopol harbour, Urdoviza, and
Ropotamo is evidence of on-site copper pro-
cessing and manufacturing (Dimitrov et al. 2020).
Although the settlements’ inhabitants may not
necessarily have taken on the role of controlling
raw material distribution or have been major
consumers themselves, given the fact that the
western coast of the Black Sea offers one of the
most convenient corridors for the transport of
goods from the northern Strandzha foothills at
Sozopol to the north (Ivanova 2012), they may
have been active players in local copper extrac-
tion and distribution within a wider exchange

network. With the emergence of a new exchange
network at start of the EBA, this complex, inter-
active dynamic would eventually have collapsed,
or rather, been absorbed into a new framework.

9.3.4 Conclusion

From their structural appearance, the Bulgarian
wetland settlements are part of the pan-European
‘pile-dwelling’ phenomenon. While this settle-
ment category is generally co-defined by water
level fluctuations, the cases presented here were
significantly impacted by the dynamic and
sometimes drastic water level changes of the
Black Sea. Given the highly favourable envi-
ronment of the southwestern Black Sea coast
during the late ENE and the EBA, both with
regard to the availability of resources, for sup-
plying local needs and for supra-regional distri-
bution, and the availability of network
opportunities, the simultaneous occurrence of
diverse settlement types in the region is most
interesting. In addition to their distinctive fea-
tures, the wetland settlements were obviously an
important component of a vibrant prehistoric
landscape.
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10An Excursus to East Asia: Prehistoric
Wetland Settlements of Zhejiang
Province, China

Haowei Wo and Guoping Sun

Abstract

According to the archaeological discoveries,
Zhejiang Province yields the most typical and
well-preserved prehistoric wetland settlements
in China. In this region, the development of
prehistoric cultures is closely related to the
natural environment and climate changes. The
earliest settlements of the Shangshan culture
appeared at about 10,000–8500 BP, probably
accompanied by rice cultivation. Whereas rice
cultivation was subsequently established, the
following Kuahuqiao and Hemudu cultures
show strong maritime characteristics. In the
Liangzhu period, the huge Liangzhu City and
the peripheral water management system were
built, which must be understood as symbols of
complex society and early state. At the end of
the Liangzhu culture, floods submerged most
of the land, leaving behind thick sediment
deposits. Only after 2000 years, in the War-
ring States Period (475–221 BC), this land
became habitable again. With the establish-
ment of a prehistoric chronology in Zhejiang

province, a lot of multidisciplinary research
has been carried out, and natural science and
advanced technologies are increasingly
applied. The current archaeological research
in Zhejiang Province includes the origins of
rice cultivation and the emergence of civilisa-
tion, geological formation processes and cli-
mate change, the spread of maritime cultures
and further topics.

Keywords

China � Zhejiang � Prehistoric settlement �
Wetland archaeology � Sea-level change �
Human adaptation

10.1 Introduction

Zhejiang Province is located along the south-
eastern coast of China and on the south wing of
the Yangtze River Delta. With a surface of
105,500 km2, Zhejiang is one of the smallest
provinces in China. The topography of Zhejiang
Province shows a step-shaped slope from
southwest to northeast, with alluvial plains in the
northeast, hills and coastal plains in the east and
mountains and basins in the centre and the
southwest. Based on the archaeological discov-
eries, Zhejiang Province yields the highest
number of the prehistoric wetland settlements in
China, which are characterised by waterlogged
archaeological remains.
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In 1973, the Hemudu site was discovered and
excavated. Hemudu is the first waterlogged pre-
historic wetland site excavated in China. It is
located in the Ningshao Plain along the eastern
coast of Zhejiang Province. Pile-dwellings, well-
preserved organic relics and rich remains of
animals and plants were found, including culti-
vated rice. After the excavation of Hemudu,
dozens of similar wetland sites were discovered
and excavated, such as for instance Zishan,
Fujiashan, Tashan, Kuahuqiao or Liangzhu.
Most of those sites are located in the flat lands of
the Hangjiahu Plain and the Ningshao Plain in
the northeast of Zhejiang Province (Fig. 10.1).

Today, the Hangjiahu Plain is the largest al-
luvial plain in Zhejiang Province. It is a part of
the Yangtze River Delta and features the densest
river network in China. The terrain of the
Hangjiahu Plain (7620 km2) is very low and flat,
with an average elevation of about 3 m a.s.l. The
Ningshao Plain (4824 km2) is a coastal plain on
the south bank of the Qiantang River and the
Hangzhou Bay. It is located in the northeast of
Zhejiang Province, with an average altitude
lower than 10 m a.s.l. These two plains are the
main distribution areas of the known prehistoric
wetland settlements, which were significantly
impacted by Holocene sea-level changes.

In the Holocene, the level of the East China
Sea fluctuated drastically. During the Last Glacial
Maximum, the sea level was more than 100 m
bpsl, meaning that a broad area of coastal shelf
was exposed. The following postglacial climate
was much warmer, which led the sea level to rise
rapidly. In early Holocene, most current plains
could have been coastal lagoons. Although the
relevant studies have yielded slightly different
results, the overall trends of the sea-level change
are consistent (Fig. 10.2). Hence, the altitude of
many Neolithic sites is lower than today’s sea
level. For example, the original occupation surface
of the Jingtoushan site is situated about 5–10 m
bpsl (Sun et al. 2021).

The dramatic sea-level change had an impor-
tant impact on the survival of the region’s pop-
ulation and the distribution and development of
their settlements, especially relevant for the set-
tlements in the Hangjiahu and Ningshao Plains.
Whereas the coastal environment offered abun-
dant marine resources and convenient water
transportation ways, the region also suffered
from recurrent inundations. Accordingly, most
excavated sites in the region are covered by
layers of marine or lacustrine sediments. Because
of these thick sediments, the archaeological
remains are usually well-preserved, meanwhile

Fig. 10.1 Distribution of the wetland settlements in Zhejiang as mentioned in the text (Authors)
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they make it very difficult to discover and access
the sites. For instance, the newly excavated
Jingtoushan site was covered by 6 m thick mar-
ine sediments, and it has only been discovered
when some pottery sherds were found in drilling
cores taken in the context of construction work
(Sun et al. 2021). According to research on the
diatoms and paleosalinity, after the Jingtoushan
site had initially been covered by marine sedi-
ments, the region was mainly a freshwater
environment, yet still frequently affected by
seawater (Li et al. 2010; Wang et al. 2010).

After decades of archaeological excavations
and research, the chronology of the prehistoric
periods in Zhejiang Province could be established.
From the earliest Shangshan period (10,000–8500
BP) to the Liangzhu period, the chronology indi-
cates a continuous development of prehistoric
cultures in Zhejiang Province. These cultures and
periods are presented in the following.

10.2 Shangshan Culture
(10,000–8500 BP)

The Shangshan culture has its name from the
Shangshan site, which is located in today’s town
of Huangzhai, Pujiang County, along the upper

stretch of the Puyang River. The site was exca-
vated in four campaigns between 2001 and 2008
(Zhejiang Provincial Institute of Relics and
Archaeology and Pujiang Museum 2016).
A large amount of pottery sherds and stone tools
were brought to light. Most of the pottery from
the Shangshan site was coated with red colour,
and some pottery with painted decoration was
found, too. Both polished and chipped stone
tools were present. The organic remains were
hardly preserved.

Remains of rice, such as husks, rachis and
phytoliths, might indicate the cultivation of rice
at the time (Zheng and Jiang 2007). In China,
evidence of rice is dated as early as 10,000
BP. So far, the most important discoveries in this
regard have been made at the sites of Xianren-
dong and Diaotonghuan in Jiangxi Province
(School of Archaeology and Museology of Pek-
ing University and Jiangxi Provincial Institute of
Relics and Archaeology 2014), Yuchanyan in
Hunan Province (Yuan 2013) as well as Shang-
shan. Whereas the first three sites mentioned are
located in caves, Shangshan is an open-air set-
tlement at the border of a valley. The rows of
post holes documented at Shangshan may be
prove of the earliest form of pile architecture
(Fig. 10.3).

Fig. 10.2 Holocene sea-level changes of the East China Sea (Zheng et al. 2018)
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Nearly 20 sites associated with the Shangshan
culture have been excavated until today, mainly
distributed in the Jinqu Basin in the centre of
Zhejiang Province. They all represent the earliest
Neolithic stage in Zhejiang Province, with radio-
carbon dates between 10,000 and 8500 BP. Based
on the pottery typology, the Shangshan culture
can be divided into three stages, i.e. an early,
middle and late periods. The sites of the Shang-
shan culture originally covered an area of tens of

thousands of square metres and featured specific
settlement layouts. Whereas the houses and stor-
age pits were consistently located in the south of
the villages, the waste pits were situated in the
north. In the middle and later stages of the
Shangshan period, some settlements began to
build ring-shaped trenches around the villages, for
instance evidenced at the site of Qiaotou (Jiang
2017), where it measures 3 m in depth and 10 m
in width and surrounds an area of about 3000 m2.

Fig. 10.3 Traces of house substruction F1 at the Shangshan site (Jiang 2007)
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Judging from the archaeological discoveries,
the settlements of the Shangshan culture typically
are not wetland sites. However, the archaeolo-
gists who excavated the relevant sites have also
pointed out the presence of thick sediment
deposits around some sites which in some cases
were burying parts of the sites (Jiang 2007) and
hence indicate past flooding events. In the
Hangjiahu and Ningshao Plains, no Shangshan
culture sites have been discovered yet. There, the
earliest sites are attributed to the Kuahuqiao
culture. Many settlement remains of the Shang-
shan culture have also been covered by structures
of the subsequent Kuahuqiao Culture.

10.3 Kuahuqiao Culture
(8000–7000 BP)

The Kuahuqiao site, located in the Xiaoshan
District, Hangzhou City, was discovered by
chance in 1990 in the course of soil extraction by
a brick factory. At that time, it was the earliest
site discovered in the coastal plain area of Zhe-
jiang Province. The site represents the archaeo-
logical culture which follows the Shangshan
culture.

Low hills are bordering the site in the north
and south. The cultural layers were found about
0.5 m bpsl, under about 4.6 m thick grey marine
sediments, which helped the site’s waterlogged
preservation. A large number of pottery sherds,
stone tools and organic remains have been
excavated at the site, including the earliest dug-
out in China and bows (Zhejiang Provincial
Institute of Relics and Archaeology and
Xiaoshan Museum 2004). Several hundreds of
carbonised rice remains were recovered, which
seem to represent an intermediate state between
local wild rice and domesticated rice (Zheng and
Zheng 2004).

Judging from the marine sediments that cov-
ered the site, the settlement was abandoned due
to sea-level fluctuations. Some barnacles, marine
creatures that normally live on reefs, were
recorded on rocks and pottery in the abandoned
settlement. They were mostly found in the
southern part of the site, indicating the main

direction of the inundations (Zhejiang Provincial
Institute of Relics and Archaeology and
Xiaoshan Museum 2004).

Since the Kuahuqiao site was the earliest site
discovered in the east plains of Zhejiang Pro-
vince at that time, it was generally believed that
the later Hemudu culture was a subsequent spin-
off of the Kuahuqiao culture towards the south-
east coast. However, the Jingtoushan site, exca-
vated in 2019, has proven that the coastal areas
had already been settled during the Kuahuqiao
culture period.

In 2013, pottery sherds were discovered in a
construction site at Jingtoushan, coming from
layers located about 6 m bpsl, which entailed the
discovery of the prehistoric settlement of Jing-
toushan. According to the archaeological survey,
the total extension of the site is about 20,000 m2.
Today, it is covered by 6–10 m thick marine
sediments. Because of these special conditions,
the site was excavated in an unusual way. The
marine sediments were mostly removed by
machines, and the archaeological excavation was
performed within large sheet pile walls from steel
(50 m � 15 m, enclosed area 750 m2) which
was installed around the area to excavate
(Fig. 10.4). The latest cultural layers of the
Jingtoushan settlement were found in about 6 m
depth, the earliest layers in about 10 m depth.
The archaeological deposits feature 10 succes-
sive layers which in total are more than 2 m thick
and refer to a time span of about 500 years.

Many storage pits and organic remains were
recovered at Jingtoushan. Some pits were filled
with of acorns, razor clam shells, etc. Hundreds
of thousands of pottery sherds were collected,
including painted ones. The stone artefacts
mainly consist of axe blades. Different kinds of
bone implements were discovered, and some of
them are possibly related to the processing of
seafood. A large amount of finely worked and
well-preserved woodwares was found, including
spears, paddles, axe hafts and even a bowl
(Fig. 10.5). The faunal remains are abundant.
More than 20 kinds of shellfish and a variety of
fish and crabs could be determined. Terrestrial
wild species included deer, ox and boar. Among
plant remains were acorns, pinecones and peach
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cores. Furthermore, some carbonised rice
remains as well as rice rachis were discovered,
furthermore some pottery turned out to be tem-
pered with rice husks.

The Jingtoushan archaeological site has pro-
vided important information on Holocene sea-
level variations and climate change of the Chi-
nese southeast coast. In addition, it features the
first shell midden in Zhejiang province and is one

of the earliest prehistoric sites at the Chinese
southeast coast, dated from 8300 to 7800 BP by
radiocarbon dating. After its abandonment, the
site was covered by the thick marine sediments.
Although the material culture connects the Jing-
toushan site to the Kuahuqiao culture, compared
to Kuahuqiao sites of the same period, the life-
style and subsistence at Jingtoushan were obvi-
ously maritime in nature.

Fig. 10.4 Plan of sheet pile walls at the Jingtoushan site (Photo by G. P. Sun)

Fig. 10.5 Selection of wooden artefacts excavated at Jingtoushan (Photo by G. P. Sun)
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10.4 Hemudu Culture
(7000–5300 BP)

The postglacial eustatic movement of the sea
level relatively stabilised around 7000 BP. In the
gradual process of regression, the marine sedi-
ments turned into swamps or marshland.
Although the sea-level movements and the
expansion and shrinkage of freshwater bodies
still affected the landscape, the discovery of
several Hemudu culture sites indicates that
humans occupied the coastal areas as soon as the
land was exposed. During the Hemudu period,
the region was subject to a tropical and southern
subtropical monsoon climate, with higher tem-
peratures and more precipitation than in modern
times. A fast increase in Hemudu settlements can
be noted, the settlers occupying the swampy
lowland for about two thousand years until it was
no longer habitable.

The eponymous settlement of Hemudu was
excavated from 1973 to 1977 (Fig. 10.6). The
excavations had a significant impact to the his-
tory of archaeology in southern China, since they
changed the traditional viewpoint that the Chi-
nese civilisation had originated in the Yellow

River valley, and rather revealed the splendid
prehistoric cultures on the Chinese southeast
coast. The archaeologists found a large amount
of carbonised rice and rice husks, which already
showed certain characteristics of the domesti-
cated species, and thus made Hemudu a key site
in the study of the origins of rice cultivation. The
Hemudu site is furthermore the first pile-dwelling
site discovered in China. The Hemudu people
appear to have been very skilled wood workers,
and advanced carpeting techniques were widely
applied in the construction of the pile-dwelling
houses (Zhejiang Provincial Institute of Relics
and Archaeology 2003).

The Tianluoshan site was excavated from
2004 to 2014. Tianluoshan is located in Yuyao
City, about 7 km northwest of Hemudu. The site
is situated on a slight elevation about 5 m a.s.l.
The settlement used to cover a total area of more
than 30,000 m2, from which an area of about 800
m2 is excavated. After the excavation of the
Hemudu site, Tianluoshan was another important
discovery. At the time of its discovery, it was
well preserved in waterlogged conditions. New
excavation methods were applied: for example,
all the soils from the cultural layers were sieved.

Fig. 10.6 Excavation of the Hemudu site (Zhejiang Provincial Institute of Relics and Archaeology 2003)
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The huge amount of all kinds of remains such as
animal bones, fish bones, plant seeds or car-
bonised rice has provided relatively valuable
information for diverse studies.

The excavated area corresponds to the settle-
ment’s west part (Sun and Huang 2007). In the
west, the settlement area was bordered by a river.
Whereas a wooden fence separated the settlement
from the riverbank, a single-log bridge was
installed across the river connecting the settle-
ment with the ‘outside world’. Some paddles
were found in the river near the bridge, indicating
the use of boats (Fig. 10.7). In the residential
area of the village, two long houses for everyday
purposes, as well as a large ritual building near
the village centre, were recognised. The square-
shaped pillars from the ritual building, some of
them over 50 cm wide, were carefully worked
with flat and smooth surfaces.

At Tianluoshan, four different stages of the
pile-dwelling building techniques can be
recognised, which not only reflect the technical
advancement but are also evidence of the set-
tlers’ adaptation to the changing environment
(Fig. 10.8):

The first stage (about 7000 BP) shows a typ-
ical building technique of the early Hemudu
culture, manifesting in the archaeological record
through simple pile rows. Rows of stakes were

directly inserted into the ground to form sub-
structures of pile-dwellings. The diameter of each
stake was about 10 cm, and the distance between
the stakes was about 10–20 cm. The houses built
on these stakes were of a simple architecture but
came with a low weight capacity.

In Stage 2 (about 6500 BP), rows of thick
pillars were installed in deep pits to serve as
building substructures. Most of these wooden
pillars have a square cross-section and carry
traces of stone axe and adze blades as well as
other tools on their surface. The pillars were 30–
40 cm wide; the longest pillar reached 3 m. The
pillars were mostly arranged in rectangular lay-
outs. In the north of the Tianluoshan excavation
area, remains of a long building more than 20 m
long and about 10 m wide, and with a surface of
nearly 300 m2, were recovered.

The construction techniques of Stage 3 (about
6000 BP) are based on those from Stage 2. Now,
wooden plinths are set underneath the pillars to
prevent the poles from further sinking into the
ground and hence to increase the weight capacity
of the houses. The number of these plinths per
pole/pit ranges between 1 and 6 pieces, and some
pillars were still standing on these plinths at the
moment of their discovery. The diameters of the
pits measure 60–100 cm, their depths 50–80 cm.
Both rectangular and circular house layouts are

Fig. 10.7 Top view of a part of the Tianluoshan site (Photo by G. P. Sun)
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known. A single-log ladder can be associated to
this period, indicating how the houses were
accessed.

In Stage 4 (about 5500 BP), the house sub-
structures were built by digging shallow pits,
setting stones or wooden plinths into them, and
then setting up pillars and filling the gaps with
burned soils. The sizes and depths of the foun-
dation pits are different. The house layouts were
mainly rectangular. Because of the preservation
conditions, no wooden pillars are left.

In the environs of the Tianluoshan settlement,
large rice fields must be assumed from three
different periods between 7000 and 4500 BP, i.e.
the early Hemudu period, the late Hemudu per-
iod and the Liangzhu period. According to the
archaeological survey, the ancient rice fields
around Tianluoshan covered a total area of about
900,000 m2.

Between the different cultural layers natural
sediments were recorded, reflecting the environ-
mental events that affected this area on a regular
basis. A large amount of rice husks and rachis as
well as weed seeds were found in areas inter-
preted as former rice fields. The excavation of
rice fields of the Liangzhu period revealed a road
network between the fields. Some gaps in the
roads might be related to irrigation systems.

10.5 Liangzhu Culture
(5300–4300 BP)

The Liangzhu culture sites were mainly dis-
tributed in the Hangjiahu Plain, the central site of
the Liangzhu culture being Liangzhu City

located in the C-shaped basin of the Hangjiahu
Plain (see Fig. 10.1).

The presence of Liangzhu City was confirmed
on the occasion of the discovery of the city’s
fortification wall in 2007, which initially was
misinterpreted as a dam (Liu 2008). The
perimeter of the city wall is about 6000 m, and
the width of the rampart ranges between 40 and
60 m. The walls were built of stones and clay.
Considering the wall’s impressive width as well
as the archaeological remains along the foot of
the wall, the fortification may also have func-
tioned as a floodwall and a dwelling zone at the
same time.

Liangzhu City originally covered an area of
about 3,000,000 m2 and presented a systemati-
cally structured layout featuring a palace, noble
cemeteries, residential buildings and workshops.
Some rivers flowed through the city, and the city
walls feature 8 water gates. In the middle of the
city is the Mojiaoshan terrace, corresponding to
the palace foundations. The terrace covers an
area of 300,000 m2, i.e. one-tenth of the total city
area. On the terrace, traces of 35 large houses,
arranged in rows, were found. The largest house
covers a surface of about 900 m2 and the
smallest building one of about 200 m2. These
buildings were surrounded by a flat square of
70,000 m2. In the west part of the city are the
noble cemeteries of Fanshan and Jiangjiashan,
the individuals being buried with hundreds of
jade artefacts (Zhejiang Provincial Institute of
Relics and Archaeology 2005).

At the time of the city’s occupation, a wide
freshwater area was to be found northwest of the
city. From this region, enormous embankments

Fig. 10.8 Four stages of pile-dwelling building techniques applied at the Tianluoshan site (Authors)
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made by the Liangzhu people are known (Liu
and Wang 2014). Building higher dams at the
valley exits and lower dams in the plain, they
created a huge reservoir system with a maximal
storage capacity of over 40 million m3 of water
(Fig. 10.9). The dams show a similar architecture
and were built from grass-wrapped silts, a typical
technique of the Liangzhu culture. The con-
struction of Liangzhu City as well as of the dam
system demonstrates the Liangzhu culture’s
complex societal conditions. Of all the known
sites of the Liangzhu culture, Liangzhu City
constitutes the biggest centre. Though several
‘secondary centres’ are known from other
regions, like in Jiangsu Province and Shanghai,
the jade artefacts found in those secondary cen-
tres show a high degree of consistency with those
from Liangzhu City, indicating the existence of a
strong social network across the entire distribu-
tion area.

The prosperity of the Liangzhu culture was
essentially based on rice-farming economy. In
2017, a large quantity of carbonised rice with an
estimated weight of 195 tonnes was found at the
Chizhongsi site in the south of the Mojiaoshan
terrace (Zhejiang Provincial Institute of Relics
and Archaeology 2019).

The highly hierarchised social structure, the
advanced technologies, the monopolisation of
resources and the social and economic networks
indicate that the Liangzhu culture is to be under-
stood as one of the earliest civilisations in China.

At the end of the Liangzhu culture, flooding
events caused by the rising sea level submerged
most of the land, covering the Hangjiahu Plain
with over 1 m thick sediments and causing the
Liangzhu culture to disappear. Thereafter, the
land became uninhabitable for about 2000 years
until the Warring States Period (475–221 BC).

10.6 Conclusion

Zhejiang Province has a prehistory of over ten
thousand years. The development of prehistoric
cultures was closely related to change in climate
and natural environment. In the course of fre-
quent sea level and climate changes, the settle-
ments experienced processes of emergence,
development, extinction and relocation. People
attempted their best to improve their building and
living conditions, making full use of natural
resources, domesticating and cultivating rice and
constituting complex civilisation.

Fig. 10.9 Water reservoir system of Liangzhu City (Zhejiang Provincial Institute of Relics and Archaeology 2019)
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Although the concept of ‘wetland archaeology’
is still not popular in China, currently not even as
a subdiscipline of Chinese archaeology, the
excavations in Zhejiang Province have provided
excellent materials for the archaeological research
and the reconstruction of these specific settlements
and thus demonstrate the characteristics of wet-
land archaeology and the potential of related
research. Meanwhile, the application of natural
science and advanced technologies is undoubtedly
very important to obtain as much information as
possible from the archaeological materials.
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11Dendrochronology and Bayesian
Radiocarbon Modelling at the Early
Neolithic Site of La Draga (Banyoles,
NE Spain)
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Patrick Gassmann, Joan Anton Barceló,
Ferran Antolín, Antoni Palomo, Xavier Terradas,
and Raquel Piqué

Abstract

La Draga (Banyoles, Spain) is one of the most
relevant Early Neolithic site in southern
Europe and the Mediterranean region, among
other reasons, for its excellent preservation of
organic archaeological materials in water-
logged conditions. The site corresponds to a
lake dwelling of the early farmers in the
region. The goal of this paper is to present the
current results of the dendrochronological
analysis of the piles and horizontal woods

and the 14C dates. In order to understand the
relation of the wooden piles with the occupa-
tion phases documented, a Bayesian model
has been built including the stratigraphy,
dendrochronological and 14C data; moreover,
a wiggle-matching of the dendrochronology
and 14C dates of the piles has also been
developed. The dendrochronological results
show three phases of tree felling, a single
main construction event and establish a min-
imum duration of the wooden constructions at
la Draga of 27 years. Radiocarbon dating
combined with dendrochronology confirms
these results and dates the construction event
around 5310 cal BC.
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11.1 Introduction and Objectives

Dendrochronology has been a key methodology
in pile-dwelling archaeology to provide new
insights on the types of constructions, their
organisation and maintenance, and, certainly,
their dating and the eventual definition of
occupation phases. This technique has been
widely developed and applied in central Euro-
pean prehistoric archaeology, as well as in other
areas with a dense presence of waterlogged sites
such as Scandinavia or the British Isles (Bar-
tholin 1984, 1988; Crumlin-Pedersen 2000;
Hillam et al. 1990; Morgan 1988). Nevertheless,
there is still a lack of prehistoric den-
drochronology tradition in the Mediterranean
region and, specifically, in the Iberian Penin-
sula, where so far, the density of waterlogged
sites is much lower than in the above-mentioned
areas and therefore the possibilities of obtaining
long dating curves are extremely limited.
Although, some progress is being done for
historical periods in the Iberian Peninsula
(Domínguez-Delmás et al. 2015, 2017, 2018,
2020; Domínguez-Delmás and García-González

2015; Ravotto et al. 2016), at the present time
the site of La Draga is one of the few prehis-
toric cases that has provided dendrochronolog-
ical data (Gassmann 2000).

La Draga (Banyoles, Spain), is one of the
most relevant Early Neolithic sites in southern
Europe and in the Mediterranean region. It is a
pile-dwelling located at the western shore of
Lake Banyoles in the North-eastern Iberian
Peninsula (Fig. 11.1). It is on a plain, at 170 m a.
s.l. and between 35 and 40 km from the
Mediterranean Sea. Nowadays the site is partially
under the waters of the lake, but the most
extensive area is on the mainland. As a partially
submerged site, it is characterised by the good
preservation of organic remains, which is quite
unusual in the Iberian Peninsula. Its chronology
(c. 5300–4900 BC) suggests that it was built by
some of the first farming groups that settled in
the northeast of the Iberian Peninsula (Andreaki
et al. 2020; Bogdanovic et al. 2015; Bosch et al.
2000, 2011; Palomo et al. 2014).

Archaeological excavations began in the 90 s
and are still on-going. From 1990 to 2021
approximately 1000 m2 have been excavated,

Fig. 11.1 Location of la Draga and sectors excavated (Authors)

188 O. López-Bultó et al.



representing around 6% of the total area of the
site, which is estimated at approximately 15,000
m2. The excavated area has been divided into
three different sectors—A, B/D, C—that have
been defined according to the relationship
between the archaeological layers and the water
table (Fig. 11.1). Sector A is the driest sector of
the excavation and is located on the highest part
of the site. In sector A the archaeological layers
are well above the water table, therefore, no
organic remains have been conserved, except for
the tips of the wooden piles driven into the car-
bonated sands, and thus below the archaeological
layers. Even though sector B/D is an inland
sector, the lowest archaeological levels, which
correspond to the earliest occupation of the site,
have remained below the water table since the
Neolithic period, favouring the conservation of
organic matter. Sector C is strictly an underwater
sector located at the current lakeshore edge. This
sector, permanently covered with water, has also
allowed very good conservation of organic
matter.

So far, it has been possible to identify two
archaeological horizons that correspond to dif-
ferent occupation phases, with some particulari-
ties depending on the sector. The recent
excavation of sector B/D has allowed docu-
menting a clear difference between these two
archaeological horizons, clearly separated by the
presence of a paved surface of travertine slabs
that overlap an older layer of timber logs. The
layers above this paved surface correspond to the
last Neolithic occupations (5216–4981 cal BC).
Waterlogged deposits are only found below this
horizon, which means that the organic material
has not been conserved at this layer and only
appears carbonised. Several structures have been
identified over this pavement, but no evidence of
timber constructions has been linked to it. The
travertine slabs which correspond to this late
phase cover the entire surface excavated in sector
B/D. The layers that appear below this pavement
correspond to the earliest occupation (5372–
5067 cal BC). This oldest phase is characterised
by the exceptional conservation of organic matter
which has allowed recovering an extraordinary
sample of wood remains, among them hundreds

of piles and beams used for the construction of
the dwellings as well as wooden tools related to
daily life practices.

In sector A several pit structures, with irregular
forms and reduced or extensive dimensions have
been identified. These features are filled out with
large quantities of diverse archaeological remains
such as charred seeds, faunal bones, fragments of
ceramics, quartz, flint, bone tools, pieces of
ornaments, and grinding tools. Because of the
material they contain, the pits have been inter-
preted as landfills for food waste and manufac-
tured objects that were once considered useless
(Palomo et al. 2014). Hearths or combustion
features are numerous in this sector. About forty
have been found with different morphologies.
Finally, pavements of possible roofed structures
have also been documented. Deep into the car-
bonated sands, under the archaeological layers
piles ends have been recovered too although it
remains unclear their relationship with the stone
structures. In sector C, the wooden collapse of the
oldest occupation is preserved although the tra-
vertine pavement loses its continuity and is con-
sequently less well documented. Wooden piles
are also present in the underwater sector C.

Regarding artisanal productions, the site has
provided more than 200 plant-based artefacts
associated with this earliest phase (Bosch et al.
2006), which constitute a valuable record of
some technical productions barely documented
in the Early Neolithic sites of the western
Mediterranean. Among these, abundant evidence
of wooden agricultural tools such as digging
sticks (López-Bultó et al. 2020) and sickle han-
dles (Palomo et al. 2011), woodworking tools
(Palomo et al. 2013), and bows (Piqué et al.
2015) exists. Moreover, the site has provided
direct evidence of the use of vegetable fibres to
produce ropes and basketry and indirect evidence
of textile production with vegetal fibres (de
Diego et al. 2017; Herrero-Otal et al. 2021; Piqué
et al. 2021a, b; Romero-Brugués et al. 2021).

The remains of artefacts made with bone
materials, shells, and minerals of different nat-
ures, provide a complete picture of the diversity
of production processes (Bosch et al. 2000, 2006,
2011; Terradas et al. 2017).
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Regarding subsistence, agriculture and live-
stock practices are also well documented. The
community of La Draga cultivated several spe-
cies of cereals and, probably, legumes, in addi-
tion to the opium poppy (Antolín 2016; Antolín
et al. 2018). Among the cereals, the naked wheat
stands out and, to a lesser extent, barley. Hulled
cereals have also been found, such as einkorn
and emmer wheat. Domestic animals are repre-
sented by pig, cattle, goat, sheep, and dog, rep-
resenting in total more than 97% of fauna
remains recovered during archaeological exca-
vations (Antolín et al. 2014, 2018; Saña 2011).
Fishing, hunting, and gathering practices are also
documented and would constitute an important
complement to the food supplied by domestic
animals and plants at certain times of the year, in
addition to providing raw materials.

Regarding the wooden remains, so far it has
been possible to carry out a first approach to the
construction of the dwellings based on the mor-
phology, dimensions, and GIS analysis (López-
Bultó 2015). Oak (Quercus sp. Deciduous) was
the main raw material used for piles and hori-
zontal woods. Most of the piles are trunks with
bark, with diameters between 20 and 200 mm,
among the piles some of them preserved more
than one metre long driven in the carbonated
sands, whilst between the horizontal wood ele-
ments of more than 5 m have been recovered.
The excellent preservation conditions in La
Draga allowed a thorough and wide study of the
Early Neolithic dwellings. However, despite the
good preservation of wooden remains, it has not
been possible to carry out, so far, a den-
drochronological dating of the wooden struc-
tures. The first dendrochronological analysis of
samples recovered in the field seasons 1991–
1998 was carried out on a sample of 233 wooden
piles (Gassmann 2000). This first study allowed
identifying some characteristics of the trees and
forests exploited, mainly young individuals (only
11 of them had more than 65 years). Only few of
them could be cross-dated and provided a den-
drochronological assembly. The reduced number
of growth rings of the individuals analysed,
together with the lack of dendrochronological
reference sequences for the northeast of the

Iberian Peninsula did not allow going further.
The sampling of wooden piles and horizontal
wood continued systematically which has
allowed elaborating a floating dendrochronolog-
ical curve of the site (Piqué et al. 2020).

The main objective of this work is to present
and discuss the current results of the den-
drochronological analysis to provide new
insights on settlement development and wooden
constructions typology, as well as palaeoecology
and woodland management through the den-
drotypology. One of the main questions that pose
the site of La Draga is the relation of the wooden
piles with the occupation phases observed during
excavation. With this objective, we have carried
out a Bayesian model including the stratigraphy
as well as dendrochronological and 14C data. The
dendrochronological and chronological results
presented in this work are a milestone in the
research of La Draga.

11.2 Materials

In the different sectors of La Draga, hundreds of
structural wooden elements and samples have been
recovered and sampled, considering piles and
horizontal wood. Since the beginning of the
excavations in 1990, 1271 piles and 494 horizontal
woods have been recovered and sampled,
amounting to 1765 structural timbers that can
potentially be dendrochronologically measured.
The sector with the higher number of structural
elements is sector B/D, where 494 horizontal
structural elements and 771 piles have been
recovered. In the archaeological levels of sector A,
no horizontal woods have been preserved, as stated
before. Nevertheless, the tips of 458 wooden piles
driven in the carbonated sands have been recov-
ered and sampled in this sector. In sector C, the
total number of piles recovered and sampled is 42.

A sample of 12 wooden elements was selected
for radiocarbon dating (Table 11.1). Sample
selection included mainly wooden piles, but also
one horizontal wood. Among piles, a selection
was made, based on dendrochronological analy-
ses, and samples of trees cut down in different
years were used.
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11.3 Methods

The dendrochronological study of these materials
is still on-going; so far, more than eleven hun-
dred samples have been measured. The den-
drochronological approach has focused first on
the characterisation of the trees exploited taking
into account the taxa, age and diameters of the
wood selected.

Secondly, the analysis has focused on the
determination of the year and season of cut of the
oaks identified in order to build a floating den-
drochronological sequence for the site of la
Draga and an internal chronology of the dwell-
ings according to the wooden structural elements.
Finally, the growing pattern of the oaks has been
analysed to identify the forest stands represented
in the sample.

In order to relate the internal chronology of
the dwellings obtained from the dendrochronol-
ogy with the absolute chronology of the site, we
have radiocarbon dated a sample of wooden piles
and horizontal woods. The calendar chronology
of the local floating tree-ring sequence was fixed
using available radiocarbon estimates of the last
growth ring in 12 logs. A wiggle-matching
Bayesian model using the radiocarbon dates
and the dendrochronological gap between

installation piles and the ones assigned to later
repairs has been estimated using OxCal 4.4 and
ChronoModel 2.0. Concerning the radiocarbon-
dated samples a chronological model was built
by defining an initial event (terminus post quem)
in terms of the statistical combination of all
radiocarbon-dated wooden samples. The poste-
rior probability was calculated based on phases
with a hypothetical duration of 2 years, and with
known gaps between them depending on the
difference in tree-rings.

A Bayesian model with all the radiocarbons
dates of the site, including the wooden samples,
has been calculated. INTCAL2020 calibration
curve was used for the calibration of the dates
(Reimer et al. 2020), and the posterior probabil-
ity of the model has been calculated using both
OxCal 4.4 and ChronoModel 2.0 (Lanos and
Dufresne 2019).

11.4 Results and Discussion

11.4.1 The Timber Acquisition
and Use

The majority of the structural timber analysed
has been determined as oak (Quercus sp. Decid-
uous) (Bosch et al. 2006; López-Bultó and Piqué

Table 11.1 Samples used for radiocarbon dating, 11 vertical piles (PT) and 1 horizontal wood (TT)

Sample number Sector/s Species Age Felling season Dendrochronological dating
(internal floating chronology)

PT-1311 A QU 22 tree-rings Winter 216–237

PT-0986 B/D QU 36 tree-rings Winter 202–237

PT-0089 A QU 56 tree-rings Winter 182–237

PT-0738 B/D QU 85 tree-rings Winter 153–237

PT-0605 B/D QU 57 tree-rings Winter 181–237

TT-0468 B/D QU 168 tree-rings Winter 38–237

PT-1450 A QU 19 tree-rings Winter 223–241

PT-1441 A QU 20 tree-rings Winter 228–247

PT-0153 A QU 26 tree-rings Winter 223–248

PT-0191 A QU 28 tree-rings Winter 229–256

PT-0584 B/D QU 43 tree-rings Spring 217–259

PT-0582 B/D QU 28 tree-rings Winter 238–265

QU Quercus sp. (Authors)
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2018), these taxa represent more of the 95% of
the identified wood. Other taxa identified are
hazel (Corylus avellana), laurel (Laurus nobilis),
dogwood (Cornus sp.), Acer sp., and Maloideae
but their presence is minimal.

One of the main characteristics of the
archaeological wooden timbers from La Draga is
their relatively small average diameter
(Fig. 11.2). In respect to the number of tree rings
of the samples, it is noteworthy the low average
number of rings. The number of samples with
less than 30 tree rings supposes more than 70%
of the total, but this is especially significant
regarding the piles, among which almost 80%
count less than 30 tree rings (López-Bultó and
Piqué 2018; Piqué et al. 2021a, b) (Fig. 11.3). In
addition, among the samples with a higher

number of tree rings, there are a significant
number of samples with actual narrow rings and
almost no latewood, which difficult their mea-
suring (Gassmann 2000).

Most logs used for the piles correspond to
young trees (less than 30 years) with diameters
range between 50 and 100 mm, which indicates a
clear selection of sizes for this purpose. Among
the horizontal wood, due to their transformed
cross-section, the original diameter has been
calculated from the tree-ring curvature. This
estimation shows a higher variability in diameter
than the vertical piles; although most diameters
are smaller than 100 mm, there are more trees in
the highest ranks. The trend observed in the tree-
rings is similar: a higher number of old trees are
present among the horizontal wood.
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The acquisition seasonality is also relevant for
architectonic timbers. Although wood was
acquired at any time of the year, a clear
predilection can be seen for the procurement of
timber during winter (López-Bultó and Piqué
2018) (Fig. 11.4). There are some differences in
the procurement time between piles and horizontal
wood; among the latter, a higher percentage of
trees were cut down in summer and autumn.

Although is unclear the shape and size of the
dwellings or structures, several elements allow to
propose that dwellings were built over wooden of
platforms, slightly elevated. Some of the piles
preserved a fork in their upper part; these forks
were over the carbonated sands and were more or
less aligned (Barceló et al. 2019; López-Bultó
2015). Moreover, long horizontal woods, some
of near 5 m. long, were associated to these forks,
which suggest they could be structural parts of
the platforms. Despite the walls are not pre-
served, it has been possible to observe that some
of the piles were inclined, which suggest that
they were used as wall and roof.

11.4.2 Construction and Repair:
Dendrochronological
Results

The total number of wooden samples that have
been measured is more than eleven hundred (on-

going analysis) of which it has been possible to
cross-date 136 samples, all of them well-dated
and with high synchronisation (Fig. 11.5). These
136 dated samples come from the three different
sectors of the pile-dwelling and correspond to
piles and horizontal timber as well. The creation
of the mean curves has been possible due to the
horizontal timber, which has a higher average
number of tree rings per sample. For the first
time, it has been possible to create a floating
dendrochronological curve for la Draga that
covers 265 years. This floating curve has
allowed building an internal chronology of the
site’s dwellings in respect of the moment of
construction and further repairs.

According to the year and season of cut of the
piles, the dendrochronology has established three
different phases or moments on the felling of the
trees: Phase I is a phase previous to the main
construction phase and it is composed by
approximately 8% of the dated samples, Phase II
or construction phase with approximately 66% of
the dated samples, and Phase III or reparation
phase including approximately 26% of the dated
samples.

Phases I and II correspond to the foundational
moment of the settlement. Phase I of logging
includes piles from different sectors and a land
plank that were made from oaks felled between
winter 233/234 and winter 236/237. The oldest
ones may come from reuse, stored wood, or dead
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standing trees. The youngest ones (year 236)
may have the same origins as the oldest ones or,
more plausibly, have been part of a preparatory
falling for the main site that was constructed the
following year. Phase II of logging is marked by
the construction moment. It includes piles as well
as horizontal timbers that were felled on winter
236/237 and probably also during the year 238.
Analysis of the global diagram shows that the
three sectors (A, B/D, C) are affected by 237/238
logging. Meaning that the entire extension of the
site was built at the same time. The diagram
block shows that generally, the piles of sector
B/D are younger than the piles of sector A,
except for two piles from sector B (332 and
1137), which were also much larger (above
15 cm in diameter).

The dated piles are present in all the sectors of
the site (Fig. 11.5). This would imply that
dwellings and structures of the first village of la
Draga were built at the same time, during a very
important construction project, building wooden
constructions all around the different sectors.
This strict contemporaneity of most of the woo-
den elements used for construction is quite
unusual compared with other lakeside settle-
ments. Throughout the alpine region, concerning
the Early Neolithic excavations and even in later
chronologies, sites are generally smaller, and the
construction of built structures hardly occurred
simultaneously, settlements tend to expand in
temporal phases relatively slowly expanding to
neighbouring areas (Arnold 1990). Two exam-
ples from the Neolithic period are Hornstaad-
Hörnle IA, built from 3910 BC onwards (see
Billamboz 2006), and Sutz-Lattrigen/Riedstation,
built between 3393 and 3389 BC (Hafner 2005).

The organisation of several simultaneous
logging episodes has already been suggested
based on species and morphologies selected, as
well as on the falling season (López-Bultó 2015;
López-Bultó and Piqué 2018), but with the
identification of a great foundation phase, this
hypothesis can be strongly supported. The
simultaneous installation of piles and planks on
the entire surface of the village reinforces the
hypothesis, previously suggested based on
archaeological evidence (Barceló et al. 2019;

Campana 2018; López-Bultó 2015) of construc-
tion of platforms where quadrangular structures
have been raised. As a hypothesis, the use of an
elevated platform above the carbonated sands
and the surface of the water would not have
prevented the installation of poles belonging to
the wooden structures.

Phase III of felling trees stands for at least
27 years, from year 238 to year 265 of the local
chronology. This phase also extends around the
three sectors of the site, and it is interpreted as
reparations or reinforcements of the wooden
constructions. Following the dynamics of the
construction phases, bear witness to a minimum
occupation of the village of 28 years.

Taking into consideration that the site is still
been excavated nowadays and the den-
drochronological analysis is still on-going, there
are a few points worthy to discuss.

The piles bear witness to a minimum occu-
pation of the village of 27–28 years (from 237–
238 to 265 of the floating chronology curve). As
it can be observed in Fig. 11.5, the later den-
drochronological phases described tend to use
younger oak trees. Therefore, it is likely that
some of the non-dated youngest piles could
extend the occupation period, as the inhabitants
of la Draga tend to make use of already exploited
and cleared oak complexes with young and fast-
growing oak trees.

The dendrotypological analysis allowed the
identification of the exploitation of different oak
complexes or woodlands. We use the concept of
‘oak complexes’ because, besides the logging
dates that allow for the identification of logging
phases over time, the regular spread of oak ages
makes it difficult to isolate forest stands in a
sufficiently relevant way. Based on the age of the
samples and their period of exploitation, it has
been possible to identify at least two oak forests
exploited. The first oak forest is exclusively
represented among the piles. It would correspond
to a young and clear oak forest where trees have
a fast-growing rate, with little but wide tree rings.
This oak complex is more widely exploited
during the reparation (Phase III) than during the
construction (Phase II). The second oak complex
exploited is composed mainly of horizontal
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Fig. 11.5 Dendrochronological diagram of La Draga (Authors)
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timber and a few piles. It would correspond to an
old and dense oak forest. Given the extremely
slow growth of these old oaks, it is possible to
argue that these old oak trees have hardly bene-
fited from thinning cuts during the last fifty years
for the youngest and the last two centuries for the
oldest. The samples from this old oak complex
are characterised by many narrow tree rings, with
almost no latewood formation. This oak complex
is exploited mainly during the construction
(Phase II), but also during the reparations (Phase
III).

11.4.3 Wiggle-Matching of Piles
and Chronological
Model of La Draga
Occupation

The dendrochronological tree-ring estimation
and radiocarbon dates for the last growth ring
(cambium) were obtained for 13 samples. The
foundational tree felling is represented by seven
samples from different timber logs, all of them
were cut down during the year 237/238 of the
local floating sequence. Six additional dates
come from samples of logs that were cut down
later, in the years 241, 247, 248, 256, 259, and
265 of the local sequence (Table 11.1). In one
case (TT-0468), the radiocarbon date obtained
seems too recent considering that it was cut down
the same year as the foundational tree according
to the dendrochronology. It is the thickest trunk
with the longest tree ring sequence. Two samples
from the same log were processed at Uppsala
laboratory (UA62943 and UA65467), and both
provided an estimated radiocarbon date that
seems nearly 300 years younger when compared
to the estimated dates of the other sampled piles.
Unlike the rest of the logs, used as vertical piles,
it is the only dated horizontal board, and there-
fore, its reaction to waterlogged conditions
would have been different, allowing possible
contamination by microorganisms—it is a water-
saturated wooden sample—which could have
altered the original radiocarbon content, and
probably ‘rejuvenated’ the dating. More data are
necessary to support this hypothesis. It is also the

one nearest to the actual lake shoreline, and we
have not yet any other sample in the same spatial
proximity to evaluate the post-depositional
effects in this area of the site. Both dated sam-
ples from the same tree-ring have been discarded
from the chronological models (Andreaki et al.
2020, 2022).

Estimation of calendar year for the tree-ring
237/238 has been calculated using the statistical
combination of all dates for the same year com-
ing from different trees. Until now, radiocarbon
dating has been applied only to the outer rings of
the samples in the present analysis. Until more
rings of the same sample are dated, the intervals
calculated below serve only as an initial
hypothesis (Andreaki et al. 2022). Most radio-
carbon dates associated with the dendrochrono-
logical year of tree felling (Beta481571,
UA62942, UA62940, UA62941, UBAR314,
UBAR1308) pass the Ward and Wilson (1978)
test.1 Sample Beta505910 appears to be a clear
outlier and has not been considered. That means
those samples are strictly contemporaneous, and
the position in the calendar scale of the deposi-
tional event can be calculated in terms of the
statistical combination (average) of the uncali-
brated 14C ages of the samples contained in the
spatial unit. Using IntCal20 calibration curve, the
statistical combination of the 6 radiocarbon dates
that passed the test gives an estimate of
6311 ± 17 BP, and a calibrated confidence
interval between 5313 cal BC and 5222 cal BC
(68.3% interval) for the year 237/238 of the local
floating tree-ring sequence (Andreaki et al.
2022).

The wiggle-matching Bayesian model using
OxCal 4.4 has a very high agreement after the
elimination of outliers (Andreaki et al. 2022).
The results suggest an estimate for tree felling
(year 237/238 of the floating sequence) at the
time range 5313–5222 (mean 5293 cal BC of the
68.3% confidence interval), and the time range

1 Ward and Wilson (1978) test: probability test known
also as x2 test available in the OxCal program for
calibration. It offers the possibility to compare the
contemporaneity of dates between them. If the test is
passed, it means that the dates are considered
contemporary.
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5291–5212 cal BC (mean 5272 cal BC of the
68.3% confidence interval) for the last measured
tree-ring (year 265 of the floating sequence)
(Andreaki et al. 2022).

We have reproduced the same model using
ChronoModel 2.0, using also IntCal20 as a cal-
ibration curve (Fig. 11.6). We have defined 6
phases, in which the first one integrates the six
isotopic events related with the ring 237/8 of the
local tree-ring sequence, and the other five pha-
ses represent the tree rings 247, 248, 256, 259,
and 265, for which we have a single radiocarbon

date. The posterior probability is calculated
based on phases with two years of hypothetical
duration and with known gaps between the
phases depending on the difference in tree-rings.
This is the same assumption used in OxCal 4.4
ChronoModel. The results suggest a calendar
date for year 237/238 of the tree-ring floating
sequence between 5340 and 5288 cal BC
(68.3%); mean of 5315 cal BC. The calendar
estimate for the most recent tree-ring (year 265 of
the floating sequence) is 5184–4995 cal BC;
mean of 5072 cal BC. Given that we have a

Fig. 11.6 Wiggle-matching of dendrochronological ordered piles. Calculated using ChronoModel 2.0.18. IntCal20
(Authors)
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single dated sample for most of the tree-rings,
specific intervals for start and end boundaries
have not been calculated.

Combining the results of both calculations, we
have hypothetically fixed the depositional event
of wooden platforms construction as a Gaussian
distributed interval with mean date of –5315 cal
BC and a hypothetical standard deviation of
5 years considering the possible errors in such
estimate. It is considered as the terminus post
quem (TPQ) of Neolithic occupations at the site.
The intrinsic deformation of calibration curve
(IntCal20) after 7100 BP (Reimer et al. 2020)
adds also statistical noise to the estimation of the
latest moments of first occupation. See, for
instance, the case of radiocarbon date
UBAR1247, dating tree-ring 265 (Fig. 11.7).
This has also been considered in other publica-
tions (Manen et al. 2019; Oms et al. 2016).

Prior probability is clearly divided into two
well-differentiated subintervals, before and after
5200 cal BC, where calibration curve IntCal20
changes abruptly its direction. The subinterval
5370–5207 cal BC concentrates the maximum
confidence (90.2%), and therefore, a much
shorter temporal duration is to be expected for
the first occupation, between 5315 and 5250 cal

BC. Wiggle-matching allows to fix the most
probable estimate around 5280 cal BC, and we
have used this figure as a terminus ante quem
(TAQ) for dating first occupation, as well as for
estimating the beginning of the short-duration
abandonment of the settlement that followed first
occupation.

A more detailed chronological model has
been calculated using ChronoModel 2.0 based on
the stratigraphic constraints and the functional,
spatial, and chronological ordering among 33
depositional events, and the conclusions from
wiggle-matching model, fixing tree-ring 237/238
at 5315 cal BC and tree-ring 265 at 5280 cal BC.
Dates signalled as outliers by OxCal 4.4 have
been retained here (Fig. 11.8).

Results (Fig. 11.9) suggest a phase temporal
range for the first occupation within the interval
of 5315–5180 cal BC (HPD Region 95%), and
an estimated duration coinciding with tree-ring
information, less than 30 years. The second
occupation would have started around 5100 cal
BC (mean of the HPD 95%: 5163–4984 cal BC)
and ending around 4948 (mean of the HPD 95%:
5028–4524 cal BC). Up to three different occu-
pations can be distinguished in this second phase,
being the first (Phase Travertine I) the most

Fig. 11.7 Calibration of single date UBAR1247 (Tree-ring 265 of the local dendrochronological sequence) (Authors)
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Fig. 11.8 Diagram of the 33 depositional events and their stratigraphic relationships on the left and their organisation
into phases on the right of the figure. ChronoModel 2.0. IntCal20 Calibration curve (Andreaki et al. 2022)
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clearly defined chronologically, with around
70 years of duration, and the other occupations
(Travertine II and Phase Travertine III) less well
defined because only a few dates could be
assigned to each one based on stratigraphic
ordering and relationships.

Using the above stratigraphic ordering and
radiocarbon estimates for the duration of depo-
sitional events, we have defined a general tem-
poral sequence (Fig. 11.10), based on Allen
algebra estimated spatial relationships.

11.5 Conclusions

The dendrochronological results, as well as the
Bayesian radiocarbon modelling analysis pre-
sented in this paper, have supposed a milestone
on La Draga excavation site, as it implied a
greater understanding of its chronological pha-
ses, wooden constructions and even palaeoecol-
ogy during the Early Neolithic.

For the first time, it has been possible to create
a floating dendrochronological curve for the
Early Neolithic in southwestern Europe. Based
on this mean curve, it has been possible to date
136 oak samples from the earliest phase of
occupation at La Draga. The results obtained so
far state that the site was mainly constructed in a
great construction phase which lasted 1–2 years
and can be identified in all the sectors of the
excavation. It has also been possible to identify a
short number of oaks felled 4–5 years before the
great foundation, which could represent the use
of stored wood, reuse or even preparations of the
foundation. The felling of oaks the years after the
great foundation would represent repairs or
reinforcements of the wooden constructions. The
results establish a minimum duration of the
wooden constructions at la Draga of 27 years.

Radiocarbon dating combined with den-
drochronology allowed to establish that the La
Draga site would have been erected around
5315 cal BC, and to confirm that it took place in

Fig. 11.9 Results of a chronological model based on 9 phases organising 33 depositional events. ChronoModel 2.0.
Intcal20 Calibration curve (Authors)
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a single construction event all over the site, after
some years of exploration and management of
forests around the Lake Banyoles. This first
occupation would have been ended 30 years
after, according to preserved tree-rings, but given
the difficulties of measuring the thinnest logs;
this date might be extended some years with
future work. Radiocarbon-dated samples estimate
the end of the first occupation some years before
5200 cal BC. After a short gap, in which the site
may have been abandoned, a new occupation
began around 5170 cal BC until the first cen-
turies of 5th millennium. This most recent phase
involved the reorganisation of the habitat,
preparing pavements with travertine slabs on
which the daily activities in the settlement were
developed.
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12Dendrochronology of Italian
Pile-Dwellings: The Challenge
of Filling the Gaps Between
5000 and 1000 BC

Nicoletta Martinelli

Abstract

The paper deals with dendrochronological
analysis on pile-dwelling sites in northern
Italy. After a brief history of research and a
general overview of the chronological frame-
work, the author describes the elaboration of
the main regional chronologies based on
cross-dated tree-ring series from wood sam-
ples obtained from pile-dwelling settlements.
The site series have been dendrochronologi-
cally cross-dated and the chronologies dated
by radiocarbon wiggle-matching. They belong
to the Bronze Age: the timespan of GARDA 1
is 2204–1829 ± 10 cal BC and the timespan
of GARDA 3 is 1897–1678 ± 14 cal BC.
They allow high-precision dating of building
activities in the Bronze Age pile-dwelling
villages in the Lake Garda region during a
period from the 21st to 17th centuries BC,
from the 1st phase of the Early Bronze Age
(EBA1) until the transition between the last
phase of the Early Bronze Age (EBA2)
and the beginning of the Middle Bronze
Age. Later dendrochronological single-site

sequences span from the 16th century until
the end of the 14th century BC and highlight
asynchronous trends in settling in wetland
environments on both sides of the Alps.

Keywords

Italy � Pile-dwellings � Bronze Age �
Dendrochronology � Oak chronologies �
Wiggle-matching

12.1 Dendrochronology of Italian
Pile-Dwellings: A Brief History

The first application of dendrochronology on
prehistoric wetland sites in Italy goes back to the
1970s: Elio Corona, the pioneer of Italian den-
drochronology, together with D’Alessandro and
Follieri examined posts from the Neolithic site of
Fimon-Molino Casarotto in the Berici Hills
region; samples from alder, oak, ash, beech, and
maple piles were analysed (Corona et al. 1974).
More extensive studies on pile-dwelling settle-
ments began to be conducted only in the 1980s,
thanks to the foundation of the first Italian den-
drochronological laboratory at the Museum of
Natural History in Verona, where samples from
the Bronze Age villages of Bande di Cavriana,
Peschiera-Setteponti and Lucone di Polpenazze
were investigated. The Istituto Italiano di Den-
drochronologia, founded in Verona in 1983,
undertook a study of pile-dwelling villages in the
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Lake Garda area, both on the lake shore and in the
surrounding morainic zone, which led in about ten
years to the creation of the oak Bronze Age re-
gional chronology GARDA 1 (Martinelli 1996).

The first published version of the curve
included the series from the sites of Porto di
Cisano (1986 excavation), Lazise-La Quercia
(1986–1990 underwater investigations) Lav-
agnone (1974 and 1993 excavations), Cavaion
Veronese (1980–1984 research), Barche di Sol-
ferino (1937–1938 excavations), together with
those from the above-mentioned sites of Bande
di Cavriana (1981 and 1983 excavations) and
Lucone D (1986 excavation) (for references see
Table 12.1). As no teleconnection was found
with the millennia-long oak standard curves, the
absolute dating of the GARDA 1 regional
chronology was achieved by means of the
wiggle-matching method, which combines
radiocarbon and tree-ring data. This enabled the
identification of many different felling phases in
the 7 sites investigated with an error of ± 10y,
from 2049–2042 BC to 1844–1835 BC1 and
established for the first time the existence of
Bronze Age wooden structures built before 2000
BC in Alpine pile-dwellings.

Since then, over almost three decades of
dendrochronological studies, the number of pile-
dwelling villages investigated has increased
substantially, especially in northern Italy,
including sites located in almost every region,
from Friuli in the east to Piedmont in the west.
Investigations have also been carried out in
central Italy, in the volcanic lakes of Albano,
Bracciano (Rome), Mezzano (Viterbo) and in the
marshy area of Celano Paludi (L’Aquila).

In northern Italy during the 1990s, the under-
water mapping and sampling campaigns pro-
moted by STAS (Servizio Tecnico per
l’Archeologia Subacquea—Technical Underwa-
ter Archaeology Service of the Ministry for
Cultural Heritage), together with the local
Archaeology Superintendencies, gave a new
impulse to dendrochronological analysis and
revitalised research on the absolute dating of

prehistoric pile-dwellings. More recently, thanks
to the increase in interdisciplinary research2—and
the inscription of the transnational serial site
‘Prehistoric Pile Dwellings around the Alps’ in
the UNESCO World Heritage List in 2011—
many new dendrochronological samples suitable
for further elaboration have been collected.
Lastly, the Ministry of Cultural Heritage funded a
further dendrochronological campaign as part of
work for an upgrade of the UNESCO site’s Italian
Management Plan.3

Despite this abundance of studies, there has
unfortunately been a lack of specific research
projects for the creation of master curves for
dating purposes. Two main regional oak
chronologies have currently been elaborated,
GARDA 1 and GARDA 3, which span a period
of about five centuries from the Early Bronze
Age to the beginning of the Middle Bronze Age,
although a group of local site chronologies date
to the Late Bronze Age (see Sect. 12.2).

12.2 Dendrochronology of Italian
Pile-Dwellings: State of the Art

The number of prehistoric sites subjected to more
or less extensive dendrochronological surveys is
substantial (more than 50), but the total number
of samples analysed remains rather small com-
pared to the situation on the northern side of the
Alps. For instance, at present, Lavagnone and
Lucone di Polpenazze (Lucone D) are the only
two Bronze Age sites where the number of tim-
bers studied reaches several hundred, with in-
progress dendrochronological analysis pro-
grammed to accompany the excavations that are
currently in course.

1 Intervals obtained from sapwood estimates (Fasani and
Martinelli 1996).

2 The research, carried out at the laboratory of the
company Dendrodata s.a.s. until 2015, and later at the
Laboratorio Dendrodata in Verona, was mainly funded by
the Lombardy Regional Authority, the Lombardy Super-
intendencies (Varese, Brescia, Mantova, Cremona), the
Superintendency of the Autonomous Province of Trento,
the Friuli-Venezia Giulia Superintendency, and also by a
number of local authorities and the Universities of Bern
(Switzerland) and Bradford (UK).
3 Under Law 77/2006 E.F. 2013.
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The samples analysed generally come from
submerged sites in small Alpine lakes (e.g. Lake
Monate), larger ones (e.g. Lake Garda), or vol-
canic lakes (e.g. Lake Albano), from wetland sites
along the shores of former lakes in morainic
regions, or shallow areas near rivers, and also
from sites in ancient lagoons, like San Gaetano di
Caorle (Venice) (Bianchin Citton and Martinelli
2005). The chronological range is ample too: sites
are known from the early Neolithic (La Marmotta
on Lake Bracciano) (Fugazzola Delpino et al.
1993) to the transition between the Late Bronze
Age (Final BA) and Iron Age (Stagno di Livorno)
(Zanini and Martinelli 2005).

However, this paper focuses on northern
Italian pile-dwellings, which belong to the
‘Alpine pile-dwelling phenomenon’ (Fig. 12.1)
and form part of the UNESCO transnational site
‘Prehistoric Pile Dwellings around the Alps’, of
which 19 of the constituent sites are in Italy. Its
principal goal is not to describe the results
obtained for each site, but to illustrate the results
as a whole, focusing on several achievements
and also on the outstanding problems.

Due to the widespread occurrence of decidu-
ous oak forests in the Po Valley and the nearby
hilly regions in the Holocene, oak was the most
important wood during prehistoric and proto-
historic times in northern Italy. Given its partic-
ular suitability for building purposes, especially
in wet environments, it was the most widely used
timber in pile-dwellings: more than 90% of the
vertical posts in Bronze Age stilt-houses were
made of deciduous oak, namely Quercus
sp. Sect. ROBUR, as described by Cambini
(1967). Only in the high-Alpine villages in
Trento province, Ledro and Fiavè, were conif-
erous woods used. Even though oak is a very
suitable wood for dendrochronology, in Italy, we
have to cope with the absence of millennia-long
Italian oak chronologies that would allow the
series to be dated absolutely with annual preci-
sion. The lack of old living oak forests and the
rarity of samples from recent times, as a conse-
quence of deforestation and extensive landscape
clearance in proto-historic and historical times,
are the main reasons why this important
achievement has not yet been attained. Currently,Ta
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the only supra-regional oak chronology elabo-
rated, based on trees living in 4 stands in north-
ern Italy, reaches back only to the year 1815 AD
(Martinelli unpublished data).

Lengthy collaboration with colleagues Katar-
ina Čufar (Slovenia) and André Billamboz
(Germany) has made it clear that the absence
of very long local regional oak tree-ring

chronologies also plays an important role with
regard to the possibility of determining absolute
dates to the year, through cross-dating against
existing oak master curves: the nearest one from
southern Germany reaches back to the 9th mil-
lennium BC. Research on living oak trees
growing in Slovenia has shown that successful
trans-Alpine teleconnections from south to north

Fig. 12.1 Distribution map of the main Italian pile-
dwellings. Yellow: Neolithic sites; red: Bronze Age sites;
grey: sites not mentioned in the text. For reasons of scale,
some points indicate more than one settlement. 1
Avigliana (Torino), Torbiera di Trana; 2 Montalto Dora
(Torino), Lago Pistono; 3 Viverone (Biella)/Azeglio
(Torino), Lago di Viverone (sites Vi1, Vi2, Vi3); 4
Arona (Novara), Lagone di Mercurago; 5 Biandronno
(Varese), Isolino Virginia; 6 Cadrezzate (Varese), pile-
dwellings in Lake Monate; 7 Bodio Lomnago (Varese),
Bodio centrale, Desor Maresco, Keller-Gaggio; Bardello
(Varese), Palude Ranchet, Bardello Stoppani; Cazzago
Brabbia (Varese), Ponti o Cazzago; 8 Besnate (Varese),
Lagozza; 9 Bosisio Parini (Lecco/Como), Cascina del
Pascolo; 10 Sergnano (Cremona); 11 Corte Franca
(Brescia), Valle delle Paiole and other sites; 12 Iseo
(Brescia), Torbiere di Iseo (various sites); 13 Piadena
Drizzona (Cremona), Lagazzi del Vho; 14 Polpenazze del
Garda (Brescia), Lucone; 15 Moniga del Garda (Brescia),
Porto; Padenghe del Garda (Brescia), West Garda and La
Cà; Desenzano del Garda (Brescia), Corno di Sotto; 16
Desenzano del Garda (Brescia), Lavagnone; 17 Cavriana
(Mantova), Bande-Corte Carpani; Solferino (Mantova),
Barche; 18 Monzambano (Mantova), Castellaro

Lagusello; 19 Manerba del Garda (Brescia), San Sivino-
Gabbiano; 20 Sirmione (Brescia), San Francesco, Porto
Galeazzi, Lugana Vecchia, La Maraschina; 21 Cisano
(Verona), Porto; 22 Cavaion Veronese (Verona), Cà
Nova; 23 Lazise (Verona), La Quercia and pile-dwellings
of Pacengo (Porto, Bor, Bosca); 24 Peschiera del Garda
(Verona), Frassino, Belvedere and historical pile-dwelling
of Peschiera (Imboccatura del Mincio, Bacino Marina;
Palafitta del Mincio or Setteponti); 25 Volta Mantovana
(Mantova), Isolone del Mincio; 26 Roverbella (Mantova),
Prestinari and minor pile-dwellings; 27 Isola della Scala
(Verona), pile-dwelling sites; 28 Oppeano (Verona),
Feniletto, 4C, 4D, 4E sites; 29 Nogara (Verona),
Dossetto; 30 Cerea (Verona), Tombola; 31 San Pietro
Polesine (Rovigo), Canàr; 32 Arcugnano (Vicenza),
Fondo Tomellero, and other sites; 33 Arcugnano (Vicen-
za), Molino Casarotto, Le Fratte; 34 Arquà Petrarca
(Padova), Laghetto della Costa; 35 Ledro (Trento),
Molina di Ledro; 36 Fiavé (Trento), Torbiera Carera; 37
Colmaggiore di Tarzo (Treviso), Revine Lago; 38
Polcenigo/Caneva (Pordenone), Palù di Livenza; 39
Caorle (Venezia), San Gaetano; 40 Terzo di Aquileia
(Udine), Canale Anfora. Graphics by Marco Baioni;
courtesy of M. Baioni, C. Mangani, R. Micheli
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can be performed only on well-replicated
chronologies more than 400 years long (Marti-
nelli et al. 2018). This was shown to be true for
prehistoric times too, when the Eneolithic 442-
year-long oak chronology created from series of
6 pile-dwelling villages in the Ljubljana marsh
was dated to between 3771 and 3330 BC against
the German/Swiss reference chronology (Čufar
et al. 2015).

Unfortunately, the timing of pile-dwelling
settlement in Slovenia and northern Italy is dif-
ferent, and cross-dating between chronologies
from these two regions south of the Alps cannot
be performed. There is only one exception: a
teleconnection established between the Slovenian
HOC-QUSP1 chronology, and the chronology
established for Building 1 at the Neolithic pile-
dwelling of Palù di Livenza in the first half of the
4th millennium BC.

At present, Palù di Livenza, where samples
from both vertical and horizontal timbers have
been taken (see Chap. 3 in this book), is the
Neolithic site that has been dendrochronologi-
cally investigated in most detail. On the other
hand, from the ancient village of Isolino di
Varese, on the isle near the eastern shore of Lake
Varese, only a few samples have been investi-
gated from structures built in the 5th and 4th
millennia cal BC (Banchieri et al. 2004–2009).
Neolithic samples also come from Padenghe sul
Garda (Brescia) on the western shore of Lake
Garda, dated to the early centuries of the 4th
millennium cal BC (Poggiani Keller et al. 2005).
Slightly later are the samples analysed from
Fimon-Le Fratte (Vicenza), a site in the Berici
Hills region, which might constitute the only
series available for the Late-Neolithic/Copper
Age transition in the latter centuries of the first
half of the 4th millennium BC (Martinelli and
Pignatelli 2016).

During the Copper Age (from about 3500 to
2200 BC), Italian lake shores seem to have been
almost abandoned. Only two sites are known for
preserved wooden elements of the period, both in
Lake Varese: Isolino di Varese, on the south-
eastern part of the island, samples from which
were analysed at the Dendroarchaeologisches
Labour in Hemmenhofen (Banchieri et al. 2015),

and the submerged lake dwelling of Bodio cen-
trale. At Bodio, the larger settlement belongs to
the Early/Middle Bronze Age transition and
dates mainly to the 17th century BC, but in the
eastern part of the settlement area, some elm and
ash posts were sampled, and radiocarbon dated to
the 3rd millennium BC.

As the above list indicates, dendrochrono-
logically investigated Late-Neolithic and Copper
Age structures are few; moreover, their timbers
are made from very young trees of various spe-
cies and oak components make up less than 50%,
which is not very suitable for dendrochronology.
The situation at the beginning of the Bronze Age
was quite different, when the load-bearing verti-
cal posts of stilt-houses were made almost
exclusively from oak trees. Moreover, the num-
ber of pile-dwelling sites increases notably, with
main concentrations in two areas: Lake Garda
and its morainic hills, and Lake Varese, together
with the small lakes nearby. In these settlements,
the dominant building type is the stilt-house;
these are often, especially in the Early Bronze
Age, made from old oak trees. Therefore, since
the 1990s studies have been focused on this kind
of village for the purpose of creating well-
replicated multi-centennial prehistoric chronolo-
gies. Most of them, however, have yielded only a
few samples (in some cases just 1 or 2!) and
research campaigns involving the analysis of
more than 100 samples have been conducted in
only 10 pile-dwelling settlements.4

Although this paper focuses on chronological
issues, we must recall the important contribution
of dendrochronology to the identification of pile-
dwelling buildings and the interpretation of the
development of village structures. Some exam-
ples are given in the paper by Baioni et al. (see
Chap. 3 in this book), which also show the dif-
ficulties of applying the method in very small
areas of investigation, and on multi-phase set-
tlements. Here, we would like only to highlight
the strong similarities with north Alpine sites that

4 These are (from east to west) Palù di Livenza, Lazise-La
Quercia, Cisano-Porto, Bosca di Pacengo, Belvedere di
Peschiera, Bande di Cavriana, Lavagnone, Lucone D, Il
Sabbione, Viverone Vi1-Emissario.
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arose from the study of the ‘Il Sabbione’ village
in Lake Monate with regard to building dimen-
sions and supporting structures; the construction
of successive palisades, that were continually
lengthened and approached ever closer to the
shore, resembles those of almost contemporane-
ous Swiss villages.

Dendrotypology plays a fundamental role in
the identification of the wooden elements felled
at the same time, which is essential for building
reconstruction, and gives information about for-
est exploitation. Comparison between the data
from north and south of the Alps not only
highlighted asynchronous trends in settling in
wetland environments on both sides but allowed
investigation of the dendrotypological frame-
work defined for the regions of Upper Swabia,
Lake Constance, and northern Italy (Billamboz
and Martinelli 2015). Based mainly on the data
from northern Italy, the impact on woodland
cover between 2100 and 1900 BC seems to
present discrepancies between the different set-
tlements, reflecting micro-regional human beha-
viour. On the contrary, the period 1900–1800 BC
in both regions (Germany and Italy) shows a
phase of afforestation, maybe due to a decrease in
settlement activities, attested also by the almost
complete absence of dendro-dates between 1850
and 1750 BC in northern Italy. Later, until 1500
BC, a period of wider settlement development is
attested, with a stronger impact on forests than
before: dendrotypology documents a phase of
landscape opening and woodland thinning in
both regions. In northern Italy, the impoverish-
ment of the environment is suggested by the
exploitation of various unusual tree species
(among them Turkey oak) towards the end of the
villages’ habitation.

12.3 Regional Oak Chronologies
from Pile-Dwellings

The regional oak chronologies currently avail-
able for absolute dating were elaborated from
samples coming from Bronze Age settlements,
where the presence of large groups of suitable
oak timbers allowed the creation of well-

replicated site chronologies from almost con-
temporaneous sites. The cross-dating of these site
chronologies led to the elaboration of regional
chronologies which offer accurate dates for
sequencing the history of wetland occupation,
often with one-year precision on a relative scale.
Because of the lack of teleconnections with
European oak standard curves (see Sect. 12.2),
they were absolutely dated by means of the
radiocarbon wiggle-matching technique.

At present, the respective mean tree-ring ser-
ies from various settlements in the Lake Garda
region and the nearby Po Plain to the east (Media
Pianura Veronese) have been cross-dated,
enabling the construction of two main oak
regional chronologies, GARDA 1 (22nd–19th
centuries cal BC, 13 settlements) and GARDA 3
(19th–17th centuries cal BC, 4 settlements)
(Martinelli 2020). These oak regional chronolo-
gies were first elaborated between 1994 and 2005
(Martinelli 1994, 2007a), but have been recently
upgraded—both in terms of length and replica-
tion—thanks to still-ongoing tree-ring investiga-
tion at the Dendrodata Laboratory in Verona
(Martinelli 2020).5 Since also for the new ver-
sions of the series it was not possible to find any
teleconnections with master curves north of the
Alps, their absolute dates still rely on radiocar-
bon. Recently, both the wiggle-matches were
tested with the new calibration curve Intcal20
(Reimer et al. 2020) and a recent version of the
program Oxcal (4.4.4—D-Sequence model)
(Bronk Ramsey 2009); the results for GARDA 1
are only slightly different from those obtained
previously, so it was decided not to alter the
published absolute dates associated with their
relative scale until proper dendro-dates are
achieved.

In more detail, the oak series GARDA 1 is
split into two sequences for dating purposes,
GARDA 1—1st part (2171–1961 ± 10 cal BC)
and GARDA 1—2nd part (2061–1837 ± 10 cal
BC), because of their weak overlap between the

5 This recent elaboration and upgrading of the oak
chronologies was performed as independent personal
research, not supported by public or private funding.
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years 2000 and 1960 cal BC (Fig. 12.2). At
present, the new two series are as follows:

The GARDA 1—1st part spans the period
2204–1896 BC and includes 163 component
series from 9 pile-dwelling sites in the provinces
of Brescia, Mantua, and Verona; many of the
samples come from the sites of Belvedere di
Peschiera del Garda (1st village), Bande di
Cavriana, and Lucone D. The main contribution
to the recent upgrading of the series comes from
the settlements of Oppeano-site 4C (Gonzato
et al. 2021) and a new site investigated in 2014
on the western shore of the small Lake Frassino,
near Peschiera del Garda, facing the well-known
submerged site Frassino 1 (Gonzato et al. 2014);
a large group of new sample series comes from
the recent excavation at the site Lucone D
(Baioni et al. 2021).

Felling dates were identified both due to the
presence of the waney-edge on some samples
and by sapwood estimates: from the oldest
(2060–2040 BC) in Belvedere—1st village, to
the youngest (1888–1868 BC) in the newly
discovered Frassino village (Table 12.1). These
absolute dates were, and still are, a turning

point for Early Bronze Age absolute chronol-
ogy in central Europe, as the settlements of
Bande di Cavriana, Barche di Solferino,
Belvedere di Peschiera, Lavagnone, and
Lucone D, established in the 21st century BC,
can be considered the oldest Bronze Age pile-
dwellings in the Alpine region (Billamboz and
Martinelli 2015).

Other series from sites on the southern shore
of Lake Garda, Corno di Sotto and San Fran-
cesco (Baioni et al. 2015; Martinelli and Pig-
natelli 2018), or in the morainic region (Ca’
Nova di Cavaion) are dated using the GARDA 1
—1st part chronology. Moreover, the inclusion
of series from the sites of Oppeano-site 4C and
Dossetto di Nogara, settlements near ancient
rivers in the Media Pianura Veronese, demon-
strates that the regional chronology is suitable for
the absolute dating of oak samples both from the
region around Lake Garda and the eastern plain
south of Verona.

The GARDA 1—2nd part spans the period
1993–1829 cal BC and includes 59 component
series from 4 underwater pile-dwelling sites sit-
uated along the shore of Lake Garda, both in the

Fig. 12.2 Time spans of the 9 tree-ring site chronologies from pile-dwelling villages in the regional chronology
GARDA 1—1st part (Author)
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south-eastern part (in Veneto) and the south-
western part (in Lombardy) (Fig. 12.3). The
main contribution to the upgrading of the series
comes from a submerged site investigated in
2018–2019 near the town of Manerba: San
Sivino-Gabbiano. The oldest felling date (1938–
1935 BC) and the youngest one (1848–1828 BC)
were identified in the long-lasting site of Lazise–
La Quercia and might be related to the oldest
village, attributable to Phase 2 of the Early
Bronze Age (Table 12.1) (Martinelli 2020).

A similar problem, due to the poor replication
of the series, could explain the absence of over-
lapping also between the GARDA 1—2nd part
and the GARDA 3 chronology, which is dated
from 1897 to 1678 ± 9 cal BC, based on wiggle-
matching results elaborated on the IntCal20 cali-
bration curve (Martinelli 2022). The GARDA 3
series spans the period 1897–1678 BC and
includes 46 component series from4 pile-dwelling
sites, in the south-eastern part of the Lake Garda
region, in the province of Verona (Fig. 12.4). The
chronology includes the series from the well-
known submerged site Frassino 1, in Lake Fras-
sino, near Peschiera del Garda. The oldest felling
date (1776 BC) was identified at Frassino 1, and
the youngest one (1655–1635 BC) in Belvedere
del Garda—2nd village. The results given by this
chronology might be of great importance for the
chronological assessment of the transition from
the Early Bronze Age to Middle Bronze Age, but
unfortunately a secure link between the dendro-

dates and the archaeological finds is lacking at the
moment. Some series from two other sites in the
southern part of the Lake Garda area (Pezzalunga
and Peschiera-Setteponti) are dated using the
GARDA 3 chronology.6

At Frassino 1, posts of Quercus sp. Sect.
CERRIS and Quercus sp. Sect. ROBUR (sensu
Cambini) have been discovered; only the
Sect. ROBUR series have been integrated into the
chronology, although both the oak woods cross-
date. The presence of Turkey oak is exclusive to
the last of the village’s felling episodes and could
indicate that a different timber supply was used at
the time—or the depletion of forests, which were
sources of better-quality woods.

The region of Lake Varese, with its nearby
small lakes, contains the second main concen-
tration of pile-dwelling settlements. At the end of
last century, dendrochronological analyses were
part of a project of underwater investigation and
interdisciplinary research on the submerged site
‘Il Sabbione’ in Lake Monate; the construction of
a well-replicated site chronology dated by
wiggle-matching allows the identification of
felling episodes between 1674 and 1605 ± 32 cal
BC (Martinelli 2017). At the beginning of this
century, in 2006–2012, the Bodio Centrale site

Fig. 12.3 Time spans of the 4 tree-ring site chronologies from pile-dwelling villages in the regional chronology
GARDA 1—2nd part (Author)

6 Recently, Leone Fasani kindly has made available the
sample series from the site of Castellaro Lagusello. Their
elaboration is still in progress, but some series seem to
suggest the possibility of a further upgrading of the
GARDA 3 chronology.
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was excavated in Lake Varese; due to the char-
acteristics of the woods employed, which
resemble those from Late-Neolithic structures,
only a very short site chronology, with felling
dates between 1693 and 1672 ± 22 cal BC, was
created (Martinelli 2014a, b).

More recently (in 2019 and 2020), two new
submerged sites were investigated in the lake:
Gaggio-Keller and Ponti o Cazzago, both dis-
covered during the 19th century AD; only a few
timbers were analysed, but the two site-series
cross-date each other and are likely to constitute
the basis of a new Bronze Age chronology
(Cermesoni et al. in preparation). The absolute
dates obtained by wiggle-matching for the series
from Ponti-o-Cazzago suggest that the site was
founded a little earlier than the ‘Il Sabbione’
village (Table 12.1).

Only single-site chronologies have been
elaborated for the period between 1650 and 1300
BC. Their absolute dating relies on independent
wiggle-matches and involves an error of ± 15y
to ± 41y. Two long series of great archaeologi-
cal importance (from Viverone Vi1-Emissario
and Tombola di Cerea) have been created.
Although they date to the same period, they do
not cross-date—probably because of the great
distance between them—and thus do not furnish
a regional chronology.

12.4 Conclusion

For the period when pile-dwelling villages are
attested in northern Italy, between 5000 and 1000
BC, dendrochronological series are not evenly
and adequately distributed across the centuries.
Investigated Neolithic sites are rare, and less in
number in Italy compared to north of the Alps.
Therefore, the goal of creating a master curve for
this period will not be achieved in the near future
—also because of the characteristics of the wood
types, which are not that suitable for den-
drochronological dating (see Sect. 12.2). The
absence of tree-ring series for the period 3200–
2300 is likely to reflect the absence of pile-
dwellings in the period, thus confirming the
marked difference in lake settlement timing
between north and south of the Alps.

As a consequence, the challenge of ‘filling the
gaps’ seems to be achievable only for the 2nd
millennium BC. A glance at the timespans of the
various Bronze Age site chronologies (Fig. 12.5)
might give the false impression of a continuous
succession of series, but unfortunately this is not
the case. Only the site chronologies that belong
to the regional chronologies cross-date each
other, but not the others, even when they partly
belong to the same period.

Fig. 12.4 Timespans of the 4 tree-ring site chronologies from pile-dwelling villages in the regional chronology
GARDA 3 (Author)
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As already stated, the reasons for this cir-
cumstance are the low number of samples taken
in certain sites and the poor replication of some
site chronologies. But other factors could affect
the result: different environmental provenance of
the samples, and different behaviour of the oak
trees, since timber sources might be both woods
on morainic hills and lowland forests. The lack of
trans-regional cross-dating could be ascribed to
ancient woodland management too: prehistoric
people obtained timber from different stand
structures and particularly from the understorey.
Cross-dating is difficult when analysing very
narrow tree rings from both suppressed trees
grown in almost natural forests and very young
trees from coppice-managed forests.

Given the difficulties in proceeding with this
research because of the problems involved in
creating master curves anchored to the present in
northern Italy, teleconnection with the European
oak references remains the only possible way of
obtaining absolute dates for the floating Italian
regional chronologies. In order to meet this
challenge, regional chronologies should be
enlarged and reinforced with new series; this is
essential, because advances in dendrochrono-
logical research in northern Italy are of great

importance for the study of the development of
the pile-dwelling phenomenon as a whole in the
Alps and surrounding areas, due to the differing
periods of settlement in wetland environments.

Pile-dwelling development in northern Italy
coincides with two major hiatuses in wetland
occupation in the northern Alpine region, from
the 22nd to 19th centuries BC, and from the 15th
to 12th centuries BC. The latter interval, proba-
bly strongly linked to climate changes and lake-
level fluctuations, seems to have had significantly
less influence on northern Italian Bronze Age
communities.7 This finding opens new possible
scenarios concerning lake settlers’ resilience,
thus suggesting interesting new research topics—
and possible inspirations for tackling current
societal and climate challenges.

Acknowledgements Although the creation of the oak
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7 For a deeper insight into relationships between the
Bronze Age population and the environment in northern
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13Pile-Dwellings at Ljubljansko
Barje, Slovenia: 25 Years
of Dendrochronology

Anton Velušček and Katarina Čufar

Abstract

Interdisciplinary research on the pile-
dwellings in the Ljubljansko barje, Slovenia,
has been carried out, with brief interruptions,
since their discovery in 1875. Since 1995
these efforts have been coordinated by the
Institute of Archaeology of the ZRC SAZU.
Systematic excavations and interdisciplinary
research were carried out on prehistoric
pile-dwelling sites, and dendrochronology
was introduced as a basic method for deter-
mining the time frame of their existence. To
this end, wood was collected from 16 sites for
wood identification, dendrochronology and
radiocarbon dating. Between 1995 and 2017,
nearly 8800 samples of waterlogged wood,
mainly from the piles the dwellings were built
on, were collected and examined. Approxi-
mately 20% of the samples were oak (Quercus
sp.) and ash (Fraxinus sp.), with more than 45
tree rings selected for dendrochronological

study. Oak and ash tree-ring chronologies
were established for most of the sites. Site
chronologies that overlapped were merged
into longer chronologies. Dating was carried
out using 14C dating supported by a
wiggle-matching procedure, and for the 4th
millennium BC settlements with the help of
teleconnection with German-Swiss reference
chronology from sites approximately 500 km
away north of the Alps. For the oldest
settlement Resnikov prekop, which was
already inhabited around 4600 BC, we could
not establish a chronology due to the insuffi-
cient number of wood samples. The most
important tree-ring chronologies of oak are:
BAR-3330 (time span 3771–3330 BC) dated
by dendrochronology, as well as SG-VO
(3285–3109 ± 14 cal BC) and ZA-QUSP1
(2659–2417 ± 18 cal BC) both dated by
radiocarbon wiggle-matching). BAR-3330
helped us date eight sites, SG-VO two sites,
and ZA-QUSP1 three sites indicating the end
of the Copper Age on the Ljubljansko barje.
Slovenian oak chronologies from different
periods have the potential to be teleconnected
with those from other regions.
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13.1 Introduction

Ljubljansko barje is the only area with preserved
archaeological remains of prehistoric pile-
dwellings discovered in Slovenia (Fig. 13.1). It
is located southwest of the capital Ljubljana on
the south-eastern edge of the Alps. The Ljubl-
jansko barje is a shallow wetland of tectonic
origin covering an area of 163 square kilometres.
It can be flooded at times due to snowmelt or
heavy rainfall. From the Late Pleistocene to the
early Late Holocene the area was covered by a
shallow lake.

The first pile-dwelling sites were discovered in
1875 by Karl Deschmann near the village of
Studenec, now Ig. During field research, Desch-
mann discovered ornamental pottery and many
traces of prehistoric metallurgical activity. After
the discovery and pioneering excavations in

1875–1877, several research campaigns were
carried out, e.g. 1907–1908 (W. Schmid), 1931–
1945 (R. Ložar), 1953–1989 (J. Korošec, T.
Bregant) and several campaigns after 1992. In
2011, the two different groups of pile-dwellings
from the surroundings of the village of Ig were
recognised by UNESCO with the inscription of a
serial nomination ‘Prehistoric Pile-Dwellings
around the Alps’ on the World Heritage List.
We present the results of the activities coordi-
nated by the Institute of Archaeology, Scientific
Research Centre of the Slovenian Academy of
Science and Art (IA ZRC SAZU), which began in
1995 and are still ongoing. This campaign intro-
duced new sampling methods developed by
teams working on pile-dwellings around the Alps.
Particular attention was paid to the collection
of archaeological wood and the introduction
of dendrochronology. The interdisciplinary

Fig. 13.1 Maps showing the location of Ljubljansko
barje on the southeastern edge of the Alps, and Ljubljan-
sko barje basin with the locations of 16 pile-dwellings

from the 5th, 4th and 3rd millennia BC investigated
between 1995 and 2017 (Drawing by Tamara Korošec,
ZRC SAZU Institute of Archaeology)
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approach also included the development of
palynology, archaeobotany and archaeozoology,
and collaboration with numerous partners from
other fields such as archaeometry and textile
engineering.

The introduction of dendrochronology was
crucial and is now an important foundation for
archaeological research in wet environments. The
dendrochronology laboratory was established in
the early 1990s at the Department of Wood Sci-
ence and Technology, Biotechnical Faculty, at the
University of Ljubljana. Since then, the labora-
tory has been involved, among other things, in the
construction of tree-ring chronologies (e.g. Čufar
et al. 2008a) as well as basic research in den-
droecology (e.g. Čufar et al. 2014), dendrocli-
matology (e.g. Čufar et al. 2008b) and
preservation of waterlogged wood (e.g. Čufar
et al. 2008c), all of which contributed to the
application of dendrochronology in archaeology.

Dendrochronology was needed to revise the
chronology of the Ljubljansko barje, where over
40 pile-dwelling sites were recorded (Velušček
2004). In order to obtain a sufficient amount of
waterlogged wood, archaeological excavations
were carried out on previously excavated areas,
riverbeds, drainage ditches and by small-scale
excavations or trenching at various sites.

13.2 Excavations and Wood
Analyses

Between 1995 and 2017, we performed almost
30 field studies on 16 sites of prehistoric pile-
dwellings (Table 13.1, Fig. 13.1). The archaeo-
logical investigations aimed for systematic
acquisition and examination of waterlogged
wood, mainly from the posts on which the
dwellings were built.

Table 13.1 Pile-dwellingsettlements at the Ljubljansko barje, year of excavation, number of collected wood samples,
percentage of oak (Quercus) and ash (Fraxinus) samples, end dates of the tree-ring chronologies based on
dendrochronology (D), radiocarbon (14C), or radiocarbonwiggle-matching (W) or with a combination of methods
(Authors)

Site Code Year of
excavation

No. of wood
samples

Quercus
%

Fraxinus
%

End date
BC

Dating
method

Resnikov prekop RP 2002 34 0 24 * 4600 14C

Črnelnik CEN 2014 39 72 26 * 3694 D

Trebež TR 2017 83 25 47 3649 D

Strojanova voda STV, SV 2012 351 16 62 3578 D

Hočevarica HOC, HO 1995, 1998 361 37 51 3570 D

Maharski prekop MP 2005 234 35 30 3487 D

Črešnja pri Bistri CR 2003 124 49 20 3407 D

Spodnje Mostišče SM1 + 2 1996, 1997 690 59 22 3351 D

Stare Gmajne SG 2002, 2004,
2006, 2007

932 36 44 3330
3109 ± 14

D
W

Veliki Otavnik VO 2006 30 57 20 3108 ± 14 W

Blatna Brezovica BB 2003 170 51 32 * 3071

Parte-Iščica PI 1997, 1998 1265 2 70 * 2610 14C

Parte PAR 1996 242 33 62 2458 ± 18 W

Založnica ZAL, ZA 1995, 1999,
2001, 2009

1465 30 55 2417 ± 18 W

Dušanovo DU, CG 2010, 2013, 2017 305 2 72 * 2490

Špica SPC 2010, 2011 2452 21 60 * 2450
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At each of the sites, we collected samples of
all woody elements and conducted wood identi-
fication. Of the 8777 wood samples (Table 13.1),
more than 99% came from the poles on which
the dwellings had been built. The most common
species were ash (Fraxinus excelsior), oak
(Quercus robur and Quercus petraea), followed
by alder (Alnus glutinosa), maple (Acer sp.),
willow (Salix sp.), poplar (Populus sp.), hazel
(Corylus avellana), hornbeam (Carpinus betu-
lus), beech (Fagus sylvatica), silver fir (Abies
alba) and elm (Ulmus sp.) found in smaller
quantities (Čufar et al. 2013; Out et al. 2023).

Overall, ash accounted for more than half and
oak for more than a quarter of all wood samples.
The proportions of oak and ash, as well as other
wood species, varied considerably from site to
site. At Resnikov prekop, there was no oak and
24% ash, while alder was the leading species at
53%. At the 4th millennium BC sites, the leading
wood species was either oak or ash, while at the
3rd millennium BC sites, ash was the leading
species (Table 13.1). The proportions of alder,
willow, poplar, maple, hazel, hornbeam, beech,
silver fir and elm were generally lower (Čufar
et al. 2013).

Wood samples were approximately 10 cm
thick slices or cuts from the piles. For each
sample, we identified the wood species, measured
the diameters and counted the tree-rings. Samples
of oak, ash and beech that contained more than 45
rings were selected for tree-ring width measure-
ments. For each sample and site, the tree-ring
series were cross-dated and assembled into
floating chronologies. For each of the chronolo-
gies, we collected representative samples for
radiocarbon dating (e.g. Čufar et al. 2010). We
also attempted to cross-date each new chronology
with previously established chronologies of the
area and attempted to teleconnect them with
existing chronologies of the remote sites.

13.3 Dendrochronology and Dating

Among the site chronologies produced, those
of oak were the most interesting, as oak is the
most common and important wood in European

archaeology for which a network of long
reference chronologies exists (Haneca et al.
2009). The chronologies of ash were also
considered.

As the excavations progressed, the number of
chronologies increased. Most of them were first
dated by 14C. Some chronologies of different
settlements overlapped, and we were able to
combine them into longer chronologies. This
increased the possibilities of applying wiggle-
matching and improving dating (Čufar et al.
2010).

Oak (Quercus sp.) chronologies from the 4th
millennium BC could be joined to form a 442-
year chronology BAR-3330 (Fig. 13.2). This
was based on 106 cross-dated tree-ring series of
wood from six pile-dwelling sites. BAR-3330
was cross-dated with a combined German-Swiss
chronology from sites approximately 500 km to
the north of the Alps and its time span of 3771–
3330 BC was established (Čufar et al. 2015).

Other chronologies with end dates younger
than 3330 BC were dated using radiocarbon
wiggle-matching only, as their dendrochrono-
logical dating has not yet been successful. Such
4th millennium BC chronologies are those from
Stare gmajne young and Veliki Otavnik—their
combined chronology SG-VO spans the period
3285–3108 ± 14 cal BC. At the sites where we
have produced oak and ash chronologies, some
ash chronologies could be dated by heterocon-
nection with the oak chronologies.

In the pile-dwellings of the 3rd millennium
BC in Ljubljansko barje, ash chronologies pre-
dominated (Table 13.1, Fig. 13.2). Their den-
drochronological dating by teleconnection with
oak chronologies from the north of the Alps is
not very probable, as the ash chronologies are
mainly short, and they reflect local conditions
and disturbances (cf. Capano et al. 2020). The
only longer and well reproduced oak chronology
is the one from Založnica, ZAL-QUSP1 which
spans the period 2659–2417 ± 18 cal BC. It
allowed us to cross-date the ash chronologies of
Založnica, Dušanovo and Parte and the oak
chronology of Parte. The sites of Založnica with
Parte and Dušanovo mark the end of the Copper
Age at Ljubljansko barje (Velušček and Čufar
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2003; Velušček et al. 2011). The chronologies
presented allowed us to date about 10–20% of
the wood samples from most settlements.

The end dates of the site chronologies denote
the last (dated) felling activity on the sites
(Table 13.1, Fig. 13.2). Based on the felling
dates of individual trees, we were also able to
determine multiple construction phases at most
sites. Building activities or repairs could be
inferred from a large number of trees felled in the

same year or within a narrow period of a few
years. The years of building activities and the
duration of the settlements have been discussed
in several publications (e.g. Čufar et al. 2010;
Velušček and Čufar 2003). Some pile-dwelling
settlements were occupied for about 60 years or
even longer, while the others lasted only
20 years or less (Velušček 2005). Apart from the
Špica site, the investigated pile-dwelling settle-
ments are located in the southern part of the

Fig. 13.2 Time spans of main oak (QUSP), ash (FRSP)
and one beech (PI98-FAG) chronologies of individual
pile-dwellings dated with three oak chronologies: BAR-
3330 (time span 3772–3330 BC), dendrochronologically
dated, as well as SG-VO (3285–3108 ± 14 cal BC), and
ZAL-QUSP1 (2659–2417 ± 18 cal BC), both dated by

radiocarbon wiggle-matching. The drawings are repre-
senting typical cultural groups (not in scale) after
Trampuž-Orel and Heath 2008, Pl. 1.2,12; Velušček
2009, Pl. 3.19,15; Velušček and Čufar 2014, Figs. 13.1
and 13.2 (Authors)
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Ljubljansko barje and form three groups at a
distance of about 10 km from each other
(Fig. 13.1). In almost all the periods studied, we
were able to detect contemporaneous building
activities at different sites. The pairs of simulta-
neous dwellings are, for example Strojanova
voda-Hočevarica, Spodnje mostišče-Stare gma-
jne old and Parte-Založnica. In some cases, the
same sites were settled more than once, e.g.
Hočevarica and Stare gmajne (Fig. 13.2).

13.4 The Chronology and Cultural
Characteristics of the
Ljubljansko Barje Pile-
Dwellings

The pile-dwellings from the Ljubljansko barje
studied by dendrochronology were built in a time
frame between c. 4600 and 2400 BC. During this
long period, the occupation of the Ljubljansko
barje basin was not continuous, and several hia-
tuses have been detected. The longest among
them lasted almost a thousand years—between c.
4600 and 3700 BC. The reasons why the area was
probably not permanently settled cannot be fully
explained, but could have been caused by cul-
tural, economic, or climatic factors (Velušček
2004). The explanation that the hiatuses that have
been detected are merely a consequence of the
state of research seems to be the least likely
according to the current knowledge.

The dendrochronological findings comple-
ment each other with the findings on material
culture, where several cultural horizons or set-
tlement periods could be delineated based on the
pottery (Fig. 13.2), such as:
1. the Sava group of the Lengyel culture (Res-

nikov prekop),
2. the culture of Furchenstich pottery (Trebež,

Črnelnik, Hočevarica, etc.),
3. the Stare gmajne cultural group (Maharski

prekop, Črešnja pri Bistri, Spodnje mostišče,
Stare gmajne, Veliki Otavnik, Blatna Bre-
zovica, etc.),

4. the Vučedol culture complex of the early and
middle 3rd millennium BC (e.g. Parte-Iščica,
Parte, Založnica, Dušanovo, Špica),

5. the Litzen pottery horizon (excavation sites of
K. Deschmann and R. Ložar),

6. the horizon of pile-dwellings from the middle
and the beginning of the Late Bronze Age
(e.g. Blato and Šivčev prekop).

In the settlements where the simultaneity was
proved by dendrochronology, this is also con-
firmed by the almost identical finds. A typical
example is pottery finds from the pile-dwelling
settlements of Parte and Založnica (Fig. 12.2).

13.5 The Impact of Wood Research
on Slovenian Wetland
Archaeology

Field excavations and examinations helped us to
date the time of existence and building activity
on the pile-dwellings and obtain information
about earlier forests and the environment, as well
as about human life and the influence of ancient
populations on the environment (Out et al.
2020, 2023; Tolar et al. 2011). The wood species
used to build the pile-dwellings still grow in the
Ljubljansko barje (ash, oak, alder, willow,
poplar) or on the nearby hills and mountains
bordering the Ljubljansko barje to the south
(beech, silver fir, oak, maple, elm, hazel, horn-
beam). We suspect that the choice of wood
species used for poles generally depended on the
location of the pile-dwelling, whether it was
closer to a lake or floodplain or closer to the
mountains (Tolar et al. 2011). The choice was
probably also influenced by the availability of
wood, which was collected in the vicinity of the
settlement if possible. Although many sources
report that the pile-dwellers are said to have
managed forests due to their high demand for
wood (e.g. Bleicher and Staub 2023), we have
not yet been able to prove this for the Ljubljan-
sko barje, as shown by two studies of Out et al.
(2020, 2023).

The few wooden artefacts discovered, such as
the about 5600-year-old bow made of yew
(Taxus baccata), several logboats made of oak
and the 5150-year-old wooden wheel made of
ash with an oak axle (the world’s oldest known
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wheel and axle) show that the pile-dwellers knew
how to select, process and use the wood properly
(Velušček et al. 2009). They were able to select,
process and use the wood from the immediate
surroundings of the settlements or from more
distant locations in the best possible way.

Wood research was only a small but essential
part of the multidisciplinary investigations of the
Ljubljansko barje wetland. The multidisciplinary
approach helped us to reconstruct a holistic pic-
ture of human life, environment and connections
with other sites. During the almost three decades
of research, we examined sites from different
periods and with different cultural backgrounds.
Pollen analyses demonstrated that the earliest
pile-dwellers were arable farmers, not just hun-
ters and farmers occupied with domestic animals
(Andrič et al. 2008; Tolar et al. 2011; Toškan
et al 2020; Velušček et al. 2011).

Archaeometric studies have placed the
beginning of local metallurgy in the first half of
the 4th millennium BC, and the use of arsenical
copper in the 4th millennium BC and antimony
copper in the early 3rd millennium BC (Tram-
puž-Orel and Heath 2008). The study of dog
coprolite has also provided insights into the role
of humans’ first animal companion in the com-
munity (Tolar et al. 2021).

For the representation or understanding of
prehistoric everyday life in the Ljubljansko
barje, the reconstruction of a real house ground
plan in the pile-dwelling settlement Parte-Iščica
(Velušček et al. 2000, Fig. 6) was crucial. This
was done by analysing the wood from vertical
piles in the riverbed, where a complete lack of
stratigraphic data was registered. Our survey has
shown at least three rectangular houses of about
25 m2 each, built side by side in a row. On the
Ljubljansko barje the SW–NE direction of the
houses was predominant. According to the
dendrochronological data, it was possible to
correct an earlier reconstruction of the layout of
the settlement, proposed in the 1970s which
assumed the existence of one or two huge
wooden platforms made up of various house
structures in different orientations and shapes.
Our work, however, showed that the village
consisted of several detached rectangular houses,

rather than one big platform. The reinterpretation
of old data based on the dendrochronological
investigations allowed us to gain some insights
into the prehistoric village zones with distinct
economic activities. The distribution of finds,
artefacts and especially archaeozoological fea-
tures associated with the reinterpreted house
plans revealed some important differences
between them. Based on this, a specialisation
within the small prehistoric community was
proposed (Toškan et al. 2020).

13.6 The Potential
of Dendrochronological
Teleconnection

In Slovenia, an area south of the Alps, the den-
drochronological dating of the first pile-dwelling
tree-ring chronologies could only be done by
teleconnection, i.e. using remote reference
chronologies from the area north of the Alps.
Attempts to do so, however, have long failed
(Čufar et al. 2010), as chronologies from the
Ljubljansko barje pile-dwellings were short and
poorly replicated. However, after the shorter
chronologies could be combined into a 442-year-
long chronology BAR-3330, the teleconnection
with the German-Swiss reference was successful
and a time span of 3771–3330 BC was confirmed
with high and significant statistical parameters
(Čufar et al. 2015). Teleconnection basically
suggests that tree-ring variation in geographically
distant areas is determined by common (climatic)
factors. It depends on quality (i.e. length and
replication), and it appears that BAR-3330, with
a length of 442 years and a replication of 106
(i.e. containing tree-ring series from 106 trees),
reached the quality level for successful telecon-
nection. Prior dating by radiocarbon wiggle-
matching played an important role here, and the
previously estimated end date of BAR-3330
(3332 ± 10 cal BC) was shifted by only two
years after dendrochronological dating (Čufar
et al. 2010, 2015).

The possibility of teleconnection of
chronologies from Slovenia with those from the
north of the Alps, e.g. the Hohenheim oak
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chronology (Friedrich et al. 2004), was also
demonstrated by the modern regional oak
chronology of Slovenia (length 548 years, time
span 1549–2003, replication183) (Čufar et al.
2008a). Moreover, this chronology could be
teleconnected with chronologies from regions up
to 700 km away from the east, north and south-
east of Slovenia, including Austria, Czech
Republic, Hungary, Croatia, Serbia and Romania
(Čufar et al. 2008a, 2014; Kolar et al. 2012;
Nechita et al. 2018) (Fig. 13.3).

In addition, Pearson et al. (2014) and Wazny
et al. (2014), who have worked with oak
chronologies from southeast Europe and Turkey
and subfossil oaks from the Balkans, report that
tree-ring series from the Balkans could make an
important contribution to improve the den-
drochronological network and bridge the tem-
poral and spatial gaps for dating prehistoric sites.

This gives hope that chronologies from
Slovenia could help to fill the gaps to increase the
likelihood of dating wood from the southeast,
including North Macedonia, Albania and Greece
(Maczkowski et al. 2021; Maczkowski et al. this
issue).

Comparisons of recent chronologies from
Slovenia with the few existing from Italy showed
that teleconnection of oaks from both countries
should be possible. However, the only successful
cross-dating of prehistoric chronologies from
Slovenia and Italy to date includes the
chronologies from Hočevarica and the site of
Palù di Livenza in Pordenone, NE Italy, about
150 km away (Čufar and Martinelli 2004). Other
prehistoric chronologies from Slovenia and Italy
could not be cross-dated because they do not
cover the same time period (Martinelli et al.
2011).

13.7 Concluding Remarks

The introduction of dendrochronology into the
study of the pile-dwellings of Ljubljansko barje
was a significant achievement for Slovenian
prehistoric archaeology. The most important and
decisive result is the absolute chronology for the
area, which can be also applied to the entire
southeast Alpine region and even beyond. It
revealed a non-continuous occupation and long

Fig. 13.3 Teleconnection of Slovenian oak chronolo-
gies: the arrows connect Slovenia with the locations of
chronologies that could be cross-dated. Yellow arrows:

recent trees and historic structures; white arrows: water-
logged wood from prehistoric sites (Authors)
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settlement gaps between the different cultural
phases. For example, between the oldest pile-
dwelling settlement of Resnikov prekop and the
following one there was almost 1000 years of
interruption in settlement, while the other gaps
are of shorter duration. Simultaneous settlements
have also been recorded in different parts of the
Ljubljansko barje. So far mainly short-lived set-
tlements have been confirmed, which may pose a
challenge to interpretations of the presumably
long-lasting occupations of dryland settlements
elsewhere, where chronologies of sites are based
solely on stratigraphy, typological analysis of
finds and mostly sparse 14C dating.

It is now possible to compare absolute dates for
the 4th millennium BC in calendar years with all
kinds of archaeological finds, which was
unimaginable before the introduction of den-
drochronology. However, for the 2nd millennium
BC, when the last pile-dwellers presumably lived
on Ljubljansko barje, we still lack wood research.
The main reason for this is that the sites of this
period have not yet been sufficiently explored, if at
all, and it seems that they were also less numerous.
Therefore, for the time being the chronology for
this part of the history of Ljubljansko barje is
mainly based on typological analyses and
chronologies from neighbouring areas.

In addition, dendrochronology has offered the
possibility to observe developments within cen-
turies or even decades and years. During the
research, we discovered that within the 36th
century BC, after the abandonment of the
Hočevarica settlement, the most recent site with
the so-called Furchenstich (stab-and-drag) pot-
tery, a new pile-dwelling settlement appeared on
the other side of the Ljubljansko barje at a dis-
tance of about 10 km, now with a different type
of pottery. A cultural change is suggested with
the probable introduction of a completely new
group of settlers in the area. We also confirmed
that the dwellings consisted of smaller rectan-
gular houses, which is contrary to earlier inter-
pretations describing huge settlement platforms.

Dendrochronology also helped to obtain reli-
able dates for specific finds. The famous wooden
wheel from the Stare gmajne site was dated using
C14, and additionally by dating the settlement

obtained through dendrochronology, typological
analysis and stratigraphy.

The use of dendrochronology in the study of
pile-dwellings in Slovenia provides several new
cues to think about various topics, such as pre-
historic woodland management, which has been
studied by analysing the age and diameter of
roundwood from all pile-dwelling sites of Ljubl-
jansko barje (Out et al. 2020, 2023). Among other
things, these works point to new possible future
directions in the study of Ljubljansko barje as an
archive of natural and anthropogenic history and
human–environment interactions.
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14Wetland Dendrochronology:
An Overview of Prehistoric
Chronologies from the Southwestern
Balkans

Andrej Maczkowski, Matthias Bolliger,
and John Francuz

Abstract
In the past few decades, a number of prehis-
toric wetland archaeological sites have been
detected in the south-central part of the Balkan
Peninsula. However, only a few of them have
been excavated. In this study, we discuss the
characteristics of the wooden remains and
selected tree-ring width chronologies from the
archaeological sites of Sovjan, Ploča Mičov
Grad and Dispilio. They represent the first
prehistoric centennial and multi-centennial
tree-ring chronologies from the region, cover-
ing various periods of the Neolithic, Chalcol-
ithic and the Bronze Age. The dominant wood
species utilised on the sites are members of the
genus Quercus, but significant numbers of
Juniperus and Pinus were also recovered, in
addition to some other deciduous species.
Through radiocarbon dating and wiggle-

matching, we were able to anchor these
floating tree-ring chronologies on the calendar
scale with high temporal resolution.

Keywords
Dendrochronology � Neolithic � Chalcolithic �
Bronze age � Pile-dwellings � Balkan
prehistory � Wiggle-matching �
Dendroarchaeology � Absolute dating �
EXPLO

14.1 Introduction

The fundamental framework within which
archaeological research operates is the chrono-
logical ordering of objects and events. Initially
building upon mythological-religious timescales
(Renfrew 1973), through the development of
seriation and relative archaeological chronolo-
gies (Montelius 1903), up to the twentieth cen-
tury when radiocarbon-dating was discovered
(Libby 1952)—the chronology of human pre-
history has become ever more precise. From its
advent in the early 20th century (Douglass 1929),
dendrochronology has had a foundational role in
the construction of precise relative and absolute
calendric scale chronologies for cultures and
periods for which detailed written sources are
lacking (Menotti 2004; Schweingruber 1988;
Haneca et al. 2009).

The long history of research on prehistoric
wetland sites in Central Europe (Hafner et al.
2020), particularly in Switzerland and Southern
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Germany (Huber 1963; Ruoff 1979; Billamboz
2014), has contributed to the construction of
millennia-long regional tree-ring chronologies
(Becker et al. 1985; Friedrich et al. 2004). This
enabled an almost historical approach to prehis-
toric finds, features and settlement development.
In the Balkans, the great potential for construct-
ing millennia-long tree-ring chronologies has
been recognised and explored since the 1970s
(Kuniholm and Striker 1983). However, robust
dendrochronological references for archaeologi-
cal dating have been completed only relatively
recently (e.g. Čufar et al. 2010; Westphal et al.
2010; Pearson et al. 2014; Roibu et al. 2021).
One of the main reasons for this is the lack of
suitable archaeological wooden material, which
can be preserved for millennia only in very
specific conditions.

The region in the southwestern Balkan
Peninsula, centred around several Quaternary
tectonic lakes (Fig. 14.1), represents the most

suitable ground for multidisciplinary investiga-
tions of wetland sites. The lakes provide an
excellent environment for long-term wood
preservation. This paper summarises the den-
drochronological analyses of wooden material
sampled from constructions remains on wetland
sites on Lake Ohrid (the site of Ploča Mičov
Grad), Lake Kastoria (Dispilio) and on the now-
extinct Lake Maliq (Sovjan and Maliq).

14.1.1 Previous Excavations
and Dating

The wood samples from the three different sites
discussed in this paper were sampled in various
campaigns between 2018 and 2019. The
archaeological site of Sovjan was discovered in
1988 and parts of it have been systematically
excavated between 1993 and 2006. The long
stratigraphic sequence of the site spans from the

Fig. 14.1 Geographical position of the sites discussed in
the text (Reconstruction of the former Lake Maliq
according to Fouache et al. (2010) and Reich et al.

(2021); background map based on Wikimedia file
‘Macedonia topography (texts).svg’)
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Neolithic up to the Iron Age. Radiocarbon dating
of organic material from different layers provided
a coarse absolute timeframe for the chronology
of the site. The oldest samples yielded calibrated
dates in the range of 7300–7000 cal BC (Ober-
weiler et al. 2020). However, the finds and con-
texts of this oldest layer are somewhat
ambiguous (Oberweiler et al. 2020; Lera and
Touchais 2003). On the other hand, the youngest
part of the sequence is chronologically delimited
by a relative typological dating to the 9th–8th
century BC. Located in the middle of the strati-
graphic sequence are the most exceptionally
preserved architectural wooden remains from
Sovjan, belonging to the Bronze Age layer 8. For
this layer, one radiocarbon date was available,
placing it in the range of 2303–2040 cal BC
(Gori and Krapf 2015). The main features in this
layer consist of the so-called Maison du Canal
(House on the canal), a partially excavated
trackway, and the corner of another building.
Although the wooden remains were previously
sampled for dendrochronological analysis, the
results were never published, and those samples
are not available anymore (Oberweiler et al.
2020). Thus, parts of the site were re-excavated
in 2018 and 34 samples of wooden remains were
recovered for dendrochronological analysis. The
results of this analysis were published in detail
elsewhere (Maczkowski et al. 2021), and only a
brief overview will be presented here.

Some 30 km north of Sovjan is the underwater
site of Ploča Mičov Grad (henceforth Ploča), on
the eastern shore of Lake Ohrid (Fig. 14.1). First
underwater investigations and documentation of
the pile field took place between 1997 and 2005
(Kuzman 2009) during which more than 6000
wooden piles were documented at a depth of 3–
5 m from the contemporary lake level. Based on
the pottery finds recovered from the lake bottom
the use of the site was relatively dated to the Late
Bronze Age and Iron Age. However, no system-
atic sampling of the wooden piles was per-
formed.1 In 2018, a first systematic pile sampling
took place, which continued in 2019 within the

EXPLO project (Hafner et al. 2021). The material
discussed in the present paper was extracted dur-
ing these two latter campaigns.

The southern shore of Lake Kastoria, about
60 km to the south-east of Lake Ohrid
(Fig. 14.1), lies the wetland archaeological site
of Dispilio. The first excavations took place in
1940, but the modern systematic investigation
began in 1992 and, with sporadic hiatuses, con-
tinues until today. The prehistoric layers of
Dispilio were identified in three large trenches
covering an area of more than 2000 m2

(Facorellis et al. 2014). The relative typological
dating and the radiocarbon dating places the
oldest anthropogenic deposits of the site in the
Middle and Late Neolithic, however, indications
of the late Early Neolithic phase were also
identified (Facorellis et al. 2014). The site was
inhabited continuously until probably the end of
the 3rd millennium BC (Early to Middle Bronze
Age), with a notable hiatus in the second half of
the 4th millennium BC (Karkanas et al. 2011).
However, no systematic sampling of the wooden
remains was performed before 2019.2 In the
course of the EXPLO Project, the remains of the
piles which were uncovered in previous exca-
vation in the Western trench were sampled.

14.1.2 Environmental Setting

The topography of the southwestern Balkans is
characterised by mountain ranges flanked by flat
valleys. The mountain ranges usually extend in a
NW to SE direction, rising frequently above
2000 m a.s.l. Despite the relatively short dis-
tance from both the Aegean and the Adriatic Sea,
the environmental conditions are not dominated
by the Mediterranean influences. The relief, the
orographic barriers, and the altitude, together
influence the local climate which is characterised
as continental to sub-Mediterranean.

The three archaeological sites presented in
this paper are situated on similar altitudes, with
Sovjan being the highest, at an altitude of c.

1A handful of samples from Ploča were analysed at the
University of Arizona in 2013, unpublished.

2Around ten wooden samples from Dispilio were mea-
sured by P. Kuniholm in the late 1990s, also unpublished.
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820 m, Ploča at 695 m and Dispilio at 630 m a.s.
l. July and August are the hottest months with
least precipitation, while the wettest months are
November and December. The annual precipita-
tion averages between 600 and 750 mm in the
lowlands, with significant increase in precipita-
tion at higher altitudes.

The tree genera at lower altitudes are gener-
ally represented by Ulmus, Salix, Platanus,
Fraxinus, Carpinus, Acer, Quercus. At mid-
altitudes different species of oak (Q. cerris, Q.
frainetto, Q. petraea, Q. pubescens, Q. trojana,
Q. ilex), together with Carpinus, Ostrya
carpinifolia, and different juniper species
(Juniperus excelsa, J. foetidissima, J. oxycedrus)
form mixed stands, while the high altitudes are
covered by beech and coniferous forests and
alpine shrubs and meadows (Fagus, Abies,
Pinus, Picea, J. communis, etc.). The forests in
the region have been heavily impacted by mil-
lennia of human influence, culminating with the
demographic expansion during the 19th and first
decades of the 20th century. Proper forest man-
agement and protection were established only
well into the 20th century (Matevski et al. 2011;
Saratsi 2003). However, despite the long-term
human influence on the forests in the region, a
common environmental setting ensures a com-
parable regional climatic signal preserved in the
tree-rings.

14.2 Materials and Methods

In the course of various excavations and sam-
pling campaigns, more than 1600 samples of
subfossil wood (Hafner et al. 2021; Oberweiler
et al. 2020; Reich et al. 2021; see also Chaps. 6,
7 and 8 in this book) were collected from the
archaeological sites of Ploča, Dispilio and Sov-
jan. To date, 864 individual wood samples have
been analysed. The prehistoric material came in
various forms of preservation, depending on its
provenance, species and depositional environ-
ment. On all sites, during an initial macroscopic
field examination, samples were grouped
according to species (oaks, other deciduous and
conifers). The wooden samples from all sites

were kept constantly in wet conditions, while for
transport and storage they were put in airtight
plastic bags or vacuum-sealed.

After the initial field-lab analyses at the sites
of Ploča and Dispilio in 2018 and 2019, further
measuring and wood anatomical analyses were
performed at the Dendrochronological Labora-
tory of the University of Bern. The sample sur-
faces were prepared for measuring using razor
blades and, except for some deciduous species,
the radii were treated with chalk to increase the
contrasts between different wood anatomical
features. Dendrochronological measurement was
carried out under a stereo microscope (Leica
M50) on a mechanical Isel LES 4 measuring
platform equipped with a Mitutoyo Digimatic
calliper with an accuracy of 0.01 mm. The
measuring of the samples and the statistical
cross-dating were performed in the Dendroplus
software (Ulrich Ruoff, version 28 Nov. 2013,
unpublished). The cross-dating of the samples
from Ploča was further tested and verified with
PAST5 (Version 5.0.610, http://www.sciem.
com/). The visual cross-dating was checked in
a vector graphics software. For the statistical
assessment of the relative cross-dating positions,
the standard dendrochronological parameters
were followed: the t-value (Hollstein 1980
[henceforth tHO]) and the coefficient of parallel
variation Gleichläufigkeit (Eckstein and Bauch
1969 [henceforth GLK]). If not otherwise noted,
all the tHO values mentioned in this text refer to
the non-detrended tree-ring sequences.

During the fieldwork, samples at Ploča and
Dispilio were also selected according to den-
drochronological potential: presence of last
growth ring (henceforth waney edge), regular ring
growth and higher number of tree-rings (> 40).
This selection was maintained in the initial cross-
dating process for the establishment of robust
chronologies. The dendrotypological features
such as growth trend, cambial age, mean ring
width and presence/absence of sapwood (Bil-
lamboz 2008) of the resulting tree-ring sequences
were also considered. The archaeological plan
was not consulted during the cross-dating process
to ensure the quality and independence of the
cross-dating.
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14.3 Results

14.3.1 Sovjan–Korçë

14.3.1.1 Wood Species
and Characteristics

The wood anatomical analysis of all the measured
wooden samples (n = 34) from Sovjan indicated
the presence of 4 distinguishable taxa (Fig. 14.2).
Quercus sp. represents the majority of the samples
(n = 30), while the rest consists of Ulmus sp
(n = 2), Fraxinus sp. (n = 1) and Abies (n = 1).
Out of 12 different oak species present in today’s
flora in the region (Dida 2003), recent historical
dendrochronological studies (Westphal et al.,
2010) have identified at least seven of these spe-
cies as suitable construction material. All oak
samples from Sovjan belong to a deciduous type
of oak. Therefore, the most probable taxa repre-
sented in the archaeological material are Quercus
cerris, Q. trojana, Q, petraea, Q. pubescens, with
Q. frainetto being the most widespread species.
These oaks are classified either as belonging to the
section Cerris (red oaks) or Quercus (white oaks).

Based solely on the wood anatomical character-
istics, it is possible to taxonomically distinguish
different oaks only to a section level (Akkemik
and Yaman 2012; Merela and Čufar 2013).
However, previous studies in the region have
combined and used historical tree-rings sequences
from different oak sections (e.g. Hughes et al.
2001; Griggs et al. 2007), and therefore in this
study, we did not separate the oak tree-ring
sequences according to sections. We broadly
define the oak samples as Quercus spp.

An important observed feature in the oak
samples from Sovjan is the high occurrence of
tyloses in most of the sapwood rings, except the
last 1–3 rings. The sapwood is the physiologi-
cally active part of the tree, forming its outer part,
and in those species where it is distinguishable
(as in oaks) it has a lighter colour than the
physiologically inactive, inner part–the heart-
wood. Identifying the remains of sapwood on
oaks opens the possibility for an estimate of the
missing rings. However, the depositional condi-
tions in wetland sites in some cases impair the
possibility of colour distinction on wooden

Fig. 14.2 Bar chart with the species composition of the
wood samples from the three sites. Numbers on top of
each bar represent the absolute specimen counts for each

species. Species colours correspond to the colours in
Fig. 14.5 (Authors)
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material. Considering the above and taking into
account the low number of pith-to-bark samples
from Sovjan, sapwood estimation (e.g. Bleicher
et al. 2020) was not attempted.

14.3.1.2 Chronology and Radiocarbon
Dating

The samples were first averaged to sub-
chronologies (mean curves) according to the
cross-dating parameters (GLK and tHO) and their
dendrotypological characteristics. Six mean
curves were constructed in this way for Sovjan,
consisting of 2 to 9 samples. Four of these mean
curves (17 samples in total) were averaged
together into the main site chronology SOV18
spanning 269 years. After the cross-dating pro-
cess, the inspection of the archaeological plan
supported the construction of the initial sub-
chronologies (Maczkowski et al. 2021). Most of
the samples belong to the last phase of occupa-
tion of the Early Bronze Age level 8 of Sovjan,
while the mean curves SOV7 and SOV12 rep-
resent earlier phases of construction or repairs
(Fig. 14.3). The means SOV-3 and -4 are not
included in the main chronology; however, their
most probable cross-dating position, as suggested
by both dendrochronology and wiggle-matching,
is shown on Fig. 14.3.

In order to chronologically anchor the SOV18
chronology, 11 tree-ring samples were taken for
radiocarbon dating. Through the application of
wiggle-matching (Bronk Ramsey et al. 2001) a
very narrow end-date range was provided for the
last ring of the chronology, placing it between
2158 and 2142 cal BC (95.4% probability).
Thus, the dating of the last occupation phase of
level 8 from Sovjan and its main features (the
Maison du Canal, the trackway, and the Maison
du Pêcheur) can securely be placed in the middle
of the 22nd century BC.

14.3.2 Ploča Mičov Grad–Ohrid

14.3.2.1 Wood Species
and Characteristics

From the total number of 800 wooden elements
sampled in Ploča, 65% (n = 517) are oaks

(Fig. 14.2). All of these samples belong to ring-
porous species of oak. Today, in the surround-
ings of the site there are at least five different
species of oak (Quercus trojana, Q. frainetto, Q.
cerris, Q. pubescens and Q. petraea) (Matevski
et al. 2011). Of these, Q. pubescens and Q.
frainetto grow from the lakeside up until 900 m.
a.s.l. In the mid-altitudes Q. frainetto forms
mixed stands with Q. cerris, Fraxinus ornus and
Ostrya carpinifolia. Q. petraea, together with F.
ornus, reach the upper range limit of ther-
mophilous trees, below the beech forests, which
grow up until the treeline at around 1900 m. Q.
trojana has azonal distribution on Galičica
Mountain, forming stands on the warmest and
driest slopes. Since all the oak species on Gali-
čica belong to the sections Cerris (red oaks) or
Quercus (white oaks) and most of them grow
even today within a reasonable distance from the
site, the species from Ploča are also broadly
referred to as Quercus spp. (cf. supra). Around
10% of the sample is represented by non-oak
ring- to diffuse-porous species, of which Ostrya
carpinifolia, Carpinus sp., Fraxinus sp. and Acer
sp. have been identified to date. Although pro-
tected as a National Park since 1958, it must be
noted that Mt. Galičica was severely deforested
prior to the designation as a protected area (V.
Matevski, pers. comm).

The remainder of the species is represented by
pines (14%, n = 108), junipers (10%, n = 77)
and deciduous species (10%, n = 82). Based on
their anatomical characteristics (dentate ray tra-
cheid end-walls and fenestriform cross-pitting),
the pine samples are determined as Pinus sub-
sect. Pinus. The more likely species from this
section is Pinus nigra, based on its ecology and
modern-day vicinity; however, it is not present
on Galičica today (V. Matevski, pers. comm.
2021). The wider region of Lake Ohrid is also
within the today’s range of P. mugo and
P. sylvestris. Most of the pine samples from
Ploča exhibit regular, concentric secondary
growth, and no significant scarring has been
observed (e.g. fire scars).

After the pines, the other prominent conifers
are the juniper woods. Considering the great
similarity of the anatomical characteristics of

238 A. Maczkowski et al.



different juniper species (Akkemik and Yaman
2012; Crivellaro and Schweingrube 2013), it is
impossible to distinguish them based on those
parameters. Today, on the slopes of Galičica,
three tree-like species of junipers can be found
(J. excelsa, J. foetidissima and J. oxycedrus) in

addition to the shrub-like common juniper
(J. communis). Based on the diameter of the
samples’ stems and the modern ecology of these
junipers, the choice of species could be narrowed
down to J. excelsa and/or J. foetidissima (there-
fore Juniperus spp.).

Fig. 14.3 All the cross-dated raw tree-ring sequences
from Sovjan. Different curve colours correspond to each
sub-chronology (mean curve) grouped as described in the
text. Thinner curves with smaller-font 5-digit numbers
represent individual samples, thick curves with 1–2-digit
numbers correspond to the averaged mean curve of the

samples group above it. Small dotted-line rectangles
along the curves represent the positions of radiocarbon
samples and corresponding labels. Groups 3 and 4 were
not included in the main chronology. Straight vertical
lines represent relative years decades (Authors)
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14.3.2.2 Chronology and Radiocarbon
Dating

A total of 665 samples have been processed
dendrochronologically from Ploča. All reliable
Quercus sp., Pinus sp. and Juniperus sp. have
been measured. Additionally, Fraxinus sp. and
Ostrya carpinifolia samples have also been
measured. Tree-ring sequences of 261 samples
could be cross-dated and averaged into several
working chronologies at the current state. Three
of the main oak site chronologies are briefly
presented here as examples. Details of the other
chronologies will be provided in site-dedicated
publications.

The main the oak chronologies (MKO100,
MKO102 and MKO 103) span more than
200 years with replication of 92, 12 and 78
samples, respectively. These major chronologies
are the backbone for further dating work on pre-
historic oaks. The felling dates of the well-
replicated chronology MKO100 concentrate in
its second half, together with samples that have
some preserved sapwood, which suggests that
most felling dates would fall in the last 70 years of
the chronology. It is important to note, however,
that the first 68 and the last 35 years of the
chronology are represented by only one sample.
Further excavations and analyses of the already
measured tree-ring sequences should address the
insufficient replication in parts of this chronology.

On the other hand, the first half of the
MKO103 chronology is very densely replicated
containing a high number of samples with pre-
served waney edge, making the chronology very
suitable for further dendroarchaeological analy-
sis. There is a notable drop in replication around
the relative year—1380, separating the felling
dates grouping in the older part of the chronology
from the felling dates grouping in the younger
half by more than 70 years (Fig. 14.4).

In addition to the oak chronologies, four con-
ifer TRW chronologies were constructed
(Fig. 14.5). In total 49 pine samples (Pinus spp.)
were cross-dated into three main chronologies:
MKO104, MKO105 and MKO107, with a repli-
cation of 7, 35 and 6 samples. The measuring and
correlation process demanded a special focus on
missing or wedging rings. The high occurrence of

intra-annual density fluctuations (IADFs) in the
Juniperus genus (e.g. Esper 2000; Sass-Klaassen
et al. 2008) also posed a problem in our study. In
spite of this, of the 68 measured ones, 40 juniper
tree-ring sequences were cross-dated and averaged
into one main juniper chronology (MKO101)
spanning 273 years.

Since the measuring efforts were in the first
place concentrated on the dendrochronologically
more proven species like oaks and pines, only a
limited number of other deciduous samples have
been measured. Nevertheless, it was possible to
establish an Ostrya carpinifolia (European hop-
hornbeam) chronology (MKO106), consisting of
7 samples and a length of 71 years (Fig. 14.5).

A series of samples for radiocarbon measure-
ment were taken from the cross-dated woods to
establish a temporal anchor for the chronologies.
The wiggle-matching of the resultant radiocarbon
dates points to a calibrated age range end-date
of 4362–4344 cal BC (95.4 % probability) for
MKO100 and 1277–1252 cal BC (95.4 %) for
MKO103 (Table 14.1; Fig. 14.4). Thus, the peri-
ods covered by the most replicated chronologies
are from mid-48th to mid-44th century cal BC for
MKO100 and from the 16th to mid-13th century
cal BC for MKO103. The last ring of the third
longest oak chronology MKO102, with a repli-
cation of 13 tree-ring sequences, is calibrated to
the 1819–1749 cal BC (95.4 %). Additionally, the
three shorter oak chronologies consisting of a
couple of samples each, do not cross-date reliably
to the existing robust chronologies, although
wiggle-matched dates indicate some or complete
temporal overlap (cf. Figure 14.5).

At an earlier stage of the correlation work,
first results of wiggle-matching indicated that
chronologies of different species are contempo-
raneous. The growing number of correlated
samples made it possible to cross-date these
chronologies. For the 5th millennium BC, the
main chronologies of oak, pine and juniper could
be correlated dendrochronologically. While from
the 2nd millennium BC (Late Bronze Age) oak,
pine and hop-hornbeam chronologies were cor-
related (Table 14.2). For the statistical tests, in
some cases, the chronologies were truncated if
the replication in the overlapping parts was low
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Fig. 14.4 Bar charts of the
chronologies MKO100 and
MKO103 from Ploca Mičov
Grad. Each bar represents one
wood sample. The black part
of the bars corresponds to
heartwood, orange to
sapwood. Small black
rectangles present at the end
of some bars indicate the
presence of the last growth
rings. Green rectangles on the
black lines at the bottom of
the two graphs represent the
positions of tree-rings
sampled for radiocarbon
dating. In insets in the upper
right corner of each graph
represent the highest posterior
density probability
distribution for the calibrated
date of the last growth ring,
according to the wiggle-
matching model implemented
in OxCal v.4.4.3 (Bronk
Ramsey et al., 2001;
atmospheric data from Reimer
et al., 2020). The time scale is
in relative years BC based on
the output of the OxCal
model. Note the year scale is
not continuous, 2900 relative
calendric years separate the
two plots (Authors)
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Fig. 14.5 Conceptual graphical representation of the
temporal span of the tree-ring width chronologies,
positioned according to radiocarbon dating. Coloured
horizontal bars represent the chronologies; bar thickness
corresponds to the relative replication of a chronology;
length corresponds to the chronological extent of each

chronology or sub-chronology; different colours represent
different species (see Fig. 14.2). Numbers beside each bar
are the codes of the chronologies, as discussed in the text.
Black vertical arrows indicate dendrochronological cross-
dating between the chronologies. Time scale in relative
years BC (Authors)

Table 14.1 Radiocarbon wiggle-matching (Bronk Ramsey et al. 2001) of the EXPLO tree-ring chronologies from the
archaeological sites of Sovjan, Ploča Mičov Grad and Dispilio

Site/Chronology Last ring modelled end-date
68.3% probability

Last ring modelled end-date
95.4% probability

No. of
samples

No. of 14C
dates

Sovjan

SOV18 2154–2146 BC cal 2158–2142 BC cal 17 11

Ploca Micov Grad

MKO100 4357–4348 BC cal 4362–4344 BC cal 92 13

MKO102 1817–1754 BC cal 1821–1750 BC cal 13 6

MKO103 1271–1258 BC cal 1277–1252 BC cal 78 9

Dispilio

DISP6005 5606–5599 BC cal 5611–5595 BC cal 8 6

DISP6001 5309–5300 BC cal 5316–5296 BC cal 57 11

DISP6003 5273–5246 BC cal 5293–5205 BC cal 2 3

DISP86 5212–5201 BC cal 5278–5199 BC cal 6 3

‘No. of samples’ refers to the replication of each chronology, i.e. number of cross-dated individual wood samples
(Authors)
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or affected by irregular growth patterns. All these
dendrochronological heteroconnections were
confirmed by radiocarbon dating and wiggle-
matching besides the visual inspection. The work
on the wooden material from Ploča is still
ongoing and more detailed overview of the
results will be presented in the near future.

Additionally, in collaboration with the French
School at Athens (cf. Oberweiler et al. 2020),
two oak and one pine sample from the well-
known prehistoric site of Maliq, Albania (Prendi
2018), were obtained. The two oak samples from
Maliq were averaged together to form a mean,
which in turn could be cross-dated to the 5th
millennium BC oak chronology from Ploča—
MKO100 (Fig. 14.5), thus confirming the pos-
sibility of dendrochronological teleconnections
in the region.

14.3.3 Dispilio

14.3.3.1 Wood Species
and Characteristics

A total of 781 wood samples were taken from
the excavated wood posts from the site of
Dispilio. The species composition is dominated
by juniper (Juniperus L., 61%, n = 480, cf.
Figure 14.2). Several juniper species are present
in the wider region today (J. communis,

J. excelsa, J. foetidissima, J. oxycedrus). Con-
sidering the average diameter of round juniper
samples (� 12 cm) and the more shrub-like
nature of J. communis, the latter species could
be tentatively excluded from the list of possible
species represented in the samples. The differ-
entiation of Juniperus species based solely on
wood anatomical characteristics is not possible
(Schweingruber 1990; Akkemik and Yaman
2012). However, the observation of distinct
macroscopic features, such as sap-heartwood
contrast and transition, amount of IADFs
occurrence (Campello et al. 2007; Akkemik and
Yaman 2012) and tendency to secondary
growth in protruding lobes (‘strip-bark growth’,
e.g. Esper 2000) hint to a possible presence of
at least two species. But even such marked
macroscopic differences of the stem wood do
not allow the exclusion of the phenotypical
plasticity of the genus as a possible reason for
these differences.

The second most abundant genus represented
in Dispilio woods assemblage is the pines. Based
on the observed anatomical characteristics (den-
tate ray tracheid end-walls in radial sections and
large fenestriform pits), the pine woods are
defined as Pinus subsect. Pinus (cf. P. nigra,
P. sylvestris, P. mugo).

Oak samples (Quercus spp., deciduous)
account for 21% (n = 165) of the sampled woods.

Table 14.2 Dendrochronological cross-dating matrix between tree-ring chronologies of different species from Ploča
Mičov Grad

Chronology (MKO) Reference chronology tHO GLK (%) Overlap Notes

101 (Juniperus sp.) 100 (Quercus sp.) 8.5 71 272

104 (Pinus sp.) 101 (Juniperus sp.) 7.7 74 143 Last 50 rings ignored
(low replication)

104 (Pinus sp.) 100 (Quercus sp.) 5.4 61 163 Last 50 rings ignored
(low replication)

105 (Pinus sp.) 103 (Quercus sp.) 7.4 70 141 Years 200–360. First
rings of reference 103
ignored

106 (Ostrya carpinifolia) 103 (Quercus sp.) 6.9 80 70

‘tHO’ represents t-values after Hollstein (1980); ‘GLK’ is the Gleichläufigkeit or coefficient of parallel variation
(Eckstein and Bauch 1969); ‘Overlap’ refers to the overlapping number of years between chronologies. Values
presented here refer to overlaps of chronologies where they have sufficient replication (> 5), i.e. chronologies were
truncated for these comparisons in areas where replication was low
‘No. of samples’ refers to the replication of each chronology, i.e. number of cross-dated individual wood samples
(Authors)
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In the surroundings of Dispilio, the present-day
environmental conditions and oak species are
very similar to the other two sites described above
(cf. supra, 14.3.2.1), therefore the presence of
species from both taxonomical oak sections,
Quercus and Cerris, may be expected.

14.3.3.2 Chronologies
and Radiocarbon Dating

Measurement of the tree-rings sequences of the
oak samples was again the priority at this site.
Therefore, a total of 165 oak wood samples were
measured, whereas the measuring of the junipers
and pines is still in progress. With the secure
cross-dating of 73 samples (A-dated, according
to Francuz (1980)) four mean curves were con-
structed, with pending cross-dating of another 14
B-dated samples. Three of these mean curves
(Table 14.1; Fig. 14.5) have a relatively low
replication, while the chronology DISP6001 has
a replication of 57 samples. Sapwood is pre-
served on many samples, but only a few have the
waney edge retained. Working traces on the
surface of the wood were not observed on most
samples and their outer surface was frequently
visibly eroded. Therefore, the lack of waney edge
on the oaks can be attributed to poor preservation
conditions. Given the hiatus of a couple of years
between the excavation of the pile field trench
and the dendrochronological sampling campaign,
some of the wood degradation can be attributed
to open air drying and erosion.

From each Dispilio (sub-) chronology, several
tree-ring samples were taken for radiocarbon
dating. The wiggle-matching of the radiocarbon
dates point to the second half of the 6th millen-
nium cal BC for most of the cross-dated samples.
However, one of the shorter mean curves
DISP6005 has calibrated end-date range in the
period of 5612–5594 cal BC (95.4 % probabil-
ity). The calibrated end-date range of the main
Dispilio chronology DISP6001 dates to an earlier
period, in the interval of 5322–5293 cal BC
(95.4 %). Only five samples from this chronol-
ogy have a preserved waney edge, making it
difficult to assess the different felling phases or
settlement duration. The last measured rings of
the mean curves DISP6003 and DISP86 point to

the ranges 5291–5209 cal BC (95.4 %) and
5278–5200 cal BC (95.4 %), respectively. The
two mean curves do cross-date visually, but
because of the low ring number and different
growth patterns, the cross-dating remains
tentative.

Furthermore, two horizontal wood samples
found during the excavation were also sampled
for radiocarbon dating since their den-
drochronological cross-dating failed (not shown
in Fig. 14.5). Considering the calibrated radio-
carbon results (5727–5661 cal BC (95.4 %
probability) and 5471–5404 cal BC (95.4 %)), it
is important to note that both samples do not
have any preserved sapwood. In the case of the
latter one, around 100 more rings were not
measurable and were not radiocarbon dated.
Even if these horizontal pieces could belong to
any of the above-mentioned phases, it is impos-
sible to determine their actual relation to the
other vertical woods or archaeological layers.

14.4 Discussion

The dendrochronological results presented in this
study provide the first high-resolution prehistoric
dating for the southwestern Balkans. The data
presented here is not limited to the sites covered
in this paper. For instance, the tree-ring
chronologies can be used for independent dat-
ing of wooden objects from other sites or for
annual calibration of other environmental prox-
ies, among other applications.

In the past few years, the high potential for
dendrochronological teleconnections across the
Balkans has been demonstrated by several
investigations (e.g. Čufar et al. 2015; Roibu et al.
2021). We were able to confirm this also for the
prehistoric periods in the southwestern Balkans,
by cross-dating the Chalcolithic period TRW
sequences from the sites of Maliq (Korçë Plain)
and Ploča (Lake Ohrid). This validates the
robustness and quality of our chronologies.
Therefore, a dendrochronological connection is
to be expected with historical or absolutely dated
chronologies from the pile-dwelling sites in
Central Europe or the Alpine region as sample
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replication increases, new sites are investigated,
and more subfossil trunks are recovered.

The noncontemporaneity of the chronologies
from the three sites discussed in this
study impedes the cross-dating between them.
Nevertheless, these chronologies are the first
radiocarbon-anchored multi-centennial prehis-
toric tree-ring chronologies from the region, thus
enabling a within-site annually resolved dating of
different features. Moreover, they are a firm
starting point for the diachronic study of wood-
land ecology, use and management in prehistory.

Through the combination of dendrochrono-
logical correlations and wiggle-matching radio-
carbon dates, we were able to date level 8 of
Sovjan with a very high chronological resolution
to the middle of the 22nd century cal BC (2158–
2142 cal BC (95.4 % probability)). The most
important features of level 8 are represented by a
very well-preserved 15-m-long apsidal house
(Maison du Canal), part of a trackway, and a
corner of another dwelling (Maison du Pêcheur)
(Gori 2015). Within the Maison du Canal, at
least three construction/repair events could be
identified (Fig. 14.3). The construction of the
two dwellings and the trackway in the same
felling event is a rare evidence of a possible
communal effort in settlement construction in the
Early Bronze Age. The 269-year-long chronol-
ogy SOV18 did not show any reliable cross-
dating positions with the only other possibly
contemporaneous oak chronology from the wider
region, Orašje 3 in Bosnia (cf. Pearson et al.
2014). Such an outcome is not unexpected at an
early stage of the prehistoric dendrochronologi-
cal research in the Balkans and may be influ-
enced by low replication (almost a half of
SOV18 is represented by one sample), the large
distance between the sites (>500 km), but also
the uncertain provenance of the subfossil river
oaks from Orašje.

For Ploča Mičov Grad (Ohrid), it was possible
to build robust mean curves for different species.
Heteroconnection between the oak, juniper, pine
and hop-hornbeam chronologies, in combination
with wiggle-matching of radiocarbon dates, led to
a very well-replicated and unique dataset from a
pile-dwelling site in the southwestern Balkans. The

results show that the pile field, with a density of
almost 7 piles per m2 (Hafner et al. 2021), is the
result of several settlement phases between the
middle of the 5th and the end of the 2nd millen-
nium BC. From the currently cross-dated samples
with a preserved waney edge from the middle of
the 5th millennium, a felling dates span of around
90 years can be defined. Further work on sapwood
reconstruction and evaluation of the archaeological
material should clarify the chronological span of
the settlement in the 5th millennium and provide
more detailed data for regional comparisons with
other important sites (e.g. Bulatović and Vander
Linden 2017; Boyadzhiev et al. 2021). In the
second half of the 2nd millennium BC, the current
state of data suggests two settlement phases with a
gap of around 70 years.

Our results from the site of Ploča Micov Grad
conform well with published Holocene palyno-
logical data by Wagner et al. (2009) and the tree-
species composition of the sampled material is in
line with it. A notable exception is the absence of
Abies sp. wood samples, despite the presence of
Abies sp. macro-remains on-site in Ploča (Nau-
mov et al. 2019). According to Wagner et al.
(2009), Abies sp. was abundant in the Chalcol-
ithic period around the lake. More detailed
insights from pollen into the arboreal composi-
tion of the surroundings of Lake Ohrid is antic-
ipated in the near future (Wagner et al. 2014;
Chap. 15 in this book).

In Dispilio, one main chronology could be
constructed, with additional shorter (sub-)
chronologies. According to the archaeological
evidence, the occupation of the site of Dispilio
started somewhere in the Middle Neolithic (c.
5800–5300 BC) (Facorellis et al. 2014; Karkanas
et al. 2011). Our results also cover most of this
time range, with one felling phase around 57–
56th century cal BC, and another group of felling
events around 54th–53rd century cal BC. The
end-date of our main chronology DISP6001
(5322–5293 cal BC (95.4 %)) falls within the
transitional period (Kotsakis 2007; Facorellis
et al. 2014; Maniatis and Pappa 2020) from
Middle to Late Neolithic. One of the most
prominent Neolithic finds from the Balkans, the
so-called Dispilio tablet featuring script-like
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characters incised on its surface, has previously
been radiocarbon-dated to 5324–5079 cal BC
(Facorellis et al. 2014). This date suggests the
approximately same period as the end-date range
of DISP6001, and it is plausible that it belongs to
the same occupation event.

At this stage, it is not possible to discern with
an annual resolution the felling dates within the
Dispilio chronologies. This is owed to the low
incidence of oak samples with waney edge in the
Dispilio assemblage. The possible reasons for
this outcome are the great calendar age of the
samples, the depositional environment and the
fluctuating water table of Lake Kastoria. Addi-
tionally, some of the preservation issues are due
to the initial post-excavation strategy which did
not account for protecting the wooden remains
in situ. However, the measuring and analyses of
the juniper and pine samples from the site are
still ongoing. Junipers are known for their very
hard and resistant wood and owing to this many
of the samples have an intact last growth ring. As
the heteroconnections from Ploča show, the
cross-dating of different species is possible and
reliable. Such cross-dating among different spe-
cies will hopefully elucidate annually resolved
phases of Dispilio.

The chronologies of Sovjan, Ploča and Dis-
pilio provide an important contribution to the
construction of a regional chronological frame-
work for dating archaeological wood samples.
With increasing replication and additional
investigations of other sites in the region, a
connection with historical tree-ring chronologies
or with absolutely dated chronologies from the
pile-dwelling sites in the Alpine region can be
expected. Furthermore, the parallel evaluation
with other lines of research will yield insights
into the intra-site, relative chronological pro-
cesses with a yearly precision.
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15A Palaeoecological Perspective
on the Environmental Impact
of Prehistoric Societies in Europe
with Emphasis on Greece
and the Southern Balkans
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Kathrin Ganz, Sylvia Gassner, Erika Gobet,
Albert Hafner, André F. Lotter, Carolina Senn,
Antoine Thévenaz, and Willy Tinner

Abstract

Here, we provide an overview on the envi-
ronmental impact of Europe’s first farmers,
focusing on the vegetation shifts that occurred
in the southern Balkans during the Neolithi-
sation. First, we draw on recent methodolog-
ical developments in palaeoecology that
contribute to tighten its linkages with archaeo-
logy. We start highlighting the importance of
highly precise and accurate lake sediment
chronologies to enhance comparison with
dendrochronologically dated archaeological

settlements. Then, we assess modern
pollen-vegetation relationships to better inter-
pret the fossil pollen records. The results
reveal (i) an overall good match between the
main vegetation types of the southern Balkans
and their soil pollen assemblages, and (ii) that
pollen assemblages from lake surface samples
reflect reliably the surrounding vegetation.
Afterwards, we summarise our latest results
from the region. In Limni Zazari (Greece),
continuous pollen records of cereals and
ruderal plants allow dating early farming
activities around 6250 BC. At Ploča Mičov
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Grad (Lake Ohrid, North Macedonia), pollen
evidence of cereals and weeds place the onset
of the Neolithic at 5500–5100 BC, i.e. signif-
icantly earlier than the tree-ring inferred age of
the settlement. Current efforts aim at produc-
ing new palaeoecological records, refining the
available ones, and adding palaeoclimatic
reconstructions that allow determining which
role climate variability played in the
Neolithisation.

Keywords

Pollen analysis � Land use � Forest clearance �
Farming � Neolithic � Metal ages � EXPLO

15.1 Introduction

The southern Balkans have traditionally been a
hotspot for palaeoenvironmental research, par-
ticularly because of the presence of ancient tec-
tonic lakes preserving remarkably long
sedimentary records. Thus, several of the most
renowned long continuous terrestrial pollen
records in Europe, some of them spanning sev-
eral glacial-interglacial cycles, are from this
region, such as Tenaghi Philippon (Fletcher et al.
2013; Milner et al. 2016; Tzedakis et al. 2006;
van der Wiel and Wijmstra 1987a, b; Wijmstra
1969; Wijmstra and Smit 1976), Ioannina (Rou-
coux et al. 2011; Tzedakis 1993; Tzedakis et al.
2002), Lake Prespa (Panagiotopoulos et al. 2014)
and Lake Ohrid (Donders et al. 2021; Lézine
et al. 2010; Panagiotopoulos et al. 2020; Sadori
et al. 2016). A notable number of postglacial and
particularly Holocene palaeoecological records
have also been published during the past few
decades (Bottema 1974; Gassner et al. 2020;
Jahns 2005; Kouli and Dermitzakis 2010; Law-
son et al. 2004, 2005; Masi et al. 2018; Pana-
giotopoulos et al. 2013; Willis 1992, 1994).
Nevertheless, a substantial proportion of these
sequences lack reliable and precise chronologies
due to potential issues arising from radiocarbon
dating of bulk sediment, particularly on calcare-
ous bedrock settings (Finsinger et al. 2019;

Deevey et al. 1954). Likewise, such studies often
provide very good overviews on the regional
vegetation dynamics during the Late Glacial and
the Holocene, but they rarely address more
specific ecological aspects of vegetation change.
In particular, although some previous research
has investigated the interactions of the different
prehistoric cultures with the environment, in
particular during the Neolithisation (Glais et al.
2016, 2017; Krauß et al. 2018; Masi et al. 2018),
detailed multi-proxy studies can still shed new
light on the environmental consequences of this
process.

From the Fertile Crescent, Neolithic farming
spread rapidly into Europe via Anatolia, arriving
in the Balkans first to follow later two pathways
into Central Europe (Ammerman and Cavalli-
Sforza 1971; Guilaine 2003; Hofmanová et al.
2016). Although some uncertainties still persist
regarding the routes followed by the initial
spread of Neolithic farming into Europe (e.g.
Kotsakis 2014; Guilaine 2018), the Neolithisa-
tion in the southern Balkans was undoubtedly
crucial for the later expansion of farming into
Central and Northern Europe. The adoption of
farming in the southern Balkans around 6500 BC
brought along major socio-economic changes
that in turn modified to a large extent the local
ecosystems. Understanding the interactions
between the first Neolithic settlers of the southern
Balkans and its environment is particularly rele-
vant because it represents the first time that
Neolithisation arrived into a submediterranean
(i.e. rather cool-temperate and moist) setting,
very different from that where farming developed
in the Fertile Crescent (Gassner et al. 2020).

In this chapter, our overarching goal is to
assess the impact of prehistoric communities
inhabiting the southern Balkans and their sur-
rounding environment, with a particular focus on
the advent of the Neolithisation. First farming
communities were established in our study area,
which includes northern Greece and southern
North Macedonia, by the mid-7th millennium
BC (Chrysostomou et al. 2015), making it par-
ticularly well-suited to understand the expansion
of Neolithic farming from Anatolia into Central
Europe (Tringham 2000). First, we summarise
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recent advances in high-precision chronologies
for lake sediment sequences that allow more
direct comparison with the archaeological evi-
dence. Then, we stress the importance of cali-
bration studies addressing the relationship
between pollen assemblages and vegetation for
more precise reconstructions of vegetation
dynamics over long timescales, illustrating this
with a recent case study from northern Greece.
Later, we present our most recent work on
vegetation, fire, and land use dynamics in the
southern Balkans, i.e. the multi-proxy palaeo-
ecological records of Limni Zazari (northern
Greece) and Ploča Mičov Grad (Lake Ohrid,
North Macedonia), emphasising its connections
with archaeology. The main approaches used to
achieve this goal are pollen, spore, and charcoal
analysis. Pollen analysis allows reconstructing
vegetation dynamics over long timescales,
whereas selected anthropogenic pollen indica-
tors enable tracking changes in land use
through time. Changes in the abundances of
dung fungal spores (e.g. Sporormiella type,
Sordaria type, Podospora type) can be associ-
ated with varying densities of herbivores, in
particular of livestock. Microscopic charcoal
particles are used as a proxy for regional fire
activity. Finally, we provide an outlook for
developments of the palaeoecology-archaeology
interactions in the study region resulting from
our ongoing work.

15.2 Strengthening
the Palaeoecology-
Archaeology Connection:
High-Precision Chronology
of Lake Sediment Sequences

Palaeoecological off-site records provide valu-
able information about long-term ecosystem
change; in addition, they offer detailed insights
on prehistoric and historical land use (Behre
1981; Deza-Araujo et al. 2020, 2021). Palaeo-
ecology evolved mainly from plant macrofossil
analysis (19th century AD) and palynology (20th
century AD; Lang et al. 2023), and its latter

developments include multi-proxy approaches
aimed at capturing ecological and environmental
complexity (e.g. Pedrotta et al. 2021). Much
attention has been paid to developing multiple
lines of evidence and thus avoiding inferring
different processes from the same proxy. The
latter could result in circular reasoning, which
occurs for instance when pollen is used as proxy
for both climate and vegetation change. The
emergence of new biological (e.g. diatoms, chi-
ronomids, aDNA) and geological (e.g. X-ray
fluorescence and hyperspectral imaging) proxies
archived in sedimentary records has enabled
moving forward in this direction. Recent efforts
in microscopy, biochemistry and palaeogenetics
have also increased taxonomic resolution, for
instance to better distinguish crops from wild
relatives. During the past c. 20 years, high-
resolution contiguous sampling has been applied
to generate uninterrupted palaeoecological time
series to decipher ecosystem, fire and land use
dynamics at 5–20 year intervals (Ammann et al.
2000; Gobet et al. 2003; Lotter 1999; Pedrotta
et al. 2021; Rey et al. 2019a; Tinner et al. 1999).
Nevertheless, high-precision chronologies
allowing thorough comparisons with the
archaeological record have been missing till very
recently. While in archaeology chronological
precision was recognised as a crucial prerequisite
already decades ago, modern palaeoecology still
suffers conspicuous dating uncertainties (Fin-
singer et al. 2019). Owing to the long duration of
palaeoecological records (Holocene and even
beyond), the scarcity of terrestrial plant macro-
fossils in the sediments, and the costs of radio-
carbon dating, chronological uncertainties are
usually > 100–200 years (Tinner et al. 2003).
Another major issue in palaeoecology is that
many researchers still date bulk samples to save
time, since searching for well-preserved short-
lived terrestrial plant macrofossils (e.g. seeds,
fruits, needles, leaves, periderm) is time-
consuming. Bulk dating may introduce dating
errors of up to several centuries because of the
hard-water effect, the in-built age of charcoal of
wood, and reworking (Finsinger et al. 2019;
Gavin 2001; Oswald et al. 2005).
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To overcome such chronological limits, two
varved lake sediment sequences fromMoossee and
Burgäschisee (Swiss Plateau) were subsampled for
short-lived and well-preserved terrestrial plant
macrofossils (Rey et al. 2019b). The subsamples
spanned constant time intervals (annual lamination
counting) to reduce chronological variability.
Wiggle-matching of the probability distributions of
calibrated radiocarbon dates allowed constructing
robust, high-precision chronologies for the sedi-
ment records. Specifically, age uncertainties of the
95% confidence interval of the modelled ages were
19 yr for Moossee and 54 yr for Burgäschisee
(always calibrated ages) over the entire study per-
iod of 3000 years. Further, uncertainties of only 13
and 18 yr were achieved for shorter time intervals
at Moossee and Burgäschisee, respectively (Rey
et al. 2019b). The latter precisions not only
improved any previous chronology based on varve
counting but even allowed direct comparison with
dendrochronological data. Combining such
palaeoecological high-precision chronologies with
high-resolution analyses that delivered uninter-
rupted time series of agricultural activities and
environmental change at regular intervals of c.
10 years opens novel and exciting avenues to link
palaeoecology-based land use reconstructions and
archaeological insights (Rey et al. 2019b). For
instance, the latest palaeoecological Moossee and
Burgäschisee time series showed synchronous
episodes of forest clearance during the Neolithic
that suggest coeval slash-and-burn activities
around the two lakes, which might be correlated to
environmental change such as climate variability
(Rey et al. 2019a). These forest openings were
connected to arable and pastoral farming activities
and correspond to phases with increased abun-
dances of archaeological finds at the sites. More-
over, when taking into account the dating
uncertainties of previous high-resolution palaeo-
ecological studies, they are synchronous with for-
est opening and subsequent reforestation phases
found at other sites on the Swiss Plateau, in
southern Germany and the southern Alpine fore-
lands, suggesting large-scale environmental trig-
gers of European Neolithic land use dynamics
(Rey et al. 2019a).

15.3 Modern Pollen-Vegetation
Relationships for Enhanced
Interpretation of Fossil Pollen
Records

Taxon-specific differences in pollen production,
dispersal, deposition, and preservation make
interpretation of fossil pollen assemblages
challenging. Consequently, the ‘correct’ inter-
pretation of palynological records requires
investigating the pollen representation of the
extant vegetation types. Since comprehensive
studies assessing the modern pollen representa-
tion of the diverse vegetation types of the
southern Balkans were still lacking, we
addressed this question across the large envi-
ronmental gradients present in this area of the
north-eastern Mediterranean region (Senn et al.
2022). We first conducted vegetation surveys
across the various vegetation types of northern
Greece, from coastal evergreen maquis to alpine
meadows, and collected moss and topsoil sam-
ples to analyse their (modern) pollen assem-
blages. In a second step, we analysed the pollen
composition of the topmost samples of surface
cores retrieved from lakes located in the same
region at different elevations and relatively
diverse environmental settings with the aim of
assessing the correspondence between modern
terrestrial and lake surface samples. More
specifically, we sampled 61 terrestrial sites
(vegetation survey + surface sample) assigned
to eight major vegetation types as well as 12
lakes (Fig. 15.1; Senn et al. 2022). The rela-
tionships between plant and pollen assemblages
in terrestrial surface samples as well as the
comparison between terrestrial and lake surface
sample pollen assemblages were quantified
using several numerical techniques such as
ordination (detrended correspondence analysis
DCA), Procrustes analysis and multivariate
classification trees (Senn et al. 2022).

We found an overall good correspondence
between plant and pollen assemblages in terres-
trial surface samples. However, some cautionary
messages emerge from the results that should be
born in mind when interpreting pollen records
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from the southern Balkans. The most important is
that pollen assemblages do not reflect accurately
the composition of the local vegetation when this
is open or covers small surfaces and is sur-
rounded by extensive forests dominated by trees
producing large loads of wind-dispersed pollen
(Senn et al. 2022). Additionally, attainable

taxonomic resolution of pollen identification can
be limiting in certain circumstances in areas of
particular plant diversity such as the Mediter-
ranean region (e.g. Pinus, Quercus). On the other
hand, the data show that pollen assemblages of
lake surface samples largely agree with those of
the terrestrial surface samples collected in their

Fig. 15.1 a Map showing the location of the terrestrial
(numbered coloured symbols) and lake surface samples
(yellow stars) in Greece. b Pictures of the vegetation types
to which the terrestrial surface samples were assigned

according to the local vegetation. Photograph frames and
dots in the map are in the same colour to denote the
vegetation type (Modified from Senn et al. 2022)
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catchments or of the vegetation types found
there, thus reflecting the composition of the
surrounding vegetation (Fig. 15.2; Senn et al.
2022). These results allow outlining the main

conclusion of this study: Vegetation composition
and structure in the study area can be reliably
reconstructed through time using down core
pollen records.

Fig. 15.2 Ordination diagram showing the results of the
detrended correspondence analysis (DCA) on the terres-
trial surface sample pollen dataset of northern Greece
(numbered symbols coloured according to the vegetation
type). The twelve lake surface samples from Greek lakes
(red asterisks) were added passively to assess their
relationship with the terrestrial surface samples.

Abbreviations of the lakes studied: AMV = Limni
Amvrakia; DOJ = Limni Doirani; IOA = Limni Ioannina;
KAS = Limni Kastoria; KOR = Limni Koroneia; PET =
Limni Petres; PRE = Limni Megali Prespa; SMO =
Drakolimni Smolika; STR = Limni Strofilia/Prokopou;
VEG = Limni Vegoritis; VOL = Limni Volvi; ZAZ =
Limni Zazari (Reproduced from Senn et al. 2022)
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15.4 Tracking Ancient Human
Impact on the Landscapes
of the Southern Balkans

15.4.1 Limni Zazari (Greece)

Limni Zazari is a small (c. 200 ha) and shallow
(mean water depth 5.0 m, maximum water depth
7.6 m) lake located in northern Greece (40°37′
31″N, 21°32′50″E, 600 m a.s.l.; Fig. 15.3).
The climate is warm-temperate mediterranean
according to the Köppen-Geiger classification
(Csa), albeit with continental features. Mean
annual precipitation and temperature are c.
550 mm and 12.5 °C, respectively, and the mean
temperature of the coldest (January) and warmest
(July) months are c. 3 and 23 °C, respectively.
The lake is eutrophic, probably because the rocks
dominant in the catchment are calcareous and
due to the anthropogenic activities—such as
fertilisation of fields. Around the lake, the vege-
tation is dominated by agricultural fields,

grasslands, shrublands (mostly shibljak), and
overgrazed oak woodlands (Quercus frainetto,
Quercus cerris, Carpinus orientalis, Cornus
mas). Fagus sylvatica becomes increasingly fre-
quent and even dominant in the woodlands
located at higher elevation in the mountains
bordering the catchment to the northwest. The
presence of several prehistoric archaeological
sites in relative vicinity to the lake (Limnochori,
Anarghiri, Agios Panteleimon, Dispilió, Mavro-
pigi; Gassner et al. 2020) makes this site partic-
ularly suitable to investigate the impact of
prehistoric societies on the surrounding
ecosystems.

Close to the deepest part of the lake (5.3 m
water depth), a coring team of the Palaeoecology
section of the University of Bern took two par-
allel cores with a UWITEC piston corer operated
from a floating platform in April 2016. The cores
were correlated visually according to their
lithostratigraphy and the resulting composite
sedimentary sequence was c. 6 m long (Gassner

Fig. 15.3 (Top left) Location of Limni Zazari in
northern Greece. (Top right) Satellite picture of the
Limni Zazari catchment alongside some of the other
major lakes in the region. (Bottom left) Bathymetric map

of Limni Zazari. Figures indicate water depth. (Bottom
right) Picture of the UWITEC coring platform on Limni
Zazari (photo credit: André F. Lotter) (Reproduced from
Gassner et al. 2020)
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et al. 2020). Radiocarbon dating of terrestrial
plant macrofossils and modelling of the age-
depth relationship show that the sediment record
of Limni Zazari spans the past c. 20,000 years
(Gassner et al. 2020). Particular attention was
paid to date as precisely as possible the section
around the presumable introduction of farming in
the area, that is c. 7000–6000 BC (Gassner et al.
2020). To study the vegetation-fire-land use
interactions, we used a multi-proxy palaeoeco-
logical approach including pollen, spore, and
charcoal analyses.

Although the palynological record of Limni
Zazari allows reconstructing vegetation, fire and
land use history since almost the Last Glacial
Maximum (c. 20,000 years ago; Gassner et al.
2020), here we will focus on the phases corre-
sponding to the Holocene (i.e. the past c.
11,500 years; Fig. 15.4). At the beginning of the
Holocene (i.e. c. 9550 BC), mixed deciduous oak
forests (Quercus frainetto type, Quercus cerris
type) were the dominant vegetation, benefitting
from the warm and relatively dry climate,
although meadows were also present (San-
guisorba minor type, Rumex, Centaurea nigra
type; Gassner et al. 2020). Forests continued
dominating the landscape until c. 6650 BC, when
they experienced a significant disruption (par-
ticularly Quercus cerris type) simultaneous with
notable expansions of Artemisia and Centaurea
nigra type and increasing fire activity (Gassner
et al. 2020). Woodland decline and the simulta-
neous expansion of steppic grasslands might
have been triggered by a cold and/or dry period
which may have extended to the so-called 8.2 ka
event, characterised by lower moisture avail-
ability in the eastern Mediterranean (Kotthoff
et al. 2008). The most reliable anthropogenic
pollen indicators such as Cerealia type and
Plantago lanceolata type are rare or lacking,
which prevents the unambiguous attribution of
this episode of forest clearance to human activi-
ties like farming (Gassner et al. 2020). However,
the continuous records of Cerealia type and
Plantago lanceolata type pollen, alongside the
consistent record of Sporormiella type dung
fungal spores and the spread of Poaceae and
Polygonum aviculare type (ruderal plant) point

to the establishment of farming activities at c.
6250 BC (Gassner et al. 2020). This is in
agreement with the dates of the first Early Neo-
lithic archaeological sites in the Four Lakes
District area (6500–5800 BC; Chrysostomou
et al. 2015) and the close Mavropigi (c. 20 km
away) site (6550 BC; Karamitrou-Mentessidi
et al. 2015). Forests dominated by pines and
deciduous oaks recovered in the region at c.
6150 BC after this transient deforestation event,
reaching their maximum development at 5450–
4550 BC (Gassner et al. 2020), during the Late
Neolithic (Chrysostomou et al. 2015). Two major
maxima in charcoal influx and finds of cultural
indicators (Cerealia type, Plantago lanceolata
type) indicate enhanced fire activity at c.
5050 and 3350 BC related to farming (Gassner
et al. 2020). Interestingly, Fagus sylvatica only
spread following the latter, whereas taxa typical
of open vegetation increased at approximately
2250 BC following a conspicuous increase in
Plantago lanceolata type related to farming
(Gassner et al. 2020). Fagus sylvatica only
spread at c. 850 BC, when climate got cooler and
moister and land use intensified (cereal cultiva-
tion; Gassner et al. 2020). Agricultural activities
were also responsible for the forest clearance
episode dated at 1150 BC (Gassner et al. 2020),
i.e. the onset of the Greek Iron Age (Chrysos-
tomou et al. 2015). The last three millennia were
characterised by increasingly intensified agricul-
tural activities, the spread of Fagus, grasslands
and cereal fields, and high regional fire activity
(maxima at 550 BC and AD 1350; Gassner et al.
2020).

15.4.2 Ohrid Ploča Mičov Grad (North
Macedonia)

Lake Ohrid (40°59′38.8″N, 020°47′51.7″E,
693 m a.s.l.; Fig. 15.5) is a large (358 km2) and
deep (maximum water depth 288 m) lake located
between Macedonia and Albania. The lake is of
tectonic origin and the surrounding bedrock is
calcareous (Panagiotopoulos et al. 2014;
Popovska and Bonacci 2007). The local climate
is humid warm-temperature or subtropical
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according to the Köppen-Geiger classification
(Cfa), although humid cool-temperate (Cfb) and
continental climates (Dfb) are widespread in the
lake catchment. On the lakeshore, mean annual
temperature is c. 11.5 °C and the mean temper-
ature of the coldest (January) and the warmest
(July) are c. 2.5 °C and 22 °C, respectively,
whereas the average annual precipitation is c.
550–650 mm. Temperature decreases, and rain-
fall increases steeply with elevation in the sur-
rounding mountains. Forests in the area are
mainly dominated by deciduous oaks (Quercus
frainetto, Quercus cerris) in the lowlands and by
beech (Fagus sylvatica), fir (Abies borisii-regis)
and pine (Pinus sylvestris, P. heldreichii,
P. peuce) in the upper vegetation belts (Acevski
and Mandžukovski 2019). Several thermophilous
species (including Carpinus orientalis, Ostrya
carpinifolia, Quercus trojana, Juniperus excelsa)
can be found along the lake shore (Matevski
et al. 2011).

In 2019, we took sediment cores from the
prehistoric lake settlement site Ploča Mičov
Grad; the settlement is dated to the Neolithic and
Bronze Age (4600–1200 BC; Hafner et al. 2021;

Chaps. 6 and 14 in this book). Vegetation, fire,
and land use history were reconstructed by ana-
lysing pollen, spores, stomata and microscopic
charcoal particles. The Lake Ohrid sedimentary
sequences record the vegetation and environ-
mental history from c. 11,500 to 3050 BC, but
here we only discuss the preliminary results from
the Holocene section (i.e. c. 9550–3050 BC;
Fig. 15.6).

During the Mesolithic (9350–5550 BC) the
area around Ploča Mičov Grad was covered by
closed diverse temperate forests with deciduous
oaks (Quercus pubescens type), pines (Pinus),
firs (Abies), alder (Alnus glutinosa type), linden
(Tilia), elm (Ulmus) and manna ash (Fraxinus
ornus). At the onset of the Neolithic (5550–5150
BC), the forest started to open and mainly Pinus
declined, while open land expanded. The occur-
rence of pollen of crops and weeds (e.g. Cerealia
type, Polygonum aviculare type) suggests agri-
cultural activities in the area. Around 5100 BC,
forests strongly declined, while open land and
agricultural activities increased. After 4850 BC,
the forest recovered, and fields and meadows
declined for a short period of about 200 years. At
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4650 BC forests declined and arable and pastoral
activities recovered. The renewed deforestation
and increase of agricultural activities were asso-
ciated with increasing fire activity. After a short
hiatus (4450–4050 BC) our record starts again
with the region around Ploča Mičov Grad cov-
ered again with dense forest. However, the
composition of the forest changed and Abies,
Quercus, Ostrya and Pinus became dominant,
mixed with Fagus.

Taken together, our preliminary palaeoecolog-
ical record suggests there were two phases of
Neolithic agricultural activities at Ploča Mičov
Grad. The earliest evidence of agricultural activi-
ties around the site dates to 5550 BC. This date
falls within the time range for the onset of agri-
cultural activities in the region, as the first Neo-
lithic societies appeared around 5500 BC in the
Lake Ohrid and Prespa region (Krauß et al. 2018).
However, these results indicate farming activities
nearly 1000 years earlier than the first archaeo-
logically inferred settlement phase at Ploča Mičov
Grad (Hafner et al. 2021). After this first phase of
agricultural activities, land use declined signifi-
cantly as indicated by the low amounts of cultural
indicators and the recovery of the forests. This
phase of land abandonment was short-lived and
agricultural activities resumed around 4500 BC at
even higher intensity than before. The clear
increase in fire activity suggests that people were
using fire to open the forests and create arable land
(Gassner et al. 2020). Due to low sample resolu-
tion and low chronological precision, the exact
timing and full extent of the land use activities are
not clear yet. Further analysis of the vegetation
history at Ploča Mičov Grad is necessary to
improve our knowledge of Neolithic land use.
Nevertheless, our findings highlight the impor-
tance of multi-proxy studies and how palaeo-
ecology can assist archaeological research. Thus,
palaeoecology not only sheds light on the envi-
ronmental context in which humans lived but also
allows dating the first significant interactions of
human settlers with their environment.

15.5 Conclusions and Outlook

In this chapter, we have outlined recent pro-
gresses in palaeoecological research that con-
tribute significantly to strengthen the linkages
with archaeology. Further, we have shown how
palaeoecological data may complement archaeo-
logy providing more accurate estimates for the
arrival of the different cultures in a region thanks
to the potentially continuous time coverage.
However, the potential of well-planned collabo-
rative research involving archaeologists, bioar-
chaeologists and palaeoecologists has certainly
not been fully exploited yet. Ongoing research
within the frame of the EU-funded ERC Synergy
project EXPLO aims at developing this in several
ways, as summarised briefly below. First, we are
working on producing proxy-based palaeocli-
matic reconstructions of both temperature
(branched glycerol dialkyl glycerol tetraethers–
brGDGTs-) and precipitation (leaf wax dD) with
the aim of disentangling the likely role of climate
in the Neolithisation of the southern Balkans.
Second, we are analysing several additional lake
sediment records located along an east–west
gradient to better understand how Neolithisation
occurred in the region. Finally, high-resolution
analyses of particularly precisely dated sediment
records will provide further insights into the
interplay between human activities in different
prehistoric periods and vegetation change.
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16Isolino Virginia (Lake Varese, Italy):
New Archaeobotanical Research
at the Earliest Pile-Dwelling
of the Circumalpine Area

Bigna L. Steiner, Ferran Antolín,
Raül Soteras, Mauro Rottoli,
and Daria G. Banchieri

Abstract

The results of the archaeobotanical analysis
and radiocarbon dating programme of the
eight cores retrieved from Isolino Virginia
(Lake Varese) in 2018 are here presented. We
could identify at least two phases of occupa-
tion, between 5000 and 4700 and 4250 and
3650 cal BC, with excellent preservation
conditions and hence yielding abundant plant
macroremains (c. 15,000). The main crops

during the 5th millennium cal BC are naked
wheat, naked barley, flax, opium poppy and
possibly also pea. This crop assemblage
connects the site with the Western Mediter-
ranean area instead of the Eastern Italian sites,
where glume wheats were the most important
crops. Possible changes around 4000 BC are
observed. Wild fruit gathering was an impor-
tant activity during the whole Neolithic occu-
pation of the island.

Keywords

Northern Italy � Neolithic � Waterlogged
preservation � Plant macroremains �
Prehistoric agriculture � Gathering

16.1 Introduction

Isolino Virginia is a small island (c. 250 m long,
c. 100 m of maximum width and c. 15,000 m2 of
surface) located in the Lake Varese (Lombardy,
Italy) (Fig. 16.1). Archaeological investigations
started in the 19th century and have continued
until today (Banchieri 2017). In more than four
metres of sediments, human occupations from c.
6th to 3rd millennia cal BC are recorded, cov-
ering the Early Neolithic to the Bronze Age. New
occupations compressed older deposits, thus
submerging them under the water table and
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allowing waterlogged preservation conditions
(Banchieri et al. 2015; Bini and Zuccoli Bini
2016).

Archaeobotanical research at the site has been
previously attempted, mainly focusing on the
central trench opened by M. Bertolone during the
1950s, but also recently from the organic layers
between wooden piles found at the north-eastern
shore of the island. This work allowed first
insights into the main crops grown at the site
during the Early Neolithic period (c. 5000–
4600 cal BC) (namely barley (Hordeum
distichon/vulgare), emmer (Triticum dicoccum),
einkorn (Triticum monococcum), naked wheat
(Triticum aestivum/durum) and opium poppy
(Papaver somniferum)), but also the main gath-
ered plants (hazel (Corylus avellana), oak
(Quercus sp.), wild vine (Vitis vinifera
subsp. sylvestris), wild strawberry (Fragaria
vesca), bramble (R. fruticosus), raspberry (R.

idaeus), dewberry (R. caesius) and crab apple
(Malus sylvestris)) (Banchieri and Rottoli 2009;
Banchieri et al. 2009, 2020). Nevertheless, well-
preserved layers from the period between 4500
and 3500 cal BC had not yet been studied.

In the framework of the Swiss National Sci-
ence Foundation Professorship project Agri-
Change (www.agrichange.duw.unibasel.ch), new
investigations at key sites with waterlogged
preservation in the NW Mediterranean area were
planned and Isolino Virginia was included as an
essential case study for the project questions on
farming and resilience during the Neolithic per-
iod. During the fieldwork undertaken in June–
July 2018, monolith profile samples were taken,
as well as sediment cores of various diameters
obtained in different parts of the island. The
thinner cores allowed a first assessment of the
different Neolithic occupations at the site, along
with their associated archaeobotanical data, and

Fig. 16.1 Map of Isolino Virginia with the location of
the cores (left image); photo of the process of description
of the layers observed in the cores during fieldwork (top
right) (Author: R. Soteras); and an example of the

representation of one core following the field description
based on the two main sedimentary components (bottom
right) (Author: M. Mainberger)

268 B. L. Steiner et al.



the preservation conditions of the different
layers. This paper focuses on these thinner cores,
while the analyses of the thicker cores are cur-
rently being finished within a GroundCheck-
funded project at the German Archaeological
Institute (https://www.dainst.blog/groundcheck/
isolino-virginia/).

The aims of this paper are to discuss:

• The stratigraphic sequence at the site together
with the corresponding radiocarbon dates;

• The quality of the preservation of the
archaeological deposits in the different cores;

• The archaeobotanical results per core and
settlement phase in the broader context of the
NW Mediterranean area.

16.2 Materials and Methods

A total of eight sediment cores were obtained at
Isolino Virginia (Fig. 16.1). These were extrac-
ted with a manual borer (c. 3 cm of width and
1 m of length) aiming to record different areas of
the island and shore areas where waterlogged
Early Neolithic deposits were known to exist.
The maximum depth needed to reach the lake
bottom sediments was 3 m. A first sedimentary
description (first and second component) was
done in the field and cores were presented
accordingly (ESM 16.1). Each core received a

number (i.e. B1262), and for the sample labelling
an indication of the core depth (1, 2 or 3 meaning
1st, 2nd or 3rd metre of depth) and a correlative
sample number for the site was added at the end
(i.e. ISVA18_B1262_1_202).

Organic layers observed were sampled in the
field and sieved with the wash-over technique
(i.e. Steiner et al. 2015) with sieves of 2, 1 and
0.35 mm mesh size at the IPAS, University of
Basel, where the plant remains identification was
also done with the help of the seed reference
collection and literature (Cappers et al. 2006;
Pignatti 1982). Preservation parameters and other
types of remains were also semiquantified and
evaluated following previous work (Antolín et al.
2017a). The results of the seed and fruit identi-
fication were introduced into ArboDat (Kreuz
and Schäfer 2014), with modified ecological
groupings (according to Brombacher and Jaco-
met 1997; Oberdorfer 2001; www.infoflora.ch).

A total of 46 samples were sieved, between 2
and 10 samples per core were analysed,
depending on the number of organic layers
observed. The total amount of sediment was
2386 L, and the average sample volume was
about 50 ml (Table 16.1).

Radiocarbon dates performed on archaeob-
otanical remains (seeds and fruits) from these
cores have already been published (Antolín et al.
2022) and they will be used here to analyse in
greater detail the single cores. OxCal 4.4.2.
(Bronk Ramsey 2017) and the atmospheric

Table 16.1 Number of samples analysed per core and volume of sediment investigated, densities of archaeobotanical
finds (r/L = remains per litre of sediment) (Authors)

Core Number of
samples

Total volume
(ml)

Average volume
per sample (ml)

Number of seed
and fruit remains
(*of which charred)

Average density (r/L)
of identified seed/fruit
remains

1262 8 420 52 876 (*4) 2086

1268 6 330 55 1236 (*6) 3746

1269 3 210 70 3135 (*15) 14,929

1270 4 350 87 2027 (*18) 5791

1273 2 18 9 100 5556

1274 9 410 45 3687 (*299) 8993

1276 10 480 48 3977 (*174) 8285

1277 4 170 42 2528 (*394) 14,871
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curve IntCal20 (Reimer et al. 2020) have been
used for the radiocarbon date calibration and
analysis.

Since not all analysed samples have been
dated, these preliminary results will be presented
per core and not per chronological phase.

16.3 Results

16.3.1 Stratigraphy and Chronology
of the Cores

A detailed description of the cores, along with
the radiocarbon dates available for each of them
is presented in ESM 16.1 and 16.2. The cores
showed a very different sedimentary nature. Core
1262, at the centre of the island, is different from
all other cores because clear layers of loam were
present between organic layers and wood finds. It
dates to the Early Neolithic (5000–4800 cal BC)
and it seems that each organic layer accumulated
in a short period of time of less than 50 years.
This area is known as Q I, from the excavations
of the 1950s by Bertolone, where 7 wooden
platforms were documented. In 2007, Banchieri
reanalysed these deposits and confirmed their
nature as wooden floors and their attribution to
the Early Neolithic (Banchieri 2017). Cores
1268, 1269 and 1270 were very similar and since
they only yielded dates from the Early Neolithic
phase and they only seemed to have one organic
layer, they have been grouped together as Early
Neolithic deposits from the north-eastern shore
of Isolino Virginia. They showed more water
influence and sandy deposits. Core 1274 yielded
at least two clear phases, one dated to the final
phase of the Early Neolithic (c. 4800–4600 cal
BC) and another one dated to the late 5th mil-
lennium cal BC (c. 4200–4000 cal BC). Sand
bands were observed between organic layers.
Core 1273 was taken between the north-western
shore of the island and the main lakeshore, with
the hope of capturing any underlying deposits.
Nothing but two reduced slightly organic layers
were observed. Finally, Cores 1276 and 1277 did
not yield any Early Neolithic dates, but mostly
dates from the period between 4300–3700 cal

BC. Organic layers were separated by sand
bands.

The Kernel Density Estimation (KDE) mod-
elling of the radiocarbon dates suggests two
phases of occupation (5000–4600 cal BC and
4300–3800 cal BC, approximately) with a pos-
sible hiatus between them (Fig. 16.2).

16.3.2 General Results

A total of 15,424 identifiable remains were
recovered, mostly (94%) in a subfossil or
uncharred state (the complete results per sample
can be found in ESM 16.3). The number of
charred finds is in any case relatively high,
considering the total amount of sediment pro-
cessed is only slightly above 2 L of sediment.
This is due to high concentrations in samples
B1274_1_224 and B1277_2_297 and 298. The
density of finds per core fluctuated between 2000
r/L and 15,000 r/L (Table 16.1). No particular
patterns were observed in the general distribution
of finds per core, other than the small amount of
finds in core 1273 (N = 100), which was already
expected due to its location in the stream of water
between the island and the main lakeshore.
Charred material was more abundant in the cores
taken on the island in comparison with those on
the shoreline.

A very broad diversity of taxa has been
identified, with 94 different taxa (either at spe-
cies, genus, or family level; taxa also appearing
in a charred state have been written in bold)
(Figs. 16.3, 16.4 and 16.5). Aquatic and
shoreline/wetland vegetation is represented by 19
taxa, including Potamogeton crispus, Mentha
aquatica/arvensis, Chara sp., Najas flexilis, N.
intermedia/marina, Trapa natans, Nuphar sp.,
Alnus glutinosa, Cladium mariscus, Lycopus
europaeus, Phragmites australis, Schoenoplec-
tus sp., Typha sp., Bidens sp., Cyperus fla-
vescens, C. fuscus, Polygonum hydropiper,
P. lapathifolium and P. minus. Woodland and
woodland edge vegetation was represented by 19
taxa, among which we can mention: Abies alba,
Acer sp., Betula sp., Fagus sp., Malus sylvestris,
Physalis alkekengi, Quercus sp., Rubus caesius,
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R. fruticosus, R. idaeus, Viscum album, Vitis
vinifera subsp. sylvestris, Cornus sanguinea,
Corylus avellana, Clinopodium vulgare, Fra-
garia vesca, Hypericum perforatum and Orig-
anum vulgare. Weeds, ruderals and meadow
plants are represented by 29 taxa. These com-
prise: Plantago lanceolata, Lythrum salicaria,
Fallopia convolvulus, Silene cretica, Aethusa
cynapium, Arenaria serpyllifolia, Brassica rapa,
Capsella sp., Chenopodium album, Galeopsis
sp., Polygonum aviculare, P. lapathifolium/per-
sicaria, Solanum nigrum, Arctium sp., Artemisia
sp., Daucus carota, Eupatorium cannabinum,
Hyoscyamus niger, Lapsana communis, Nepeta
cataria, Plantago major, Ranunculus repens,
Reseda luteola, Silene pratensis, Urtica dioica,
Verbascum sp., Verbena officinalis, Malva sp.,
Sonchus sp. Finally, the group of cultivars
includes several cereals, and oil plants: Hordeum
distichon, H. vulgare/distichon, Triticum dic-
occum, T. monococcum, T. aestivum/durum/
turgidum, T. durum/turgidum, T. timopheevii,
Linum usitatissimum, Papaver somniferum.

Possible remains of pea pod (Fabaceae cf. Pisum
sativum) were found as well, similar to those
described in previous work (Antolín and Schäfer
2020). Modern contaminations have been
observed, particularly Salix sp. fruits and Phy-
tolacca sp. fruit stones.

Regarding useful plants in particular, cereals
are represented both in charred and uncharred
form. Chaff remains (c. 1200 uncharred, 730
charred) were more abundant than charred grains
(N = 59), as expected given the context and the
small sample size (Antolín et al. 2017b). Among
the chaff remains, both barley (Hordeum
distichon/vulgare) and naked wheat (Triticum
aestivum/durum/turgidum) are dominant. Oil
plants were mostly represented in an uncharred
state, particularly opium poppy (Papaver som-
niferum), with no charred remains found, but also
for flax, with only 3% of charred remains found.
This is common in sites with good, waterlogged
preservation conditions since oil plants do not
survive well the charring process (Jacomet et al.
1989; Märkle and Rösch 2008).

Fig. 16.2 KDE model of the radiocarbon dates obtained from the sediment cores (Authors)
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Fig. 16.3 Photos of seed and fruit remains from culti-
vated plants found in the analysed core samples:
a Triticum durum/turgidum type, charred rachis segment;
b T. durum/turgidum type, uncharred rachis segment; c T.
monococcum, charred spikelet fork; d T. dicoccum,

charred spikelet fork; e T. timopheevii, charred spikelet
fork; f Hordeum distichon, charred ear segment; g H.
vulgare s.l., uncharred rachis segment; h L. usitatissimum,
uncharred capsule segment tip; i L. usitatissimum,
uncharred seed (Photos by R. Soteras)

Fig. 16.4 Photos of seed and fruit remains from gathered
plants found in the analysed core samples: a Vitis vinifera
subsp. sylvestris, uncharred pip; b Quercus sp., uncharred
hilum; c Maloideae, uncharred pericarp; d Trapa natans,

uncharred fruit spinules; e T. natans, uncharred fruit; f T.
natans, charred coronary disc; g Rubus fruticosus
uncharred fruit; h Solanum nigrum uncharred seed;
i Fragaria vesca uncharred fruit (Photos by R. Soteras)
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16.3.2.1 Results Per Core (for All
Graphs, See ESM 16.4)

Core B1262
According to the available radiocarbon dates,
this core dates to the Early Neolithic phase.
Taken in the central trench of the island, the core
shows a strong trend towards higher density
values (c. 5000 r/L) in the lowermost samples,
along with a significantly better representation of
indicators for good preservation conditions
(Fig. 16.6). Nevertheless, this does not seem to
affect the proportions between the main repre-
sented ecological groups, being weeds and rud-
erals often dominant, with a significant
additional presence of cultivars and plants from
woodland areas. The composition of most sam-
ples was dominated by potentially useful plants
such as Trapa natans, Malus sylvestris, Cheno-
podium album, Fragaria vesca and Rubus fru-
ticosus. Regarding cultivated plants, naked
wheat and barley were the best represented
cereals, along with opium poppy. No flax
remains were recovered. Some remains of pos-
sible pea pods (Fabaceae) were present in the
lowermost sample of the sequence.

Cores B1268, B1269, B1270
This group of cores at the north-east of the island
are considered to belong to a roughly contem-
porary occupation phase dated to the Early
Neolithic period (c. 5000–4800 cal BC).

Core B1268 (Fig. 16.7) yielded samples of
variable composition. The samples at the top of
the sequence presented better results (densities of
c. 4000–10,000 r/L), but indicators of bad
preservation related to erosive processes were
present. The evaluation of ecological groups
indicated an important presence of aquatic and
wetland plants at the base of the core, and their
continued presence in other parts of the core.
Among the best represented aquatic and wetland
plants at the base of the stratigraphy was Najas
intermedia/marina, while at the top levels Poly-
gonum lapathifolium and Cyperus fuscus were
dominant. Plants from woodland areas and cul-
tivars were usually the best represented groups.
Regarding cultivars, naked wheat and barley are
the best represented ones, particularly at the top
of the core. Among the remaining wild species,
plants with edible uses appeared in higher den-
sities: Rubus species, Fragaria vesca, Corylus
avellana, Quercus sp. and Amaranthaceae.

Fig. 16.5 Photos of seed and fruit remains from other
wild plants found in the analysed core samples: a Silene
cretica, uncharred seed; b Lycopus europaeus, uncharred

seed; c Aethusa cynapium, uncharred fruit; d Phytolacca
sp., uncharred fruit (modern intrusion) (Photos by R.
Soteras)
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The samples analysed from core B1269 were
rich in plant macroremains (12,000–23,000 r/L).
Their composition changes, presenting better
preservation towards the top, where also more
woodland plants were present, while the bottom
layers provided large numbers of seeds from the
group of weeds and ruderals (mainly from the
Amaranthaceae family). Aquatic and wetland
plants were rare, mainly represented by Poly-
gonum lapathifolium. Among the woodland edge
plants, Fragaria vesca and the Rubus species were
quantitatively dominant, along with Corylus
avellana and Vitis vinifera subsp. sylvestris.

Core B1270 was quite similar. Only one sample
of loamy nature yielded very few plant remains, but
the remaining three samples showed densities of c.
5000 to 10,000 r/L. Better preservation seemed to
be observed towards the top, where more cultivars
were also preserved. Aquatic/wetland plants
(mainly Najas intermedia/marina) were more
numerous in the loamy sample.Weeds and ruderals
were well represented in the high-density samples.
Among the wild plants, Abies, Rubus and Fragaria
were the most common taxa.

Among the cultivars, barley and naked wheat
were the best represented cereals in the three

Fig. 16.6 Results of the archaeobotanical analysis of Core B1262 (Authors)
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cores. Uncharred cereal chaff remains were only
present in the layers with higher density values.
Opium poppy was also present in considerable
numbers, but no flax remains were recovered.
Possible pea pod fragments (Fabaceae) were only
found in core B1270.

Core B1273
Core B1273 was taken outside of the island, in
the stream of water to the northwest. Two
reduced horizons were observed and checked in
case they contained remains associated with the
occupation of the island. The chronology of the
samples is unknown. As expected, the core

mostly yielded molluscs and aquatic plants/algae
such as Chara sp. and Najas intermedia/marina.
Indicators of human activity were completely
absent. Preservation indicators also point towards
bad preservation conditions for these investigated
layers.

Core B1274
Core B1274 recorded at least two distinct
archaeological phases, one at the base of the core,
dated to a late Early Neolithic phase (c. 4700–
4600 cal BC), and one towards the centre, dated to
the end of the 5th millennium cal BC. In both
cases, samples achieved 15,000 r/L or more. The

Fig. 16.7 Results of the archaeobotanical analysis of Core 1268 (Authors)
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majority of indicators for good preservation could
be found in these areas of the core, while indica-
tors for bad preservation dominated at the top of
the stratigraphy. Aquatic plants were more abun-
dant towards the base, particularly Najas in the
samples between the two important archaeologi-
cal deposits. Cultivars became more important
towards the top of the stratigraphy, where also a
concentration of charred material was found. In
the oldest deposits, only barley and naked wheat
were identified. In the uppermost layer, emmer
and einkorn were also documented. Timophee-
vii’s wheat was found in two samples of the sec-
ond (youngest) phase in the core. Flax (seeds and
capsules) were abundant and sowas opium poppy.
Silene cretica, a typical weed of flax fields, was
also present. Woodland plants were always rep-
resented, with relevant amounts of Corylus avel-
lana, Quercus sp., Fragaria vesca, Rubus sp. and
Vitis vinifera subsp. sylvestris and needles of
Abies sp. Other wild plants were dominated by the
high presence of Amaranthaceae.

Core B1276
This core is dated to two different phases: 4300–
4000 cal BC at the base of the core and 3900–
3700 cal BC at the top. Core B1276 (Fig. 16.8)
showed extremely good preservation conditions in
several samples, mostly towards the bottom and
middle part of the core. The densities of
macroremains were often well above 10,000 r/L.
Intermediate sandy layers have been identified.
Aquatic plants were present along the core, except
in the uppermost part. Najas marina/intermedia,
Trapa natans, Polygonum lapathifolium and
Potamogeton were dominant. Cultivars and
woodland plants usually dominated the sample
composition. Among the cultivars, barley and
naked wheat were the most relevant, with some
presence of glume wheats, particularly towards
the middle part of the core. Possible pea pod
fragments (Fabaceae) were found in several sam-
ples towards the base of the stratigraphy. Charred
chaff indicates that both glume wheats and
Timopheevii’s wheat were well represented from
the base of the core. Their abundance suggests
crop processing residue accumulation. The
assemblages were also rich in gathered wild plants

from woodland areas, including Quercus sp.,
Physalis alkekengi, Corylus avellana, Rubus spe-
cies, Fragaria vesca. Other wild plants were once
more dominated by the Amaranthaceae family.

Core B1277
Core B1277 could be similarly dated as Core
B1276, but we only have a date for the base of
the stratigraphy, which dates human occupation
on this part of the island from 4300–4000 cal BC
onwards. In core B1277 all samples were rich in
finds, but those at the centre of the stratigraphy
showed the best preservation conditions and
overall density of remains. Cultivars were par-
ticularly well represented, with abundant charred
cereal chaff remains, but also flax and poppy
were found in high numbers. Barley and naked
wheat dominated the assemblage, with a pro-
gressive better representation of barley towards
the top of the stratigraphy. Silene cretica was
also present in this core, along with abundant
remains of the Amaranthaceae family. Aquatic
and wetland plants were not particularly abun-
dant, except for Polygonum lapathifolium.
Among woodland plants, Abies alba, Quercus
and Fragaria vesca yielded the highest densities.

16.4 Discussion

16.4.1 Stratigraphic Sequence

The site shows not only a vertical but also a
horizontal stratigraphy. While Early Neolithic
occupations concentrate at the north of the island,
during the late 5th millennium and early 4th
millennium cal BC there seems to be a settlement
shift, having most activities taken place in the
central-southern part of the island. The nature of
the layers is different in the different sampled
areas. Core B1262 presented more loamy layers,
which may have to do also with an advanced state
of decay of the organic material in this area, but
also probably with the construction technique
used consisting in superimposing wooden floors
every few decades. The cores at the north-eastern
part of the island were more obviously affected by
shoreline processes (i.e. more molluscs were
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present). The remaining cores yielded layers dated
to the later phase of the Early Neolithic (B1274)
and mostly to the end of the 5th millennium cal
BC and the first quarter of the 4th millennium cal
BC. Sandy layers separated more organic-rich
deposits. Charred cereal chaff was more abundant
in these cores, particularly in deposits dated
around 4300 and 4000 BC. Their presence might
be interpreted as crop processing residues gener-
ated nearby and subsequently charred. No layers
could be directly related to an accidental burning
of the village or some constructions within it, so
the charring of chaff might be best understood as
its value as fuel (Smith 1998).

16.4.2 Preservation Quality

Density values and preservation parameters were
used to characterise layer preservation quality. As
a result, we observed that not all samples were
equally well-preserved and not all layers were
fully comparable. Higher densities of seed and
fruit remains usually coincided with a higher
number of indicators for good preservation con-
ditions. Sandy layers usually yielded lower den-
sity values and higher numbers of aquatic plants
(often Najas sp). The fact that these layers appear
in all cores suggests that, at times (even if not
frequently), the water table must have risen

Fig. 16.8 Results of the archaeobotanical analysis of Core B1276 (Authors)

16 Isolino Virginia (Lake Varese, Italy): New Archaeobotanical … 277



considerably so that sand accumulation occurred
also in the inner parts of the island, where aquatic
plants could have grown during these periods (or
their diaspores transported by water into the set-
tlement). The only core with relatively poor
preservation was core B1262, which probably
shows the decay generated by the open trench at
the centre of the island, where the water table
oscillates depending on the weather. Often, sam-
ples with small density values and indicators for
bad preservation did not yield any waterlogged
cereal remains, while these were always present in
high abundance when the preservation was good.

Our preliminary analyses show nevertheless
that there were well-preserved samples (with
density values similar to well-preserved pile-
dwelling sites located north of the Alps, (Jacomet
2013; Steiner 2018) in all chronological periods
that allow a detailed characterisation of plant
resource management at the site for more than
1000 years of occupation.

16.4.3 First Observations on Plant
Use at the Site During
the Neolithic Period

The volume of sediment dealt within this work is
too small to draw firm conclusions on the main
crops and gathered plants at the site (Antolín
et al. 2017b) but they allow a first overview
based on a high number of well-preserved finds.
For this discussion, we will follow the periodis-
ation used in Antolín et al. (2022), which does
not fully correspond to the local chrono-cultural
nomenclature (see Pedrotti et al. 2022). The
changes observed are much more obvious
regarding cultivated plants than wild plants. The
latter seem to be similarly important across the
different occupations. A synthesis of the results
can be found in Fig. 16.9, but the results will be
discussed per phase.

16.4.3.1 Phase 1 (4950–4700 cal BC)
Phase 1 samples involve cores B1262, B1268,
B1269 and B1270. Core B1274 also yielded
some material dated to the last phase of the Early
Neolithic.

The results obtained are quite consistent. The
cereal crops are dominated by barley and naked
wheat, while oil plants are represented by opium
poppy, and pulses may be represented by pea, in
the form of pod fragments (identified as Faba-
ceae). Flax is only found in the latest phase of the
Early Neolithic documented in core B1274.

Among gathered plants, we can highlight the
presence of Abies (as leaf fodder?), Malus/Pyrus,
Quercus sp, Rubus species, Vitis vinifera
subsp. sylvestris and Fragaria vesca (as gathered
fruits). The high amounts of Amaranthaceae in all
samples probably indicate that it also was inten-
tionally gathered (occasionally seeds also appeared
in a charred state). Abies and Quercus sp. could
have also been used for carpentry (Banchieri et al.
2009). Both wild and domestic resources must
have contributed significantly to human diet.

16.4.3.2 Phase 2 (4300–4000 cal BC)
Phase 2 samples concern the upper part of core
B1274 and the bottom part of cores B1276 and
B1277.

Regarding cultivated plants, glume wheats
become more present, including emmer, einkorn
and timopheevii’s wheat. Barley and naked
wheat are still the dominant crops (both consid-
ering charred and uncharred remains). Flax and
poppy are the main oil plants and peas might be
an important crop as well, represented in the
form of pod fragments. This speaks for a more
diverse crop set than in the Early Neolithic. Crop
processing must have taken place on site
and chaff may have been used as fuel since
concentrations of charred chaff remains were
detected.

Gathered plants were also abundantly docu-
mented in all cores. Abies alba, Malus/Pyrus,
Quercus sp. and Amaranthaceae were always
found in significant amounts.

16.4.3.3 Phase 3 (3950–3650 cal BC)
This phase is only represented in the central-
upper parts of cores B1276 and B1277. We
observe changes in the crop spectrum (only in
charred form) that need to be confirmed with
additional analyses. It seems that glume wheats
are as well represented as (when not more
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Fig. 16.9 Average densities per phase of the main taxa recovered at Isolino Virginia (Authors)
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important than) free-threshing cereals (naked
wheat and naked barley) in some samples. This
could indicate a shift to a different agricultural
system that would involve, for instance, a higher
dedication in the routine activity of cereal
dehusking. Palynological analyses detect a pro-
gressive disappearance of Abies alba at the
nearby Lake Biandronno c. 4000 cal BC
(Castelletti and Motella De Carlo 2017, 47;
Drescher Schneider 1990, Fig. 3). In the inves-
tigated samples, it was still present in relatively
high amounts, suggesting a clear intentionality in
its gathering. Other gathered plants remained
very well represented in the record.

16.4.4 Isolino Virginia: Looking
at East or West?

Early Neolithic agricultural practices in Europe
can be clearly separated between the Balkanic-
central European farmers and the Western
Mediterranean farmers. The latter focus their
agriculture on naked wheat and naked barley (de
Vareilles et al. 2020), while the former base their
nutrition on einkorn and emmer (Kreuz and
Marinova 2017). Opium poppy is also bet-
ter known in the western Mediterranean and
central-northern Europe (Salavert et al. 2020). In
the light of the results obtained in this study, we
can conclude that the crops cultivated at Isolino
Virginia are more typical of the Western
Mediterranean area. Even though the site might
have also been in contact with the north-eastern
Neolithic sites in Italy, archaeobotanical research
in the area indicates that glume wheats were
dominant in most cases (Rottoli and Castgilioni
2009; Reed and Rottoli 2014). This confirms that
Isolino Virginia definitely had many aspects in
common with sites to the west. This pattern seems
to stay true until the end of the 5th millennium cal
BC. Similar observations are also supported from
other archaeological materials (Pedrotti et al.
2022). The change observed in the increase of
glume wheats at the onset of the 4th millennium
cal BC might be an indication of eastern influence
that could have spread furtherWest across the Alps
into Southern France, where einkorn becomes an

important crop during the 4th millennium cal BC
(Jesus et al. 2021; Bouby et al. 2020).

16.5 Conclusions

The coring programme conducted at Isolino
Virginia allowed relevant insights into the history
of the settlement and the cultivated plants during
the Neolithic period.

The stratigraphy of the site is complex,
involving not only different periods, but also a
horizontal distribution of the occupations that
may require a more systematic coring pro-
gramme in order for them to be fully understood.
We could confirm previous assessments indicat-
ing that the Early Neolithic concentrates at the
northern part of the island and that during the late
5th millennium cal BC and early 4th millennium
cal BC, a shift to the central and southern part of
the island becomes clear. Several indicators
suggest that the organic deposits found at the site
sedimented in a very wet environment, probably
submerged in water. This could explain their
excellent preservation conditions. A more
detailed evaluation of the aquatic and wetland
plants present at the site will allow further
insights into this topic (e.g. Steiner et al. 2020).

The preservation of archaeobotanical material
is very good, comparable to well-preserved sites
north of the Alps. Therefore, there is a high
potential of a very accurate reconstruction of the
diet and economy at the site by increasing the
number of samples. Open trenches and the
archaeological deposits close to the current sur-
face of the site have probably been going through
a constant process of degradation due to water
table oscillation.

We could observe that agricultural practices in
the Early Neolithic resemble in their main crops,
other sites in the Western Mediterranean area.
Indeed, the cultivation of naked wheat, barley and
opium poppy is rare in northern Italy, where
glume wheats are the most important crops at
most sites. During the 5th millennium cal BC, this
pattern stays the same, although towards the end
of the millennium glume wheats become more
important and eventually, in the 4th millennium
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cal BC could even become the main crops at the
site, suggesting the implementation of a new
farming model, possibly reflecting new networks
involving sites in the north-eastern part of Italy.
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17Archaeobotanical Investigations
at the Mid-5th Millennium BCE
Pile-Dwelling Site of Ploča Mičov
Grad, Lake Ohrid, North Macedonia

Amy Holguin, Ferran Antolín, Mike Charles,
Ana Jesus, Héctor Martínez Grau,
Raül Soteras, Bigna L. Steiner, Elizabeth Stroud,
and Amy Bogaard

Abstract

Abundant, well-preserved, waterlogged mac-
robotanical remains were found in a thick
cultural organic layer associated with the Late
Neolithic pile-dwelling site of Ploča Mičov
Grad, Lake Ohrid, North Macedonia. Located
in a biogeographically transitional zone

between Mediterranean, alpine and continen-
tal regions, and on a topographically accessi-
ble link between imposing mountain ranges,
the site presents a valuable opportunity to
explore how, with the movement of people,
plant foods and/or ideas, new subsistence
strategies were established in the area. Here,
we present the first archaeobotanical results
from this lakeshore settlement to investigate
changing subsistence strategies. We find that
during the Late Neolithic occupation phase
lasting an estimated 100 years, populations at
the site of Ploča Mičov Grad cultivated a
range of cereals (particularly einkorn, emmer,
and barley), pulses (including lentil, pea, and
bitter vetch) and oil-seed crops (flax and
opium poppy), alongside a variety of collected
fruits and nuts (such as almond, pistachio,
blackberries and strawberry). Crop processing
techniques are inferred from the partially
charred glume bases consistent with singeing
of cereal ears to remove awns before dehusk-
ing and from the weed seeds which resemble
those found in fine-sieving by-products. Using
functional weed ecology, we infer that the
agrosystem at Ploča Mičov Grad resembles
high-input practices suggesting that cultiva-
tion was small-scale and labour-intensive.
Such inferences are often not possible due to
the preservation conditions of terrestrial
assemblages, resulting in a lack of extensive
weed datasets in the southwestern Balkans
and southern Europe more broadly.
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Archaeobotanical research on wetland prehis-
toric sites from this region is currently limited.
Our new work highlights the potential of such
sites in this area for better understanding of
the spread of agriculture and patterns of plant
food use during the Neolithic in the south-
western Balkans.

Keywords

Late Neolithic � Agriculture � Crop
processing � Agrosystems � Functional plant
ecology � Southwestern Balkans � Prehistoric
pile-dwelling � EXPLO

17.1 Introduction

The Neolithic (5th millennium BCE) and Bronze
Age (2nd millennium BCE) pile-dwelling site of
Ploča Mičov Grad is located on the eastern side
of Lake Ohrid, North Macedonia. A c. 1.7-m-
thick organic cultural layer with abundant
waterlogged organic remains was investigated
through the lake sediment cores extracted from
the area of the pile-dwelling settlement. Upon
completion of the EXPLO project, this will be
the first time that such a well-preserved organi-
cally rich waterlogged deposit is systematically
investigated for plant macroremains in south-
eastern Europe. In this chapter, we present pre-
liminary results from the archaeobotanical
analysis of waterlogged macrobotanical remains
from the Late Neolithic (calibrated 2-sigma ages
4600–4300 cal BCE) organic cultural layer
(Hafner et al. 2021; see Chap. 6 in this book).
The aim of this work is to investigate the spec-
trum of cultivated and collected plant foods from
the site in order to better understand the adoption
and adaptation of agriculture and other subsis-
tence strategies in the Neolithic. The southwest-
ern Balkans is a particularly important region for
understanding the spread of agriculture due to its
diverse landscape with Mediterranean, alpine and
continental biogeographical regions, each of
which presents different challenges to plant cul-
tivation (Fig. 17.1). Despite this, the southwest-
ern Balkans is an under-researched region. The
site of Ploča Mičov Grad presents an exciting

opportunity to contribute to efforts to fill this
research gap, due to the great inferential potential
of the site’s abundant and well-preserved water-
logged plant remains.

17.1.1 The Potential of Waterlogged
Assemblages from
Prehistoric Wetland Sites

Waterlogged archaeobotanical remains from
prehistoric wetland sites offer a rich record of
human subsistence. Plant parts, such as pods and
leaves, that do not normally survive charring, the
most common form of archaeobotanical preser-
vation, can be well preserved in such anaerobic
conditions. Waterlogging can also preserve
fragile or oily seeds, such as poppy seeds
(Papaver sp.), which are less likely to survive the
charring process than more robust plant remains
such as cereal grains (Jacomet et al. 1989; Mär-
kle and Rösch 2008). Colledge and Conolly
(2014, 199) found that charred assemblages only
preserve approximately 35% of the range of wild
taxa found in their waterlogged counterparts.
Thus, waterlogged assemblages frequently have
both a greater range of plant parts and a greater
variety of plant taxa. This highlights the value of
wetland sites with waterlogged assemblages for
gaining a deeper understanding of the diversity
and composition of plant assemblages at prehis-
toric sites (Jacomet et al. 1989; Brombacher and
Jacomet 1997; Hosch and Jacomet 2004). In
turn, such material promises great inferential
power when investigating patterns of past culti-
vation and consumption of plant foods (Antolín
et al. 2020).

17.1.2 The Importance of Prehistoric
Wetland Sites
in the Lake Ohrid Basin

Several prehistoric sites with the potential for
high levels of organic preservation thanks to
waterlogging are known within the Lake Ohrid
basin (Westphal et al. 2011; Naumov 2020;
Hafner et al. 2021; Chap. 6 in this book).
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Fig. 17.1 a Biogeographic regions in the southwestern
Balkans. b Köppen-Geiger climate zones of the south-
western Balkans. c Topographic map showing the loca-
tion of the pile dwelling site of Ploča Mičov Grad, the
Black Drin River valley, the possible route of the
Candavian Road/Via Egnatia, and selected other sites
mentioned in the text. Data for biogeographic regions
from the European Environment Agency (© Council of
Europe (CoE), Directorate-General for Environment (DG

ENV), European Environment Agency (2017b)). Köppen-
Geiger climate classification after Kottek et al. (2006)
downscaling after Rubel et al. (2017) (© Climate Change
and Infectious Diseases Group, Institute for Veterinary
Public Health, Vetmeduni Vienna, Austria.) Elevation
data from USGS Global Multi-resolution Terrain Eleva-
tion Data. Possible route of Via Egnatia based on
Filipović (2018) and https://www.viaegnatiafoundation.
eu/ (last accessed 15/06/2021)
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Accompanying Ploča Mičov Grad, on the eastern
side of the lake, is the pile-dwelling site of
Ohridati, one of the better researched prehistoric
sites on the lakeshore. Recovered weights thought
to be related to fishing nets and harpoons imply
that lacustrine resources were important at the
Middle-Late Neolithic site of Ohridati. The dis-
tribution of the wooden piles suggests the site was
comprised of individual dwellings (Naumov
2020). Both Ploča Mičov Grad and Ohridati show
extraordinary levels of organic preservation in the
form of vertical wooden piles and so have great
archaeobotanical potential, but little research has
centred upon the plant foods consumed in the
area. Prehistoric sites in this region are of par-
ticular interest in investigating changing subsis-
tence practices and understanding the adoption
and spread of agriculture across the southwestern
Balkans, and into central Europe, as the Lake
Ohrid basin lies at a topographically accessible
point between biogeographically and ecologically
different regions.

The Galičica and Mokra mountain ranges, to
the east and west of Lake Ohrid respectively,
both have peaks higher than 2000 m, making
lowland pathways between the mountains par-
ticularly favourable. A prehistoric route crossing
the mountain ranges, believed to date back at
least to the Iron Age, known as the ‘Candavian
Road’ (Kandaviski Pat), runs longitudinally
through the Lake Ohrid basin at the northern side
of the lake and acted as the predecessor of the
Roman road, ‘Via Egnatia’ (Lolos 2007; Jova-
nova 2013; Mitrevski 2015; Weissová et al.
2018). The existence of these historically attested
routes opens the possibility that the area was a
similarly important link between western and
eastern zones during earlier prehistoric occupa-
tions. The Black Drin River valley towards the
northern part of Lake Ohrid further enabled
movement between northern and southern
regions through the basin (Kuzman 2017;
Weissová et al. 2018). Similarities between
Neolithic material culture recovered from sites in
the Ohrid basin and from pile-dwelling and tell
sites further north along the Black Drin River
valley, south towards the Korče valley (Kuzman
2017) and to the east in the Pelagonia basin

(Kuzman 2013; Naumov 2020) suggest the
interconnectivity of the region, linking the earli-
est known settlements in the area. Thus, the
prehistoric sites on the shore of Lake Ohrid lay at
a likely point of passage, enabling the movement
of people, materials, and ideas between adjacent
areas, due to its topographic accessibility, on the
flanks of challenging mountain ranges.

The southwestern Balkans is an area with
notable ecological and biogeographic variability
which likely influenced when and how different
food practices and ideas could have been adopted
and adapted (Fig. 17.1). Lake Ohrid is situated
within the Pindus Mountains mixed forest eco-
zone (European Environment Agency 2017a)
and, alongside the rest of western North Mace-
donia, belongs to the ‘alpine’ biogeographical
region of Europe (European Environment
Agency 2017b). Regions to the south, such as
southern Albania and Greece, are classed as
‘Mediterranean’ biogeographical regions (Euro-
pean Environment Agency 2017b), featuring the
Aegean and Western Turkey sclerophyllous and
mixed forests, and the Illyrian deciduous forests
ecozones (European Environment Agency
2017a). Areas to the north, such as Kosovo and
Serbia, are considered ‘continental’ biogeo-
graphically (European Environment Agency
2017b), with Balkan mixed forests ecozones
(European Environment Agency 2017a).

Environments within an area vary locally, and
current ecological conditions may not accurately
characterise the prehistoric landscape. Neverthe-
less, the influence of physical geographical fac-
tors such as geology, latitude, and altitude,
coupled with data indicating relatively unchan-
ged climatic conditions in the region following
the Rapid Climate Change event (6550–6050 cal
BCE) (Krauß et al. 2018), suggests that biogeo-
graphic classifications remain relevant and useful
for exploring broad patterns. Different biogeo-
graphic regions and ecozones likely fostered
different subsistence strategies. Exploring how
subsistence strategies at prehistoric sites in the
Lake Ohrid basin compare with those at other
contemporary alpine sites and sites located in the
Mediterranean and continental zones may afford
insights into how new ideas or foods were
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adopted and adapted in different areas, and sug-
gest what balance of biogeographical, ecological,
and cultural factors influenced such changes.
This is especially so given that the lake lies at
this plausible point of connectivity, through
which new ideas, people, or foods could have
travelled, between the north and south, and the
east and west.

17.1.3 The State of Research
of Prehistoric Wetland
Sites in the Lake Ohrid
Region in the Context
of the Southwestern
Balkans

While prehistoric wetland sites in the Ohrid basin
are numerous and have the potential for
extraordinary levels of organic preservation,
none of these sites have been the subject of a
published comprehensive archaeobotanical study
or extensive chronological investigation, and so
such questions regarding prehistoric subsistence
strategies in the area remain under-researched.
This echoes the pattern more broadly seen in the
southwestern Balkans. Many prehistoric sites are
known on riverbeds and lakeshores across the
region, such as on the ancient Lake Maliq
(Albania), the Panonic Lake (Bosnia), Lake
Orestia (Greece), and Great Lake Prespa (North
Macedonia, Albania, and Greece), but few are
well researched, and doubtlessly, many more
remain undiscovered (Naumov 2020). Archaeo-
logical interest in wetland sites in this area has
only recently grown during the last few decades.
For comparison, the waterlogged prehistoric sites
in the Alpine forelands (Austria, France, Ger-
many, Italy, Slovenia, and Switzerland) have
been researched for the past c. 150 years
(Menotti 2004) to the extent that, at present,
nearly 1000 such sites have been identified, 111
of which are included on the UNESCO World
Heritage list (UNESCO World Heritage Centre
2021) Thus, extensive excavations and new
research projects are needed to fill this distinct
gap in knowledge surrounding prehistoric wet-
land sites in the southwestern Balkans.

17.1.4 Aims and Outcomes
of Preliminary
Archaeobotanical
Research at the Site
of Ploča Mičov Grad

The research presented in this chapter derives
from new excavations at the prehistoric site of
Ploča Mičov Grad, on the eastern shore of Lake
Ohrid. Current excavations, beginning with a
pilot study in 2018 and an extensive campaign
in 2019, are part of the ERC Synergy project
‘Exploring the dynamics and causes of prehis-
toric land use change in the cradle of European
farming’, known as EXPLO, a collaboration of
the universities of Bern, Oxford, and the Aris-
totle University of Thessaloniki, designed to
investigate the adoption of agriculture at lake-
shore sites in the southwestern Balkans. Recent
extensive dendrochronological and radiocarbon
analysis by the EXPLO team at the University of
Bern suggests that the site reflects multiple set-
tlement phases from the Late Neolithic (5th
millennium BCE) to the Bronze Age (2nd mil-
lennium BCE) (Hafner et al. 2021; see Chaps. 6
and 14 in this book). The Late Neolithic settle-
ment phase related to the organic cultural layer,
sampled through the lake sediment coring, is
estimated to have lasted approximately
100 years based on tree felling dates. Hence, the
site offers the opportunity to explore changes to
subsistence strategies through a well-defined
occupation period. Here, we report the
archaeobotanical findings from one of the lake
cores from Ploča Mičov Grad with plant remains
dating to the Late Neolithic. The high levels of
preservation and the abundance of the
archaeobotanical material from this single core
show that the site has great promise for
archaeobotany. We present preliminary infer-
ences regarding the site’s subsistence strategies
and agrosystems and consider how this com-
pares to researched food systems from other
lakeshore sites in the southwestern Balkans and
southern Europe more broadly. Future work on
further lake core samples and bulk samples from
an underwater sondage at Ploča Mičov Grad will
enable us to consider intra-site variability,
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perhaps reflecting different activities across the
site or different depositional/taphonomic pro-
cesses, and to identify settlement-wide trends.

17.2 Materials and Methods

17.2.1 The Site of Ploča Mičov
Grad, Lake Ohrid, North
Macedonia

Ploča Mičov Grad (40.994° N, 20.798° E) lies on
the eastern shore of Lake Ohrid, at an altitude of
693 m a.s.l. The Late Neolithic to Bronze Age site
is now fully submerged, above which a modern
museum is situated with pile-dwelling recon-
structions (Fig. 17.1). The lake measures approx-
imately 30 km in length (N–S) and 14 km width
(E–W), with an estimated total volume of
50.7 km3 and a maximum depth of 293 m. At its
deepest point, sediment accumulation rates are
estimated to be c. 0.5 mm per year (Lacey et al.
2015). The Lake Ohrid basin is located on the
border between present-day North Macedonia to
the northern and eastern shores, and Albania to the
southern and western sides of the lake. Within the
Pindus Mountains mixed forest ecozone, this area
is characterised by mixed broadleaf forest in
lowland zones and coniferous forests at higher
altitudes (1200–2500 m) (Dinaric Arc and Bal-
kans Environment Outlook 2010) and a
Mediterranean-type climate with warm summers
(Kottek et al. 2006). Within the basin, the average
annual rainfall is 907 mm and temperature is
11.1 °C, reaching heights of 31.5 °C and lows of
− 5.7 °C (Popovska and Bonacci 2007).

17.2.2 Coring, Sampling,
and Processing
of the Samples

During the 2019 season, 14 cores were extracted
using a Niederreiter coring system by the
EXPLO palaeoecological coring team, led by
Prof. André Lotter. These were arranged along
two approximately perpendicular transects
(north–south and east–west) centred on the main

settlement area of the visible vertical piles
(Fig. 17.2). Plant macrofossil samples were
taken for radiocarbon dating from the top and
bottom of the visible organic layer from four of
these cores, returning calibrated 2-sigma ages
ranging from c. 4600 to 4300 cal BCE. Bayesian
modelling of these dates alongside felling dates
from dendrochronological analysis of the piles
suggests that the organic layer present in
the cores accumulated across approximately
100 years, between the start of the 45th and the
middle of the 44th century BCE (Hafner et al.
2021; see Chaps. 6 and 14 in this book). Eight
bulk samples were also taken along a grid from
an excavated underwater sondage within the
settlement area and will be the subject of further
archaeobotanical analysis. One of the four cores,
QLM19 0, is the focus of this chapter.

Core QLM19 0 was extracted in 3 parts. The
top sub-core measured 60 cm in length, the
middle 90 cm, and the bottom 100 cm
(Fig. 17.2). A thick organic layer was visible
throughout the top and middle sub-cores. The
bottom sub-core appeared to be largely lake marl
and was left for future macrofossil and pollen
analysis. In total, the organic layer measured
1.7 m in thickness.

28 samples were taken from the organic layer.
A sample was taken from each distinct strati-
graphic horizon. When layers were not apparent,
samples were taken at regular intervals (average
c. 6 cm) based on depth. 17 samples were taken
from the lower part of the organic layer in middle
sub-core. These were originally labelled 0.1.1–
0.1.17. For the purposes of clarity in this chapter,
the samples have been renamed 1–17. A further
11 samples were taken from the upper part of the
organic layer in the top sub-core, originally
labelled 0.0.1–0.0.11 and renamed 18–28. Sam-
ple 1 is the lowermost sample and sample 28 is
the uppermost.

The volume of each sample was measured
before processing, by calculating the volume of
water displaced when a sample was submerged in
a beaker (Antolín et al. 2015). The sample vol-
umes ranged from 30 to 200 ml with an average
of 93 ml. The total volume of sieved sediment
measured 2602 ml. The organic and inorganic
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fractions of each sample were sieved through 2
and 0.35 mm meshed sieves using the wash-over
method (e.g. Steiner et al. 2015). The < 0.35 mm
fraction was retained unanalysed. The 2 mm
fraction was analysed in full. If the 0.35 mm
fraction sample volume exceeded 14 ml, it was
randomly sub-sampled to a volume of approxi-
mately 10 ml by grid sampling (e.g. Steiner et al.
2017). No random sub-samples amounted to less
than approximately a quarter of the total sample.

17.2.3 Identification and Counting
of Botanical
Macroremains

Samples were sorted under a low-powered
microscope (x6.3-50). The 17 samples from the
lower part of the organic layer (1–17) were sorted
on site by AB, FA, HMG, ES and AJ. The upper
11 samples (18–28) were sorted at the Institute of
Archaeology, University of Oxford, by AH.

Fig. 17.2 a Team members moving a core (R. Soteras).
b Schematic diagram of drill core QLM19 0, showing key
stratigraphic features and the radiocarbon sampling loca-
tions (A. Bieri, U Bern, J. Reich and A. Ballmer EXPLO/
U Bern). c Aerial orthophoto of the pile-dwelling site of
Ploča Mičov Grad with the area containing remains of

wooden piles marked by a hatched oval. A modern
museum is built above the remains of the site. White
circles indicate the locations of core drillings, those with a
red cross indicate the cores from which samples were
taken for radiocarbon dating (J. Reich, EXPLO/U Bern)
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Identification was done through comparison with
the seed reference collection in the Archaeob-
otany Laboratory at the Institute of Archaeology,
University of Oxford, aided by images and
descriptions in reference atlases (Körber-Grohne
1964; Berggren 1969, 1981; Anderberg 1994;
Bojňanský and Fargašová 2007).

Items relating to fauna (for instance bones,
dung, insects, and fish scales), and some plant
items, such as leaves, thorns, charcoal, stems and
cereal bran, were counted semi-quantitatively on
a 3-part scale from rare to abundant (following
Antolín et al. 2017). All other crop material and
seeds were recorded quantitatively.

Glume bases were counted if the whole glume
base was present. Spikelet forks were counted as
two glume bases. For rachis fragments, the upper
part of the node (with glume attachment points)
was counted. Fragments of apical and embryo
ends of charred cereal grainswere both counted, as
they were rare; if fragments of comparable grains
with both ends were present, they were counted
together as one. Pulse pod and pistachio (Pistacia
sp.) fragments were counted if they exceeded
12 mm2, while acorn (Quercus sp.), hazelnut
(Corylus avellana) and almond (Amygdalus)
fragments were counted with a threshold of
25 mm2 due to their larger size. Two pulse
cotyledons were counted as one seed. Flax (Linum
usitatissimum) capsules naturally break into ten
segments or ‘septa’ (Diederichsen and Richards
2003); tips of these septa, or fragments containing
twomid-ribs towhich a tip could not be connected,
were counted. The principle of minimum number
of individuals (MNI) was applied visually when
counting all other seeds. Some crop items for
which it was challenging to estimate anMNI, such
as cereal awns and pulse stalks, were recorded as
fragment counts.

In the text and figures, counts from sub-
sampled fractions were multiplied to represent
the absolute number in the full sample and
rounded to a whole number. Counts from the 2
and 0.35 mm fraction were combined.

17.2.4 Analysis of Composition
of Samples

Correspondence analysis was performed to
explore compositional variation among the
samples, using CANOCO 5. This ordination
technique arranges samples along two axes
based on the extent of their compositional
similarity. The horizontal axis is the primary
axis and captures the dominant trend in the
sample compositions. The position of a sample
from the origin reflects the degree of similarity
between samples, based on taxon abundance
and the combinations of taxa present in the
sample. Only taxa occurring in at least 10
samples were included. In cases where the same
taxa were represented in uncharred and charred
form, they were entered separately into the
analysis. In total, 27 taxon categories were
included. A logarithmic transformation was
used due to the very high numbers of certain
taxa in some samples.

Discriminant analysis was performed to
investigate how the weed/wild seed characteris-
tics compare to those of known crop processing
products and by-products. This approach uses
three attributes (seed size, whether seeds are free
or enclosed in a head, and whether seeds are
easily blown by the wind) to assess the similarity
of weed/wild seeds in the archaeobotanical
samples to weed seeds in winnowing by-
products, coarse-sieving by-products, fine-
sieving by-products, and fine-sieving products
of manually processed cereals documented on
the island of Amorgos, Greece (Jones 1984,
1987). Following Jones (1984, 1987), the sam-
ples were classified as unknown cases in a dis-
criminant analysis, using functions extracted to
maximise the separation of ethnobotanical crop
processing groups using the ‘leave one out’
option (82% of modern ethnobotanical samples
correctly reclassified in IBM SPSS Statistics 26).
Results were plotted using R version 3.6.1 (R
Core Team 2019).
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Discriminant analysis was also employed to
explore how the functional ecological traits of the
weed/wild seeds compared to those from differ-
ent modern agricultural regimes, following
Bogaard et al. (2016, 2018). This approach
considers the specific leaf area, canopy diameter,
leaf area per node: leaf thickness, and canopy
height of each weed taxon to create a discrimi-
nant function distinguishing between weeds
commonly found in low labour input agricultural
‘fields’ and those found in high labour input
‘gardens’. This is based on modern survey
datasets collected from present-day traditional
systems managed under different intensities in
Morocco, Spain, France, and Greece (Bogaard
et al. 2016, 2018). The presence or absence of
weed species in different regimes was used to
create a discriminant function that maximally
separates out these high and low labour input
systems. All archaeobotanical weed/wild taxa
identified to species, or at least to a small number
of ecologically comparable species (e.g. Mentha
aquatica/arvensis), were included in the analysis.
This totalled 29 taxa. Two of the lower samples
(2 and 6) were removed from the analysis since
they contained less than 10 weed seeds included
in the analysis. The samples were entered into the
classification phase of the discriminant analysis,
as unknown cases using a discriminant function,
extracted using the ‘leave one out’ option (94%
of modern agricultural plots correctly reclassified
as ‘low input’ or ‘high input’ in IBM SPSS
Statistics 26). Results were plotted using R ver-
sion 3.6.1 (R Core Team 2019).

17.3 Results

17.3.1 Overall Core

The organic layer was visually relatively homo-
geneous, lacking visible sterile layers inter-
spersed between organic layers as commonly
observed in Alpine foreland lakeshore site
stratigraphies (e.g. Sipplingen, Lake of Con-
stance (Kolb 1997)). Large fragments of pottery,
bone, teeth, molluscs, burnt clay, and stone were
recorded within the organic layer, as well as

some variation in macroscopic composition that
we are continuing to assess in the light of the
archaeobotanical results.

The average density of fully quantified plant
items per litre sediment throughout the organic
layer was 8276. Sample 3, towards the bottom of
the organic layer, had the lowest density of 1265
items/litre. Seven samples had more than 10,000
items/litre, the greatest density being 16,780
items/litre in sample 8 (Fig. 17.3).

Crop material was the main botanical category
found in the organic layer, comprising 57.8% of
all items, followed by fruits and nuts (26.3%),
weed/wild taxa (9.7%), oil-seed crops (4.1%),
wetland types (2.0%), and finally other wild
items (0.4%) (Fig. 17.4). The other wild taxa
category largely comprised of arboreal seeds and
needles such as fir (Abies sp.) and pine (Pinus
sp.). Counts of wetland taxa (primarily Chara
sp. and Najas sp.) were low throughout the
organic layer, but increased notably to the top,
making up 34.0% of the total items recovered in
the uppermost sample (28). Rodent dung occur-
red in most samples but small ruminant dung
only in a few. Other non-botanical organic
remains included fish scales, fish bone, and insect
remains.

The waterlogged botanical remains were pri-
marily preserved uncharred (88.8% of all items).
However, charred material (11.2% of all items)
was still present throughout the samples. All of
the main botanical categories discussed included
some charred material, except for wetland taxa
which were only found uncharred.

17.3.2 Botanical Categories

The largest botanical category, the crop material,
included cereal and pulse remains (Fig. 17.5).
Uncharred, and in lower numbers charred, cereal
chaff items (particularly spikelet forks, glume
bases, and rachis) were recovered from all
samples. The uncharred glume bases were by far
the most dominant group, making up 83.1% of
all crop material (Fig. 17.6). These proved
challenging to identify to species, as they were
frequently distorted. Some uncharred glume

17 Archaeobotanical Investigations at the Mid-5th Millennium … 291



bases appeared to be blackened and singed in
places, and others appeared lightly charred
(‘toasted’), being brown in colour and soft
(Fig. 17.7). These singed (8.2% of glume bases)
and brown (2.5% of glume bases) glume bases
retained their original shape to a greater extent
and so some of these, alongside some of the
charred glume bases (7.0% of glume bases),
could be identified to species as einkorn (Triti-
cum monococcum, n = 395), emmer (Triticum
dicoccum, n = 396) and New Glume Wheat
(Triticum timopheevii group, n = 13). Uncharred
and charred rachis nodes were also found mak-
ing up 3.2% and 1.1% of all crop material,
respectively. These were identified as barley
(Hordeum distichon/vulgare, n = 381) and free-
threshing wheat rachis (n = 43). Work is ongo-
ing to identify barley rachis to species/variety.
Across the chaff, einkorn, emmer, and barley
were identified in similar numbers. However,

8826 glume bases were unidentifiable to species.
The charred cereal chaff generally exhibited a
good state of preservation. For example, many
of the spikelet forks had a complete internode,
and palea and lemma tissues were sometimes
preserved still nestled within the spikelet forks.
Charred cereal grains were comparatively few
(n = 108), often less well preserved and frag-
mented. Some cereal grain fragments (n = 22)
appeared to have been broken before charring
(Valamoti et al. 2021). Fragments of cereal bran
were found in all samples.

Uncharred pulse pod was found throughout
the organic layer and comprised 4.7% of all crop
material, with particularly high concentrations
(n = 237) in sample 7 in the lower quarter of the
organic layer (Fig. 17.6). A small amount of
charred pulse pod (0.1% of all crop material) and
charred pulse seed, hilum, and testa (0.2% of all
crop material) was recovered. The uncharred

Fig. 17.3 The density of each sample in items per litre.
Samples are ordered on the y-axis following stratigraphic
order, with the uppermost sample (28) at the top of the

bar-chart. There are seven samples with over 10,000 items
per litre indicated in black (Authors)
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pulse pod was mostly found highly fragmented
with little discernible shape; further taxonomic
identification is ongoing. The charred pulse seeds
were identified as bitter vetch (Vicia ervilia,
n = 3), lentil (Lens culinaris, n = 2) and, pea
(Pisum sativum, n = 2).

Oil-seed crops were also found, 99.1% of
which were uncharred (Fig. 17.8). Uncharred
opium poppy (Papaver somniferum) seeds were

found in almost all samples, markedly increasing
in the upper half of the organic layer. Sample 18
towards the middle of the organic layer had the
largest concentration of seeds (n = 41). Unchar-
red flax seeds (Linum usitatissimum) were pre-
sent in most samples, although they were notably
absent in the top 4 samples. The highest numbers
could be found in samples towards the middle
and at the very bottom of the organic layer.

Fig. 17.4 a Bar-chart showing the absolute number of
items in each major botanical category in each sample.
b Relative proportion of each botanical category in each
sample. Charred material is indicated with a diagonal fill.
The most abundant category is the crop remains which

here refers to cereal and pulse crops. Counts of wetland
taxa are very low, although they are notably most
abundant in the uppermost sample (28), likely reflecting
taphonomic process (Authors)
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Uncharred flax capsule fragments were found in
every sample, increasing in number towards the
middle and the top of the organic layer. The
number of flax seeds and flax capsules did not

appear to strongly correlate with each other. A
few charred poppy seeds and charred flax capsule
fragments were recovered from samples near the
top of the organic layer.

Fig. 17.5 Crop remains from Ploča Mičov Grad.
a Uncharred glume base. b Singed glume base.
c Brown Triticum dicoccum spikelet fork. d Uncharred
Hordeum distichon/vulgare rachis. e Charred Triticum
monococcum spikelet fork. f Charred Triticum dicoccum
spikelet fork. g Charred Triticum timopheevii group (new
glume wheat) spikelet fork. h Charred Hordeum
distichon/vulgare rachis. i Charred Triticum

monococcum grain. j Charred Triticum dicoccum apical
grain fragment with a pre-charring break. k Charred
Hordeum distichon/vulgare grain. l Uncharred pulse pod
fragment. m Uncharred Linum usitatissimum capsule
fragment. n Uncharred Linum usitatissimum seed.
o Charred Vicia ervilia seed. p Uncharred Papaver
somniferum seed. q Charred pulse pod tip fragment (R.
Soteras and A. Holguin)
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Uncharred blackberry (Rubus fruticosus agg.)
seeds constituted by far the most abundant taxon
in the fruits and nuts category. The greatest
number of blackberry seeds (n = 552) were found
in sample 15 towards the middle of the organic
layer. Almond (Amygdalus sp.), hazelnut (Cory-
lus avellana), acorn (Quercus sp.), and pistachio
(Pistacia atlantica/terebinthus) nutshell frag-
ments were found, along with other fruit seeds
including strawberry (Fragaria vesca), juniper
(Juniperus sp.), cornelian cherry (Cornus mas),
fig (Ficus carica), and elderberry (Sambucus sp.)
(Fig. 17.9). Items in this category were predom-
inantly uncharred (99.5%), with a single charred
elderberry and a few charred nutshell and black-
berry seed fragments recovered.

The majority of weed/wild seeds were
uncharred (94.7%). The most numerous un-
charred weed/wild seeds were St John’s-wort
(Hypericum perforatum), thyme-leaf sandwort
(Arenaria serpyllifolia), dodder (Cuscuta sp.) fat-
hen (Chenopodium album), and black bindweed

(Polygonum convolvulus). Charred weed/wild
taxa included wild oat (Avena sp.), campion
(Silene sp.), and St John’s-wort (Hypericum
perforatum). Some seeds such as lemon balm
(Melissa officinalis), oregano (Origanum vul-
gare), and horse mint (Mentha longifolia) could
have been collected as herbs. However, they are
counted here as weed/wild seeds due to their low
numbers, as they are also commonly found
growing wild in the region. The weed/wild taxa
in the assemblage notably include some autumn-
germinating species (e.g. Valerianella dentata)
as well as spring-germinating ones (e.g. Poly-
gonum convolvulus), based on their flowering
time (Bogaard et al. 2001).

17.3.3 Correspondence Analysis

Together axis 1 and 2 of the correspondence
analysis accounted for 35.5% of the variance in
the samples (Fig. 17.10). The distribution of

Fig. 17.6 Relative proportions of crop material in each
sample. Material relating to cereals is shown in yellows
and oranges and those relating to pulses in green. Charred
material is indicated by a diagonal fill. Uncharred glume

bases are by far the most abundant crop remain, making
up at least 50% of all samples; as such, there is a break in
the x-axis (Authors)
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samples along axis 1 (the horizontal x-axis)
roughly corresponds to their depth; samples
towards the top of the organic layer are found
further towards the left of the scatterplot and
those towards the bottom are found further
towards the right. Samples further towards the
top of the organic layer (with the exception of the
uppermost sample, 28) were positioned relatively
close together along axis 2 (the vertical y-axis),
whereas samples further towards the bottom are
more dispersed vertically, reflecting greater
variation between the compositions of the lower
samples.

Proportions of uncharred and charred material
per sample do not reflect trends along either axis.
Uncharred material dominated all samples. The
proportion of charred material fluctuated but did
not reflect the position of samples on the axes.

The proportions of different botanical categories,
however, did approximately correspond to the
position of the samples. Samples with greater
amounts of fruits and nuts generally were posi-
tioned to the top right of the scatterplot and those
with greater amounts of oil-seed crops to the
bottom left. The uppermost sample (28) is the
only sample positioned high in the top left-hand
corner of the scatterplot. It is also the only
sample with a large amount of wetland taxa
present (Fig. 17.10).

17.3.4 Crop Processing Discriminant
Analysis

Almost all of the samples coincide in the dis-
criminant function plot with the distribution of

Fig. 17.7 a Relative proportions of glume bases in each
sample according to preservation type. Glume bases were
recovered in uncharred, singed, brown, and fully charred
form. Uncharred glume bases are by far the most
abundant crop remain, making up at least 50% of all

samples; therefore, there is a break in the x-axis.
b Singeing of hulled wheats to scorch awns before or
during dehusking in Asturias, Spain (Peña-Chocarro and
Zapata 2003, Fig. 6)
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ethnobotanical samples from known crop pro-
cessing stages (Fig. 17.11). The archaeobotanical
samples largely overlap with the fine-sieving by-
product group. A few samples are positioned
below this group. Some samples are placed in the
region of the plot where fine-sieving products
overlap with fine-sieving by-products and win-
nowing by-products. Samples show some
grouping by depth.

17.3.5 Weed Functional Ecology

The discriminant scores of the archaeobotanical
samples, in comparison to modern high- and
low-input agricultural plots are shown in
Fig. 17.12. Most of the samples are intermediate
between the low-input and high-input regimes
but mostly align with the lower end of the high-
input group. There is some grouping by depth
but no consistent trend.

17.4 Discussion

Many samples showed a very high density of
items per litre with 7 samples exceeding 10,000
items/litre. This is comparable to well-preserved
organic cultural layers in lakeshore sites of the
Alpine foreland (Steiner et al. 2017). Such high
densities mean that data at a high resolution can
be collected from the samples and thus the core
offers great inferential potential. The lack of
sterile layers within the organic layer suggests
that it resulted from likely relatively continuous
accumulation of material. Loss of some material
due to degradation is, however, probable. The
thickness of the organic layer, the low number of
wetland species, the high number of crop
remains, and the finds of cultural artefacts such
as pottery all strongly suggest that the organic
layer is cultural in origin and reflects repeated
activities in the pile-dwelling settlement.

Fig. 17.8 Absolute number of remains from different
oil-seed crops (namely opium poppy and flax seeds or
capsule fragments in the sample) in each sample. Charred

material is shown with a diagonal fill. It is however very
rare in this category (Authors)
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Variation in the density and the exact com-
positions of samples shows that the organic layer
is not perfectly homogeneous. The evident vari-
ation surrounds a continuous theme, with crop
remains and gathered fruits and nuts over-
whelmingly the most abundant items throughout.
Thus, the slightly variable, but cohesive, densi-
ties and compositions suggest that the layer
accumulated as a result of repeated plant-related
activities, across an estimated 100 years, cor-
roborated by evidence through the radiocarbon
dates and tree felling dates through den-
drochronological analysis (see Chap. 14 in this
book).

Glume wheats (einkorn and emmer) are the
most abundant cereal taxa, followed by barley.
The importance of glume wheats is particularly
evident when unidentified glume bases are taken
into consideration. Charred grains of einkorn,

emmer, and barley were all found. However,
these are too few in number to make conclusions
about the relative abundance of the different
cereals. Emmer, einkorn, and barley are consis-
tently thought to be the most important crops
throughout the Neolithic across Europe more
broadly. In the Balkans, this can be seen in
charred assemblages from the Late Neolithic
lakeshore site of Maliq, Albania (Xhuveli and
Schultze-Motel 1995) and the Early-Middle
Neolithic sites of Bâlgarcĕvo II, Bulgaria
(Marinova and Popova 2008). The Early Neo-
lithic site of Vrbjanska Čuka, situated in the
Pelagonia Valley, North Macedonia, shows a
similar spectrum of crops, but with a dominance
of einkorn (Antolín et al. 2020). New Glume
Wheat has been identified at some sites in the
Balkans including the Middle-Late Neolithic site
of Karanovo, Bulgaria (Kreuz et al. 2005).

Fig. 17.9 Collected and wild uncharred macrobotanical
remains from Ploča Mičov Grad. a Pistacia
atlantica/terebinthus nutshell. b Cornus mas. c Amygdalus
sp. nutshell. d Sambucus sp. e Juniperus sp. f Rubus
fruticosus agg. g Fragaria vesca. h Ficus carica. i Abies

sp. needle. j Chenopodium album. k Hypericum perfora-
tum. l Origanum vulgare. m Cuscuta sp. n Valerianella
dentata. o Polygonum convolvulus (R. Soteras and A.
Holguin)
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Fig. 17.10 Scatterplots showing the results of the cor-
respondence analysis (axis 1 horizontal and axis 2
vertical). a Samples are coloured according to depth with
the uppermost sample (28) in yellow and the lowermost

sample (1) in dark purple. b Samples are shown as pie-
charts showing the relative proportions of the major
botanical categories (Authors)
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Fig. 17.11 Scatterplot showing the distribution of the
archaeobotanical samples from Ploča Mičov Grad along
two discriminant functions extracted to distinguish four
modern ethnobotanical crop processing sample groups

based on physical characteristics of weed seeds. Samples
are coloured according to depth with the uppermost
sample (28) in yellow and the lowermost sample (1) in
dark purple (Authors)

Fig. 17.12 a Results of a discriminant analysis separat-
ing modern low- and high-input fields based on four
functional attributes of the constituent weed taxa. b Distri-
bution of the archaeobotanical samples from Ploča Mičov

Grad when entered as unknown cases. The group
centroids are shown with larger symbols with a red
border (Authors)
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The range of preservation conditions of glume
bases, from uncharred to singed to lightly charred
(‘brown’) to fully charred, is interesting in terms
of crop processing methods. Some modern
communities practising traditional crop process-
ing methods have been known to singe glume
wheats to scorch off awns prior to, or during,
dehusking (Peña-Chocarro 1999; Peña-Chocarro
and Zapata 2003). Such crop processing practices
could explain why we find notable amounts of
partially charred glume bases and some charred
cereal awns. In terrestrial assemblages, only fully
charred material would survive. This gives us a
more complete understanding of the contexts or
conditions under which cereal chaff may become
charred, than could be inferred from the charred
assemblage alone.

Lentil, bitter vetch, and pea are commonly
found at prehistoric sites in southeastern Europe
including Vrbjanska Čuka, North Macedonia
(Antolín et al. 2020). Bitter vetch is valued for its
low soil fertility requirements and drought tol-
erance, making it particularly attractive in areas
with winter rain and hot summers, as is found in
parts of the southern Balkans (Kreuz and Mari-
nova 2017). Both pea and lentil appear important
crops at Linearbandkeramik sites since the Early
Neolithic. However, bitter vetch is not present at
such sites until the Bronze Age. This perhaps
relates to a climatic barrier preventing the adop-
tion of certain crops in central Europe, and a
lesser need for drought-tolerant crops in tem-
perate regions (Colledge and Conolly 2007;
Kreuz and Marinova 2017). Kreuz and Marinova
(2017) also notes that Vicia species may have
been a less desirable crop as many require
additional processing than for instance peas and
lentils, due to the poisonous testa which needs to
be removed prior to consumption. Fragments of
testa and detached pulse hila, closely resembling
those of bitter vetch, were recovered from the
samples, and these remains plausibly relate to
food processing.

The numbers of charred oil-seed crops, fruits,
and nuts and weed seeds are all too few to
compare between the composition of the charred
and uncharred components in each category.
Thus, we are unable as yet to explore if there is a

taphonomic or cultural bias relating to preserva-
tion type creating different proportions of differ-
ent taxa or to investigate the possible scenarios
that resulted in these remains being charred.
These lines of enquiry will become more feasible
as additional cores are analysed.

While flax is known from many other sites in
southeast Europe, such as at the Early Neolithic
sites of Slatina and Kapitan Dimitrievo, western
Bulgaria (Marinova 2007), no finds of opium
poppy seeds are known in the area during the
Neolithic period (Salavert et al. 2020). Other
sites in the region such as Vrbjanska Čuka have
not yielded evidence for oil-seed crops to date
(Antolín et al. 2020). However, this absence may
be due to a taphonomic bias, as oil-seed crops,
particularly poppy seeds, are unlikely to be pre-
served by charring (Märkle and Rösch 2008).
Opium poppy seeds have been found in abun-
dance in uncharred contexts in Neolithic sites in
the pre-alpine (e.g. Isolino Virginia, Italy (Ban-
chieri and Rottoli 2004; see Chap. 16 in this
book)) and northern alpine foreland lake dwell-
ings (e.g. Zurich KanSan, Layer 2 (Brombacher
and Jacomet 1997; Jacomet 2006)), and from
southwestern Europe, such as the Early Neolithic
lakeshore sites of La Marmotta, Italy (Rottoli and
Pessina 2007; see Chap. 4 in this book) and La
Draga, Spain (Antolín 2016; Salavert et al. 2020;
see Chap. 11 in this book). Recent developments
in geometric morphometric analysis may enable
classification of the poppy seeds from Ploča
Mičov Grad as domesticated or wild subspecies
(Jesus et al. 2021) and therefore contribute to a
better understanding of the economic role of the
plant at the site.

Many of the gathered fruits and nuts found at
Ploča Mičov Grad are well-known from other
Neolithic sites in the Balkans and other parts of
Europe. In the southwestern Balkans, such
gathered fruits and nuts were similarly recovered
from charred assemblages from the Early Neo-
lithic Macedonian site of Vrbjanska Čuka
(hazelnut, blackberry, elderberry, strawberry, and
apple) (Antolín et al. 2020) and the Early Bronze
Age phase of Sovjan, Albania (blackberry, fig,
elderberry, cornelian cherry, and physalis)
(Fouache et al. 2001). However, there was a far
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greater range and number of collected taxa at
Ploča Mičov Grad. This may be due to preser-
vation biases, as found by Colledge and Conolly
(2014), that result in less diverse and numerous
wild taxa surviving in charred assemblages.

A preliminary inference of the presence of
autumn- and spring-germinating weed/wild taxa
is that there was at least some autumn sowing,
though additional spring sowing cannot be
excluded. Similar observations have been made
for the Early Neolithic Macedonian site of Vrb-
janska Čuka (Mazzucco et al. in press).

The correspondence analysis suggests that
there is a trend based on the depth of the samples
in the core. However, the proportion of
uncharred-versus-charred remains does not
explain this pattern. Instead, the composition of
the samples, particularly relating to proportions
of fruits and nuts and oil-seed crops, appears to
explain the variation seen in the samples. Those
to the top of the organic layer contain a larger
proportion of oil-seed crops, while those towards
the bottom have higher proportions of fruits and
nuts. The increase in oil-seed crops towards the
top of the organic layer particularly relates to an
increase in opium poppy seeds and flax capsules,
but not flax seeds, which are present in greater
numbers in samples towards the bottom. These
results will be compared to the three other lake
cores and the bulk samples to assess whether
these trends are representative of the whole set-
tlement or specific to this core.

The results of the crop processing analysis
suggest that the weed/wild taxa have similar
attributes to those associated with fine-sieving
by-products. This fits with the high amount of
glume bases recovered from the samples, as such
material would also be removed at this stage with
the weed seeds (Hillman 1984; Jones 1984,
1987). This compatibility between the predomi-
nant crop and weed/wild composition of the
samples suggests that the latter represent the
arable weed flora associated with the glume
wheats rather than originating from another
source such as animal dung (cf. Charles 1998).
Though rodent dung was ubiquitous in the
samples, larger fragments of possible ruminant
dung were a rare occurrence. Some of our

samples are positioned below that of the fine-
sieving by-product. This finding is similar to that
of other sites in central Europe such as the Early
Neolithic site of Vaihingen, Germany (Bogaard
2011), and in southeast Europe such as the Late
Bronze Age site of Assiros Toumba, northern
Greece (Jones 1987). A possible explanation for
this is given by Bogaard (2011) who suggests
that different crop fields with different propor-
tions of weed seed types could result in samples
positioned outside the main group.

We carried out a functional ecological analy-
sis of the weed/wild assemblage given the like-
lihood that the weed/wild seeds are arable weed
seeds. The samples showed variable scores along
the discriminant function, again highlighting
variability through the core. The samples broadly
align with the lower end of high-input regimes
suggesting that the agrosystem at Ploča Mičov
Grad resembles modern agrosystems, that are
relatively small-scale and labour-intensive. High-
input regimes, resembling gardens or cultivated
patches, rather than typical modern fields, are
associated with higher soil fertility and mechan-
ical disturbance, due to labour-intensive practices
such as weeding, tillage, and manuring. Sites
from the Neolithic in southwestern Balkans, and
southern Europe more broadly, generally do not
have a wealth of weed data. As such, a major aim
of this project is the collection of weed data for
the reconstruction of the agroecology at Ploča
Mičov Grad. However, this means that, at pre-
sent, it is hard to compare these results to con-
temporary and spatially proximal sites. Variable
discriminant scores, reflecting medium to high
intensity conditions, can be seen at other Neo-
lithic sites in central Europe such as the fore-
mentioned Vaihingen (Bogaard et al. 2016), the
Early Neolithic Körös site of Ecsegfalva, Hun-
gary (Bogaard et al. 2007, 2016) and Neolithic
Çatalhöyük, Turkey (Green et al. 2019). A range
of discriminant scores is not surprising, as this
likely reflects the variability typically found in
‘real’ agrosystems with limited labour and thus
shows the expected flexibility and pragmatism
involved, influencing when and where labour is
focused in such agrosystems (Bogaard et al.
2016).
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The degree of similarity between samples
shown by these initial analyses will be consid-
ered when assessing whether or not to amalga-
mate adjacent samples taken according to depth
rather than visible variation in compositions.
This decision will only be taken after analysis of
archaeobotanical samples from a further three
cores which appear to possess the same organic
layer, in order to discern the stratigraphic rela-
tionship between samples and between cores.
Ongoing work on these samples, including
additional cores, aims to further increase our
understanding of plant-related activity during the
Late Neolithic at the site of Ploča Mičov Grad,
providing further data to explore trends in the
diversity and abundance of different plant taxa,
and strengthen inferences regarding crop pro-
cessing techniques and agrosystems.

17.5 Conclusions

Waterlogged plant remains from a thick cultural
organic layer relating to the lakeshore pile-
dwelling site of Ploča Mičov Grad, Lake Ohrid
in North Macedonia, offer evidence for repeated
plant-related activities during the Late Neolithic
across an estimated 100-year occupation from the
mid-5th millennium BCE. A range of cereal,
pulse, and oil-seed crops were cultivated, toge-
ther with a collection of varied fruits and nuts.
The spectrum of cultivated and collected plants is
similar to others in the southwestern Balkans but
notably includes a greater number and range of
collected plants and oil-seed crops than many
terrestrial sites, likely reflecting the broader
preservation of waterlogged assemblages. These
results will be compared to ongoing work on
three further lake core samples and bulk samples
from Ploča Mičov Grad to explore intra-site and
whole settlement trends. Evidence relating to
crop processing techniques comes from partially
charred glume bases and the characteristics of the
weed/wild seeds, which resemble the arable
weeds found in fine-sieving by-products. The
results of the functional weed ecological analysis
suggest that the agrosystem at Ploča Mičov Grad
was small-scale and labour-intensive. This aligns

well with results from other Neolithic sites from
southern and central Europe. Comparison to
contemporary sites from the southwestern
Balkans is limited due to little archaeobotanical
research in this region and a lack of large weed
datasets. The work presented here alongside
ongoing work on further samples from Ploča
Mičov Grad and other EXPLO sites aims to
contribute to efforts to fill this research gap in the
southwestern Balkans, emphasising the potential
of prehistoric wetland sites in this area to better
understand the adoption and adaptation of agri-
culture and patterns of plant food use during the
Neolithic.
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