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Foreword

This book describes the archaeology of all known submerged prehistoric
remains and their regional context for the whole European continental shelf.
They were inundated by the postglacial rise of global sea level. Over 2600
submerged Stone Age artefact sites, settlements, and anthropogenic indica-
tors have been identified on the seabed of the European marginal seas, and
their significance is analysed to show how the underwater remains influence
our understanding of early exploitation of coastal and marine resources and
early seafaring. The scope of this study is unique, since no attempt has been
made previously to assemble and integrate submerged archaeological data on
this geographical scale. It articulates fully the range of archaeological issues
to which underwater prehistoric discoveries are relevant in Europe.

The finds extend over a time range from the earliest human presence north
of the Alps in the Early Palaeolithic nearly one million years ago up to the
establishment of modern sea level about 5000 years at the end of the Neolithic.
Some later material is presented where coastlines have continued to subside.

The book begins with a succinct overview of the Ice Age cycles of sea-
level change and the causes of submergence of prehistoric settlements and
artefacts in the various geomorphologically contrasting European seas: from
the Baltic, which behaves almost like a large estuary to the Atlantic margins
with a huge tidal range and exposure to colossal storms, round to the
Mediterranean and Black seas, where the postglacial rise of sea level is com-
bined with local earthquakes and vertical earth movements. The reasons that
prehistoric peoples lived on or crossed the exposed continental shelves dif-
fered in each case, and the regional environment, fauna, and flora influenced
their culture, subsistence techniques, and their methods for exploiting the
resources of the sea and coast. Submerged remains have been found on all
types of coasts. The most extensive seabed archaeological deposits are on
wide or undulating shelves, with relatively few on steep rocky coasts. A web-
based catalogue of all recorded sites with details of the archaeology is pub-
licly available. This provides a resource for future research.

The main thrust of the book is contained in 19 richly illustrated chapters
that describe the archaeology of submerged sites in each regional sea, nation
by nation. Since both archaeology and oceanography continue seamlessly
across national maritime jurisdictional boundaries, there are overarching
reviews of each marine basin from coast to coast. A concluding section con-
siders the universal issues of legal and regulatory regimes and interactions
with offshore industries and cultural heritage laws.
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Foreword

Europe has one of the longest traditions of research on the prehistoric
archaeology and submerged landscapes of the continental shelf anywhere in
the world, extending back to the nineteenth century in some countries, and
the largest currently known concentrations of submerged prehistoric archaeo-
logical sites. This is especially the case in the western Baltic and to a lesser
extent in the southern North Sea, the southwest corner of the Black Sea, and
the Levant coast of the eastern Mediterranean.

Prehistoric populations depended intimately on the ecosystem of which
they were a part. Thus, the understanding of how people lived, and died, is
inextricably linked to the landscape, fauna, and flora that surrounded them
and the seasonal variations or migrations of species. Northern and northwest
Europe were occupied and abandoned several times during successive glacial
cycles. Underwater finds are therefore likely to be of great significance in
filling some very large gaps in the Stone Age record, and an increasing num-
ber of finds have come to light in the past two decades.

The SPLASHCOS Action described in this book involved more than 120
experts from prehistoric archaeology and the marine geosciences working
together. The issues of the Quaternary landscape of the exposed continental
shelf, and its variability through time and space, are analysed in a separate
volume that has already been published. This book is thus a twin volume, and
the two books enable researchers and students to study the details of the
archaeological record in the context of the immediate local environment and
the wider landscape of the previously exposed shelf.

The types of remains and their frequency of occurrence vary between
regions. In northern Europe, the low sea levels exposed thousands of square
kilometres of undulating plains, marshes, estuaries, and lakes. In the
Mediterranean, where steep mountainous coasts are more common, and the
shelf narrower, a drop of sea level does not produce so much new habitable
land except in the Adriatic and Aegean seas and the western Black Sea shelf.
Notwithstanding this limitation, important remains have been found in caves
in the south of France and in Greece. In areas of extensive sedimentation,
such as the southern Baltic parts of the Mediterranean coast of Croatia and
Israel and the Bulgarian coast of the Black Sea, groups of settlements have
been preserved with stratigraphic integrity, including organic remains such as
leather, cloth, rope, burials, and food remains, including items which are sel-
dom preserved on dry land. In the southern Baltic, finds include fish weirs,
dugout canoes, bows, spear shafts, fibres, and woven fabric preserved in
anaerobic sediments. Bows are made of elm wood and fish hooks are made
from bone. Food remains include seals, dolphin, and whale. Unique examples
survive of different types of wood for making different tools and hearths with
burnt wood and food remains. In Britain, the submerged Mesolithic site at a
depth of 11 m off Bouldnor Cliff near the Isle of Wight exhibits worked tim-
bers, hut foundations, twine, and food remains. Where large numbers of sites
are known, it is advantageous to organise regional integration and multidisci-
plinary studies so as to derive the spatial interaction between changes of cli-
mate, sea level, and the human response. The best example of this is the
SINCOS project in the southern Baltic where researchers found 50 new sites
and excavated 8 of them underwater.
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Most of the documented prehistoric remains have been found in shallow
water, not near the shelf edge. Sea level 12,000 years ago was 60 m below
present and had risen to within a metre of present sea level by 5000 years ago.
This time span embraces the final stages of the Palaeolithic, with predomi-
nantly mobile hunter-gatherer communities largely lacking evidence of con-
structed habitations, no pottery, no agriculture, and no metal tools, through to
the final Neolithic and Early Bronze Age when there were small towns,
sophisticated decorated pottery, complex utensils made of bronze, and early
stages of writing. These dramatic changes in the capability of human com-
munities took place against a background of warming European climate,
melting ice caps, and rising sea level. The context of social evolution against
a background of changing climate, ecosystems, and rainfall has been exam-
ined by archaeologists for over one hundred years, but the interaction with
rising sea level has been much less studied. This is for the simple reason that
most of the evidence is on the present sea floor, and the missing data are
brought together and recorded here for the first time. In some cases, the sub-
merged discoveries reveal that technical skills, food types, and materials were
already in use thousands of years before their earliest occurrence on the pres-
ent dry land.

A few sites described in this book are older than 20,000 years, and thus
predate the Last Glacial Maximum, and some are even older, going back
through several glacial cycles. These early sites tell us how Palaeolithic com-
munities interacted with the sea and its resources. The ability to cross sea
straits in some form of floating craft certainly existed tens of thousands of
years ago. Submerged sites in the time range 20,000 to 120,000 years, that is,
pre—Last Glacial Maximum, confirm that prehistoric material in context can
survive multiple marine transgressions. These include a remarkable cave in
the south of France in which there are wall paintings, a settlement preserving
flint tools and evidence of flint knapping at a depth of 20 m off the north coast
of France, and a concentration of early Palaeolithic materials beneath sedi-
ments in the North Sea.

Contrary to popular expectation, a large number of prehistoric materials
have survived in the intertidal zone on coasts where they are exposed to storm
waves and tidal currents. Among the most distinctive of these intertidal finds
are the human and animal footprints preserved in intertidal sediments in
many locations, especially at Goldcliff East. The earliest, at Happisburgh, are
dated between 0.78 and one million years ago. Large numbers of intertidal
records survive around the coast of Britain and northern France. The British
sites are often beneath submerged forests or drowned peat beds, while the
French remains are mostly megaliths and stone tombs on a rocky coast with
a large tidal range.

Major discoveries have resulted from collaboration between archaeolo-
gists and commercial operations, especially during the building of the Great
Belt Fixed Link in Denmark and excavation of the harbour basin Maasvlakte
2 in the North Sea at Rotterdam. While industrial projects bring powerful
machinery to bear on the seabed, controlled by acoustic positioning and mon-
itoring equipment, academic research projects are increasingly using high-
technology positioning and survey equipment underwater, resulting in large
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data sets of both palaeoenvironmental data and archaeological finds. Three-
dimensional photogrammetry has been valuable at many sites, and there is
increasing use of remotely operated vehicles (ROVs).

One of the problems that occur repeatedly is the difficulty of first finding
and then confirming the nature of a presumed prehistoric feature. There is no
technology available at present that can detect at a distance of a few metres
deposits of wood and worked flint contained within sediments of sand, mud,
or gravel. Visually, anthropogenic materials can be detected on the surface by
high resolution photography or directly by observations by divers, but these
methods can only search small areas slowly. As a result, most submerged
prehistoric sites to date have been found by chance, by trawlers, dredgers,
coastal engineering, or geophysical coring carried out for other reasons. As
soon as the first artefacts are identified and reported, archaeologists respond
with the appropriate technology and controls.

The application of modern high technology has a vital role to play. Marine
geoscientific surveys of the continental shelf that measure the properties of
Pleistocene sediments or processes should be conducted with the prehistoric
implications in mind. In some cases, projects may conduct such surveys spe-
cifically for archaeological purposes, but more often there are other reasons,
often industrial or commercial, and in these cases the archaeological benefits
should be extracted from the archived data.

When a prehistoric deposit has been identified on the sea floor, the appli-
cation of trained divers supported by technology, depending on the depth,
becomes essential. It is important to note that some phases of work can be
conducted quite cheaply, and the apparent cost of the most sophisticated proj-
ects should not be interpreted as a deterrent. As the knowledge of existence of
a site is confirmed by the first finds, so the application of technology can be
ramped up to include comprehensive analysis of the surrounding landscape,
topography, drowned river drainage, ecosystem indicators, ancient sedimen-
tary DNA, 3D photogrammetry, and so on. The volumes of data obtained, or
archived, describing all aspects of palacolandscapes, palacoclimate, and pal-
aeoecosystems, plus the archaeology and preserved artefacts, are truly enor-
mous, requiring the most advanced techniques of data retrieval and data
management.

Seabed prehistoric research has made huge advances in the last two
decades, and results are presented in this book. A combination of new intel-
lectual insights and goals with new technology guarantees that this progress
will continue in future. We hope that early-stage researchers will adopt this
research, with increasing support from academic and commercial
institutions.

National Oceanography Centre Nicholas Flemming
Southampton, UK

Hellenic Centre for Marine Research Dimitris Sakellariou
Anavyssos, Greece
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The purpose of this volume is to provide, for the first time, a comprehensive
review and interpretation of the archaeological material relating to human
occupation of the now-submerged landscapes of Europe’s continental shelf
and to evaluate its significance and the prospects for future research. It was
planned as one of two volumes intended to complement each other as the
principal published output of SPLASHCOS—an acronym for Submerged
Prehistoric Archaeology and Landscapes of the Continental Shelf—a 4-year
research network that ran, formally, from November 2009 to November 2013
as COST Action TD (Trans-Domain) 0902. The first volume was published
by Wiley Blackwell (2017) as Submerged Landscapes of the European
Continental Shelf: Quaternary Paleoenvironments, edited by Nicholas
Flemming, Jan Harff, Delminda Moura, Anthony Burgess, and Geoff Bailey,
and is concerned primarily with the geological and environmental processes
that have shaped the character of the continental shelf as a human habitat dur-
ing periods of low sea level, and with the factors that have determined the
preservation and visibility of archaeological features on these submerged
landscapes.

The present volume is also intended as a complement to an online data-
base of known underwater archaeological sites throughout Europe, known as
the SPLASHCOS Viewer, which has grown to be another major output of
SPLASHCOS and is publicly available at http://splashcos.maris2.nl/ and
http://splashcos-viewer.eu/. The information in the database has been col-
lected by the authors of the national overview chapters in this volume, and
these chapters draw on the records of the SPLASHCOS Viewer and provide
the scientific description, analysis, and evaluation of them.

We have, therefore, aimed in this volume to facilitate cross-referencing
with the SPLASHCOS Viewer and with the chapters in the Quaternary
Paleoenvironments volume, with amplification of issues relating to sea-level
change, landscape setting, and geological and oceanographic conditions of
archaeological site preservation as well as a full description of the archaeo-
logical finds themselves. We hope and intend that this combination of vol-
umes and the SPLASHCOS Viewer will provide a rich mine of information
to stimulate future research.

COST is a European funding mechanism that supports Actions (the COST
term for a research network) in all subject areas and is open in principle to
participation from all European countries and “near neighbours” in North
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Africa, the Near East, and the former Soviet Union (http://www.cost.eu/
about_cost). Each participating country nominates two national representa-
tives, appointed through its own national research organisation, who form the
Management Committee, with provision to recruit additional members as
appropriate. The work of the Action is supported by a Memorandum of
Understanding that sets out the main aims and objectives of the Action and
the details of the research programme. Funding is designed to facilitate com-
munication across national boundaries and, in the case of Trans-Domain
Actions, across disciplinary boundaries as well. It covers expenses for meet-
ings, workshops, conferences, training, and publications. It does not provide
funds for new research, such as salaries and fieldwork or laboratory expenses,
but is intended to complement, stimulate, and add value to national, bilateral,
and EU sources of research funding through the development and promotion
of new ideas, discussions, plans, collaborations, and grant applications.

The vision of the SPLASHCOS Action as expressed in the COST
Memorandum of Understanding of 11 June 2009 (COST 245/09 Annex;
https://www.cost.eu/actions/TD0902/#downloads) was to promote research
on the archaeology, climate, and palacoenvironment of the drowned land-
scapes of the European continental shelf; to stimulate collaboration across
national and disciplinary boundaries; to bring together interested parties from
the worlds of academic science, commerce, and government; to encourage
participation and training of early-stage researchers; and to facilitate exchange
of ideas, planning of research projects, application for research funds, and
dissemination through publications and other media. Target audiences
included not only the many scientific disciplines concerned with researching
the continental shelf—archaeology, marine geology, geophysics, biology, cli-
matology, palacoenvironment, and oceanography—but also museum curators
and heritage managers, government officials responsible for the marine envi-
ronment and its cultural heritage, industrial operators working on the seabed,
funding agencies, school children, and a wider public.

During its lifetime, SPLASHCOS grew to include over 120 archaeolo-
gists, marine scientists, and members of museums and heritage agencies from
25 countries, including Israel, the Ukraine, and the Russian Federation (see
the SPLASHCOS website at https://www.splashcos.org/ and the COST web-
site at https://www.cost.eu/actions/TD0902/#tabsIName:parties for the full
list). The Management Committee organised 8 major meetings, 3 interna-
tional conferences, and 16 training missions involving 65 early-stage
researchers and stimulated €20 million of successful grant applications and a
wide range of outputs including publications and online technical reports.
Full details of the history of SPLASHCOS and the outcomes of its activities
are given on the project website at http://splashcos.org.

Not all the participating countries are represented in the chapters of
national overviews in this volume, principally because of limited or absent
data, though relevant information is referred to wherever possible in the edi-
torial introductions for each of the major marine basins that form the major
subdivisions of the volume. Other countries eligible for participation, notably
Albania, Turkey, and the countries of North Africa bordering the
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Mediterranean, are also not represented despite attempts to recruit their
participation to SPLASHCOS, though some information from Turkey has
subsequently become available and is referred to in this volume, along with
the addition of a chapter on Cyprus.

We have also taken the opportunity to add a group of chapters, expanded
from conference papers originally presented at the SPLASHCOS meeting in
Esbjerg, Denmark, in March 2013, organised by Thijs Maarleveld as an inter-
national workshop with representatives of North Sea industry. These chapters
expand on the legal, regulatory, and historical frameworks affecting the rela-
tionship between archaeology and industrial offshore activity, a relationship
which has come to play a leading role in the exploration and discovery of new
material.

Four Working Groups carried forward the work of the Action:
Archaeological Data and Interpretations (WG1) led by Anders Fischer;
Environmental Data and Reconstructions (WG2) led by Jan Harff; Technology,
Technical Resources and Training (WG3) led by Ole Grgn and Tine Missiaen;
and Commercial Collaboration and Outreach (WG4) led by Julie Satchell.
The results of the work by WGs 2, 3, and 4 are published elsewhere: WG2 in
the volume edited by Nicholas Flemming and co-editors referred to above;
and WG3 and WG4 online on the SPLASHCOS website at https://www.
splashcos.org/resources/methods  and  https://www.splashcos.org/sites/
splashcos.org/files/downloads/SPLASHCOS_Marine_Industry_Guide.pdf,
and in individual chapters in other SPLASHCOS outputs published as edited
volumes.

Principal among these other volumes are Geology and Archaeology:
Submerged Landscapes of the Continental Shelf, edited by Jan Harff, Geoff
Bailey, and Friedrich Liith and published in 2016 by the Geological Society
of London, and Under the Sea: Archaeology and Palaeolandscapes of the
Continental Shelf, edited by Geoff Bailey, Jan Harff, and Dimitris Sakellariou
and published in 2017 by Springer International. Both are collections of
chapters covering a wide range of themes, methods, and case studies, includ-
ing examples from other parts of the world as well as Europe, and were out-
comes of conference sessions, the first arising from a session at the 34th
International Geological Congress in Brisbane, Australia, in June 2012 and
the second from the final showcase conference of SPLASHCOS held at the
University of Szczecin, Poland, in September 2013. Also to be mentioned is
a volume aimed at a general audience and published in 2018 as Oceans of
Archaeology, edited by Anders Fischer and Lisbeth Pedersen and published
by the Jutland Archaeological Society, with a selection of examples from
Denmark and other parts of Europe.

In preparing this volume, Geoff Bailey has led the editorial team in the
main tasks of structuring the contents, selecting reviewers, and writing, edit-
ing, and coordination. Nena Galanidou and Hans Peeters have added their
archaeological expertise and perspectives from different parts of Europe to
the work of writing and editing, and Hauke Jons has guided the development
of the SPLASHCOS Viewer from the beginning and coordinated the work of
data collection by the national contributors. Moritz Mennenga has taken on
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the arduous task of collating and inputting the national records of underwater
archaeological sites and preparing the digital maps of site distributions that
appear throughout the volume. We anticipate that this database will continue
to be added to and improved as a major research tool for the benefit of future
research.

Although the formal term of COST funding ceased in 2013, SPLASHCOS
has continued to be active informally, through the completion of publications
planned and initiated during the life of the Action, and through new research
based on existing collaborations and the development of new ones. In 2013
towards the end of the SPLASHCOS Action, the European Marine Board
invited the formation of a Working Group (SUBLAND) under the chairman-
ship of Nicholas Flemming to publish a major policy document on the new
field of continental shelf prehistoric archaeology for European funding bod-
ies, government agencies, and other stakeholders, published in 2014 as Land
Beneath the Waves: Submerged landscapes and sea level change. A joint
geoscience-humanities strategy for European Continental Shelf Prehistoric
Research.

New research is now in progress in many parts of Europe, and further
afield in other parts of the world, and it is likely that new techniques will be
developed, new strategies devised, and new discoveries made in the coming
decades to provide better answers to the questions already on the research
agenda and to open up new questions that we cannot yet begin to define with
any clarity or even to imagine. We hope that the information presented in this
volume will provide the foundation and the inspiration for many new investi-
gations, new collaborations, new directions of research, improved manage-
ment of the underwater cultural heritage through scientific, governmental,
and industrial cooperation, and new participants in this growing field of
underwater archaeology.

York, UK Geoff Bailey
Rethymno, Greece Nena Galanidou
Groningen, The Netherlands Hans Peeters
Wilhelmshaven, Germany Hauke Jons

Moritz Mennenga
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The Archaeology of Europe’s
Drowned Landscapes:
Introduction and Overview
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Abstract

This is the final volume of the SPLASHCOS
research network and marks the completion of
an international and collaborative survey to
compile and evaluate the known records of
underwater material around Europe’s coast-
lines, deposited during periods of low sea
level and subsequently drowned by sea-level
rise at the end of the Last Glacial Period.
Some of these underwater finds, especially
those exposed in the intertidal zone, have been
known about since the last century but have
languished in obscure publications, museum
archives, or national sites and monument
records. Systematic underwater investigation
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and excavation did not begin until the 1970s
and only then in a few research centres, nota-
bly in Denmark, Bulgaria, and Israel. Only
since the turn of the new millennium has this
field of underwater research come into focus
as a significant missing part of the archaeo-
logical record, and many new investigations
have begun or gained new momentum during
the past decade, not least because of improved
technologies of marine exploration and remote
sensing, intensified industrial exploitation of
the seabed, and collaboration between off-
shore industries, government agencies, and
commercial archaeologists. The material
reviewed here covers 20 countries bordering
all the major marine basins from the Atlantic
coasts of Ireland and Norway to the Black Sea
and from the western Baltic to the eastern
Mediterranean. Nearly 3000 underwater find
spots are known, ranging from isolated arte-
facts to in situ settlements and spanning a
period from c. 1 million years ago to the estab-
lishment of modern sea level between 7000
and 2000 years ago. In this introductory chap-
ter, we outline the history of investigations,
highlight the importance of this underwater
record for a better understanding of European
(and world) prehistory, explain the rationale
for the research and the way we have struc-
tured the volume, and summarise some key
issues. The chapters are organised in four
parts, and each part is prefaced by its own

G. Bailey et al. (eds.), The Archaeology of Europe’s Drowned Landscapes,
Coastal Research Library 35, https://doi.org/10.1007/978-3-030-37367-2_1
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editorial introduction summarising key themes
for that group of chapters.

Keywords

Sea-level change - Submerged landscapes -
Underwater archaeology - Cultural heritage -
Stone Age

1.1 Background

It has been well understood for many decades
that sea level has been much lower than the pres-
ent for most of human history over the past one
million years and more, repeatedly reaching to a
depth of more than 100 m below present sea level
and making extensive areas of land available for
human settlement and dispersal over many mil-
lennia. In Europe, the amount of new land
exposed at lowest sea level during the Last
Glacial Maximum 20,000 years ago has been
estimated at c. 2.5 million km?, representing
some 40% of the present-day land mass
(Fig. 1.1)." Much of this submerged territory was
well-watered and well-stocked with plants and
animals, often providing more attractive environ-
ments for human exploitation than the contempo-
raneous hinterlands and arguably, in some cases,
environments with no known modern analogue
(Bailey and Flemming 2008). Nearly all this land
was progressively lost to sea-level rise over a
period of about ten millennia as the continental
ice sheets melted, creating an ever-changing
mosaic of palacogeographic and palaeoenviron-
mental conditions until sea-level rise reached the
modern position.

Archaeologists, however, have for a long time
been reluctant to focus on this missing record or
to do anything about it. In part this stems from a
belief that nothing of much significance could
have survived the destructive impact of inunda-

'These are very approximate figures and are based on a
land area that largely excludes European Russia. The total
area given here is lower than the 4 million km? cited in
Flemming et al. (2017a, p.1), because the latter figure was
arrived at by taking 40% of the current European land
mass including European Russia.

tion and that whatever has survived would in any
case make little difference to our understanding
of world prehistory. Other factors are the per-
ceived difficulties and costs of mounting research
expeditions to search for whatever minimal
remains might still be found on or beneath the
seabed and the high risk of failure. A further dis-
incentive is the deep-rooted belief that the sea-
shore and the sea beyond were, at best, of
marginal significance to the main trajectories of
human evolution and social development until a
very late period in recent millennia and that all
the major social, economic, and technological
transformations that created the foundations of
early civilisation were largely driven by the
exploitation of terrestrial resources on dry land—
scavenging, hunting, plant gathering, domestica-
tion of plants and animals, and village farming
(Erlandson 2001; Bailey and Milner 2002).
Typically, this belief provides a rationalisation
for not engaging with underwater research, and
that lack of engagement in its turn reinforces
existing preconceptions, creating a perpetual and
self-reinforcing circularity of argument that can
stifle new research initiatives.

Four factors have gradually brought about a
change in the climate of opinion (for overviews
and recent discussion, see Flemming 2004;
Benjamin et al. 2011, 2017; Evans et al. 2014;
Harff et al. 2016, 2017a; Bailey et al. 2017,
Flemming et al. 2014, 2017a; Fischer and
Pedersen 2018; Sturt et al. 2018; Wickham-Jones
2018).

1. The steady accumulation of underwater finds
in many parts of the world demonstrating that
a great deal of prehistoric material, including
palaeontological remains of Ice Age mam-
mals as well as archaeological finds, has sur-
vived on the seabed, some of it with
preservation of organic materials, food
remains, and items of material culture sealed
beneath marine sediments in anaerobic sedi-
ments, items that rarely survive in archaeo-
logical deposits on the present-day land
surface.

2. Better information about sea-level change,
bathymetry and sea-bed morphology that has
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Fig. 1.1 Map of Europe showing the general distribution of known underwater settlements and find spots of the Stone
Age or Early Bronze Age. The total number of recorded sites is 2640, and more detailed distribution maps can be found
in the national overviews. The map also shows the —120 m bathymetric contour (light blue shading), which gives a
measure of the variable extent of the continental shelf in different regions, and the boundaries of the offshore Exclusive
Economic Zones of each nation state. Site information from the SPLASHCOS Viewer http://splashcos-viewer.eu. For
summary of site data, see Appendix 1. Drawing by Moritz Mennenga

demonstrated more clearly the pattern of sea-
level change, the length of time that low sea
levels have persisted, and how much land has
been lost since the Last Glacial Maximum.
This is coupled with a growing realisation that
this extensive terrestrial territory harboured
concentrations of plant and animal life, water
supplies, and human settlement, with major
consequences for social, economic, and

demographic change as land gradually sunk
beneath the waves.

. A growing imperative to study sea-level

change, stimulated by the threat of global
warming and sea-level rise in the coming cen-
turies, and an interest in harnessing the exten-
sive archives of palacoenvironmental and
archaeological information on the continental
shelf to better understand the pattern and
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causes of past sea-level changes and their
human impact.

4. Intensification of industrial and commercial
exploitation of the seabed and the extension of
government responsibilities, legislation, regu-
latory regimes, and international conventions
to the protection of the underwater cultural
heritage.

The research culminating in this volume has
been carried out in parallel with two other closely
related projects as part of the SPLASHCOS
Action: a pan-European review of the geomor-
phology and palaeoenvironments of the conti-
nental shelf and the conditions affecting the
preservation and discovery of prehistoric archae-
ological materials (Flemming et al. 2017a) and
the compilation of a publicly available online
database and maps with records of all known
underwater finds of prehistoric archaeology in
Europe—the SPLASHCOS Viewer (http://
splashcos-viewer.eu/;  http://splashcos.maris2.
nl/). In Europe, the number of underwater Stone
Age finds reported from different countries was
already known to be many hundreds even before
the SPLASHCOS Action began, and part of the
stimulus to the project was to bring together the
scattered reports of such finds into a single
archive and to provide a fuller understanding of
what is available and its wider significance.

The aim of this volume, then, is to provide, for
the first time, a comprehensive description and
evaluation of the currently known underwater
archaeology on the submerged landscapes of the
European continental shelf and the challenges
facing future research. Our chronological and
thematic focus is principally on sites that were
originally located on dry land but were subse-
quently inundated by sea-level rise. In practice,
this refers to Stone Age material before about
6000-5000 BP on most coastlines, but it includes
Bronze Age or even Iron Age sites in those
regions where metal technologies appeared early
or relative sea level has continued to rise because
of vertical land movements or continued melting
of continental ice into the world oceans. We dis-
cuss issues of sea-level change and define and

qualify our chronological and spatial boundaries
in greater detail below.

Our aim in this chapter is to make some intro-
ductory comments about the following topics:

e The significance of Europe in its world con-
text as a case study in the history of the conti-
nental shelf.

e The pattern and measurement of sea-level
change and the uncertainties associated with
it.

e The rationale for the way in which we have
structured the volume and organised the
chapters.

* The geographical and chronological scope of
the work, including the definition of terms,
their benefits and limitations, and the compila-
tion of the SPLASHCOS Viewer.

e The variable conditions that have affected the
preservation and discovery of underwater
sites.

e Key research themes concerning human evo-
lutionary and social developments that inform
the volume as a whole.

1.2  Europe as a Case Study

The case for concentrating on the evidence of
Europe’s coastlines deserves some opening com-
ment, given that Europe represents quite a small
fraction of the world’s land surface, and just one
relatively limited regional record in the much
larger panorama of world prehistory.

By convention, Europe as a geographical con-
cept is usually taken to include all the territory
west of the Ural Mountains and the Ural River,
including the very large area of European Russia
with coastlines on the Arctic Ocean and the
Caspian Sea. In this volume we confine our atten-
tion to those coastal regions that border the Baltic
Sea in the north, the Atlantic Ocean to the west,
and the Black Sea and Mediterranean Sea to the
south. In practice this excludes most of the west-
ern zone of the Russian Federaton (European
Russia), apart from its short sections of coastline
at the eastern end of the Baltic Sea and on the
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northern coastline of the Black Sea. We also
include Turkey within these boundaries, though it
has very few underwater finds, Cyprus, and
Israel, which has a long history of underwater
investigations and one of the most important and
well-studied groups of underwater sites in the
world. We do not include other countries border-
ing the eastern Mediterranean (Syria, Lebanon,
Israel, and the Palestinian National Authority)
nor all European countries with a coastal border
(notable absences are Albania, Bosnia-
Herzegovina, and Montenegro), because of lack
of underwater investigation and absence of
information.

From an archaeological point of view, one rea-
son for focussing on Europe is the simple fact
that it has one of the longest traditions of research
on the prehistoric archaeology and submerged
landscapes of the continental shelf anywhere in
the world, extending back to the nineteenth cen-
tury in some countries, and some of the largest
currently known concentrations of prehistoric
archaeological sites. This is especially the case in
the western Baltic and to a lesser extent in the
southern North Sea, the south-west corner of the
Black Sea, and the eastern Mediterranean.
Whether this concentration is the product of
unusual conditions of site preservation and visi-
bility peculiar to European and Mediterranean
conditions, or rather to high levels of expert and
public interest in these regions and sustained
monitoring and investigation over many decades,
is a question to be explored and is addressed in
the relevant chapters of this volume.

Also, the long-term history of human occupa-
tion in Europe witnessed a number of develop-
ments that are of relevance to the some of the
biggest themes in world prehistory. These include
the earliest dispersal of our human ancestors into
Europe at least one million years ago from a pre-
sumed centre of origin in Africa, most likely via
the Levantine corridor but also very likely taking
advantage of favourable territories for settlement
and dispersal on now submerged landscapes
especially in the Aegean region and possibly also
involving sea crossings of the Mediterranean;
early developments in the exploitation of marine
foods, the resources of offshore islands, and sea-

faring; the colonisation or recolonisation of
extensive new territories exposed by the retreat-
ing ice; and the early development and dispersal
of agricultural and metal-using societies includ-
ing some of Europe’s earliest complex stratified
societies such as the Minoan civilisation on Crete
and the Varna culture of Bulgaria. All of these
developments were taking place at a time when
sea levels were lower than present; many most
likely had a coastal or maritime aspect; and it is
likely that the investigation of the now-submerged
coastal regions and palaoeshorelines of Europe
and the Mediterranean will throw entirely new
light on these developments and new information
of interest and relevance at the world scale.

Moreover, the environments available for
human occupation on Europe’s submerged land-
scapes ranged from periglacial tundra in the north
to Mediterranean woodland in the south and
included dry lands, wetlands, lakes, rivers, estu-
aries, marshes, and coastlines with intertidal
zones and offshore conditions ranging from shal-
low marshy shorelines and extensive mudflats to
rocky shorelines in tideless basins, many of them
subject to quite rapid and dramatic changes
resulting from changes in sea level and the
dynamic processes of geomorphological change
at the coast margin. These would have offered
great variety of opportunities to prehistoric soci-
eties as well as challenges to be overcome or suc-
cumbed to.

This is not to overlook the fact that traditions
of underwater research, the discovery of under-
water sites, and the investigation of their rele-
vance to themes in the early development of
human society have been going on in other parts
of the world. Perhaps the largest concentration of
research after Europe is in North America, espe-
cially on the coastlines of the Northwest Pacific
and the Gulf of Florida, with more sporadic finds
or new work only recently getting under way
elsewhere and in other parts of the world (see in
particular chapters in Masters and Flemming
1983; Benjamin et al. 2011; Evans et al. 2014,
Harff et al. 2016; Bailey et al. 2017; Veth et al.
2019). Nevertheless, the concentration of finds,
expertise, scientific research, and public interest
in Europe is exceptional.
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There are other reasons why Europe offers
unusual interest and opportunities for underwater
research. Although it has a continental hinter-
land, Europe has a strongly maritime character
with its many peninsulas and large offshore
islands, its large semi-enclosed marine basins, its
convoluted coastlines and archipelagos, and a
very high ratio of coastline to land area, espe-
cially if one takes into account the many thou-
sands of smaller offshore islands. It also has a
great variety of coastal and offshore geomorphol-
ogies and oceanographic conditions within a rel-
atively small area of the Earth’s surface,
especially as these affect the likely preservation
and accessibility of submerged landscapes and
archaeological materials. These conditions range
from the virtually tideless basins of the Baltic,
the Mediterranean, and the Black Sea, many of
their coastlines with limited wind fetch or expo-
sure to storms, to exposed coastlines facing the
Atlantic Ocean and the North Sea in the west
with very high tidal ranges.

Offshore, conditions range from shallow and
extensive areas of continental shelf with high
rates of sedimentation and coastal peat forma-
tions, as, for example, in the North Sea and the
NW Black Sea, to narrow and rocky coastlines
with steep drop offs and narrow shelves as in
much of the Mediterranean. The Mediterranean,
because of its unusual geological history and its
extensive areas of limestone, has a unique karstic
geomorphology of erosion and cave formation
along many of its coastlines. The low sea-level
stands of the Pleistocene accentuated cliff-bound
shorelines and creation of coastal caves resulting
from intensified groundwater movements and
carbonate dissolution. These features are not
unique to the Mediterranean but amplified earlier
processes of erosion that took place during the
Messinian salinity crisis between c. 5.96 and 5.33
million years ago, when the Mediterranean was
cut off from the Atlantic and high rates of evapo-
ration turned it into a deep and dry basin
(Flemming and Antonioli 2017). This has resulted
in thousands of coastal caves, many of which are
now submerged below present sea level, and
some of which clearly have potential for preser-

vation of terrestrial deposits and archaeological
material.

All of this makes for a very wide range of dif-
ferent environmental conditions that would have
faced prehistoric societies and to which they
would have had to adapt, different geomorpho-
logical conditions affecting the survival of land-
scape features and archaeological sites in the face
of inundation by sea-level rise, and different
opportunities for comparative analysis, with
results that are likely to impact on some of the
major themes in world prehistory.

1.3  Sea-Level Change

Understanding of sea-level change is fundamen-
tal to everything discussed in this volume.
Generalised diagrams of sea-level change over
the Last Glacial cycle, from the Last Interglacial
period of high sea level 130,000 years ago
through to the establishment of modern sea level
in the mid-Holocene, have been used to illustrate
archaeological syntheses of European coastal
prehistory for over 35 years (Bailey 1983;
Shackleton et al. 1984), following the demonstra-
tion that 8'%0 measurements of foraminifera in
deep-sea sediment cores provide a continuous
proxy record of changes in ocean volume
(Shackleton and Opdyke 1973; Shackleton et al.
1983). Typically, these early archaeological stud-
ies produced maps plotting sea-level variations
against modern bathymetry to show the extent of
submerged territory at the Last Glacial Maximum
or other selected periods.

Since then, measurements of past sea-level
change and understandings of the geological and
climatic processes involved have, of course,
greatly improved but so too has understanding of
the scientific complexities underpinning such
measurements and the margins of error inherent
in them. Margins of error are broadly of two
kinds, errors of dating and errors in the vertical
positioning of sea level at any given date relative
to the modern position. For some archaeological
purposes, quite general and imprecise patterns
are sufficient to provide useful insights. However,
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as new archaeological questions have led to the
demand for greater precision, so too the need to
appreciate the uncertainties of the underlying sci-
ence has become more imperative. This is not
always apparent in archaeological texts, which
are liable to give a misleading impression of pre-
cision by citing specific figures without clarify-
ing the uncertainties involved or to extrapolate
global sea-level curves to the region of archaeo-
logical interest. Conversely, specialists frequently
engage in technicalities that seem of little rele-
vance to archaeological concerns and that many
archaeologists are ill-equipped to comprehend.

This situation is further confused by the fact
that sea-level change is of interest to several dif-
ferent disciplines, each with different objectives
that require different types of data and different
degrees of precision. Archaeologists generally
want to know to a considerable degree of preci-
sion the date and geographical position of pal-
aeoshorelines in their region of interest;
palaeoclimatologists are more interested in the
global pattern of sea-level variation through time,
usually to the highest possible level of measure-
ment, while geologists and tectonic geomorphol-
ogists are primarily interested in vertical
movements of sea level relative to land in particu-
lar regions but not necessarily with the chrono-
logical precision required by palaeoclimatologists
or the spatial precision required by archaeolo-
gists (see Inglis et al. 2019).

From an archaeological point of view, it is
important to appreciate two basic problems. The
first is the degree of uncertainty involved in mea-
suring changes in sea level that result from
changes in ocean volume, that is, changes in the
amount of water in the world oceans resulting
from the expansion and contraction of the conti-
nental ice sheets. This is a global measure, com-
monly referred to as the ice-equivalent sea level,
or esl for short, and roughly corresponds to what
is commonly referred to as eustatic sea level. The
difference between esl and eustasy is that the lat-
ter incorporates changes in the geometry and
capacity of the world’s oceans to hold seawater
as well as the volume of ice-equivalent seawater.
The difference between the two measures in the

time ranges of interest in this volume, particu-
larly for the late Pleistocene, is small and can be
ignored, and the two terms are often used
interchangeably.

The difficulty in arriving at reliable measures
of global esl is that dated palaeoshorelines pro-
vide only fragmented and discontinuous records,
compounded by vertical movements of the
Earth’s crust. More useful are deep-sea sediment
records, which provide a continuous sequence of
marine sediments and proxy measurements of
sea-level variation in the form of &0 variations
in the carbonate skeletons of planktonic and ben-
thic foraminifera. They are dateable, and the lon-
gest sediment cores extend back over many
hundreds of thousands of years. However, they
are difficult to relate to the heights of palaeo-
shorelines without calibration against dated pal-
aeoshoreline features such as submerged or
elevated corals terraces, beachrock and peat, or
measurements of ice volume. They are also sub-
ject to other distortions such as temperature
effects on isotopic composition, differences of
circulation in different marine basins, bioturba-
tion of sediments, dating errors, and so on. One
of the most detailed sea-level curves of this type
is from the Red Sea and is based on a variety of
proxy measures cross-checked against other pal-
aeoclimate and geological records to construct a
sea-level curve over the past 500,000 years
(Fig. 1.2; Siddall et al. 2003; Grant et al. 2012,
2014).

As Grant et al. (2014, p. 4) point out, their sea-
level curve measures relative sea-level (rsl)—
relative to a particular geographical region. They
produce evidence to suggest that there is an offset
between rsl and esl of as much as 10 m in the Red
Sea, especially at glacial maxima, corroborated
by detailed studies of vertical land movements
(Lambeck et al. 2011).

This raises the second problem for archaeolo-
gists and others, and that is that the Earth’s crust
is not fixed but has been subjected to sustained
vertical movements over many geographical
scales, some of them in recent geological and
archaeological time. These take the form either
of isostatic effects associated with loading and
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Fig. 1.2 Relative sea-level curve for the Red Sea over the past 500,000 years, based on a variety of proxies including
the 8'80 signal derived from planktonic foraminifera in deep sea sediment cores (black line). The light grey shading
indicates the probable margin of uncertainty, including margins of error associated with radiometric dating and the
estimation of sea-level position from proxy data. The curve for the past 150,000 years is further constrained by dated
palaeoshoreline features and is considered to be the most accurate part of the sequence. The red line is the continuous
curve of variation in the 8'30 signal of benthic foraminifera in deep sea cores from a variety of sources. Also shown are
some of the principal marine isotope stages. Data from Siddall et al. (2003) and Grant et al. (2012, 2014). Drawing by

Geoff Bailey

unloading of ice sheets and to a lesser extent sea-
water acting on the continental shelf—GIA
(glacio-isostatic ~ adjustment) for short—or
tectonic effects, notably at plate boundaries and
rifts, where they are associated with uplift or sub-
sidence. Both effects are present in coastal
regions of Europe, GIA especially in the north-
west in regions of former glaciation, and tecton-
ics in parts of the central and eastern
Mediterranean. Harff et al. (2017b) give an
extended discussion of these processes with ref-
erence to Europe, and examples are also dis-
cussed in the relevant chapters of this volume.
GIA can extend very widely, well beyond regions
of former glaciation albeit with attenuated effect,
but is especially prevalent in northern Britain and
Scandinavia, where sea level went down initially
after the LGM (Last Glacial Maximum) because
the land was rebounding faster than sea level was
rising. Because of time lags in the Earth response,
the land is still rebounding today in areas of
Scandinavia formerly located beneath the thick-
est mass of ice, and the amount of vertical uplift
can be hundreds of metres.

Separating out the different contributions of
tectonics, GIA, and changes in sea-water volume
is problematic because of the difficulty of obtain-
ing fully independent measures of each variable

and the combined margins of error associated
with each type of measurement. One approach is
to look at palaeoshoreline indicators in ‘far-field’
regions which are tectonically stable and far from
GIA effects. A variety of modelling procedures
incorporating far-field data have been developed
to isolate and refine measures of global esl and to
develop models of sea-level change in other
regions incorporating whatever dated palaeo-
shoreline information is available in the region of
interest (see Lambeck et al. 2014, for a succinct
introduction to the problems of sea-level mea-
surement). Even these models are subject to
remaining uncertainties such as the viscosity of
the underlying mantle in different regions. Using
these modelling procedures and a more detailed
data set than Grant et al., Lambeck et al. (2014)
have produced an esl curve for the past
35,000 years (Fig. 1.3). Of special note is the evi-
dence for a maximum lowering of sea level of
134 m at 21,000, the persistence of sea levels at
or lower than c. 120 m below present for a period
of 13,000 years between 29,000 and 16,000, and
an offset of 10-20 m between their esl curve and
the Red Sea rsl curve during this period.

Also of note is the evidence that sea level did
not stabilise at about the present position until
2000 years ago. The commonly cited date of
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Fig. 1.3 Comparison of the global ice-volume equivalent (eustatic) sea level (esl) with the relative sea-level curve from
the Red Sea for the last 35,000 years. A (red line): the esl curve with the statistical margin of measurement error at the
95% probability level (dark grey). B (black line): the relative sea-level curve from the Red Sea with its margin of uncer-
tainty (light grey). C (Inset): the esl curve for the past 9000 years (the legend for the figures on the axes is the same as
for the main image). Note that the maximum depth of sea level in A is —134 m at 21 ka and that a period of low sea level
at >120 m lasted from 29 to 16 ka. Note also that the two curves correspond quite well within the margins of uncertainty
except for the period of the LGM, when there is an offset of 10-20 m. Note also that the rate of rise in the esl drops
sharply between 8.2 and 6.7 ka, corresponding to the final melting of the North American ice sheet, but that the esl
continues to rise more slowly through another 3 m before fully stabilising. See text for further discussion. Data in A and
C are taken from Lambeck et al. (2014) and in B from Fig. 1.2. Drawn by Geoff Bailey

6800 cal BP for the final melting of the northern
hemisphere continental ice sheets is sometimes
used as a proxy measure for the date when sea
level stopped rising. However, the esl data in
Fig. 1.3, while they show a marked drop in the
rate of sea-level rise at that date, also demonstrate
a continued slow increase of sea level through
about 3 m until 2000, most probably because of
continued melting of ice from the Antarctic and
Greenland ice sheets.

In addition to the issues discussed above, there
are yet additional variables that need to be taken
into account when assessing relative sea-level
position and the configuration of palaeoshore-
lines at a regional or local scale. In the regional,
semi-enclosed seas of Europe, for example, the
effect of variations in wind strength and direction
and barometric pressure can affect sea level

(Harff et al. 2017b). Shorelines of softer materi-
als such as Pleistocene sediments are also vulner-
able to lateral shifts in shoreline position because
of erosion or progradation, especially during
periods when sea level remains at about the same
level for long periods, processes that have been
well studied in the Holocene (Harff et al. 2017b).
Changes in the depth of the seafloor because of
accumulation or erosion of marine sediments
since the time of archaeological interest can also
affect the reconstruction of palaeogeographic
contours and shorelines from present-day
bathymetry.

The upshot of the above discussion is that
archaeologists interested in plotting the impact of
sea-level change on their archaeological data and
their region of interest should be aware of the
margins of uncertainty involved in the primary
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measurements, the incompleteness of the under-
lying science, and the hazards of extrapolating
global sea-level curves to particular regions or
from one region to another. Statements of a single
measurement for archaeologically important
benchmarks, such as the maximum lowering of
sea level at the LGM or the date when sea level
stopped rising during the postglacial period, risk
imputing a misleading sense of accuracy unless
they are qualified by a suitable error term.

Ultimately there is no substitute for the dis-
covery and dating of local palacoshoreline fea-
tures in the region or locality of archaeological
interest. Dated palaeoshoreline features from
below modern sea level that can help to refine
models of sea-level change are relatively rare and
much sought after. Underwater archaeological
sites, especially if they were originally located on
the shoreline and can be well dated, which is
often the case, are therefore of great interest to
sea-level modellers, and archaeologists and sea-
level specialists can make common cause in the
search for such data to mutual benefit.

1.4  Organisation and Scope

The initial compilation of data for the
SPLASHCOS Viewer and the subdivision of
tasks undertaken by the members of WG1 was
organised by each modern nation state, reflecting
the practical reality that scientific and academic
research institutions, government agencies
responsible for cultural heritage, and the conduct
of field research are largely organised at national
level. This has carried through to the chapters
that form the basic building blocks of this vol-
ume, which present a series of national over-
views. However, modern state boundaries are a
poor fit with the environmental features that are
of primary relevance in the interpretation of the
underwater archaeological record. They risk
placing data into arbitrary categories that inhibit
supra-national integration and obscure the under-
standing of variables that go across modern polit-
ical boundaries.

National Overviews
and Marine Basins

1.4.1

The arbitrary nature of modern state borders is
especially the case when dealing with the coastal
zone and the offshore submerged landscape,
where the primary geographical unit of study is
the ocean or marine basin to which the coastal
margins of individual countries relate. Moreover,
Europe with its regionally varied coastal geomor-
phology and continental shelves has presented us
with the challenge of how best to arrange the
sequence of national overviews and how best to
group them so as to highlight relevant similarities
and contrasts.

For the principal subdivisions of the book, we
have taken the major marine basins as our pri-
mary unit of organisation: the Baltic, the North
Sea and Atlantic, and the Mediterranean and the
Black Sea. Each has its own distinctive character-
istics that provide a coherent whole and a unify-
ing focus for transnational comparisons, and
these categories also facilitate comparison with
the more detailed information on Quaternary pal-
aeoenvironments presented in the Flemming
et al. (2017a) companion volume, which is struc-
tured along similar lines. A case could be made
for further geographical subdivision, for exam-
ple, between the North Sea and the Atlantic
coasts of Western Europe, between the different
sectors of the Mediterranean, or between the
Mediterranean and the Black Sea, but this has to
be tempered by the quantity and detail of the
available archaeological data. This is heavily
concentrated around the coastlines of a small
number of countries in Northwest Europe, espe-
cially those bordering the North Sea and the
western Baltic, which have the longest histories
and the best-developed traditions of underwater
investigation and collaboration with offshore
industries, whereas the archaeological data else-
where is much patchier (Fig. 1.1).

A complicating factor is the fact that some
countries have two coastlines. France, for exam-
ple, has an Atlantic and a Mediterranean coast-
line and Denmark a North Sea and a Baltic one.
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Conversely, some marine basins are only par-
tially represented in our coverage: the
Mediterranean, in particular, is represented only
by its northern and eastern shorelines, and the
North African coastline is absent, despite its
importance in prehistory. This reflects both the
absence of known underwater prehistoric remains
and the lack of participants from the North
African countries in the SPLASHCOS Action.”
Similarly, the Black Sea is represented by only
two national contributions (Bulgaria and
Ukraine). Also, the Baltic is only represented by
the countries at the western end (Germany,
Denmark, and Sweden). Again, this reflects, in
part, the near absence of underwater archaeologi-
cal data to the east and the north, but more impor-
tantly the impact of glacio-isostatic rebound,
which means that the archaeological evidence for
the earliest settlement of coastlines in these areas
after the retreat of the Scandinavian ice sheet is
now mostly uplifted above modern sea level.

With all these factors in mind, we have used
three primary groupings to organise the national
overviews: the Baltic and Scandinavia (including
Norway) (Part I), the North Sea and the Atlantic
(Part II), and the Mediterranean and the Black
Sea (Part III). These are broad groupings that
reflect a compromise between the ideal subdivi-
sions derived from environmental considerations
and the relative proportions of archaeological
data and investigation distributed across the con-
tinent. We recognise that this grouping introduces
arbitrary boundaries of its own, and we have
dealt with this by introducing each of our main
groupings with an editorial introduction, which
highlights the features of the national overviews
within that grouping, addresses relevant aspects
of within-basin variability and inter-basin bound-
ary issues, and incorporates such information as
is available from isolated underwater archaeo-
logical finds elsewhere and not represented in the
national overviews.

2COST rules certainly cover the funding of representa-
tives from these countries, but we were unsuccessful in
our attempts at recruitment.

Two chapters are from countries (Malta and
the Ukraine) that currently have no known under-
water finds (apart from a worked flint in a core
recovered from the north-west shelf of the Black
Sea). The reason for their inclusion is that they
are all countries where underwater survey has
been carried out with archaeological questions in
mind and with prospects for future discoveries.

We have chosen to present the groupings and
their constituent chapters in geographical order,
beginning with the Baltic, and working in an anti-
clockwise direction through the North Sea and
Atlantic coastlines, and thence through the
Mediterranean Sea and the Black Sea working
from west to east.

The choice of the Baltic as our starting point
reflects the fact that this region has the best devel-
oped tradition of underwater prehistoric archae-
ology in Europe—and indeed the World—the
largest number of practitioners, and by far the
largest number of currently known prehistoric
underwater sites. These include settlement sites
and burial grounds in Denmark and Germany
such as Tybrind Vig, Mgllegabet II, and
Timmendorf-Nordmole that demonstrate the
quality and detail of preservation in sediments
rapidly submerged under the advancing sea, with
remains of wooden artefacts, fish traps, dugout
canoes, paddles, plant fibres, wooden structures,
and other organic materials. It is also a region
that highlights the dramatic interplay between
sea-level rise at the end of the Last Glacial Period
and the glacio-isostatic adjustments associated
with ice melting—uplift of the territory formerly
depressed under ice cover in Scandinavia and
sinking of territory and coastlines around the for-
mer ice margin—resulting in alternations
between periods when damming of the Baltic
turned it into a freshwater lake basin isolated
from the North Sea and periods of reconnection
involving dramatic episodes of flooding and
complex patterns of palacogeographical and eco-
logical reconfiguration; these must have had a
correspondingly dramatic impact on the pre-
existing human populations of the region.
Because of its glacial history, evidence for human
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activity earlier than about 15,000 years ago is
absent and at this early date only in Denmark.
Elsewhere, earliest dates are closer to 10,000 years
ago or soon after, sites of this age being present
both on uplifted coastlines (as in Norway) and on
submerged coastlines (in southern Denmark and
Sweden).

Our second regional grouping (Part IT) is dom-
inated by finds from around the North Sea, espe-
cially in British and Dutch territorial waters and
to a lesser degree along both coastlines of the
English Channel/La Manche and the coast of
Belgium. The finds from this region extend the
underwater prehistoric record into deeper water
and further back in time, at least as far back as
300,000 years ago, and in the case of human foot-
prints in intertidal sediments in Britain back to
the earliest known human presence in the region
nearly one million years ago.

These finds include a large and important
group of sites exposed in the intertidal zones of
Britain and along the Atlantic coastlines of north-
ern France including partially submerged human
footprints and megalithic structures, and some
systematic excavations of fully submerged sites,
notably the Mesolithic site of Bouldnor Cliff on
the Isle of Wight and, directly opposite across the
Channel, the Middle Palaeolithic site of La
Mondrée, Fermanville, on the Normandy coast of
France.

Further offshore, large quantities of Ice Age
fauna, numerous stone artefacts, and lesser quan-
tities of human bones including part of a
Neanderthal skull have been dredged up from the
seafloor by fishing and gravel -extraction.
Although little is known about the provenance of
many of these finds, efforts are now being devoted
to pinpointing their location and obtaining new
information. In addition, new and important
material has been recovered through large-scale
operations made possible by collaboration with
industrial companies working offshore.

One good example is the systematic investiga-
tion during the past decade of the submerged
Mesolithic site of Maasvlakte-Yangtze harbour
on the Dutch coast, associated with the construc-
tion of new harbour facilities (Moree and Sier
2015). This marked an important turning point in

demonstrating the possibilities for discovery of
prehistoric remains buried beneath marine sedi-
ments. Here a stepwise process of acoustic and
geological survey identified likely target areas,
followed up by coring of sediments for traces of
human activity and large-scale excavation in the
most promising localities. Another good example
is the A240 site off the east coast of England
(Tizzard et al. 2014; 2015), where discovery of
artefacts in the gravel spoil from aggregate
extraction led to sampling of the sediments in the
vicinity of their original discovery and the recov-
ery of larger quantities of artefacts and palaeoen-
vironmental data from dateable sediments (see
chapters in Part II and Part IV for further details).

In addition, analytical techniques such as
radiocarbon dating and stable isotope analysis of
palaeodiets can be applied to chance finds
dredged up from the seabed, regardless of their
provenance, revealing new information about the
environmental features of the submerged land-
scape and the nature of human adaptations to
them. The recovery of ancient DNA from buried
sediments (sedaDNA) offers a new technique for
gaining insight into the plants and animals pres-
ent in the pre-inundation landscape.

The Mediterranean-Black Sea region is our
most disparate and widely scattered collection of
material (Part III). It includes an important group
of finds on the Mediterranean coastline of France,
including the famous and partially submerged
rock-art site of Cosquer Cave and other sub-
merged karstic caves with evidence of preserved
terrestrial sediments containing artefacts and
fauna. Elsewhere, there is a wider scatter of sub-
merged sites in Italy, Croatia, Greece, Cyprus,
and Bulgaria, mostly submerged or partially sub-
merged in shallow water, and including the
important submerged sites of Pakostane and
Zambratija in Croatia, Agios Petros, and
Pavlopetri in Greece, submerged and well-
preserved Chalcolithic and Early Bronze Age vil-
lage settlements in Bulgaria, and another
concentration of expertise and discoveries on the
Carmel coast of northern Israel including the
underwater Pre-Pottery Neolithic Village of Atlit
Yam, one of the most intensively studied under-
water sites in the world. Israel has a tradition of
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researching underwater prehistoric sites, which,
as in Denmark, goes back to the 1970s. The num-
ber of sites, though relatively small, and extend-
ing in time only back to about 9000 years ago,
demonstrates the extraordinary range and quality
of evidence that can be recovered from system-
atic underwater survey and excavation extending
over a period of many years. It is fitting that the
finds from these opposite ends of our geographi-
cal range should provide the opening and closing
chapters, respectively, of the national overviews.

1.4.2 The Industrial, Legal,
and Commercial Context

Most of the national overviews with underwater
finds include a section at the end of the chapter on
the management of the underwater cultural heri-
tage and the responsible governmental agencies
or other institutions. This is an issue of major
importance, given the growing threats from a
variety of causes, especially intensifying com-
mercial and industrial exploitation of the seabed,
but also including natural processes of erosion,
some of which are being accelerated by recent
climate change. From its very beginnings early in
the twentieth century through to the present day,
the history of underwater investigation of the
submerged landscape has been intimately con-
nected with the progress of offshore commercial
and industrial activity (Sturt et al. 2017).
Sometimes this leads to tensions and conflicts
between the needs of scientific and archaeologi-
cal research and the regulations and resources
available to protect and manage the underwater
cultural heritage. Accordingly, Part IV brings
together a group of chapters that examine legal,
historical, and managerial issues associated with
offshore and underwater work and its relation-
ship to commercial and industrial exploitation of
the seabed, issues that are of paramount impor-
tance to the present practice of underwater
archaeology and the prospect of future
discoveries.

Much of the underwater research in NW
Europe is being carried out by commercial
archaeological companies in response to the

requirements imposed by legislation on offshore
industries to undertake initial investigation and
impact assessments in advance of offshore devel-
opments such as wind farms, construction of port
facilities, and building of bridges and tunnels. In
some cases, these have resulted in high-profile
projects involving collaboration with industrial
companies and major discoveries that would not
otherwise have been possible. Notable examples,
as mentioned earlier, are the A240 Project, in col-
laboration with gravel extraction companies in
the United Kingdom, and the expansion of the
Yangtze harbour in collaboration with the Port of
Rotterdam authority in the Netherlands. Some of
these projects provide funding and equipment on
a scale that far exceeds the normal research bud-
get, and the results are of benefit to all concerned,
producing important archaeological discoveries
as well as good publicity and wider public inter-
est. Increasingly it is archaeologists in the com-
mercial sector of the community who are
developing the skills and experience and who are
able to command the resources to conduct such
investigations. Typically, this type of work
involves a three-way relationship between the
industrial companies, archaeologists, and gov-
ernment agencies responsible for managing the
underwater cultural heritage. The issues that arise
from this relationship are considered from a vari-
ety of perspectives in this final group of
chapters.

1.5 Boundaries and Definitions

An important issue is the question of the upper-
most chronological boundary for the finds that
we include in our survey. At an early stage, we
agreed that work should concentrate on underwa-
ter archaeological finds no later in date than the
time when the ocean-volume equivalent (or
eustatic) sea level stabilised after the melting of
the continental ice sheets, that is to say at about
6000-5500 cal BP, a date that marks the approxi-
mate boundary on many European coastlines
between the end of the Stone Age and the begin-
ning of the Bronze Age. Our aim, after all, is to
highlight the significance of now-submerged
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territory and to promote its study. However, this
is an arbitrary boundary and raises two important
issues.

1.5.1 Chronological Issues

The first issue is that, as discussed earlier, relative
sea-level rise continued later than this limit of
5500 years ago on some coastlines, whether from
continued addition of glacial meltwater to the
oceans or continuing land subsidence resulting
from isostatic or tectonic processes. Tectonic
effects associated with relative plate motions in
the eastern Mediterranean, especially subduction
in the Aegean, are causing stretching of the
Earth’s crust and long-term subsidence. Some
important later prehistoric settlement sites have
been partially or totally submerged in conse-
quence and provide relevant and interesting
examples of what survives the process of inunda-
tion in shallow water.

There is also an interesting category of finds
that represents the deliberate and ritual deposi-
tion of votive offerings under water, rather than
materials accidentally lost overboard during fish-
ing expeditions or sea crossings. These are well
known from Bronze Age times onwards, or at
least more easily identifiable because of the types
of metal artefacts found, but this practice may
have existed in the Stone Age, when it is more
difficult to distinguish from the stone tools
whether they represent the byproduct of day-to-
day subsistence activities or ritually deposited
material.

We have encouraged the authors of the
national overview chapters to take a flexible atti-
tude to this chronological boundary, while
emphasising that the primary focus should remain
on pre-inundation landscapes of the Stone Age
and archaeological evidence that informs on the
occupation and use of those landscapes when sea
level was lower than the present.

Many coastlines of Northwest Europe harbour
later evidence of maritime activities and material
culture in partially submerged or waterlogged
coastal wetlands, or on shores that have become
covered by marine sediments because of progres-

sive landward erosion, sometimes with excellent
preservation of features such as wooden fish
traps, trackways, landing stages, and remains of
wooden boats, extending in date right through to
recent historical periods. Similarly, in the tectoni-
cally active regions of the Eastern Mediterranean,
notably in Italy and Greece, there is a plethora of
stone-built harbours, landing stages, fish tanks,
and other shoreline buildings and facilities of
Classical and later date that have undergone par-
tial or total submergence because of land subsid-
ence. We consider these to be outside the scope of
this volume, although they may receive a brief
mention in some of the national overviews.

1.5.1.1 Radiocarbon Chronologies

A subsidiary issue that should be mentioned here
is the conventions for citing dates, which are the
subject of ongoing confusion. Within the time
range of radiocarbon dating, many dates are
radiocarbon ages. However, it is well known
from dendrochronological calibration that radio-
carbon ages deviate significantly from calendar
ages, especially during periods critical to our
enquiry, such as the late glacial and early postgla-
cial periods, when the deviation may be as much
as 2000 years, with occasional plateaux or even
reversals. Radiocarbon ages therefore need to be
calibrated if they are to be compared with calen-
drical or other dating schemes. We have therefore
encouraged our authors to stipulate whether ages
derived from radiocarbon dating are radiocarbon
ages, usually expressed as a figure with a + statis-
tical margin of error indicating one standard
deviation (a 68% probability that the true value
lies within the stated margin), or calibrated dates,
usually indicated by the suffix cal (cal BP or cal
BC as the case may be) and sometimes expressed
as a range of dates at two standard deviations
(95% probability).

The situation is further confused by the prefer-
ence amongst archaeological specialists of
Neolithic and later periods for the BC (or BCE)/
AD convention, and amongst many Palaeolithic
and Mesolithic specialists for the BP convention,
while palaecoenvironmental specialists prefer to
use BP (without the cal prefix) when referring to
calibrated dates. In older literature before calibra-
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tion was widely applied, dates are given as BC or
BP without qualification but usually meaning
that they are uncalibrated radiocarbon years.
Other conventions are ‘years ago’ or ‘ka’ (thou-
sands of years ago), which usually refer in a
general way to years before the present, where
closer accuracy is not required. There is at pres-
ent no agreed solution to these different conven-
tions, and wherever possible dates in this volume
are expressed in a way that hopefully makes clear
their derivation.

1.5.2 The Ambiguity of the Land-
Sea Boundary and Issues
of Definition

The question of chronology raises a second
important boundary issue and that is the issue of
how we define ‘under water’, where we draw the
line between dry land and submerged land and
hence between terrestrial archaeology and under-
water archaeology. Strictly speaking, all investi-
gation of past human landscapes is terrestrial
archaeology, whether these landscapes are now
below modern sea level or above it, and ideally
both should be treated together as a seamless
whole, with the present-day shoreline as an arbi-
trary and largely irrelevant boundary until sea
level reaches the modern level. However, there
are practical issues that complicate this simple
vision.

The first complication arises from how we
define an underwater site. A minimum definition
for our purposes is any archaeological material
originally deposited on a dry land surface that has
subsequently been inundated by relative sea-level
rise. This includes archaeological material in the
intertidal zone or shallow water up to and includ-
ing the high-water mark at the time when these
pre-inundation land surfaces were in use, for
example, abandoned dugout boats, fish weirs, or
domestic refuse discarded into shallow water by
people living on settlements located on the
shoreline.

This in its turn raises a second complication,
and that is how we are to deal with evidence
found in the modern intertidal zone. Here there is

a major contrast between different regions. The
Atlantic and North Sea shorelines of Western
Europe are exposed to large tidal ranges—as
much as 14 m in some parts of Britain—with
intertidal zones that can extend at low tide for
many hundreds of metres or even kilometres out
from the present-day shoreline. In the Baltic,
Mediterranean, and Black Sea Basins, the tidal
range is almost everywhere tiny by comparison,
measured in tens of centimetres, though the
amplitude may be increased a little by other
effects such as variations in winds and baromet-
ric pressure.

In basins with minimal tidal ranges, the
boundary between land and sea is quite sharp and
invariant, and it is usually obvious what consti-
tutes underwater archaeology deposited on a land
surface that was subsequently inundated and
what constitutes terrestrial archaeology above
modern sea level. Underwater sites may occur at
varying depths; some are in water shallow enough
that one can stand on the seabed without putting
one’s head under water, but it is clear that the
material has been permanently submerged since
the time of inundation (with rare exceptions) and
that closer investigation and excavation requires
divers, other standard methods of underwater
investigation, and assessment of how deposits
and materials have been affected by inundation.

In the case of Atlantic coastlines, the bound-
ary between land and sea is much less sharply
defined, and the question of what constitutes ter-
restrial as opposed to underwater archaeology is
highly ambiguous. Many artefacts have been
recovered from these intertidal zones and may
represent (a) in situ material on an old land sur-
face that has been covered by marine sediments
and then re-exposed by stripping away of the
overlying sediments by tidal action or storms, (b)
material that has been eroded out from a more
deeply submerged land surface and washed
ashore, or (c) material that has been eroded out
from terrestrial deposits on the landward side of
the modern shoreline such as cliffs or raised
beaches and redeposited on the modern beach.
Clearly category (c) material cannot count as evi-
dence for the use of a submerged land surface and
should therefore be excluded from our statistics
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for underwater sites. However, it is often not pos-
sible to distinguish between these possibilities
without careful and detailed investigation. With
many isolated specimens, it may prove impossi-
ble to identify which of the above categories they
belong to, in which case the finds should be
excluded from the underwater category.

Moreover, archaeological investigation of
these extensive intertidal zones in Northern
Europe, notably in France and Britain, is usually
carried out as an extension of land-based archae-
ology, with survey on foot and excavation of
material during periods of exposure at low tide
using conventional land-based techniques. Yet,
some of the ancient land surfaces and archaeol-
ogy exposed at extreme low tides in Britain that
have been investigated in this way are earlier in
date, at greater distance from the modern shore-
line, and deeper below mean sea level, than some
of the sites in Denmark, Germany, and Sweden
that are permanently under water and have been
investigated by divers. In both cases the archaeol-
ogy refers to the use of a landscape that was sub-
sequently inundated by sea-level rise. In the
former case, however, the material is treated as an
extension of archaeological investigation on land,
and the low-water mark is the limit beyond which
investigation does not go; in the latter case, the
material is treated as part of the underwater
record, and the high-water mark defines an upper
limit below which investigation may proceed to
any depth and distance from the shore that is
within reach of SCUBA technology or acoustic
survey. The British and Scandinavian traditions
of investigating archaeology at the land-sea
boundary are, thus, highly divergent, reflecting
the very different tidal regimes and research tra-
ditions in each region. Both have resulted in
major projects leading to information about the
use of submerged landscapes, but the British
projects are centred around the investigation of
coastal wetlands and the Danish projects around
the investigation of underwater settlements.

A further difficulty is the fact that some coastal
sites on dry land that have never been inundated
by sea-level rise nevertheless do not make sense
as places of settlement or activity except in rela-
tion to a landscape that is now submerged. They

may contain important archaeological evidence
for the exploitation of resources, particularly
marine resources, on that now-submerged land
surface. Coastal caves above modern sea level are
especially relevant here because they sometimes
contain stratified deposits with deeper layers that
extend back in time to a period of lowered sea
level. These are present on many European coast-
lines especially in Southern Europe and are
referred to in the relevant national overviews
even though they do not constitute underwater
sites in the strict definition of that term.

Until recently, specialists of the Palaeolithic
and early Mesolithic periods have been at risk of
building false interpretations around a body of
data that represents the truncated hinterland frag-
ment of a wider landscape, most of which is now
submerged and is therefore ignored. It is equally
important that, in the interests of promoting
underwater research, we do not fall into the oppo-
site trap of excluding information relevant to
understanding the human use of now-submerged
landscapes by defining too strictly the limits of
study and confining our attention only to archae-
ological material that is fully submerged below
present sea level.

Another category of archaeological interest that
blurs the boundary between land and sea is ‘wet-
lands’ archaeology, which has a long tradition of
study especially in Europe (e.g. Coles 1984, 1992;
Menotti and O’Sullivan 2012). Here the emphasis
is on waterlogged material, with its unusual oppor-
tunities for preservation of organic materials, espe-
cially wood, whether in underwater contexts on
submerged coastlines, in shallow marine inlets and
fjords as in Denmark that have been drained in
more recent times but retain waterlogged sedi-
ments and preserved organics remains, or in inland
lake basins. It is no coincidence that Grahame
Clark, the founder of Mesolithic studies in Britain
and the economic approach to prehistory, immedi-
ately recognised the significance of the Colinda
harpoon dredged up from the North Sea in 1932,
the same year that he founded the Fenland
Research Committee, or that he was simultane-
ously engaged in researching the submerged land-
scapes along the Essex coastline in the 1930s
alongside the wetlands of the East Anglian hinter-
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land (Smith 1997; Sturt et al. 2017; Bailey et al.,
Chap. 10, this volume).

There is no simple solution to these defini-
tional dilemmas other than to recognise that the
boundary between underwater and abovewater
archaeology is a blurred one, and to refer to the
wider context of the terrestrial archaeological
record where it is relevant to the primary focus of
this volume, which is an understanding of the
submerged landscapes and the underwater
archaeology belonging to earlier periods of pre-
history when sea level was lower than present.

1.6  The SPLASHCOS Viewer

The SPLASHCOS Viewer is a simple digital
inventory of underwater archaeological sites
around Europe’s coastlines, linked to a digital
map of Europe. At present, it contains 2640 indi-
vidual records, ranging from find spots that con-
sist of a single artefact to underwater settlements
that have been systematically excavated and gen-
erated thousands of finds (Appendix I; Fig. 1.1).
It is publicly available as an online GIS and
includes summary data about each site and its
location so that users can filter information in
accordance with their own research interests.
Online access is intended to support scientific
research and to promote the ideal of open sci-
ence. Data are organised by nation state and have
been compiled by the authors of the national
overviews presented in this volume. The Viewer
is the source of information for the distribution
maps of archaeological sites presented through-
out this volume and for the tabulation of site
information presented in some of the chapters.
Full details about the compilation of the data in
the Viewer and the accompanying maps are pre-
sented in Appendix I, together with summary sta-
tistics for Europe as a whole, and for the major
marine basins which form the structure for the
chapters in this volume.

The SPLASHCOS Viewer has a permanent
home at the Lower Saxony Institute for Historical
Coastal Research, Germany, where the data are
collated and managed, and the online information
is on servers maintained under EU auspices and

available at http://splashcos.maris2.nl/ and at
http://splashcos-viewer.eu/. Arrangements are in
place to include new data as it becomes available.
By providing a permanent and publicly available
source of scientific data, and one that can be
linked to other online platforms, the intention is
to promote the agenda of scientific research on
submerged landscape archaeology, raise public
awareness and interest, and contribute to the
management and protection of the underwater
cultural heritage.

Conditions of Preservation
and Discovery

1.7

One of the striking features of the map shown in
Fig. 1.1 is the very marked variation in the num-
ber and distribution of archaeological sites in dif-
ferent regions, with the largest concentrations in
the western Baltic and around the coastlines of
the North Sea and the English Channel/La
Manche. This naturally provokes the question of
why this is so, and the extent to which it is due
simply to differences in the intensity of investiga-
tion and the availability of skills and training, or
rather to variable conditions of preservation and
exposure, or to a combination of factors.

There is no doubt that the concentration of
finds in Northwest Europe is in part the result of
a long history of interest and development of
skills and methods of underwater investigation
over the past 40 years. Other related factors are
the importance of postglacial sea-level rise and
palaeogeographical changes in understanding the
colonisation of the region after glacial retreat at
the end of the Last Ice Age; the importance of
marine resources, coastal travel, and shoreline
settlements in the early development of the Stone
Age cultures that moved into this new territory;
high levels of awareness and interest amongst a
wider public, with reporting of finds by beach
combers, recreational divers, and fishermen; and
in the past decade industrial collaborations that
have made possible large-scale investigations in
deeper water with some impressive results.

Equally, one could argue that this high level of
early interest is itself in part due to the abundance
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of underwater archaeological material and its
exposure by erosion in shallow water and in the
intertidal zone where it is easily visible to the
casual observer. However, similar levels of public
interest, professional training in underwater
archaeology and recreational diving are present
in other regions, notably in the Mediterranean.
Here, however, the focus of interest has been on
submerged harbours and other shoreline features
of Greek, Roman, or later date, on shipwrecks,
and on refining measurements of the interplay
between sea-level change, isostasy, and tectonic
instability, rather than the submerged landscapes
of the Stone Age.

Differences in preservation conditions result-
ing from variations in offshore topography, sedi-
mentary regimes, and oceanographic conditions
are also implicated. A detailed examination of
these matters can be found in Flemming et al.
(2017b), and more specific data on the conditions
of preservation and discovery associated with
archaeological discoveries are presented in the
national overview chapters in this volume. This
issue is of obvious relevance under water, given
the expectation that so much material has likely
been disturbed, destroyed, or submerged by sea-
level rise. But it applies equally to archaeology
on land and has given rise to a growing interest in
‘landscape taphonomy’—analysis of the variable
conditions associated with the initial deposition
of archaeological material and the subsequent
processes of preservation, burial, disturbance,
exposure, and destruction. Lest the terrestrial
archaeologist be tempted to consider the search
for submerged archaeology as a lost cause, it
should be emphasised that these problems of dif-
ferential preservation and visibility apply with
equal force on land, and perhaps more so, because
of extensive disturbance and destruction of the
land surface by agricultural and industrial activi-
ties, to say nothing of erosion by wind and rain.
These processes, of course, simultaneously
destroy or obscure but can also expose to archae-
ological discovery the buried remains of past
human activity, and this point applies with equal
force above and below modern sea level.

One of the paradoxes of discovering sub-
merged remains of Stone Age archaeology is that

the best chances of preservation are where mate-
rial is covered fairly rapidly by a protective layer
of marine sediment. However, that process in
itself removes the archaeological material from
view and continues to bury it under ever-
thickening layers of sediment unless the material
is subsequently disturbed by storm activity, sub-
marine erosion, or other intrusive methods such
as dredging, trawling, coring and drilling, or
industrial-scale excavation. In basins of heavy
sediment accumulation, such as those that rim
many of the southern shorelines of the North Sea,
the accumulated thickness of recent marine sedi-
ments is so thick that the prospect of discovering
the buried land surface may be very low indeed.
Accumulation of protective sediment cover is
thus a key factor in long-term preservation, but
subsequent exposure by erosion or other means is
also a necessary accompaniment to discovery.
The presence of so many finds in shallow water
near the modern shore or in the intertidal zone
probably has as much to do with the erosional
effects of wave action and shallow-water currents
as with their relative ease of accessibility.

Two fallacies about the underwater survival of
archaeological remains should be mentioned
here: one is the belief that the best chances of sur-
vival are during periods of rapid sea-level rise
or—which may amount to the same effect—
slower sea-level rise on very gently shelving
shorelines; the second is the belief that the worst
chances of survival are on open coastlines
exposed to the full force of waves, winds, and
turbulent currents. Neither is true as a generalisa-
tion, and there are many examples in this volume
that give the lie to such statements. No rate of
sea-level rise can be so rapid that it spares the
archaeological finds from a prolonged period of
exposure to the potentially destructive effects of
wave action in the surf zone or to the turbulence
of shallow-water currents. Even the steady lap-
ping of gentle currents against shorelines in pro-
tected bays can very quickly undermine and
displace unconsolidated archaeological deposits.
The one positive consequence of rapid inunda-
tion that should be mentioned is that it can cover
perishable organic materials such as wood or
other delicate materials and features before they
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are destroyed by bacterial attack and subaerial
erosion and thus helps to ensure their long-term
preservation in anaerobic conditions.

As for storm-exposed beaches, the very storm-
iness that at first sight seems so destructive actu-
ally contributes to the accumulation of sediments
that protect the older land surface and then strips
away parts of this protective cover to re-expose
the earlier surface. The number of submerged
forests, peat beds, and archaeological features
discovered in the exposed intertidal zones and
shallow waters of Northwest Europe, and the
stone structures in the eastern Mediterranean, are
sufficient testimony to this process.

Although generalisations should be treated
with caution, there are nevertheless some general
variations at the European scale that influence the
likelihood of preservation and discovery and the
types of underwater deposits and archaeological
materials available for investigation. There are
major differences in the width and gradient of the
continental shelf, and the accumulated thickness
of sediments, especially between Northwest
Europe and the Mediterranean (Fig. 1.1). The
prevalence of submerged forests and peat beds is
a characteristic feature of the shallower shelves
of Northern and Western Europe, and many sites
in the shallow waters and extensive intertidal
zones of this region have been protected and pre-
served by these organic deposits. The concentra-
tion of archaeological finds in the inner
archipelagos of Denmark and the southern Baltic
most likely relates in part to a relatively shallow
sea floor, relatively calm and protected sea condi-
tions with limited exposure and tidal amplitude,
and extensive deposits of submerged peat and
relatively easy visibility of eroding materials in
shallow water at the shore edge. Many of the
coastlines around the North Sea and along the
coasts of the English Channel/La Manche are
also basins of sediment accumulation because of
long-term subsidence and the volume of sedi-
ments introduced from the catchments of the
major European river systems that drain into
these basins.

Conversely, much of the Mediterranean coast-
line, particularly in the more tectonically active
regions of the central and eastern Mediterranean,

comprises steep and rocky coastlines, with hilly
or mountainous onshore topography, coastal
cliffs, steeply sloping offshore shelves, and more
limited accumulations of offshore sediment. In
these circumstances, coastal caves, both onshore
and below sea level, offer prospects for obtaining
information about the use of the submerged land-
scape. It is also of interest and reflects to some
extent the same sort of coastal geology and geo-
morphology that some of the best-known under-
water sites in the region, such as those of Greece
and Israel, have become visible because of
remains of stone structures easily spotted on the
seabed, rather than from exposure of submerged
peats, stone artefacts, or faunal remains. There
are, of course, exceptions to these broad generali-
sations, notably in the Golfe du Lion off the
Mediterranean coasts of Northeast Spain and
Southern France, the Northern Adriatic, and the
Western Black Sea, where shallow basins of sedi-
ment accumulation and peat formation are pres-
ent, associated with the estuaries of large rivers
such as the Rhone, the Po, and the Danube. These
areas have good conditions of preservation, have
already yielded evidence of submerged settle-
ments, and have good potential for future
discoveries.

However, these are very broad differences and
should be compared with more detailed informa-
tion in the individual chapters of this volume and
in Flemming et al. (2017a, b). The key to the
prospects for archaeological preservation and
discovery lies as much in localised features as in
the more general characteristics of coastal zones,
and that can only come from detailed investiga-
tions at a regional and local level.

Another factor that may be relevant to the dif-
ferential distribution of underwater finds across
Europe is the availability of funding and equip-
ment, some of which is expensive and highly spe-
cialised, especially where large ships are required.
This is not the place to elaborate on the tech-
niques of underwater investigation. Details of
methods, equipment, and strategies can be found
elsewhere (Galili et al. 2017; Holmlund et al.
2017; Missiaen et al. 2017; Uldum et al. 2017)
and some examples of their application in the fol-
lowing chapters. Nevertheless, it is worth empha-
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sising that many of the finds reported in this
volume were discovered or more intensively
explored and excavated by relatively simple
means, on foot at low tides on the more extensive
intertidal zones of the north-west, or in shallow
water with small boats, simple equipment and
small teams of SCUBA divers as pioneered in
Denmark (Fischer 1995, 2004). Research in
deeper water in collaboration with industrial
partners is also more advanced in Northwest
Europe, a partnership that can supply big ships,
complex equipment, support teams, and engi-
neering solutions, often at minimal cost.
Arguments against conducting underwater
research on grounds of cost or technical com-
plexity have been largely superseded by the
growing number of projects based on one or other
of the above strategies.

1.8  Research Themes

Deployment of resources and personnel, espe-
cially where significant funding is involved, if it
is to be justified, does of course require intellec-
tual justification in terms of worthwhile problems
that require underwater investigation and that
cannot be solved in any other way. A variety of
ideas and themes are presented throughout this
volume, and we offer here only the briefest
summary.

Major themes include the earliest colonisation
of Europe and the major routes and pathways by
which our hominin ancestors entered Europe
from Anatolia and Africa. Large areas of sub-
merged landscape are likely to have offered
extensive lowlands dotted with lake basins,
springs, and stream channels, especially in the
eastern Mediterranean, offering  attractive
resources for hunting and gathering around lake
basins, and along palaeocoastlines and now-
submerged river channels. These would have pro-
vided broader and more easily accessible and
traversable land connections around many coastal
regions of the Mediterranean and the Black Sea
than is the case in the present-day coastal topog-
raphy. Similar comments apply to the extensive
shelf regions of Northwest Europe and their role

in the earliest colonisation of the region or its
recolonisation after periods of glaciation.

Early sea travel, whether involving simple
methods of rafting or more organised seafaring
with early canoes or boats, is also a current topic
of high interest, with evidence that sea crossings
and the use of islands in the eastern Mediterranean
were being accomplished in the late Palaeolithic
period well before the spread of pioneer farmers,
and perhaps as early as the Middle Palaeolithic
(Ammerman and Davis 2013, 2014). The key lies
in archaeological evidence for human presence
on islands, and some of the claims of earliest
dates remain controversial. Regardless of these
controversies, it is clear that evaluation must
depend on reconstruction of palacoshorelines and
sea-crossing distances at periods of low sea level
when the palaecogeographic configuration of
coastlines and islands would have been quite dif-
ferent from the present-day pattern. Moreover,
the earliest locations of landfall and departure
and the archaeological evidence for them must,
by definition for periods when sea level was
lower than present, lie on now-submerged
shorelines.

As with early population dispersals, so with
the more recent spread of farming in the Neolithic
from centres of origin in Anatolia and the Near
East, coast-wise patterns of dispersal figure
prominently in interpretations, and the period of
earliest agricultural dispersal was at a time when
sea levels and coastlines were still somewhat
lower than the present, again reinforcing the need
for underwater research and the likelihood that
present understandings are limited by the rarity
of such investigations.

Another major theme is the time depth of
human interest in the use of marine resources and
the establishment of permanent settlements on
the coast sustained by the abundance of marine
foods. By the time that Mesolithic coastlines
become visible on the postglacial shorelines of
Northwest Europe, it is clear from food remains
in archaeological deposits and stable isotope sig-
natures in human skeletons that marine foods and
permanent settlement on the coast were a major
feature of the period. Moreover, it is clear from
the uplifted coastlines of Norway and Western



1 The Archaeology of Europe’s Drowned Landscapes: Introduction and Overview 21

Sweden that seafaring and hunting of sea mam-
mals were a necessary accompaniment to earliest
human dispersal in these higher latitudes and the
provision of storable marine foods with their high
fat content, without which survival during the
long northern winters would have been impossi-
ble. Comparable evidence from earlier periods
and regions further to the south is absent, apart
from hints of connections with the submerged sea
coast from occasional sea shells or other marine
indicators present in hinterland sites.

It was long assumed that this florescence of
maritime cultures in Mesolithic Europe, and
comparable developments in other parts of the
world at about the same time, was the result of
population growth and new social, economic, and
technological developments at that time.
However, given the coincidence of this explosion
of evidence with the period when eustatic sea lev-
els stopped rising, an equally plausible hypothe-
sis is that the pattern of evidence is just as likely
to result from differential visibility and preserva-
tion. Comparable patterns of coastal settlement
may well extend much further back in time to
earlier periods of low sea level, but the evidence
is now hidden from view. How far back in time
we can trace these maritime patterns, and how
much they differed from those visible in more
recent millennia, is, of course, the key question,
and it is one that can only be answered by under-
water investigations, identification of submerged
coastlines, and the search for underwater shore-
line settlements.

A further topic of growing interest is the
human impact of sea-level change. As more
information has become available on the nature
and extent of the submerged landscapes of the
Last Glacial Period and the evidence of their
exploitation, so attention has begun to focus on
the social, economic, and demographic conse-
quences of sea-level change, particularly sea-
level rise and drowning of previously productive
hunting grounds and wetland environments. At
present, only limited investigations aimed at
charting the socio-economic impact of sea-level
rise are available and mostly only for the final
stages of shoreline change in the Holocene (e.g.,
Harff and Liith 2007, 2011). For the inundation

of land exposed at earlier periods and lower sea
levels, and especially for extensive areas such as
the southern North Sea basin, there is, at present,
insufficient evidence to go very much beyond
speculation about the social consequences of
long-term sea-level rise and the resulting and
often-dramatic changes in ecological and geo-
graphical reconfiguration of coastal environ-
ments. However, simply to think about these
consequences is to raise questions that should
inform future research.

Perhaps the biggest challenge for the future is
the purposeful and successful search for under-
water prehistoric archaeological sites, especially
further offshore and in deeper water. Mapping of
the submerged landscape by remote sensing for
features worth targeting with more focussed cor-
ing or diving, taking known finds dredged up by
chance from the seabed as a starting point for
more detailed exploration, use of predictive mod-
elling such as Fischer’s well-known fishing site
model to identify site locations (Fischer 1993),
closer engagement with offshore commercial and
industrial operations, and development of acous-
tic techniques for identifying small finds and fea-
tures typical of Stone Age cultures are just some
of the strategies that are now being employed to
further advance underwater investigations.
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Abstract

This section deals with some of the largest
concentrations of underwater sites in Europe.
Because of the complex history of isostatic
rebound and periodic damming back of the
Baltic Sea associated with the retreat of the
Scandinavian ice sheet, these chapters also
present a wide range of preservation condi-
tions and palacoenvironmental changes, rang-
ing from shorelines that have been lifted clear
of sea-level rise in Norway and parts of
Sweden but without organic preservation, to
sinking shorelines on the Baltic coastlines of
Denmark and Germany with little overburden
of marine sediments and spectacular organic
preservation, to open-coast conditions along
the North Sea shorelines of Denmark and
Germany where sites are mostly buried under
thick marine deposits. Many sites in Denmark
and Germany have benefited from systematic
excavation, demonstrating that the majority of
finds and features have been recovered from

marine refuse areas in shallow water along the
shoreline and that the adjacent settlement
areas originally located on dry land have been
largely eroded away or badly disturbed by
subsequent sea-level rise. The abundance of
finds and excellent preservation in many cases
reflect the high marine productivity of the
Littorina Sea and the concentration of settle-
ments on the shoreline with a heavy emphasis
on marine resources, the presence of coastal
topography conducive to trapping of fish and
sea mammals, the deposition of cultural mate-
rial directly into shallow water with fine-
grained sediments where items were quickly
buried and protected from bacterial attack or
marine erosion and the occurrence of settle-
ments in relatively shallow water easily acces-
sible to diver investigation. There is
considerable scope for new investigations and
new discoveries, not only in Denmark and
Germany but also in Norway, where study of
the numerous Stone Age sites on uplifted
shorelines has overshadowed investigation of

the many regions with inundated coastlines, in
Sweden, where the Early Mesolithic period,
almost non-existent on the submerged shore-
lines of Denmark and Germany, is represented
by an extensive and relatively shallow sub-
merged landscape with excellent preservation
conditions, and further east in the Baltic on the
coastlines of Poland, Lithuania and Latvia,
with offshore conditions similar to those of
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Germany and Denmark and the likelihood that
numerous submerged sites of high scientific
value await discovery.

Keywords

Early Mesolithic - Early Neolithic - Ertebglle
- Marine refuse area - [sostatic rebound -
Excavation

2.1 Introduction

The four regions covered by the chapters in this
section together have the largest number of
underwater sites in Europe, accounting for fully
1968 (75%) of the finds recorded in the
SPLASHCOS Viewer and a correspondingly
large number of in situ culture layers. The major-
ity of these sites are in Denmark (1699), but there
are significant numbers in the other regions in
this section: 142 sites in Germany, 83 in Norway
and 44 in Sweden. Many sites, of course, are sin-
gle finds or unstratified material that may have
been subjected to post-depositional disturbance,
but the number of sites with in situ cultural lay-
ers, and especially ones that have been tested or
more fully excavated, is unusually high. Three
chapters—Denmark, Sweden and Germany—
deal with a closely related group of regions in the
south-western Baltic, which share many similari-
ties in terms of geological and hydrological his-
tory, archaeological sequences and preservation
conditions. Norway, properly speaking, falls
within the North Sea and Atlantic group of chap-
ters and is briefly referred to later in the introduc-
tion to Part IT (Peeters et al., Chap. 7, this volume),
but its geological history of isostatic rebound and
its archaeological sequence have more in com-
mon with the Baltic group, and we discuss the
results from Norway here. Denmark and Germany
also have coastlines bordering the North Sea,
with coastal conditions and submerged land-
scapes that have much in common with other
coastlines around the southern rim of the North
Sea. They have received rather less attention and
yielded far fewer underwater finds than their

Baltic counterparts, largely it seems because of
the greater difficulties of accessing the buried
Stone Age land surface.

All the regions discussed in this section have
been dominated by geological processes associ-
ated with the expansion and contraction of the
Scandinavian ice sheet. These processes include
major reshaping of the physical landscape by ice
action during the Last Glacial Period and vertical
movements of the Earth’s crust associated with
glacio-hydro-isostatic changes in mass loading.
These processes in their turn have interacted with
eustatic changes in ocean volume to create a
complex history of changing coastlines, with
very significant implications for the differential
preservation and visibility of coastal settlements
and underwater finds.

All four regions have other features in com-
mon in addition to the impact of isostatic move-
ments. These include the following:

e A relatively short archaeological sequence
compared to the other regions of Europe,
beginning with earliest human entry into new
territory made available by the retreat of the
Scandinavian ice sheet, and therefore only
very few finds, whether on land or under
water, earlier than the Late Glacial (from, at
earliest, c. 16,000 years onwards).

e A kaleidoscope of rapidly and quite dramati-
cally changing Late Pleistocene and Early
Holocene climates, coastlines, vegetation con-
ditions and available terrestrial and marine
food resources.

e Excellent conditions of accessibility and pres-
ervation of underwater material with some of
the best examples available of organic arte-
facts made from wood and plant fibres and
unique insights into the nature of the condi-
tions in which underwater archaeological
deposits are preserved.

e Heavy emphasis on coastal settlement and
exploitation of marine resources from the ear-
liest period of human colonisation, resulting
from a combination of productive marine
environments and hinterlands of relatively
limited extent or productivity.
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In this introduction, we summarise the Late
Glacial and Early Postglacial geological history
of the region and highlight the principal archaeo-
logical findings from each country with reference
to the geological processes affecting the visibility
of palaecoshorelines, exploitation of marine
resources, conditions of underwater preservation,
the reasons for the large number of finds and the
impact of industrial collaboration.

2.2 Geological,
Palaeogeographical

and Climatic History

The geological process that dominates all the
areas examined here is glacio-isostatic adjust-
ment (GIA)—the isostatic rebound of the land
following the melting of the Scandinavian ice
sheet. The rate of uplift or subsidence varied in
different regions and interacted with eustatic sea-
level rise to create complex patterns of palaeo-
geographic change including submergence or
elevation of shorelines and periodic isolation of
the Baltic Basin to form a freshwater lake iso-
lated from the world oceans (see Jons et al.
2011; Jons and Harff 2014; Rosentau et al. 2017,
for general overviews, and the chapters in this
group for regional variations specific to the
underwater archaeological record).

At the Last Glacial Maximum (LGM), the ice
sheet covered all of Norway, Sweden and Finland,
extending eastwards into northern Russia and
westwards across the North Sea. Its southern mar-
gin covered parts of Denmark, northern Germany
and Poland, most of the Baltic States (Lithuania,
Latvia and Estonia) and Russian territory abutting
the Baltic coastline. The maximum thickness of
the ice sheet was 2700 m, centred over NE Sweden
and the northernmost shores of the Baltic Basin
(The Gulf of Bothnia), thinning out towards the
edges. As the ice sheet melted, the mass loading
on the Earth’s crust changed, previously glaciated
areas began to rebound and areas at and beyond
the southern and western ice margins subsided.
These adjustments happened slowly and continue
in many areas to the present day.

The greatest rates of isostatic uplift occurred in
the areas where the ice was thickest, especially
northern Norway and north-east Sweden, and
uplift of shorelines has reached a maximum eleva-
tion of 270 m above present sea level in these
regions. Here, uplift consistently outpaced the
eustatic rise of sea level, with the result that rela-
tive sea level has dropped continuously from the
onset of deglaciation to the present day, and the
earliest shorelines have been lifted above the pres-
ent sea level (see Glorstad et al., Chap. 6, Fig. 6.2,
this volume). Along parts of the southern and
western margins, land has subsided, and the sea
has steadily encroached on the land, amplifying
the eustatic rise of sea level and submerging
shorelines, even those of relatively late date (see
Jons et al., Chap. 5, Fig. 5.3 and 5.4). In interme-
diate regions, relative sea-level rise shows a more
complex pattern of rise and fall, especially on
shorelines affected by the periodic damming back
of the water in the Baltic Basin and its reconnec-
tion with the world oceans, notably in southern
Sweden (see Nilsson et al., Chap. 4, Fig. 4.3).

2.2.1 The Baltic Sea

The Baltic Sea is one of the largest inland seas in
the world and today is a brackish-water basin con-
nected to the Atlantic Ocean via the North Sea
through the narrow straits and islands that sepa-
rate the Jutland Peninsula of Denmark from
southern Sweden (from west to east the Little
Belt, the Great Belt and the Oresund). It was orig-
inally created by the gouging out of deep basins
by ice action, a process which has largely erased
evidence of surface deposits earlier than the
LGM. As the ice sheets melted after the LGM, the
Baltic went through four stages between c. 16,000
and 8000 years ago (16 ka and 8 ka cal BP): two
periods as an isolated freshwater lake and two
periods of connection with the world ocean.

In the first stage, known as the Baltic Ice Lake,
from c. 16 ka to 11.7 ka cal BP, meltwaters began
to fill the southern Baltic basin but were dammed
back by the persistence of an ice barrier at the
south-western end and later by isostatic land uplift,
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and this lake remained covered with ice for most of
the year (see Bailey et al., Chap. 3, Figs. 3.2b and
3.3c, this volume). During this period, isostatic
uplift kept pace with eustatic sea-level rise, main-
taining the isolation of the Baltic as a freshwater
lake except for a narrow outlet through the Oresund.
As the land in the Oresund area uplifted, so the out-
let of water in the Oresund cut down through gla-
cial deposits, maintaining the level of the Baltic
lake at about the same height as sea level. However,
at some point, the downcutting reached the more
resistant limestone, which blocked the outlet.
Continued uplift and continued melting of the ice
sheet resulted in a rise in the Baltic water level
above that of the contemporaneous sea level
(Nilsson et al., Chap. 4, this volume).

Between c. 13 ka and 10.7 ka, there were two
short-lived periods of reconnection with the sea
through the southern Swedish lowlands (Rosentau
et al. 2017, Fig. 8.12), separated by a brief period
of renewed damming by ice readvance during the
Younger Dryas. The second of these is known as
the Yoldia Sea stage, dating between c.11.7 and
10.7 ka cal BP (see Bailey et al., Chap. 3, Fig.
3.3d, this volume). These episodes of reconnec-
tion with the sea resulted in a rapid drop of water
level of at least 25 m as Baltic waters drained into
the North Sea, exposing new areas of land in the
south-west Baltic (Nilsson et al., Chap. 4, this
volume). Renewed blockage of the Baltic outlet
resulted in a new and short-lived episode of lake
conditions, the Ancylus Lake period (c.10.7—
9.8 ka cal BP), and a renewed rise in lake level
(Bailey et al., Chap. 3, Fig. 3.3e, this volume),
with inundation of coastal lowlands in the south-
west of the Baltic basin. Limited exchange of
water with the North Sea through a river system
in Denmark maintained brackish-water condi-
tions in the Ancylus Lake. Meanwhile, isostatic
uplift had lifted coastlines clear of rising water
levels in western Sweden, south-east Norway and
the eastern Baltic. After 9.8 ka cal BP, the contin-
ued eustatic rise of sea level finally saw the inun-
dation of the Danish Straits and the entry of
seawater into the south-western Baltic— the
Littorina Transgression beginning at c. 8.5 ka cal
BP (Bailey et al., Chap. 3, Fig. 3.3f, this volume).
Sea level continued to rise in this period until

about 6 kc cal BP, causing further inundation of
land in the south-west Baltic, amplified by con-
tinued land subsidence.

Alongside these complicated changes in land-
sea relationships, climate was changing from
periglacial tundra traversed by reindeer migra-
tions to mixed oak forests and temperate fauna.
The fertility of lake water and sea water, and their
capacity to support aquatic and marine resources
available for human exploitation, would also
have varied substantially, ranging from the
largely infertile waters of the Baltic ice-dammed
lake to high levels of productivity in the warm,
saline waters of the Littorina period in the Danish
Straits and the south-west Baltic and on Late
Glacial Norwegian coastlines where the incom-
ing Gulf Stream mixed with meltwater runoff
from the land.

Palaeoshorelines
and Coastal Settlement

2.3

Because of the large regional variations in uplift
and subsidence, palaeoshorelines occur at many
different elevations. Some have been lifted clear
of eustatic sea level rise, opening up a window
into the very early use of shoreline settlements
and potential use of marine resources on dry-land
archaeological sites, notably in Norway and
Sweden; other palaeoshorelines have been lifted
clear, only to be partly submerged again as sea-
level rise overtook uplift of the land, which is the
case for parts of the Norwegian coast, yet other
palaeoshorelines have remained fully submerged
since the time of inundation, notably in southern
Sweden, Denmark and the Baltic coast of
Germany. These regional differences provide
‘windows’ into the study of coastlines of differ-
ent periods. The earliest such periods are on
uplifted coastlines in Norway and western
Sweden (Bohusldn) and are of Late Palaeolithic
and Early Mesolithic date (see Bailey et al.,
Chap. 3, Table 3.1, for terminology and chronol-
ogy of archaeological periods). The earliest fully
submerged shorelines, of Early Mesolithic date,
are in southern Sweden (Scania and Blekinge),
while the most easily accessible and best-studied
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submerged sites in Denmark are mostly Middle
and Late Mesolithic and in Germany mainly Late
Mesolithic and Neolithic. Denmark is of particu-
lar interest because the tilting of the land by iso-
static adjustment has resulted in concentrations
of on-land sites of the Late Mesolithic Ertebglle
period on slightly uplifted shorelines in the north
and sites of similar age on now-submerged shore-
lines in the south.

The uplifted shorelines are present along parts
of the Norwegian coastline; west, central and
northern Sweden; and in Estonia. In most cases
Stone Age sites are present on these shorelines
from the earliest date that they became visible
above present sea level (apsl) or became free of
ice and available for occupation. In areas of sub-
stantial uplift, the sites are now marooned well
inland of the present-day coastline, such as the
Early Mesolithic sites of the Sodertérn Peninsula
near Stockholm in Sweden, which are now
40-80 m apsl or the Norwegian site of Stunner
near Oslo at c. 165 m apsl (Jons 2011). The earli-
est such sites are on the uplifted shorelines of
Bohuslédn in western Sweden where large con-
centrations of sites of the Late Palaeolithic
Hensbacka culture dating from c. 12 ka cal BP
are associated with very high levels of marine
productivity (Schmitt et al. 2006, 2009). Further
north in Norway, coastlines became ice-free as
early as 13.8 ka cal BP, but coastal sites are not
present until 11.2 ka cal BP because access from
the south was blocked by an ice barrier until that
time (Glorstad et al., Chap. 6, this volume). Once
the Norwegian coastline became accessible, col-
onisation was rapid—almost instantaneous
within the margins of error of radiocarbon dat-
ing—with an economy based on seal hunting,
some hunting of elk and reindeer in the hinter-
land and settlements with dwellings comprising
stone-built foundations at sites such as Nyhamna
and Vega (Bjerck 2008).

The presence of archaeological sites on
uplifted shorelines has dominated the study of the
earlier Stone Age in Norway and Sweden.
However, as Glorstad et al. (Chap. 6, this volume)
point out, there are significant gaps in this on-land
archaeological record that can only be filled by
underwater investigations. The acid soils associ-

ated with so much of the regional geology mean
that sites on the present-day land surface have
very few if any organic remains; details of subsis-
tence economy can be reconstructed only by indi-
rect means, mainly from inferences about the
functions of stone tools, the location of sites and
ecological reconstructions of potential resource
availability. Bone remains, let alone wooden arte-
facts, are rare or absent. Moreover, on the outer
coastlines of southern and northern Norway,
coastal sites are missing from the Early Mesolithic
period because the coastlines of this period are
now largely submerged. This is of particular sig-
nificance in Norway because settlement was
always concentrated on or close to the coastline
because of the harsh climate and the mountainous
nature of the immediate hinterland. Underwater
investigations therefore have an important role to
play, both in filling otherwise unexplained gaps in
coastal site distributions and as sources of evi-
dence for subsistence economy and the organic
component of the material culture.

In Norway underwater investigation has been
overshadowed by the emphasis on terrestrial
archaeology and by the much more abundant data
from underwater sites in neighbouring Denmark
and Germany. Nevertheless, the number of finds is
surprisingly large—S83 formally recorded sites.
Most are isolated finds of stone tools, but animal
bones have been recovered in some locations. At
the Early Mesolithic Hummervikholmen under-
water site, human skeletal remains are well pre-
served. Stable isotope analysis of the bones has
revealed a heavy reliance on marine resources, and
a DNA analysis has identified a genetic origin in
populations from both Western Europe and Eastern
Europe. These results hint at the potentially very
rich additional information that can be obtained
from underwater finds with good organic preserva-
tion, and it is clear that there are many stretches of
the Norwegian coastline with submerged Stone
Age shorelines in relatively shallow and easily
accessible water awaiting investigation.

In Sweden, the situation is quite similar in that
emphasis has been devoted to sites on land rather
than to underwater investigations, apart from pio-
neer discoveries of underwater Stone Age finds in
the Oresund Strait in the 1970s (Nilsson et al.,
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Chap. 4, this volume). In the past decade, renewed
geological and archaeological investigations have
revealed favourable conditions for the preserva-
tion of underwater landscapes and archaeological
sites, especially in the period between c. 11.5 and
8.5 ka (coinciding with the Early Mesolithic
period) when some 3500 km? of the Baltic sea-
floor was exposed as dry land before being inun-
dated by the Ancylus and Littorina transgressions.
This landscape is now at depths ranging from c.
22 m to 10 m bpsl with abundant evidence of sub-
merged forests, river estuaries, lakes, bogs and
palaeoshorelines. At least 44 underwater sites
have been recorded. and many have been test-
excavated, though larger-scale excavations com-
parable to those conducted in Denmark and
Germany have yet to be undertaken.

Notable finds in Sweden are the materials
found at the site of Having. Wooden artefacts
include remains of a stationary fish weir at
9-8.8 ka cal BP, making this the earliest fish weir
in the region, earlier than the earliest examples in
Denmark or Germany discussed below and the
earliest so far known anywhere in the world. Cut-
marked animal bones and wooden artefacts are
also found in earlier deposits at this site, dating
back to at least 10.7 ka cal BP. In situ deposits of
a similar age and with similar potential for pres-
ervation of organic materials are present on other
coastlines in southern Sweden, including remains
of human burials. Also, shipworm (Teredo spp.),
a wood-boring marine mollusc capable of dam-
aging and ultimately destroying submerged
wood, is, so far, absent because of the low salin-
ity of the Baltic seawater in this region.

The Swedish material is of exceptional inter-
est because it is the only region that provides easy
access to deposits associated with a submerged
Early Mesolithic coastal landscape, sites located
on palaeoshorelines adjacent to a productive
marine environment, and excellent conditions of
preservation. Coastlines of this period are either
absent elsewhere, too deeply submerged to be
easily accessible, associated with unproductive
marine environments, or on uplifted shorelines
without organic preservation. As Nilsson et al.
(Chap. 4, this volume) point out, the apparent
evidence for a transition to greater emphasis on

permanent coastal settlement and marine
resources from the Middle Mesolithic period
onwards in Sweden may be illusory, because it
has been based on a comparison between
Maglemosean (Early Mesolithic) sites originally
located some distance inland from their contem-
poraneous coastlines and Ertebglle (Middle and
Late Mesolithic) sites located on the shoreline.

Similar comments apply to Denmark and
Germany. In Denmark the great majority of
underwater finds are from the inner straits and
archipelagos at the entrance to the Baltic. Very
few of these finds are of Early Mesolithic
(Maglemosean) date, and those that have been
recovered lie at the very end of this period with
radiocarbon dates of 9.4-8.3 ka cal BP (Bailey
et al., Chap. 3, this volume). This appears to
reflect the relatively late establishment of marine
conditions in this region associated with the
Littorina transgression, dating back at earliest to
9.8 ka cal BP and to the fact that shorelines of this
period are quite deeply submerged or have been
eroded away. Similarly in Germany, submerged
coastal sites on the Baltic coastline are associated
with the Littorina transgression, and the earliest
radiocarbon-dated sites date from c. 8.4 ka
onwards (Jons et al., Chap. 5, this volume).
Systematic excavation and recovery of materials
from Early Mesolithic sites in Sweden have yet
to be undertaken but will undoubtedly help to fill
what remains a very large gap in our current
understanding of long-term trends in coastal set-
tlement and exploitation of marine resources in
Scandinavia and the Baltic.

2.4  Conditions of Discovery

and Preservation

The best insights into these issues come from
Denmark and Germany, where investigations
over a long period have resulted in a large archive
of information including systematic excava-
tions—four principal excavations in Denmark
and eight in Germany—that have produced abun-
dant finds and details of preservation conditions,
stratigraphic associations and depositional envi-
ronments. An important point that emerges from
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these excavations is that the culture layers that
have preserved the great majority of organic finds
are refuse dumps of materials that were origi-
nally deposited in shallow water at the shore
edge, whereas the adjacent settlement areas on
dry land have been disturbed or largely destroyed
by marine inundation and erosion.

In Denmark, the site of Tybrind Vig offers the
classic example of preservation conditions on
underwater sites. This is a site that was systemati-
cally excavated over a 10-year period and is one
of the best-known and best-reported underwater
excavations in Europe. The main settlement area
extended along the shore for c. 130 m and
extended over an area of 2600 m?, judging by the
concentration of stone tools recovered from the
original land surface (Bailey et al., Chap. 3, this
volume). However, apart from two human buri-
als, which probably survived the destructive
action of waves and water currents because they
were dug below the original land surface and
covered over, other settlement features such as
evidence of dwellings and pits, or preservation of
organic materials, are absent from this area. All
the organic finds of bone, antler and wood, and a
number of stone tools, come from a refuse area in
front of the site. This refuse area extended over a
similar area (c. 2000 m?), of which 192 m? was
excavated. The finds recovered in this area mostly
represent artefacts discarded there after use in the
adjacent settlement area or redeposited from their
original position and materials such as logboats,
fish traps and fishing equipment abandoned in
situ in the shallow-water zone after use.

Similar features are present at the other exca-
vated sites in Denmark, with a land area that has
been disturbed or eroded and a refuse area in the
adjacent marine zone where most of the organic
material has been preserved and recovered.
However, not all is destruction on the original
land surface, and pockets of well-preserved mate-
rial are occasionally present, notably stone-lined
hearths, one at Ronas Skov with small branches
of wood used for the fire and a tinder fungus and
another at Argus Bank with charred food remains
(Bailey et al., Chap. 3, this volume).

In addition to implements of stone, bone and
antler, this refuse zone at Tybrind Vig yielded a

large collection of wooden artefacts including
leister prongs, dugout logboats, paddles, handles
for hafted axes, shafts for spears and arrows,
bows, the remains of a wicker fish trap and fish
weirs comprising wooden stakes and softer with-
ies woven together to make a stationary structure.
Other organic materials include textiles, cordage
and uncharred remains of food plants. These
finds revealed a hitherto little-known aspect of
Ertebglle material culture, much of it associated
with fishing or other maritime activities. This is
consistent with the faunal remains at Tybrind Vig,
which include bones of cod, seal and porpoise,
and with the location of the site as one of a group
of sites clustered around the narrow mouth of a
shallow bay, ideally situated to trap quantities of
fish and other marine animals. Bones of land
mammals such as red deer, roe deer and wild
boar are also present, and sites of the same period
are present on rivers and lake edges up to 10 km
inland, indicating a terrestrial and hinterland
component to the coastal economy.

One of the outstanding features of the Danish
evidence is the remains of stationary fish weirs.
The largest and best preserved of these are from
the early Neolithic period. At Oleslyst, a com-
plete panel was recovered, 5.5 m long and 1.7 m
high, comprised of stout vertical stakes at half-
metre intervals with long, flexible hazel withies
woven horizontally through the stakes to make a
tightly woven mesh, believed to have been
designed to trap large quantities of eels during
their seasonal migrations. The evidence at this
site indicates that the original fence comprised a
number of these panels extending for at least
30 m out from the shore. At Nekselg, a line of
stakes extended out to at least 250 m. Similar
remains, though more fragmentary, are present
from the Ertebglle period, and the earliest is from
a pre-Ertebglle context at Kalg Vig dated at c.
8.4 ka cal BP. As noted above, an earlier example
has been dated at 9-8.8 ka cal BP at Having in
Sweden. Hundreds of vertical stakes, mostly of
hazel, would have been needed in the construc-
tion of these fences, and thousands of withies.
The quantities of hazel rods required for fence
construction and their uniform shape are clear
evidence of coppicing.
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The working of wood for a wide variety of
purposes shows a sophisticated understanding of
wood technology, including an appreciation of
the properties of different types of wood and their
suitability for different purposes—hazel for long
uprights, ash for spear shafts, guelder rose for
arrow shafts, elm for bows, applewood for axe
handles and lime for logboats. The fish weirs are
testament both to the communal labour required
in their construction and maintenance and to the
large quantities of food made available and their
important role in sustaining relatively large com-
munities at permanent settlements on the shore-
line. The logboats are also an important feature of
the technology, the largest known being nearly
10 m long. These boats would have played an
important role in offshore fishing, in transporta-
tion and in social communication.

In Germany, similar evidence has been recov-
ered from the excavated sites on the Baltic coast-
line, which span a date range from the Kongemosen
culture (Middle Mesolithic), through the various
phases of the Ertebglle to the Early Neolithic
(FNB)—c. 8.4-4.2 ka cal BP (Jons et al., Chap. 4,
this volume). At Neustadt in Liibeck Bay, for
example, with one of the more extensive areas
excavated, at 110 m?, a very large assemblage of
artefacts and organic remains was recovered from
a marine refuse area, while the on-land area of the
settlement had been destroyed by marine erosion.
At Timmendorf-Nordmole I in the Wismar Bay, a
similar refuse area provided most of the finds,
while the on-land area had been eroded except for
a pit with a sediment fill containing some organic
remains and the timbers of a collapsed structure—
the structure itself was considered by the excava-
tors to be too small for a dwelling. Preservation on
land here, as at the Danish sites, appears to be the
result of features that had protected the deposit in
question from the worst ravages of marine ero-
sion, in this case the presence of a sediment-filled
pit. A hearth area was also recorded at Breetzer
Ort in Rugen, where it had been protected by two
fallen tree trunks. Hearth areas sealed beneath
peat and marine sediments were also recovered at
Jackelberg-Huk and Timmendorf-Normole II in
Wismar Bay. In general, though, preservation of
features on the original land is the exception, and

the vast majority of finds come from marine
refuse areas in front of the sites.

The range of material culture in the German
Baltic sites, particularly items made of wood, is
very similar to the Danish sites, with remains of
fish weirs, logboats, leister prongs, paddles,
wicker work and cordage.

In addition, there are two distinctive features
worth noting. The first is the way in which the
sites of the Wismar Bay track the retreat of the
shoreline with progressive inundation by the
Littorina Transgression and land submergence,
demonstrating just how much land was lost and
how people adapted to the changing conditions.
The earliest site in the sequence, and the deepest
at 8.5 m bpsl, dated at 8.4-8.0 ka cal BP is
Jdckelberg-Huk. The remains of aquatic food are
dominated by freshwater fish such as pike and
perch and the migratory eel, which spends part of
its life in freshwater, in keeping with an early
stage in the Littorina transgression when saltwa-
ter had not yet penetrated far into the Baltic. One
thousand years later, at the sites of Jickelberg-
Nord and Timmendorf-Nordmole II, marine fish
are dominant in the food remains along with con-
tinuing exploitation of eel.

The second feature is the presence of under-
water Neolithic sites. In Wismar Bay, the young-
est site in the sequence and the shallowest at 2 m
bpsl is the Early Neolithic Funnel Beaker settle-
ment of Timmendorf-Tonnenhaken dated at 5.2—
4.7 ka cal BP. All the bone remains at this site are
of domestic cattle and pig, demonstrating that
coastal locations remained important for
Neolithic settlement even where marine resources
were not apparently exploited. At Neustadt, there
is continuity of occupation from the late Ertebglle
to the Early Neolithic Funnel Beaker culture.
Here too, domestic animals are the main species
represented in the faunal remains of the Neolithic
deposits, but analysis of residues on the inner
surface of the Neolithic potsherds shows the
presence of aquatic foods and acorns, and both
resources are present on the residues of the
Ertebglle potsherds from this site, demonstrating
some continuity of economic practices across the
Mesolithic-Neolithic boundary alongside the
introduction of domestic animals.
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Reasons for Site
Preservation

2.5

The reasons for the survival of so many submerged
sites and the preservation of rich assemblages of
organic materials are similar throughout the
regions discussed here. They are especially clear
in Denmark and Germany and are due to three
principal factors. The first is the high productivity
of the marine environment and a coastal topogra-
phy of marine channels and inlets that facilitated
the easy capture in large quantities of fish and sea
mammals during their seasonal migrations, a fac-
tor further enhanced by the construction of fish
weirs, and one that resulted in concentrations of
settlement along the immediate shoreline.

A second factor is the relatively sheltered
marine conditions of coastlines in the south-
western Baltic and the Danish Straits, with lim-
ited tidal movement and wind fetch, conditions
conducive to the preservation of archaeological
material. However, even in this protected envi-
ronment, archaeological deposits are not invul-
nerable, as is clearly demonstrated by the erosion
and destruction by marine action of most of the
on-land sectors of the submerged settlements that
have been excavated. Rather, the key factor is the
fine sediments associated with these marine con-
ditions and their slow but steady accumulation
with progressive rise in relative sea level, produc-
ing deposits of soft, fine-grained, clay-like gyttja.
Materials discarded into these deposits or
engulfed by them quickly sink below the surface
and are rapidly protected from subaerial degrada-
tion and the disturbing or destructive impact of
waves and marine currents. Moreover, burial in
these sediments followed by permanent submer-
gence under water provides anaerobic conditions
that protect organic material from bacterial
attack. It is these depositional conditions, com-
bined with the large quantities of cultural mate-
rial abandoned in the shallow-water zone next to
settlements located on the shoreline, that are the
key to understanding the number of underwater
sites discovered in Denmark and Germany and
the quality of organic preservation. Similar con-
ditions are associated with many of the Swedish
sites and are also present in Norway.

As always, when considering issues of under-
water preservation, there is a delicate balance
between sediment accumulation that is suffi-
ciently rapid to provide protection of land sur-
faces and archaeological materials, but not so
rapid as to bury them deeply beyond the reach of
easy observation. This is the major contrast
between the Baltic and the North Sea coastlines
of Denmark and Germany. In the North Sea, the
huge volumes of sediment poured into the basin
by the large rivers draining the continental land
mass have resulted in thick accumulations of
recent sediment. In these circumstances, Stone
Age material is likely to be deeply buried, and
discovery subject to the vagaries of exposure by
storms that periodically remove some of the sedi-
ment cover or intrusive industrial activities, a
point well illustrated by the sites on the German
coastline (Jones et al., Chap. 5, this volume).

The third factor is the resources available for
investigation. In Denmark the many reported
finds are in large part the product of a long his-
tory of public and professional interest in which
sports divers have made a significant contribution
including a major role as volunteers in the under-
water excavation of Tybrind Vig (Andersen 2013,
pp. 7-8). Also, protective legislation for seabed
archaeology has been in place since 1984, over-
seen by the national heritage agency, with the
protection of underwater Stone Age sites as an
explicit theme. The predictive ‘fishing site’ model
developed by Anders Fischer and sponsored by
the national heritage agency as a tool for manage-
ment and protection of the underwater cultural
heritage has also contributed to the discovery of
many new sites (Fischer 1993, 2007). This model
is testament to what can be achieved at relatively
limited cost using easily accessible data on
seabed bathymetry and geology, simple acoustic-
survey methods and diver inspection. However,
research funding has been limited, especially for
larger-scale work, and most investigation has
taken place as rescue work in response to indus-
trial activity or the threat of erosion.

In Germany, in contrast, results have been
achieved mainly through research-led funding
from regional or central government agencies.
The SINCOS project, funded through a major
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grant from the central government funding source
(Deutsche Forschungsgemeinschaft) has played a
major role in new discoveries. Although not
explicitly informed by a predictive model for
locating sites in the same way as Fischer’s Danish
work, this project combined acoustic survey and
diver inspection systematically to identify and
explore palaeoshorelines and conduct excava-
tions at selected sites, resulting in the discovery
of 50 new underwater Stone Age sites, eight
excavations, and an unusual level of integration
across disciplinary boundaries. It is an outstand-
ing example of what can be achieved through
large-scale research-led collaboration between
marine geophysicists, geologists, climatologists
and archaeologists.

2.6  Industrial Collaboration

A significant contribution to the development of
research on submerged prehistory and the discov-
ery of new finds throughout this region is the
degree of collaboration between government
heritage agencies, industrial companies working
offshore and archaeological and scientific
researchers. All the countries in this group are
members of the European Union and subject to
EU legislation that requires Environmental
Impact Assessments (EIAs) to be conducted by
industrial companies before embarking on off-
shore development (see also Parts II and IV of
this volume). The relationship between these dif-
ferent stakeholders has evolved somewhat differ-
ently in different countries, but in general,
underwater cultural heritage is usually included
in the impact assessment and has resulted in
important discoveries.

An important early example of collaboration
is the Great Belt project of Denmark, which
resulted in numerous offshore investigations and
discoveries of submerged landscape features and
archaeology during the construction of the road
bridge and rail tunnel between the islands of
Funen and Zealand in Denmark (Pedersen et al.
1997; Bailey et al., Chap. 3, this volume). Other
examples are the collaboration with a commer-
cial survey company in the ‘Landscapes Lost’

project in Sweden, which played a key role in the
discovery of the finds at Having (Holmlund et al.
2017; Nilsson et al., Chap. 4, this volume), and
the coring of the seabed during windfarm con-
struction offshore of Norway, which provided
key palaecoenvironmental data about palacoshore-
line development and the potential for human
occupation on the eastern edge of Doggerland
during the Late Glacial and early Postglacial
period (Glgrstad et al. 2017, and Chap. 6, this
volume).

Other recent projects are the construction of the
Fehmarn tunnel between the Danish island of
Lolland and northern Germany and the Nord
Stream pipeline project. In the Fehrmanbelt proj-
ect, submerged landscape research and heritage
management formed a completely integrated part
of the planning and implementation of the con-
struction project from its inception in 2008. As
part of the EIA, extensive geological, geophysical,
biological and archaeological investigations were
carried out including seismic and side-scan survey,
coring of sediments and geological, geochemical
and palaeobotanical analysis. All the costs of sur-
vey and analysis were covered by the construction
company. The results demonstrated the existence
of a freshwater lake before the Littorina transgres-
sion and submerged archaeological remains on the
Danish side (Dirk Enters et al. 2015).

The Nord Stream pipeline is a gas supply
route from Russia through the Baltic Sea to
Western Europe, extending for 1200 km from
Portovaya Bay near Vyborg in north-western
Russia and ending in Lubmin near Greifswald in
north-eastern Germany. The national archaeo-
logical authorities in each of the countries
involved, principally Russia, Denmark and
Germany, were fully integrated in the planning
and construction process. Geophysical survey
was conducted in a 2 x 2 m grid and a 2 km wide
corridor along the route, with ROV and diver
inspection of anomalous features, with the proj-
ect bearing the full costs of these investigations.

Industrial collaborations of this sort are obvi-
ously limited to target areas where offshore proj-
ects are to be carried out. However, with sufficient
planning and organisation, they can provide tech-
nical and analytical resources on a scale that is
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rarely possible in research-led projects and are
likely to play an increasingly important role in the
future.

2.7  Conclusion
In reviewing these chapters, two things stand out.
The first is the large number of sites and the qual-
ity of preservation compared to other areas of
Europe, particularly along the coastlines of the
Baltic and the Danish Straits. The second is that,
despite this wealth of existing information and
perhaps because of it, a range of new challenges
and opportunities are coming more clearly into
focus. Most of the existing information has come
from sites in shallow water, mostly <5 m, easily
accessible to SCUBA divers, and hence from
sites of relatively late date (mostly from the
Middle Mesolithic after c. 8.5 ka cal BP onwards).
Even in this period, relatively few sites have
received more than a test excavation. Most
records refer to individual finds, and it remains
unclear in many cases whether these are genu-
inely isolated specimens or surface indications of
more extensive deposits beneath the seabed and
if the latter whether they refer to in situ culture
layers or redeposited material. For earlier peri-
ods, the submerged palaeoshorelines of southern
Sweden clearly offer opportunities for investiga-
tions of the Early Mesolithic period (c. 11.7 to
8.4 ka cal BP) at depths within relatively easy
reach of divers, and the same appears to be likely
for some of the submerged coastlines of Norway.
Looking further afield, the gyttja sediments
associated with the best conditions of preserva-
tion at the known excavated sites are more widely
distributed in the Baltic and in the North Sea,
according to evidence from geological cores and
more extensive evidence of sediments and sub-
merged forests. This is certainly the case further
east in the Baltic (Damusyte et al. 2004;
Uscinowicz et al. 2011). Judging from isolated
finds of artefacts and preliminary palacoenviron-
mental investigations, there is considerable poten-
tial for the discovery of new submerged sites in
Poland, Lithuania and Latvia extending back at
least to the Late Palaeolithic period (Kaube 1985;

Kalnina and Beérzin§ 2010; Miotk-Szpiganowicz
et al. 2010; Zulkus and Pili¢iauskas 2010).

On the North Sea coastlines of Germany and
Denmark, finds are far fewer and are either rela-
tively late in date or subject to chance exposure
because of the much greater thickness of marine
sediments compared to the Baltic. Nevertheless,
the Maglemosean artefact dredged up from the
Danish sector of the Dogger Bank (Bailey et al.,
Chap. 3, this volume, Fig. 3.4) and the use of a
distinctive red flint in the Late Upper Palaeolithic
industries of northern Germany with its source on
the offshore island of Heligoland (Jons et al.,
Chap. 5, this volume, Fig. 5.7) are clear indica-
tions that the extensive lowland landscape of
Doggerland was an important zone of human
activity at periods of lower sea level. It is here
that settlements of significantly earlier date in the
Late Palaeolithic period or earlier will have to be
sought, and there is no reason why submerged
palaeoshorelines with topography and deposi-
tional conditions comparable to the Mesolithic
sites of the Baltic should not be present further
out into the North Sea Basin. The technical chal-
lenges and costs of finding such features in deep
water and most likely buried beneath marine sed-
iments are, of course, much greater, but these
challenges are already being addressed by off-
shore expeditions using research ships with pal-
aeolandscape reconstructions and archaeological
objectives in view (e.g., Gaffney et al. 2017,
Hepp et al. 2017) and through palaecoenviron-
mental examination of the very large archive of
existing sediment cores from inshore waters
(Jons et al., Chap. 5, this volume).
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Abstract
Denmark has the richest concentration of

including wooden artefacts such as remains
of fish weirs, dugout canoes, bows, spear

underwater Stone Age finds in the world,
thanks to a combination of factors that include
favourable conditions of preservation and a
long tradition of professional and amateur
interest in underwater prehistory. The major-
ity of finds are from the central areas of the
Danish Straits and date back to about 8500
years ago, when rising sea level finally cre-
ated a marine connection between the North
Sea and the Baltic Sea. Most are in shallow
water, ¢. 2-5 m in depth, but sites at greater
depth have also been identified. Most fall
within the Ertebglle period, between 7400
and 5900 years ago, and include excavations
at shoreline settlements such as Tybrind Vig,
Ron@s Skov and Mgllegabet II. These sites
have yielded large assemblages of material

shafts and leister prongs, as well as remains
of fibres and woven fabric. These materials
owe their excellent state of preservation to the
deposition in fine-grained marine sediments
alongside settlement areas located on the
shoreline, and to subsequent sea-level rise
because of marine inundation, which has
maintained the material in permanently
waterlogged and anaerobic conditions. This
chapter examines the conditions that have
given rise to this unusual concentration of
underwater sites, provides an overview and
illustration of some of the most distinctive
finds, discusses their wider significance and
addresses future challenges.
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3.1 Introduction

Denmark has one of the largest concentrations of
Stone Age underwater sites in Europe or indeed
anywhere else in the world. Estimates of the total
number vary, ranging from 2300 (Fischer 2004,
p- 23) to as many as 4000 (Andersen 2013, p. 14),
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with a formal record of 1686 in the national
records maintained by the responsible Danish
government agency (http://www.kulturarv.dk/
fundogfortidsminder).! The majority are repre-
sented by finds of single artefacts, but this may
result from a lack of further investigation or lim-
ited exposure of the underlying land surface.
Sites subject to more intensive survey and collec-
tion have generated hundreds to thousands of
artefacts. Most are in shallow water (c. 2-5 m)
and younger than 10,000 cal BP (10 ka),? mostly
Mesolithic or Early Neolithic. Many are the
result of reports by sports divers and amateur
archaeologists from the 1950s onwards or chance
finds by offshore industrial and commercial
activity going back to the nineteenth century.
Some of the larger assemblages of material repre-
sent cultural layers that are still in situ and have
remained largely intact following submergence,
while others represent material that has been
redeposited by marine action during and after
submergence. Distinguishing between primary
and secondary deposits is a major issue in the
interpretation of underwater sites in Denmark
(Andersen 2009, p. 13, 2013, p. 29).

Systematic survey began in the early 1970s,
with bursts of activity in the 1980s and 1990s.
Much of the most detailed survey work concen-
trated around the shorelines of the island of Fyn
and its immediate neighbours (Skaarup 1983,
2001, 2004; Fischer 1993). Systematic excava-
tion took place at a small number of sites, notably
at Tybring Vig (Andersen 1980, 1985, 2013),
Mgllegabet II (Grgn and Skaarup 1993; Skaarup
and Grgn 2004), Argus Grund (Fischer 1987) and
Ronzs Skov (Andersen 2009), resulting in the
development of novel methods of underwater

The differences are due to the fact that the higher figures
include estimates of the number of sites that should be
present along the submerged shorelines of southern
Denmark by extrapolation from the density of finds of the
same period known from the uplifted shorelines of north-
ern Denmark.

’In this chapter, ka (thousands of years ago) is used to
mean thousands of calibrated radiocarbon years before
present. For conversion to cal BC, subtract 2000 years.
For example, 6 ka is equivalent to 6000 cal BP or 4000 cal
BC and these conventions are used interchangeably
throughout the text.

excavation and equipment (see Dal 2013 for
details).

Another important group of remains on both
sides of the Great Belt (Storebzlt) was recovered
during construction of the road and rail link
between Fyn and Zealand (Pedersen et al. 1997).

These sites, with their extraordinary record of
organic remains preserved in anaerobic sedi-
ments, have dominated the evaluation of the
Danish record and remain key sources of informa-
tion and points of reference (see also Fischer and
Vang Petersen 2018 for a summary of key finds).

In addition to archaeological finds, there are
also numerous remains of submerged forests,
including tree stumps in situ and fallen logs,
identified at all depths on the Danish seafloor
including the North Sea sector (Fischer 2004).
These provide valuable information on changes
in shoreline position and rates of sea-level
change, targets for closer survey for archaeologi-
cal sites and the potential for high resolution dat-
ing based on dendrochronology (Christensen
1997, 2013; Fischer 1997).

This unusual concentration of finds is the
product of many factors:

* A geomorphological and palacogeographical
history that has created extensive shallow and
sheltered areas with accumulations of gyttja,
a peaty clay conducive to organic
preservation

* Ecological and topographic conditions favour-
able to palacoeconomies heavily dependent
on marine resources and to concentrations of
settlement on the shoreline, especially in areas
conducive to the trapping of fish and sea mam-
mals during their seasonal migrations

* An abundance of flint sources for making arte-
facts that are easily visible eroding out of sub-
merged layers on the shallow seabed or along
the modern shoreline

e Informed interest amongst sports divers, ama-
teur archaeologists and other members of the
public in reporting finds, which intensified in
the 1950s with the wider availability of
SCUBA equipment

e A relatively long history of systematic investi-
gation by professional archaeologists with
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dive training and experience and the develop-
ment of new skills and knowledge in underwa-
ter exploration and excavation

* A national heritage agency (currently known
as the Danish Agency for Culture and Palaces)
committed to the recording and management
of underwater sites, enshrined in national leg-
islation since 1984

e Recovery of material by industrial activities
that go back to the nineteenth century, such as
harbour construction, dredging of waterways,
commercial extraction of shell, sand and
gravel and, in the past two decades, major
bridge and tunnel projects across the Danish
Straits accompanied by systematic underwater
investigation

By common consent, Denmark has acquired
a reputation as the °‘capital’ of underwater
Stone Age archaeology, a phenomenon that
archaeologists elsewhere look to for standards
of best practice and examples of what might be
found on other submerged landscapes. A key
question is whether this concentration of sites
is unique to conditions in Denmark, and more
specifically to the region of the Danish
Archipelago and the Danish Straits, or can be
expected elsewhere, either as visible remains
on the seafloor or embedded in deeper sedi-
ments. In fact, comparable finds have been
found in the adjacent regions of Sweden
(Nilsson et al., Chapter 4) and northern
Germany (Jons et al. Chapter 5, this volume)
and in other parts of Europe as described else-
where in this volume; nevertheless, the con-
centration of material in Denmark is
exceptional.

The aim of this chapter is to provide the pal-
aeogeographical and archaeological context for
the Danish material, to examine conditions of
underwater preservation and visibility, to provide
an analysis of finds with illustrations of some of
the best-preserved examples, to evaluate the sig-
nificance of the Danish material in relation to its
wider context and the prospects for underwater
research elsewhere and to outline some directions
for future research.

3.2  Geographical

and Archaeological Setting

Denmark today has one of the highest ratios of
shoreline to land area of any country considered
in this volume, with c¢. 7400 km of coastline
including over 400 named islands, and a land
area of c¢. 44,000 km? of low relief comprising
glacial moraines and lake basins with elevations
no higher than 170 m (Nokkentved et al. 2018).
No place on land is more than 52 km from its
nearest coastline. The land comprises the Jutland
Peninsula, divided in the north by a stretch of
water known as the Limfjord, and an archipelago
of closely adjacent islands between Jutland and
southern Sweden, the largest of which are
Zealand, Fyn, Lolland and Falster, and the more
distant eastern outlier of Bornholm (Fig. 3.1).

Together, the inshore waters of the east Jutland
Peninsula and the Danish Archipelago define a
transitional marine zone between the fully oce-
anic conditions of the North Sea and the brackish
water of the Baltic, connected through a series of
sea channels that separate Denmark from Norway
and Sweden. These channels become progres-
sively shallower from north-west to south-east,
and progressively less saline, and the sea bottom
consists of soft sediments of clay, sand and gyttja.
To the north, the Skagerrak is a c¢. 100 km-wide
channel, >500 m deep, an eastward extension of
the Norwegian Trench, which remained an open
sea channel throughout the Last Glacial period
and an insurmountable barrier to human move-
ment. To the south-east, the Kattegat is another
wide channel, but much shallower, mostly less
than 50 m bpsl (below present sea level), with an
extensive shallow shelf of <20 m extending out
from the east coast of Jutland. At its southern end,
the Kattegat separates into a series of narrow and
shallow channels (the Danish Straits), the Little
Belt between Jutland and Fyn, the Great Belt
between Fyn and Zealand and the @resund
between Zealand and southern Sweden. Here, the
seabed is generally less than 20 m bpsl (Rosentau
etal. 2017, Fig. 5.1). These channels, in their turn,
open out eastwards into the wider expanses of the
western Baltic Sea.
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Fig. 3.1 Map of Denmark showing distribution of underwater sites, key names and other places mentioned in the text.
Inset shows the island of Bornholm. Site information from the SPLASHCOS Viewer http://splashcos-viewer.eu.
Drawing by Moritz Mennenga
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3.2.1 Archaeological Sequence

At the LGM at c. 20 ka, Denmark was uninhabit-
able. Much of it was covered by the southern
edge of the Scandinavian ice sheet, apart from a
strip of land in western Jutland—a barren plain of
outwash sands and gravels. The earliest traces of
human occupation date from c. 15 ka in southern
Jutland and Zealand, after the retreat of the ice
front. The sites represent reindeer hunters belong-
ing to the tanged point cultures of northern
Europe, successively Hamburgian, Federmesser,
Bromme and Ahrensburgian (Table 3.1), and are
linked to hunting territories extending across an
open tundra landscape with lakes and valleys
carved out by glacial action and subsequent chan-
nel outflow from the Baltic, which constrained
seasonal reindeer migration routes on a north—
south axis from northern Germany to southern
Sweden, and perhaps also westwards onto the
now-submerged plain of the North Sea (Holm
1991; Vang Petersen and Johansen 1991; Fischer
2004). These tanged point assemblages show
similarities over large areas of lowland northern
Europe extending westwards across the North
Sea Plain to northern Britain, indicating wide-
ranging seasonal movements and long-distance
contacts (Momber and Peeters 2017; see also

Jons et al., Chapter 5, this volume, Bailey et al.,
Chapter 10, this volume).

These tanged point cultures were succeeded
by the Maglemose culture (c. 11-8.4 ka) with
new equipment including axes and microlithic
arrowheads adapted to the spread of more for-
ested conditions and associated mammalian
fauna—principally elk (Alces alces), aurochs
(Bos primigenius), red deer (Cervus elaphus), roe
deer (Capreolus capreolus) and boar (Sus scrofa
ferus). Settlements were located around the edge
of lake basins, with evidence of fishing in the
form of barbed bone points. Similarities on either
side of the North Sea are still apparent in this
period. There are hints of contact with the con-
temporaneous coastline in the form of occasional
seal bones in inland settlements (Degerbgl 1943),
but no known Maglemose coastal settlements on
the modern shoreline, which would still have
been some distance inland from the contempora-
neous shoreline.

From c. 8.4-7.4 ka, a new type of microlithic
arrowhead appeared that defines the Kongemose
culture, showing much continuity with the pre-
ceding period, but with the appearance for the
first time of shoreline settlements and evidence of
marine exploitation. This in turn is succeeded by
the Ertebglle culture (c. 7.4-6 ka) with its well-

Table 3.1 Chronological chart showing the main archaeological periods and changes in palacogeography.

Chronological boundaries are approximate

Cal BP Archaeological period | Archaeological subdivision | Palacogeographical stage | Cal BC
4400-3700 Late Neolithic Littorina Sea 2400-1700
48004400 Middle Neolithic Single Grave 128002400
Pitted Ware
53004800 Funnel Beaker 3300-2800
5900-5300 Early Neolithic 3950-3300
6300-5900 Late Mesolithic Late Ertebglle 4300-3950
6800-6300 Middle Ertebglle 4800-4300
7400-6800 Early Ertebglle 5400-4800
7700-7400 Middle Mesolithic Late Kongemose 5700-5400
8000-7700 Middle Kongemose 6000-5700
8400-8000 Early Kongemose 6400-6000
9800-8400 Early Mesolithic Maglemosian Initial Littorina Sea 7800-6400
10,700-9800 Ancylus Lake 8700-7800
11,000-10,700 Yoldia Sea 9000-8700
11,700-11,000 | Late Palaeolithic Ahrensburgian 9700-9000
12,500-11,700 Baltic Ice Lake 10,500-9700
14,000-12,500 Bromme/Federmesser 12,000-10,500
14,700-14,000 Hamburgian 12,700-12,000

Data from Pedersen et al. (1997) and Rosentau et al. (2017)
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known evidence of coastal settlement, large shell
mounds (kitchen middens), marine exploitation
and new items of material culture including
transverse microlithic arrowheads and ceramic
vessels alongside evidence of ongoing hunting
and gathering on land. From 6 ka, Neolithic set-
tlements appeared with new types of pottery and
evidence of farming, most likely involving some
degree of population replacement, but with evi-
dence for the continued exploitation of marine
resources, especially shell middens, at least in the
first 4-500 years.

Taken at face value, this sequence suggests a
progressive shift from emphasis on big-game
hunting and large territories to a broader spec-
trum economy including some aquatic resources,
to a highly diversified economy with major
emphasis on marine resources, smaller territories
and permanent settlements and ultimately to
replacement by a mixed farming economy. It is
tempting to suppose that this sequence indicates
intensification associated with population growth
and related sociocultural developments. However,
this would be to take the evidence at face value
without consideration of other variables. Changes
in the earlier part of the sequence are clearly
related to climatic and vegetational changes asso-
ciated with de-glaciation, later in the sequence to
regionalisation associated with geographical
fragmentation by rising sea level, and at the end
of the sequence to the introduction of domestic
crops and livestock from outside the region. The
apparently progressive growth in the number of
coastal settlements and importance of marine
resources during the Mesolithic period is the
main focus of interest in this chapter and needs to
be calibrated against the changing configuration
and ecology of coastlines and the conditions of
site preservation and discovery associated with
relative sea-level change.

General Conditions
of Preservation and Visibility

3.3

Cohen et al. (2017) and Rosentau et al. (2017) set
out the general conditions that affect the survival
of submerged land forms and archaeological

material for the North Sea and the Baltic Sea,
respectively. Denmark, because of its location on
the boundary between these two basins, has some
distinctive patterns of variability in space and
time that we examine here. As with all discus-
sions of underwater preservation, we emphasise
that local features may also be of great impor-
tance and over-ride general conditions in the
wider area. These local conditions will be exam-
ined more closely later when discussing individ-
ual archaeological sites.

3.3.1 Oceanographic Variables
Oceanographic variables are of significance in
highlighting the distinctiveness of the inner
waters of the Danish Archipelago in contrast to
the more typical conditions that prevail on North
Sea and Atlantic coastlines.

On the exposed western and northern coasts of
Jutland facing the North Sea and the Skagerrak,
the tidal range is relatively large by Danish stan-
dards, being c. 1 m, although this is at the lower
end of the spectrum compared to other coastlines
of the North Sea and the Atlantic margins
(Westley 2017). A coastline of sandy beaches and
embayments is protected in places by offshore
sand bars, but wave fetch is large, extending
without interruption for hundreds of kilometres
from the west and north-west, and the coastline is
vulnerable to storm erosion (Sistermans and
Nieuwenhuis 2018). In the Danish Archipelago
and the Limfjord, in contrast, tidal range is c.
10 cm (though this may be increased by local
conditions of wind and currents), and wind fetch
may be as little as 1-5 km, resulting in low rates
of erosion of the seabed even in shallow water
(Rosentau et al. 2017).

During the earlier part of the Littorina Sea
period, coinciding with the Late Mesolithic
(Table 3.1), there is evidence for greater tidal
inflow into the Danish Straits than today and a
greater tidal range (Petersen and Rasmussen
1995; Petersen 2013). At about the Mesolithic—
Neolithic transition, conditions appear to have
changed, with a reduction in tidal amplitude and
salinity and increased rates of sedimentation in
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shallow fjords and estuaries. These changes are
relevant to issues of underwater site preservation
and visibility, though their timing, causes and
consequences are complex (e.g., Lewis et al.
2016) and may have varied according to local
circumstances.

3.3.2 Palaeogeographical Change

Between the Last Glacial Maximum at 20 ka and
the cessation of sea-level rise generated by ice
melting at about 5 ka, changes in regional geo-
morphology and palaecogeographical configura-
tion show a complex interplay between ice-retreat,
isostatic land adjustment, eustatic sea-level rise
and intermittent damming of the Baltic as a fresh-
water lake (Bjorck 1995; Rosentau et al. 2017,
Astrup 2018) (Figs. 3.2 and 3.3). This has very
significant implications for understanding where
palaeoshorelines were located at different peri-
ods of the archaeological sequence and the con-

ditions that have variously favoured or inhibited
the preservation and exposure of underwater
material.

Initially, rivers drained into the North Sea and
later into the Skagerrak as the ice began to retreat
(Fig. 3.2a, b). With further ice retreat, the present-
day territory of Denmark and southern Sweden
opened up as a continuous area of lowland terri-
tory that acted as a barrier between a Baltic Basin
that filled with glacial meltwater and a marine
inlet that occupied the deeper, eastern part of the
Kattegat Basin > 40 m bpsl.

The Baltic remained largely isolated as a
freshwater basin, its waters dammed back ini-
tially by ice and later by slowly uplifting land
rebounding after the removal of ice cover, but
with sufficient outflow of water to erode the val-
leys that now form the Danish Straits (Fig 3.3c).
A sea connection was briefly established to the
north between the Baltic and the Skagerrak at c.
11.7-10.7 ka, the Yoldia Sea period (Fig. 3.3d).
However, the shallow shelf along the east coast of

- Lake |:| Land
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—— Modern coastline

Fig. 3.2 South-west Scandinavia and the south-west Baltic, showing changes in the configuration of land, sea and ice
during and immediately after the Last Glacial Maximum: (A) c. 22,000 cal BP; (B) c. 16,000 cal BP. Data from
Houmark-Nielsen and Kjar 2003; Rosentau et al. 2017. Drawing by Geoff Bailey



46 G. Bailey et al.

ﬁc ; .

Fig.3.3 South-west Scandinavia and the south-west Baltic, showing successive stages in the configuration of land, sea,
ice and lake basins during the Late Glacial and Postglacial period: (C) c. 14,000 cal BP; (D) c. 11,000 cal BP; (E) c.
10,000 cal BP; (F) c. 8500 cal BP. Legend as in Fig. 3 2. Dates and geographical outlines are approximate. Data from
Bjorck (1995), Jensen et al. (1997), Mathiasen (1997), Uscinowicz (2003, 2014), Passe and Andersson (2005), Rosentau
et al. (2017). Drawing by Geoff Bailey

Jutland and the area of the Danish Straits contin- From shortly after about 10 ka onwards, a
ued to form a continuous lowland area of limited fully marine connection was established through
relief extending into southern Sweden, dotted the Danish Straits—the Littorina Sea period
with small lake basins and traversed by river val-  (Table 3.1). Sea level rose from about —30 m to
leys formed by the outflow from the Baltic near the present level in a matter of c. 1000 years
(Fig. 3.3e). between c. 9 and 8 ka with a slower rise towards
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the present level thereafter (Christensen 1995).
Between about 7.5 and 5.5 ka, the final rise of sea
level took place, with minor fluctuations that cre-
ated a series of four high-sea-level stands, sepa-
rated by periods of minor sea-level regression.
These are the so-called Littorina shorelines. They
most likely represent episodes of isostatic uplift
interacting with a final, slow and steady rise of
eustatic sea level from —2 m to reach the present
sea level at about 5 ka, rather than eustatic sea-
level fluctuations (Gehrels et al. 2006). At the
time of the highest Littorina sea level, north-
eastern Denmark was fragmented into an archi-
pelago with broader openings between the North
Sea, the Skagerrak and the Kattegat and a stron-
ger inflow of water from the North Sea (Fig. 3.3f).

After 5 ka, isostatic effects continued, with
uplift in the north-east and submergence in the
south-west. The boundary between uplift and
submergence runs from south-east to north-west
(Fig. 3.1), and the Littorina shorelines show pro-
gressively higher elevations and earlier dates as
one moves north, with the highest shorelines in
northern Jutland at 12 m apsl (above present sea
level) with dates of c. 7.2 ka and progressive sub-
mergence in the south to depths of —8 m
(Christensen 1995; Christensen and Nielsen
2008; Astrup 2018).

For the earlier part of the sequence, most of
the area between Denmark and Sweden was
above the contemporaneous sea level, and now-
submerged sites are likely to be hunting stations
for monitoring or trapping animals, or settle-
ments along rivers or lake edges. Once the
Littorina Sea entered the Danish Straits, marine
shorelines would have been present from the later
Maglemose or early Kongemose period onwards
at depths dependent on the local interaction
between sea-level rise and isostatic adjustment.
Shorelines of the Maglemose period are every-
where submerged below the present-day sea level
or eroded away. Shorelines of the Kongemose
period are mostly submerged or covered by later
sediments, being present above sea level only in
north-eastern Denmark (Fischer 1993, p. 60),
while shorelines of the Ertebglle period are at or
above modern sea level in north-eastern Denmark
and submerged in areas to the south-west.

The main effect of isostasy is that shorelines
of the same age are now at a relatively higher
elevation in the north than the south, an effect
best illustrated in the Ertebglle period. Many
hundreds of Ertebglle coastal sites are located on
raised shorelines in the Limfjord region of north-
ern Jutland, the east coast of Jutland and the
northern coasts of Fyn and Zealand. Andersen
(2000, p. 362) refers to over 500 Ertebglle shell
mounds in this region, with perhaps a compara-
ble number of contemporaneous coastal sites that
are not shell middens. To the south, in the coastal
regions that have undergone submergence, there
is a comparable number of sites that are now
under water. Underwater shell midden deposits,
however, are very rare. It is the effect of this
submergence that is key to understanding the
abundance, character, state of preservation and
visibility of underwater sites in the central and
southern region of the Danish Archipelago.

3.4 Archaeological Analysis
Currently there are 1699 archaeological finds
recorded in the SPLASHCOS Viewer (http://
splashcos-viewer.eu/), of which 1686 are regis-
tered in the records of the Danish Agency for
Culture and Palaces (http://www.kulturarv.dk/
fundogfortidsminder/).?

3This is less than the total number referred to in the pub-
lished literature. In 2004, Fischer referred to 2003 prehis-
toric sites and noted that this number of finds was probably
‘just a few percent of what is actually existing in the
national sea territory’ (Fischer 2004, p. 23). It is clear that
we are dealing here with a minimum number of finds, but
equally that a great many find spots are single artefacts or
material that has been disturbed or re-deposited by marine
erosion. The analysis in this section assumes that the
available records are broadly representative. The online
records of the Danish Agency are in Danish and give
information on location, brief details of finds, their history
of discovery and references to the published literature
where available. It is also important to note that many pre-
historic sites were located around shallow bays that subse-
quently silted up and were drained to create modern farm
land. These sites are not, strictly-speaking, ‘underwater’
but they include material that was deposited under water
or later became inundated by sea-level change, and we
include reference to some of them, notably from the
Halsskov Fjord discussed later in this chapter.
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The great majority, 1307 (79%), are recorded
only as single finds, while sites indicating evi-
dence of settlement comprise 293 records (17%)
(Table 3.1). A ‘settlement’ in this context means
clear evidence of human occupation and artefact
production, usually involving a considerable den-
sity of cultural material (Fischer 1993, p. 72).
This may take the form of features such as a
hearth, the presence of debitage from tool-
working, burnt flint and abandoned tools, remains
of stationary fish weirs and graves as indicated by
the presence of human bones. Artefacts by them-
selves, even in considerable quantity, are not nec-
essarily a sufficient indication of in situ activity
or a settlement with dwelling structures, since
they may have been redeposited by marine action
or represent more ephemeral activities or special-
ised functions. Categorisation in many cases is a
matter of subjective judgement and the experi-
ence of the archaeological observer. In cases of
doubt, material is placed in the category of
unstratified material (12 records, 0.7%).

Conversely, the recording of a single find does
not rule out the presence of a settlement and indi-
cates only what was observable on or recovered
from the surface of the seabed or along the mod-
ern coastline. The quantity of material recovered
is also in part a function of the time spent exam-
ining a given locality and the conditions of visi-
bility, especially when diver inspection is
involved. It is also clear from the general litera-
ture (e.g. Fischer 2004, p. 28; Fischer and Vang
Petersen 2018) that material recorded as single
finds may include items accidentally lost at sea
such as amber pendants, fish hooks and harpoon
heads as well as items discarded on a now-
submerged land surface or archaeological
settlement.

Two other categories to note are votive depos-
its, some 12 records (0.7%), mostly of Neolithic or
Bronze Age date, but including at least one
Ertebglle example, identified by the presence of
artefacts presumed to be of great value because of
their careful workmanship such as bifacially
worked flint daggers and battle axes, and miscel-
laneous finds (26 records, 1.5%). The latter include
isolated remains of fish traps, large stone objects
of uncertain function or indeterminate artefacts.

Many sites with settlement remains were dis-
covered by Fischer’s ‘fishing-site model” (Fischer
and Sgrensen 1983; Fischer 1993, 1995, 2007).
This is a predictive model based on the observa-
tion that a number of already-discovered sites
were located in topographic conditions ideal for
trapping fish during their seasonal migrations: at
the mouths of stream inlets, at the entrance to
semi-enclosed shallow bays or on the end of
small peninsulas jutting out into a marine chan-
nel, especially where a small offshore island fun-
nelled fish movements into a narrow strait
between the island and the facing shoreline. Use
of bathymetric contours supplemented by simple
acoustic surveys to identify similar topographic
conditions on submerged palaeoshorelines
resulted in a high degree of success in the loca-
tion of new sites.

It is clear from the map (Fig. 3.1) and the data
in the SPLASHCOS Viewer that the great major-
ity of finds (1437) are from the protected shore-
lines of the inner Danish Archipelago, including
the sheltered coastlines of east Jutland from
Aarhus Bay southwards and the coastlines of the
major islands, especially southern Fyn and south-
ern Zealand. The next largest category (155) is in
the Limfjord region of northern Jutland, which
would have offered similar protected conditions
during the Littorina Sea period. Just 50 sites are
recorded from the more exposed coastlines of the
North Sea, the Skagerrak and the Kattegat, with a
small number at some distance offshore and at
depth. The latter include a pressure flaker made
from red deer antler of typical Maglemosian type
from the Dogger Bank some 250 km west of the
Danish coastline (Fig. 3.4).

In terms of chronology and disregarding the
805 records that can only be identified as ‘prehis-
toric’, by far the largest number of finds are
Mesolithic in date, 676 records (39.8%), fol-
lowed by 122 Neolithic finds, a smaller number
(39) that may be Mesolithic or Neolithic, 45
Bronze Age and 15 Late Palaeolithic records
(Table 3.2).

The earliest underwater archaeological finds
currently known from Danish waters are worked
reindeer bones recovered from Kgge Bay in east
Zealand, one of which, from Solrgd Strand, is
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Fig.3.4 A pressure
flaker made from red
deer antler, dredged up
from a depth of 3040 m
on the Dogger Bank
some 250 km west of
the Danish coastline.
This specimen is typical
of the younger
Maglemose period, a
date confirmed by
radiocarbon dating of
the artefact itself to c.
7040-6700 cal BC
(Andersen 2005). Scale
in cm. Photo courtesy of
Moesgaard Museum
Photography
Department
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Table 3.2 Distribution of underwater finds by type of site and period. Miscellaneous other includes remains of fish
weirs, isolated ground stone objects and other indeterminate artefacts or remains of structures

Late Mesolithic- Bronze | Indeterminate | Total
Types of sites Palaeolithic | Mesolithic | Neolithic Neolithic | Age Prehistoric N %o
In situ cultural - 160 19 6 2 113 300 17.6
features settlement
data
Unstratified 2 2 1 — — 7 12 0.7
material multiple
finds
Graves (human - 14 - 2 4 29 49 2.9
bone)
Single unstratified | 12 496 19 107 27 645 1306 | 76.6
find
Votive deposits - 2 - 4 3 3 12 0.7
Miscellaneous 1 9 — 3 27 1.5
other
Total N 15 683 39 122 45 802 1706 | 100
% 0.9 40.0 2.3 7.2 2.6 47.0
Presence of 3 72 4 10 3 54 146 | 8.6

organics (wood
and/or bone)

Data from the SPLASHCOS Viewer at http://splashcos-viewer.eu, and from Danish government records at http://www.

kulturarv.dk/fundogfortidsminder

dated at 14 ka (Vang Petersen and Johansen 1991,
p. 36, endnote 28). These were found in sand and
gravel deposits at 6—10 m bpsl near the outflow at
the western end of the ice-dammed Baltic Lake
and are most plausibly explained as evidence for
the use of the local topography to ambush ani-
mals during their seasonal migrations.

The next earliest sites are broadly labelled as
Early Mesolithic, generally associated with the
Maglemose period. However, there are very few
that fall certainly within this period, and these
only towards the end, namely, Svalerumpen on
the east coast of Zealand facing the @resund
Strait, with a single flint tool, a small number of
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animal bones and a radiocarbon date of 8225 + 95
(Fischer 1993; http://www.kulturarv.dk/fundog-
fortidsminder/Lokalitet/164010/), equivalent to
c. 9.5-9.1 ka (7400-7100 cal BC; see Table 3.1),
and sites in Aarhus Bay, Jutland, notably Flgjstrup
Skov, with typical microliths of the Maglemose
tradition and radiocarbon dates ranging from
7200 to 6300 cal BC, most probably indicating a
mixture of artefacts from different periods
(Dencker and Jensen 2000; Astrup 2018).
Material of similar date has been found on the
Swedish side of the @resund indicating settle-
ments on or close to the shoreline at a time when
seawater had entered the northern @resund but
before a marine connection had been established
to the Baltic Basin (Larsson 2017; Nilsson et al.,
Chapter 4, this volume).

The other Early Mesolithic sites, notably the
settlement of Musholm Bay in the Great Belt
(Fischer and Malm 1997), Kalg Vig on the east
coast of Jutland (Fischer 2007), and Blak in
Roskilde Fjord (Sgrensen 2017), all of which
are radiocarbon-dated, lie on the boundary of the
Maglemose and early Kongemose periods asso-
ciated with the onset of the Littorina period, the
entry of seawater into the Kattegat and the Danish
Straits, and the establishment of a marine con-
nection with the Baltic. From this time onwards,
sea level rose rapidly. Sites of successively later
periods occur at shallower depths and provide a
precise measure of the rate of sea-level rise and
the changing configuration of the coastline. At
Musholm Bay, for example, an early Kongemose
settlement originally located on the contempora-
neous shoreline is now at a depth of —8 m and
2.5 km distant from the present shoreline. In little
more than 1000 years, by the Middle Ertebglle
period, sea level was within half a metre of the
present level, and the shoreline had retreated to
about its present position. The relationship
between the age of coastal archaeological sites
and sea-level depth can, of course, be reversed,
and inspection of bathymetric charts used to good
effect both to reconstruct coastal topography and
shoreline configuration at different periods and to
predict the location of new sites taking into
account the most favourable locations for trap-
ping fish (Fischer 1993, 1997).

Table 3.3 Distribution of underwater finds by archaeo-
logical period and time duration in thousands of years
(kyr)

Number of
Archaeological | Recorded Duration | Recorded
Period Finds kyr finds per kyr
Neolithic 159 22 72
Late 488 1.5 325
Mesolithic
Middle 95 1.0 95
Mesolithic
Early 22 2.6 8
Mesolithic
Late 15 3.7 0.2
Palaeolithic

Data from http://splashcos-viewer.eu

The number of dateable underwater finds
shows an exponential increase from the Late
Palaeolithic period through the Early and Middle
Mesolithic period, reaching a maximum in the
Late Mesolithic (Ertebglle) period, and reducing
again in the Neolithic period (Table 3.3; Fig. 3.3).
The peak in the Ertebglle period most likely rep-
resents, in part, the fact that underwater sites in
this period are in shallow water where they are
easily discoverable from material eroding out in
shallow water or along the modern shoreline,
compared to the more deeply submerged sites of
earlier periods. The reduction in the Neolithic
period may reflect the difficulty of distinguishing
on typological grounds between Ertebglle and
Neolithic artefacts from isolated finds and also
the fact that more shorelines and coastal settle-
ments of this period are above present sea level
and therefore not represented in the statistics for
underwater finds in Table 3.3.

3.5 Underwater Settlements

According to Table 3.2, there are some 160
Mesolithic site records with evidence of settle-
ment activity, namely, evidence of a cultural layer
with indications of in situ activity. However, this
number should be treated with caution; very few
of these have been excavated and the nature of
the activities represented and the question of
whether they are genuinely in primary position as
opposed to materials redeposited by marine
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action remains uncertain in many cases. The
small number of sites that have been extensively
excavated provide important information on the
quality of the evidence that has survived and
insights into the variable conditions of preserva-
tion at different locations, and they are examined
below.

3.5.1 Tybrind Vig

This is the most intensively investigated under-
water site in Denmark, excavated over a 10-year
period from 1978 to 1987 (Andersen 1980, 1985,
2013; Malm 1995) It is one of five submerged
settlements within a 10 km radius on both sides
of the Little Belt, the others being Kolding Fjord,
Gudsg Vig, Helligkilde and Ronas Skov
(Fig. 3.5). At Tybrind Vig itself, there are, in fact,
four closely co-located settlements with in situ or
partially in situ material, found at depths ranging
from -5 to —2.5 m below present sea level
(Fig. 3.6). Three settlements are on a sheltered
south-west facing shoreline at the mouth of what
would originally have been an almost totally
enclosed and shallow bay. They are successively

shallower and younger deposits representing the
landward movement of the shoreline with sea-
level rise. The fourth is on an exposed beach
ridge on the seaward-facing spit of land on the
opposite side of the bay mouth, and represents a
different type of site, most likely one with a spe-
cialised function. In addition, there are five other
locations nearby with redeposited artefacts.

None of these sites represents a completely
intact settlement. In all cases the original dry-
land area of settlement where domestic activities
and burials were concentrated has been largely
eroded away, leaving only traces of the original
land surface and its material remains, or redepos-
ited materials that have been washed out from
their original place of deposition. What remains
in situ is the dump area just offshore of the main
settlement area, where many of the by-products
of daily life were originally thrown away, or
where material remains were abandoned in situ,
representing activities originally located offshore
such as fish weirs extending out from the shore-
line, or logboats.

Together, these sites represent a cumulative
palimpsest of activities representing repeated use
of the area and most probably year-round settle-

Fig. 3.5 Map of the
Little Belt, showing the
position of Tybrind Vig
and Ronas Skov. The
three other sites shown
are also submerged and
contemporaneous with
the other two. Like
Ronzs Skov, they
yielded assemblages
with harpoons, sea
mammal bones and
ceramic blubber lamps.
This and their locations
suggest that they were
optimally positioned to
hunt porpoises during
their seasonal migrations
through the Little Belt
by diverting them into
narrow side fjords. After
Andersen 2013, Figs 7.1
and 7.2, redrawn by
Geoff Bailey

o

Kolding Fjord

Gudse Vig

Helligkilde

Ronaes Skov

Gamborg Fjord

Tybrind Vig
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[ Prehistoric land surface
[ ] Prehistoric marine inlet

—— Prehistoric coastline

=== Modern coastline
®  Archaeological settlement
@ Re-deposited site

Fig.3.6 The Tybrind Vig Cove showing the location of archaeological sites and the contemporaneous coastline. After

Andersen 2013, Fig. 1.6, redrawn by Geoft Bailey

ment throughout a 1400-year-period between 7.4
and 6 ka (54004000 cal BC), equivalent to
almost the full span of the Ertebglle period After
6 ka, activities ceased, and sea level continued to
rise by a further 2-2.5 m because of isostatic sub-
mergence; indeed, this additional sea-level rise
may have been a significant factor causing the
abandonment of the sites by inundating the spit
of land that had previously created the enclosed
bay with its topographic advantages for trapping
fish and creating shelter. On the plus side from an
archaeological point of view, this additional sea-
level rise has ensured that many of the archaeo-
logical materials have remained permanently
submerged in anaerobic conditions since the time
of deposition, significantly contributing to their
preservation.

The largest site, and also the latest in date, is
site B (Figs. 3.6 and 3.7). Here, the original dry-
land settlement area on the shoreward side, judg-
ing from the concentration of stone artefacts,
covered some 2600 m?, forming an elongated
outline 20 m wide and extending for about 130 m
along the shore, a form typical of Ertebglle sites
elsewhere including those known from uplifted
shorelines in northern Denmark. Only two buri-
als were recovered from this dry-land area, one a
burial of a young woman and a child (Fig. 3.8),

the other a grave with two adults. Both burials are
radiocarbon dated to the Early Ertebglle and
therefore belong to an earlier phase of settlement
than the rest of the material discussed below.
Other material had been eroded or washed away.
Excavation concentrated on the marine deposits,
and trenches extending over a total of 192 m?
were excavated, representing about 10% of the
total marine refuse area (estimated at 1500—
2600 m?). The material recovered includes
objects originally dumped here at the time of
settlement, material subsequently eroded out
from the dry-land area and redeposited, and in
situ remains of fish weirs, logboats and other off-
shore activities.

Notwithstanding the emphasis of excavation
on the dump area, the full range of material cul-
ture associated with the Late Ertebglle is repre-
sented, including a flint technology of blades,
flaked axes and transverse microliths (some 431
items), worked bone and antler (302) and pot-
sherds (825) all from pointed-base vessels. The
number of flints is relatively small compared to
other Ertebglle sites, but that may reflect the fact
that many more were discarded on dry land.
Conversely the range of bone and antler artefacts
is greater than usual, including axe heads and
shafts shaped from red deer antler, a small num-
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Fig. 3.7 The plan of Tybrind Vig showing the layout of the excavation trenches and other features. After Andersen
2013, Fig 1.10, redrawn by Geoff Bailey

Fig. 3.8 Tybrind Vig burial of a young woman, 14—16 years of age, in situ on the seabed and partially exposed by
marine erosion before excavation, showing the skull and bones of the upper arms. The skeleton was fully extended in a
shallow grave. Also present were the partial remains of an infant 0-3 months of age. Photo by Hans Dal, courtesy of
Moesgaard Museum Photography Department
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ber with incised geometric decoration, bone fish-
hooks, bone points, red deer and boar tooth
ornaments and knives made from boar tusks.
What makes this site unusual, however, is the
remarkable preservation of wood and other
organic materials such as uncharred plant remains,
cordage and textile fragments. The wooden arte-
facts amount to over 500 specimens including
pieces of split timber and wood chips produced
during implement manufacture. The largest num-
ber are some 250 rods of hazel (Corylus avellana)
at least 2 m in length with a sharpened tip, repre-
senting the remains of fish weirs. Their uniform
dimensions indicate systematic coppicing of
hazel. A small number (48) are thick poles
(4-8 cm diameter) presumed to be the upright
supports, confirmed by the finds of several in ver-
tical position, and the remainder are thinner
branches or withies presumed to be the horizontal
members. Other artefacts include 67 ash shafts
(Fraxinus excelsior) up to 2 m long used as spear
shafts, 6 wooden axe handles (Figs. 3.9 and 3.10)

Fig. 3.9 Axe handle from Tybrind Vig made of
Pomoideae wood. The base is shaped to fit in the hand. At
the other end, the wood is tapered and shaped to mount a
flint chisel on the under surface. See also Andersen (2013,
p- 131). Scale in cm. Photo courtesy of Moesgaard
Museum Photography Department

and 20 bows of different types made of elm wood
(Ulmus sp.) (Fig. 3.11). Fishing equipment
includes 67 leister prongs (Fig. 3.12) and the frag-
ment of a wicker fish trap made from woven alder
withies (Alnus glutinosa) (Fig. 3.13). This empha-
sis on fishing is reinforced by the discovery of
many fish hooks made from animal bone. The
inventory of wooden artefacts is completed by an
almost intact dugout canoe 9.5 m in length and
large parts of at least three other canoes, all made
of lime wood (Tilia sp.), and some 14 paddles or
paddle fragments of different shapes made of ash
wood, including examples with geometric decora-
tion and coloured inlays.

Other organic materials include 33 pieces of
twisted cord made from plant fibres (Fig. 3.14),
14 pieces of textile (Fig. 3.15), 6 pieces of rope
and 11 pieces of fibrous bark material mostly of

Fig. 3.10 Shaft-hole axe made of red deer antler at
Tybrind Vig with a fully preserved wooden handle made
from a straight hazel rod just under 2 cm in diameter.
Observe that the shaft terminates in a tongue-shaped
point, which might indicate a function as a digging stick.
Scale in cm. Photo courtesy of Moesgaard Museum
Photography Department
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Fig. 3.11 Bow made of elm wood. It is narrowed at the
waist to form a grip and has been broken just below. This
is the most common type of bow with ten examples at
Tybrind Vig with more than half of the bow intact. The
original length would have been 1.5-1.6 m. Scale in
10-cm units. Drawing by F. Bau, courtesy of Moesgaard
Museum Photography Department

Fig. 3.12 Roughout for a leister prong at Tybrind Vig. It
was made from a piece of bent hazel, split through the
centre to create two pieces that are mirror images. They
would have been bound together at the base and attached
to a shaft to create a two-pronged leister. Scale in cm.
Drawing by E. Morville, courtesy of Moesgaard Museum
Photography Department

willow, pieces of tinder fungus and uncharred
remains of sea-beet roots and seeds of manna
grass likely used as food. There are also remains
of charred food crusts attached to the inner sur-
face of some of the potsherds incorporating evi-
dence of fish bones and plant remains.

These organic remains are remarkable in a
number of ways: for the quantity and range of
materials and artefacts preserved, which include
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Fig. 3.13 The end of a woven fish trap made from with-
ies of alder and guelder rose. A fist-sized stone was found
inside, intended to hold the fish trap down on the seabed.
Scale in cm. Courtesy of Moesgaard Museum Photography
Department

Fig. 3.14 The preservation conditions for plant raw
materials at Tybrind Vig were extremely favourable, and
many different types of cord, rope and textiles were found.
The image shows a stake of hazel wood c. 22 cm long
found in situ in the Tybrind Vig deposit before excavation
with a piece of cord tied round it. The cord was made from
plant fibres of lime or willow. Photo by Hans Dal, cour-
tesy of Moesgaard Museum Photography Department

examples not previously known about; for details
about manufacturing methods and selection of
materials, particularly selection of different types

Fig.3.15 Piece of fabric recovered from Tybrind Vig and
woven with ‘buttonhole stitching’. The threads were spun
from fibres of grass (Gramineae) and willow (Salix sp.)
using a Z (right-hand) twist. Scale in cm. Courtesy of
Moesgaard Museum Photography Department

of wood for different purposes; and for additional
evidence of the subsistence economy, in particu-
lar the great emphasis on fishing, the evidence of
equipment used in hunting on land, and the pres-
ence of various seeds, roots and other plant foods
alongside the more commonly preserved charred
remains of hazelnuts and acorns.

Overall, the subsistence economy comprised a
combination of marine and terrestrial resources.
Fish remains are dominated by cod (Gadus
morhua) and flatfish (Pleuronectes, Platichthys),
but other species are also present including eels
(Anguilla anguilla). Bones of sea mammals indi-
cate hunting especially of grey seal (Halichoerus
grypus) and porpoise (Phocoena phocoena), with
bones of dolphin (Lagenorhynchus albirostris)
and whales (Orcinus orca, Physeter catodon) also
present. Gathering of marine molluscs included
the ubiquitous oyster (Ostrea edulis). On-land
hunting focussed principally on red deer, boar and
roe deer and fur-bearing animals, especially pine
marten (Martes martes); gathering included a
variety of plant foods including roots, berries and
nuts. These are represented both by charred
remains, notably sea beet (Beta vulgaris spp.
maritima), hazelnuts and acorns, and by uncharred
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seeds, notably of manna grass (Glyceria fluitans),
raspberry  (Rubus idaeus) and strawberry
(Fragaria vesca). On the marine side, the combi-
nation of food remains and organic artefacts con-
firms fishing as the major activity and clearly a
key determinant of the site location.

3.5.2 Ronaes Skov, Argus Bank
and Mgllegabet I

About 5 km to the north of Tybrind Vig is the
Late Ertebglle site of Ronas Skov, excavated in
eight seasons between 1992 and 2004 using the
same excavation and recovery techniques devel-
oped at Tybrind Vig. It is a smaller settlement
than Tybrind Vig, and was used over a shorter
period, between 6.4 and 6 ka during the Late
Ertebglle period at a time of slowly rising sea
level, but in other respects shows a comparable
range of artefacts, preservation conditions and
subsistence practices, including fishing, hunting
on land and shellgathering. It is the largest of 14
settlements located around the shores of the 3-km
long Gamborg Fjord, and like its southerly neigh-
bour was on a south-west facing shoreline oppo-
site a narrow channel, well placed to trap fish or
sea mammals entering the fjord.

The dry-land area of the settlement had largely
been eroded away, and little was left apart from
several stone-lined hearths, three thick vertical
wooden poles and a single charred human bone
suggesting cremation. One of the hearths con-
tains branches of hazel and hawthorn used as
fuel, with a tinder fungus lying alongside
(Fig. 3.16), demonstrating both the quality of
fragile, organic remains that are preserved in
these deposits and the fact that intact features can
survive despite the impact of marine erosion
(Andersen 2009, p. 46).

The remaining finds, and especially the
organic materials, were recovered from a shallow
offshore dump area as at Tybrind Vig. Remains of
fish weirs in the form of pointed hazel rods, some
still in vertical position, and wooden leister
prongs, some with impressions left by lashing,
indicate the importance of fishing. Wooden bows,
spear shafts, axe handles and remains of paddles
and canoes, antler axes and a rich ceramic inven-
tory are all present. As at Tybrind Vig, charred
food crusts on potsherds give additional insights
into the plant materials used in subsistence
(Fig. 3.17). Distinctive wooden finds are a single
wooden arrow shaft (made from guelder rose,
Viburnum opulus) with a transverse microlithic
flint held in place by pitch (Fig. 3.18) and some

Fig. 3.16 Photo of Ronas Skov hearth (left) in situ on the seafloor with a ring of soot-blackened stones, two pieces of
partially burnt wood, and to the left a tinder fungus, also shown in side view on the right. Tinder fungus is ideal material
for lighting fires. Photo on left by Hans Dal. Both photos courtesy of Moesgaard Museum Photography Department
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Fig. 3.17 Potsherd from Ronzs Skov with charred food crusts embedded on the inner surface including fragments of
mistletoe (Viscum sp.). Left: general view. Right: close up. The sherd is c. 10 cm long. Photos courtesy of Moesgaard
Museum Photography Department

notched sticks interpreted as cross-braces in the
construction of fish weirs.

The faunal inventory is comparable to Tybrind
Vig, with a slightly greater preponderance of sea
mammals (seal, dolphin and whale). This together
with the presence of harpoons including refuse
from their manufacture and a preponderance of
blubber lamps in the ceramic assemblage sug-
gests that the occupants of the site may have
taken advantage of the coastal topography not
only to trap fish but also to channel sea mammals
during their seasonal migrations into the fjord
where they could easily be despatched. This
interpretation is reinforced by other sites with
similar finds on the Jutland shoreline of the Little
Belt. Andersen (2009, pp. 213-214, 2013, p. 303)
suggests from the dates of these finds an intensi-
fication of sea mammal hunting in this region in
the Late Ertebglle period, taking advantage of the
narrowest and most constricted part of the Little
Belt and the ‘blind alley’ fjords on either side of
it. A similar tradition is recorded in historical
times in the same region, when up to 36 men in
12 boats engaged in winter hunting of porpoises
and dolphins, producing catches of up to 1500
animals (Andersen 2009, p. 214). Even at a con-
servative estimate, that is enough calories to sup-
ply the needs of 500 people for 6 months of the
year. The Ertebglle hunt may not have been so

intensive and the animal fat was important for
heating and lighting as well as for storable food,
but these figures nevertheless underline the incal-
culable importance of sea mammals and the pres-
ence of coastal topography that facilitated their
capture.

Two other sites to mention here are Argus
Bank and Mgllegabet II. Both sites are of interest
in demonstrating the preservation of intact fea-
tures on the dry-land surface of the original set-
tlement as well as the presence of offshore dump
areas in marine sediments with flint, wood and
antler artefacts.

Argus Bank had long been known as a con-
centration of finds extending over an area of
about 50 x 100 m at a depth of 4-6 m bpsl as a
result of gravel extraction, and a more systematic
rescue survey and a small trial excavation were
carried out between 1984 and 1986 (Fischer
1987; Fischer et al. 2007a). The majority of the
finds (some 3000 artefacts and faunal remains)
were recovered during gravel extraction rather
than by systematic techniques of archaeological
recovery but nevertheless appear to represent a
homogeneous assemblage of the Kongemose
period. Like many other coastal sites, the Argus
site was located on a promontory overlooking a
narrow fjord ideal for trapping fish. The main
interest of the site is the recovery in the excavated
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Fig. 3.18 Drawing of a complete arrow shaft from Ronzs Skov, shown in two parts and from three angles. The shaft
was found in situ with a transverse arrowhead of flint fixed at the tip with a black pitch-like substance. Traces of a simi-
lar material are present at the nock end, presumably for the attachment of feathers. Scale in 10-cm units. Drawing by
0. Svendsen, courtesy of Moesgaard Museum Photography Department

area below a sand layer of an intact stone-lined remains including hazelnuts, pips of raspberry
hearth, about 0.5 m in diameter, with charred and blackberry and fish bones, with a date of
branches, ash, burnt flint and charred food 5970-5570 cal BC. Redeposited human bones of
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at least four individuals have also been recovered,
originating from graves disturbed by erosion or
gravel extraction.

Mgllegabet II, excavated between 1988 and
1993 (Grgn and Skaarup 2004; Skaarup and Grgn
2004), was discovered by a combination of sub-
bottom acoustic survey and diver inspection at
4.5-5 m bpsl followed up by excavation of a
6 x 4 m trench. The site dates to the Early
Ertebolle period (c. 5400-4800 cal BC) and is of
interest for the discovery of remains of a dugout
canoe and parts of a human skeleton nearby, a
layer of bark, branches and leaves with concen-
trations of charcoal, worked flint and fish bones,
interpreted as the remains of a dwelling structure
and concentrations of mollusc shells that may
perhaps represent a shell midden deposit.

Underwater Themes: Fish
Weirs, Logboats and Shell
Mounds

3.6

The results of the excavations summarised above,
together with additional findings from more lim-
ited or more recent investigations at other sites,
have opened up a range of new information about
the nature of maritime activities and marine
exploitation associated with Mesolithic and
Neolithic coastal settlement, in particular the
importance of fish weirs and water transport and
what the archaeological evidence for these activi-
ties indicates about the scale and organisation of
coastal settlement. Also of interest is information
regarding the differential distribution and preser-
vation of shell middens.

3.6.1 Fish Weirs

The wooden stakes and wattles used in the con-
struction of fish weirs are some of the most
numerous of the wooden artefacts preserved at
these underwater coastal settlements. They are of
special interest in demonstrating the considerable
investment of communal labour in their construc-
tion and maintenance, skills in forest manage-
ment required to produce the wood for their

construction, the importance of fish in the subsis-
tence economy and the volume of food produced
by this method of mass capture. They also pro-
vide indirect evidence for the presence of perma-
nently inhabited settlements nearby, which would
have been necessary to ensure the maintenance of
these structures and the regular collection of the
trapped fish. The quantities of food obtainable by
this method, in their turn, would have provided
the supplies necessary to support the resident
population at such settlements. Some of the best
examples were recovered during rescue excava-
tions at either end of the road and rail link built
across the Great Belt, notably at three locations
within the narrow 2-km-long Halsskov Fjord:
Oleslyst, Halsskov itself and Margrethes Neas
(Pedersen and Fischer 1997).4

The best preserved is at Oleslyst with two sets
of finds dated to the Early and Middle Neolithic
period, 3500-2600 cal BC (Pedersen 1997). Here
a total of 259 stakes driven into the ground were
found to extend in a line for at least 30 m out
from the shore, with a shorter line of stakes form-
ing an acute angle at the seaward end. An almost
intact panel was also found lying on its side,
some 5.5 m long and 1.7 m wide (Fig. 3.19). The
panel consisted of 12 upright stakes, 2-4 cm
thick, spaced at 45 cm intervals. Woven through
these uprights were about 50 thinner, flexible
hazel withies, forming a tightly woven mesh. The
whole structure could originally have been 200 m
long.

“The Halsskov Fjord was originally a shallow marine inlet
until at least the end of the Middle Neolithic period, but
subsequently silted up and was drained in the nineteenth
century to create farmland. These sites are not therefore
underwater sites in the same sense as those discussed ear-
lier in this chapter. We include them here because the
remains were originally deposited on the seabed in shal-
low water at the shore edge and have remained encased in
marine sediments ever since. They are also clearly coastal
in nature and are integral to the wider pattern of sites
investigated as part of the Great Belt project, which
include fully underwater remains. They are a good exam-
ple of the arbitrary nature of the division between terres-
trial and underwater sites and the need sometimes to
integrate material on both sides of that the boundary
according to the context, as discussed in Bailey et al.
(Chapter 1).
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Fig.3.19 The Oleslyst fishing weir panel, dated to the Early Neolithic. This panel was discovered lying flat on marine
sediments and largely intact, except for damage at the left-hand side caused by a machine during excavation. There are
12 uprights consisting of poles of lime or hazel wood 2—4 c¢m in diameter with pointed bases for driving into the seabed.
More flexible hazel withies, 1-3 cm in diameter, were used as the horizontal members. The longest is 4.5 m long. These
were woven through the uprights to create a tightly meshed panel. Two of the uprights are forked poles, providing addi-
tional support for the horizontal withies, and holding the ends of the withies at the right-hand side in a tight grip to facili-
tate attachment to the neighbouring panel. Isolated wooden stakes representing the uprights of other panels were also
found further out from the shore and their distribution shows that these structures were built out for many tens of metres
into the sea, with a shorter section constructed at an acute angle at the seaward end to create, in plan, a V-shaped trap,
culminating in a pot-shaped fish trap of woven wickerwork. No such trap was found in situ at Oleslyst, but fragments
have been found elsewhere (see Fig. 3.13 for an example from Tybrind Vig). After Pedersen (1997, Fig. 6, p. 127), origi-

nal by L Johansen and L Pedersen, redrawn by G Bailey

Less complete remains of structures inter-
preted as fish weirs and dating to the Ertebglle
period were found at Halsskov, with two exam-
ples dated, respectively, at c. 5400 and 4800 cal
BC, and at Margrethes Nas, dated at c¢. 5700 cal
BC.

Another well-preserved example is on the
island of Nekselg, offshore from the north-west
coast of Zealand, with evidence of several differ-
ent stages of weir construction. The full range of
radiocarbon dates suggest a time span from the
Late Ertebglle through to the Middle Neolithic
with radiocarbon dates of c. 4490-2900 cal BC
(Pedersen et al. 2017). However, only two out of
18 radiocarbon dates are Late Ertebglle, and the
others cluster in the Early Neolithic and Early
Middle Neolithic period, c. 3500-2900 cal
BC. Here a line of stakes can be traced out from
the shoreline over a distance of 250 m to a depth
of 4-5 m bpsl, and there are indications that it
may have extended further out again (Fischer
2007). A 40-m length of wattle panels was found
lying in horizontal position, showing a construc-
tion of vertical uprights some 5 cm in diameter
with narrower and perfectly straight horizontal

hazel withies (Fig 3.20). Estimates for the con-
struction of the 250-m long structure suggest that
it would have needed hundreds of vertical poles
up to 6 m long for the main supports and some
6000 straight hazel withies up to 4 m long for the
rest of the structure. This testifies both to the
labour-intensive requirements of the construction
and to the extent of the coppiced hazel woods that
would have to have been maintained to provide
the raw materials.

This mesh of hazel woodwork was so tightly
constructed as to be almost impenetrable, and
Fischer (2007, p. 63) suggests that the design was
intended to facilitate the mass capture of
European eels, which pass through the Danish
Straits in huge numbers during their autumn
spawning runs from the Baltic to the Atlantic.
Similar traps made from hazel wood were
recorded in use in the nineteenth century. The
resulting large quantities of eel could have been
easily stored for long periods to provide impor-
tant food reserves for the winter months.

In total, remains of fish weirs are recorded at
17 sites extending through the full chronological
span of Mesolithic and Neolithic coastal settle-
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Fig. 3.20 Photo of part of a panel from the Nekselg fish
weir, showing closely spaced horizontal hazel withies
2-3 cm thick. Photo by Anne Marie Eriksen, reproduced
with permission of The National Museum of Denmark,

ment, from Kalg Vig on the late Maglemose—
early Kongemose boundary at 6450 cal BC
through to @lby Lyng at c. 2900-2350 cal
BC. This combination of evidence indicates a
4000-year tradition of construction. However, the
Mesolithic examples appear to be simpler and
cruder structures made only from hazel wood,
whereas the Neolithic fish weirs appear to be
larger and stronger with more tightly woven pan-
els and the use of several different types of wood,
mainly lime but also including hazel, ash, maple
(Acer sp.), elm and oak (Quercus robur). This
suggests a development of new and more elabo-
rate construction techniques in the Neolithic
period compared to the Ertebglle.

The absence of remains in subsequent millen-
nia may be due to the reduction in accumulation
of fine sediments that provide a preserving
medium for wooden artefacts, rather than to the

abandonment of such fishing practices (Fischer
2007, p. 60).

3.6.2 Water Transport

Remains of dugout logboats (canoes) and paddle
blades have been recovered from 19 Mesolithic
(Ertebglle) sites in Denmark (Andersen 2013,
p- 200). Those from Tybrind Vig represent one of
the largest assemblages including an almost com-
plete example of a logboat and provide new
details about size, construction methods and
probable functions (Andersen 2012, 2013).

The complete canoe is 9.5 m long and c. 0.5 m
wide, with sides that are 2—3 cm thick (Fig. 3.21).
When first discovered it was completely flat, but
in its original state the sides would have been
30 cm high. It was made from a single trunk of a
lime tree that must originally have weighed over
three tonnes. It was hollowed out by chopping
and wedging, reducing the finished weight to
about 200-300 kg. The stern was open, presum-
ably with a removable bulkhead, and a hearth
next to the stern, indicated by an oval deposit of
sand and clay, suggests the possibility of using
flares at night to attract fish. There was a smaller
hearth indicated by charred material near the
front, perhaps indicating use for on-the-spot
cooking, and a large 30 kg stone in the body of
the boat which is thought to have acted as ballast
or a stabiliser (Fig. 3.21). Experimental work
suggests that it would have taken 1-4 weeks of
labour for two skilled people to shape such a log-
boat. The parts of several other canoes show evi-
dence of splitting and the presence of regularly
spaced holes around the cracks that indicate the
attachment of patches to repair the damage
(Fig. 3.22). Similar examples of extensive repair
work are well illustrated by the more fragmentary
remains of a canoe at the Margrethes Nas site
(Myrhgj and Willemoes 1997, p. 160). All of this
indicates the investment of time and effort
involved in construction and maintenance.

Some 14 paddles or fragments of paddles are
present at Tybrind Vig and are made from split
timbers of ash to shape the handle and the blade
in a single piece. The paddles are about 1 m long
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Fig. 3.21 The largest logboat at Tybrind Vig, with a length of 9.5 m. Upper photo: as it looked after removal from its
underwater location to dry land. In its original position, it had become flattened, and the sides had collapsed inward. The
view is from the stern, with a grey hearth area in the foreground near the stern, and a large ballast stone towards the
middle of the boat. Lower image: an artist’s reconstruction of the boat shown in the photo and a smaller logboat recov-
ered from the partially submerged site of Lystrup Enge (north of Aarhus), with two hearths. Drawing by O. Svendsen,
courtesy of Moesgaard Museum Photography Department
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Fig.3.22 A smaller logboat from Tybrind Vig showing evidence of repair. Lower: the plan of the boat, with the stern
on the left and evidence of hearths near the stern. Holes made to assist the repair of cracks are shown by arrows and
include the repair of an oval hole originating from a knot in the wood near the stern and a split in the middle section of
the boat. Fibres in the holes near the stern suggest that a patch was sewn onto the damaged section. Upper: photo of the
holes alongside the split seen on the interior of the boat. Scale in 10-cm units. Plan drawn by J. Dencker and O. Svendsen,
plan and photo courtesy of Moesgaard Museum Photography Department

with a stout handle and an oval- or spade-shaped
blade not larger than about 20 x 25 cm (Fig. 3.23).
Some of the paddle blades are richly decorated
with carved geometric patterns of lines and dots
in different designs, some of which resemble a
human face (Fig. 3.24). Some show colouring
matter pressed into the inlaid surface. Paddles

from other sites show different designs. As visi-
ble items, especially when viewed from a dis-
tance, these variations in design may have acted
as important symbols of ownership and commu-
nal identity. The more richly decorated paddles
may have served for ceremonial occasions as
much as for daily use.
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Fig.3.23 Drawing of a complete paddle recovered from
Tybrind Vig. Scale in 10-cm units. Drawn by O. Svendsen.
Courtesy of Moesgaard Museum Photography Department

The largest dugout could have carried loads of
up to 800 kg, ample to accommodate one or two
families of up to eight people and their belong-
ings, or to carry large loads of fish or other
resources. They are well suited to short-distance
movements in the sheltered waters of the Danish
archipelago where they must have played an
important role in fishing, sea mammal hunting,
the maintenance of fish weirs and the transporta-
tion of the catch to the shore, as well as in social
communication. They could also be used in more

open sea conditions as shown by an experimental
crossing of the @resund in a dugout canoe, which
took 5 h to cover the 15-km distance (Christensen
et al. 1979).

The ‘boat burial’ at Mgllegabet II, claimed as
evidence of a body in a boat with a bark covering,
also suggests the possibility of a ritual use.
Whether the Mgllegabet example is an authentic
boat grave, or the fortuitous co-location on the
seabed of human bones and the remains of a boat
remains unclear (Skaarup 2004, p. 35; Andersen
2013, pp. 202-203), but better examples are
available from the inland bogs of the Neolithic
period. Also, stains in the soil around a few
graves at Ertebglle coastal sites on dry land have
been interpreted as evidence of boats used as
containers or coverings for the corpse. The idea
of sinking a canoe containing the corpse of an
important person covered in a bark shroud
remains a plausible if unproven Mesolithic
ritual.

3.6.3 Shell Mounds

One of the defining characteristics of the Late
Mesolithic Ertebglle period is the shell mounds
or kgkkenmgddinger (kitchen middens)—also
known as ‘shell middens’ or ‘shell-matrix sites’
(Claassen 1998)—which form such a visually
impressive feature of many coastal settlements
on the uplifted Littorina shorelines of north-east
Denmark (Andersen 2000). These are deposits
dominated by shells of marine molluscs dis-
carded as by-products of food consumption, prin-
cipally oysters (Ostrea edulis) but also including
other species such as cockles (Cerastoderma
edule) and mussels (Mytilus edulis). The largest
middens are several hundred metres long,
30—40 m wide, and 2 m thick, with a volume of
up to 8000 m®. Many are smaller. Mounds of
varying size often form clusters around fjords
and inlets. In total, there are over 500 Mesolithic
shell middens in north-east Denmark, with the
majority dating to the Ertebglle period between c.
4900 and 3900 cal BC. The oldest date back to c.
5600-5400 cal BC. Others are known from
Neolithic and later periods albeit with cockles or
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Fig. 3.24 Photograph and drawings of a damaged paddle blade from Tybrind Vig. Top left: the original. Top right:
drawing of the decorative patterns. Bottom: a modern reconstruction. Scale in cm. Drawing by F. Bau, courtesy of
Moesgaard Museum Photography Department

mussels as the dominant mollusc species rather ing marine and terrestrial vertebrates and that the
than oysters (Andersen 2007). oysters contributed a relatively small component

It is now well understood that these Ertebglle of the subsistence economy, though an important
shell mounds are coastal settlements with a wide one, especially in the late winter and early spring
range of artefacts and other food remains includ- when other food supplies were in short supply
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(Bailey 1978; Milner 2001, 2002). Moreover,
contemporaneous coastal settlements lacking
shells are just as common in northern Denmark,
and in some local fjord regions they are more
common than the shell mounds, the presence or
absence of shells being determined by the patchy
distribution and local availability of the natural
shell beds (Andersen 2000, p. 365). Conversely,
on the submerged shorelines of southern
Denmark, despite the many hundreds of under-
water finds that have been recovered, most of
them dating to the same time range as the
Ertebglle shell mounds of the north, shell mid-
dens are almost unknown or subject to uncertain-
ties over their cultural status.

These large, mounded shell deposits are a
highly visible marker of coastal settlement and
intensive use of marine resources, and similar
deposits appear in their hundreds of thousands
across the world at about the same time as the
Ertebglle sites or slightly earlier in the mid-
Holocene. Comparable deposits are almost
unknown from earlier periods, either because ear-
lier populations exploited marine resources less
intensively, or because the sites have been
drowned and destroyed. Whether similar shell
mounds accumulated at earlier periods of low sea
level, and, if so, whether they could have survived
the erosive power of waves and water currents
during inundation by sea-level rise, is thus a ques-
tion of wide interest. Despite some searches for
underwater shell mounds in other parts of the
world, and much speculation about whether they
could survive the effects of inundation (Bailey
2014; Faught 2014; Nutley 2014), very few have
been identified, a notable exception being the
recently discovered Econfina site in the Gulf of
Mexico (Cook Hale et al. 2018). The Danish
underwater evidence therefore provides an impor-
tant opportunity to investigate this problem.

In fact, edible mollusc shells are present in at
least three of the excavated underwater sites dis-
cussed above, forming in some cases what looks
like a shell midden deposit. However, a major
difficulty is determining whether these are genu-
ine in situ shell midden deposits, as opposed to
material that has been eroded from the landward
side of the shoreline and been redeposited in the

dump area where other materials were disposed
of, or natural death assemblages of shells—oys-
ters in particular attach themselves to the shells
of dead molluscs, resulting in time in quite thick
shell banks. There is the additional possibility
that shells that have died from natural causes
have become mixed with food debris.

At Tybrind Vig, for example, two concentra-
tions of shells are present in and amongst the
other remains (see Fig. 3.7; Andersen 2013). The
larger deposit covers an area of 5 x 10 m and is
50 cm thick, dominated by oyster shells, along
with shells of other edible species. The deposits
include some worked flints and animal bones,
pieces of worked wood, small twigs, charcoal,
bark and hazelnuts, all mixed in with sand and
gravel. However, the investigators concluded
from the species and age composition of the mol-
luscs, and from the fact that the bivalve shells
were often present as paired and closed valves
aligned horizontally, that this was a natural shell
deposit (Andersen 2013, p. 44). At Ronas Skov,
one of the deposits is a thick layer of oysters and
other shells, which Andersen (2009, pp 33-34,
p. 210) interprets as an amalgamation of a rede-
posited shell midden mixed with shells that died
naturally. Similar ambiguities apply to the inter-
pretation of the shell deposits described as mid-
dens at Mgllegabet.

The matter is further complicated by the pos-
sibility that oysters may have been less abundant
on the now-submerged shorelines of southern
Denmark because of progressively reduced salin-
ity and tidal range with increasing distance from
the North Sea. Oysters are sensitive to lower
salinity, and some indication of this is the evi-
dence for larger and thicker oyster shells in the
most northerly shell mounds or at the mouths of
fjords, compared to those further south or in inner
fjords. However, a wide range of biological indi-
cators demonstrates that the tidal range in the
south was greater than today (Petersen 2013) and
that the widespread replacement of oysters by
cockles as the dominant food species in the upper
levels of many Ertebglle shell mounds in the
north probably reflects regional or local infilling
of bays and estuaries by soft sediments rather
than reduction in salinities (Lewis et al. 2016).
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In short, absence of sufficient quantities of
available molluscs seems the least likely hypothe-
sis to account for the rarity of underwater shell
middens in the south. The causes must lie else-
where. Regional variation in food preferences is a
possibility but we know that at least some mol-
luscs were certainly collected for food in the south,
as demonstrated by the evidence of heating on
some of the Tybrind Vig shells. Another possibility
noted by Fischer (1995, p. 382) is that during a
period of rapidly rising sea level, the shoreline
would not remain in one place for long enough to
allow the stabilisation of shell beds and accumula-
tion of sufficient shells in one place to create a
thick deposit. But this cannot apply to the Tybrind
Vig site, where the shoreline scarcely moved posi-
tion during the 1400-year period of occupation.
The most likely remaining hypothesis is that shell
midden deposits have become degraded and dis-
persed by marine erosion or are otherwise hidden
beneath overlying marine sediments.

Perhaps the best case for a submerged shell
midden comes from the recently excavated site of
Hjarng Sund (Fig. 3.25; Skriver et al. 2017; Astrup
et al. 2019). Here shell deposits up to 1 m thick
have been discovered beneath gyttja and eroding
out at the surface of the seabed (Fig. 3.26). The
accumulation of oyster shells looks like a typical
midden deposit as known from terrestrial examples
on the uplifted shorelines of north-east Denmark
rather than a natural shell bank, and the deposits
contain worked flints, abundant fish bones, mam-
mal bones and concentrations of charcoal indicat-
ing a settlement area with a hearth. Investigations
are ongoing at this site and it should be possible to
develop suitably sensitive techniques for discrimi-
nating between cultural and natural shell deposits
found in underwater settings.

3.7 Conclusion

The number of underwater finds of Mesolithic age
from Danish waters is by any standards extraordi-
nary. Where detailed work has been undertaken, it
is clear that almost the whole shoreline represents
a palimpsest of archaeological sites and materials
of different ages, different types and in varying

Fig. 3.25 Aerial view of the Hjarng underwater site.
Upper: general view with the location of the site marked
by a red arrow. Lower: close up of site during excavation,
showing pontoon with equipment and two divers excavat-
ing under water. Photos courtesy of Peter Moe Astrup and
Jonathan Benjamin

states of preservation distributed over many kilo-
metres. Notable examples of underwater site den-
sity are the Gamborg Fjord (14 sites within a
2-km radius) and the Tybrind Vig cove (seven
sites within a 1-km radius). If we include the
Halsskov Fjord referred to earlier, the site density
is nine within a 1 km radius. This compares with
33 sites within a 5-km radius on the uplifted
shoreline around the somewhat larger Bjgrnsholm
Fjord in northern Jutland (Andersen 2000, p. 365).
Some of the underwater finds are single artefacts,
dropped or lost during daily subsistence activities,
others are permanent settlements with a wide
range of resources and year-round settlement
associated with fish weirs, others again are smaller
sites used for particular purposes such as flint-
knapping or mooring of dugout canoes, and some
are collections of redeposited material disturbed
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Fig 3.26 Section through an underwater shell midden deposit at Hjarng. Photo by Peter Moe Astrup

by marine erosion. Similar conditions are found
in fjords and inlets around many coastlines of the
Danish archipelago. It is little surprise that the
number of underwater prehistoric sites is esti-
mated to be many thousands, and that no compre-
hensive or accurate inventory has yet been
completed. Moreover, recently undertaken work
driven by research questions rather than rescue
operations underlines the fact that much of what
is already known about or recorded represents
only what is most obviously visible and most eas-
ily reached from the shoreline and in shallow
water, or most visibly at risk from destruction,
and that much more may remain hidden beneath
marine sediments (Uldum et al. 2017).

3.7.1 Preservation Conditions

Revisited

This brings us back to the question raised at the
beginning of this chapter about the factors that
have contributed to this extraordinary richness of

underwater material, how it has altered archaeo-
logical interpretation and whether similar condi-
tions and concentrations of finds might be found
on coastlines in other areas of Europe or beyond.
In addition to the general factors noted in the
introduction, two other features stand out from
the detailed examination of individual sites pre-
sented above. The first is the dense concentration
of population and settlement along the shoreline,
a fact that reflects the very high biological pro-
ductivity of an archipelago environment with
straits and fjords, mixing of currents and high
levels of marine fertility, sheltered conditions for
sea travel and shallow channels and bays with
narrow entrances highly favourable to the trap-
ping of migratory fish and sea mammals. In fact,
the Danish Straits as a whole represent a large-
scale funnel or trap between the Kattegat to the
north-west and the Baltic to the south-east, pro-
viding unusual conditions of ecological diversity
and productivity of marine resources and ease of
access to them, especially to the whales, fish and
eels that would have migrated in large numbers
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between the Baltic and the North Sea in search of
seasonal feeding and breeding grounds. Similar
conditions are present on other coastlines in
Europe and elsewhere or may have existed at ear-
lier periods when sea level was lower than pres-
ent, though perhaps nowhere with quite the same
configuration and concentration of opportunities
for human exploitation. There is, therefore, every
reason to expect comparable evidence in other
areas with similar topographic and ecological
conditions, subject only to the vagaries of post-
depositional destruction and visibility.

A second factor is the shallow offshore topog-
raphy and patterns of sedimentation associated
with Danish sites and patterns of refuse disposal
or in situ activity that resulted in the primary
deposition of large quantities of material in shal-
low water. Excavation sections typically show an
upward fining of sediments from coarser sand
and gravel to fine clay or gyttja, reflecting a slight
but slowing rise in sea level. Gyttja provides an
ideal sediment for ensuring the rapid burial of
discarded materials and their encasement in
anaerobic conditions, which are maintained
indefinitely as long as the material remains sub-
merged and permanently waterlogged.

These soft sediments and anaerobic condi-
tions have preserved large numbers of wooden
artefacts. These include fish weirs and other
equipment used in fishing, a factor previously
underestimated, large dugout canoes with a con-
siderable load-bearing capacity of high impor-
tance in facilitating subsistence activities at the
coast and social interaction and communication
in an otherwise heavily forested landscape, and
new aspects of art.

However, preservation is far from perfect. Even
material rapidly buried in gyttja remains vulnera-
ble to piddocks, molluscs that bore holes into sub-
merged wood and stone, and wooden materials
can be compressed and damaged by the pressure
of overlying sediments. Also, large areas of these
underwater settlements have been damaged by
marine erosion during the process of inundation
particularly the dry-land areas on the landward
side of the shoreline, with dispersal, redeposition
and destruction of material. This emphasises the
point that, even in the relatively gentle marine con-

ditions of these Danish shorelines, sea-level rise is
fundamentally a destructive process. Yet, not
everything is destroyed. The hearths at Ronas
Skov and Argus Bank have been noted above, and
there are similar examples from other sites, such as
Halsskovholmen and Horseker in the Great Belt
(Pedersen et al. 1997). It is likely that some of the
small items and more fragile remains found in gyt-
tja deposits such as pieces of nutshell or charcoal
and traces of hearths represent in situ activities
originally carried out on the gyttja surface at low
tide, which were then rapidly covered by sediment
(Andersen 2013, p. 69). Traces of a possible dwell-
ing structure have also been identified, which may
represent a short-lived structure located on the
foreshore. Graves on the original land surface with
their human skeletons sometimes survive intact,
perhaps because they were already partly pro-
tected by burial in the subsoil. The chances of sur-
vival on these land surfaces must depend on how
rapidly material was covered by protective marine
sediments, but the conditions that favour the pres-
ervation and discovery of these localised pockets
of survival admit of no easy generalisations. The
taphonomic processes of archaeological site for-
mation and deformation in underwater settings are
nothing if not complex.

An additional insight into preservation condi-
tions is provided by the effect of eel grass (Zostera
marina), which can form an extensive cover of
vegetation on the seabed in shallow water and
consolidate the underlying sediments. Over recent
decades, the eel grass has been affected by disease
and begun to disappear, making the underlying
sediment more vulnerable to erosion and in the
process exposing much of the underlying archae-
ology and bringing it to archaeological attention
(Fischer 2004; Andersen 2013, p. 7). As this has
consequences beyond archaeology, these changes
are subject to intense research with reference to
future management of the archaeological resource
as well (Hoffle et al. 2011). This process high-
lights the double-edged effect of sediment cover,
which can both protect the original land surface
but also hide it from view, and the equally double-
edged effect of sediment removal, which can
reveal the presence of submerged archaeology but
also accelerate its destruction.
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Overall, the preservation and investigation of
the submerged Danish coastal landscape is
exceptional in terms of the concentration and
geographical extent of the archaeological mate-
rial present, but there is no reason to suppose that
similar conditions cannot be found elsewhere or
on more deeply submerged shorelines, though
they may be more isolated and patchier in their
distribution.

3.7.2 Future Challenges

One of the positive outcomes of underwater
research in Denmark over the past four decades is
the demonstration that underwater archaeologi-
cal deposits can be excavated with the same thor-
oughness and accuracy as archaeological sites on
dry land, with techniques suitably adapted to
working with divers under water (Dal 2013).
Even so, despite the many records of underwater
sites in Denmark, very few have been subjected
to test pitting let alone to full-scale excavation as
at Tybrind Vig. Moreover, work has mainly con-
centrated on shallow-water sites and therefore by
definition those in the most recent (Late Ertebglle)
period of the Mesolithic sequence. This risks cre-
ating an impression of increased population
growth and intensification of maritime activities
through time that may be quite false.

Meanwhile, national funding of necessity is
focussed on development-led rescue work associ-
ated with offshore constructions or sites obvi-
ously at risk of erosion, but without the resources
to sustain post-excavation analysis and publica-
tion to the same standards as research-led investi-
gations, except in rare cases such as the Great
Belt project (Pedersen et al. 1997), further com-
pounding the sampling bias and the backlog of
incompletely recorded material (see Uldum et al.
2017, pp. 69-70).

Traces of fish weirs, offshore refuse areas and
wooden materials have been identified from some
of the earliest sites that have been investigated,
back to c. 6500 cal BC. Moreover, it is clear from
stable isotope reconstructions of human diet from
inland skeletons and other indicators that marine
foods were on the menu from at least as early as

the Maglemose period (Fischer et al. 2007b). The
presumption must be that people began to colo-
nise the coastlines of the Danish archipelago as
soon as the region was inundated by sea-level
rise, perhaps as early as c. 7500 cal BC (9500 cal
BP), and that shorelines with their access to
marine resources favoured major concentrations
of population and settlement as in later periods.
But that is a proposition that can only be tested by
systematic excavation of more deeply submerged
sites, and this is an obvious target for future
research.

Similar comments apply to the very extensive
submerged landscape offshore of Denmark’s
Atlantic coastline. This region has been rather
overshadowed by the focus on the Danish Straits,
but we know from occasional finds dredged up by
chance including the Maglemose artefact from
the Danish sector of the Dogger Bank noted
above (see Fig. 3.4), that this was an important
prehistoric landscape. And it is here that evidence
for use of coastlines in significantly earlier peri-
ods—Late Palaeolithic or earlier—will have to
be sought.

Another realisable target is the development
of a digital database of existing records. These
represent a rich source of material for analysis
and for planning of future research. The
SPLASHCOS Viewer represents a first step in
that direction, but the records are still incomplete
and organised in the form of a spreadsheet rather
than a searchable database. Further development
will require resources and skilled personnel and
most likely research-led funding.

These targets have been on the agenda for
many years (e.g. Fischer 2007) but with little sig-
nificant progress. The costs and logistical com-
plexities of underwater work, especially in deeper
water, should not be overlooked. But a new gen-
eration of acoustic technologies and trained
archaeological divers are now available to tackle
such challenges. Multibeam bathymetry, sub-
bottom profiling and side-scan sonar are routine
techniques applied in offshore and deep-water
surveys and could be deployed to apply predic-
tive models like the fishing-site model—and oth-
more deeply submerged terrain.
International collaboration is now firmly on the

ers—in
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agenda and European or international funding
increasingly available to facilitate research-led
investigations, with some recent examples in
Denmark (Uldum et al. 2017; Benjamin et al.
2018; Astrup et al. 2019). The existing underwa-
ter work in Denmark provides an excellent plat-
form for reaching out to these more challenging
objectives. Institutional infrastructure with the
potential to combine scientific and archaeologi-
cal facilities is available in Copenhagen and
Aarhus through their respective universities and
associated museums (Roskilde and Moesgaard).
This in its turn offers the potential to create a
world centre of expertise and training. The
increasing threat of destruction to underwater
material by natural processes and commercial
activities adds urgency to the development of a
new era of Danish-led research into submerged
landscape archaeology.

3.8 Management
of the Underwater Cultural

Heritage

Since the establishment of the interdisciplinary
‘kitchen midden committee’ in 1848, the devel-
opment of Danish prehistoric archaeology has
integrated issues of climate change and coastal
protection for which coastal shell-mounds form
such a distinctive marker (Sgrensen 1898; Brinch
Petersen 2015, p. 209). In early legal protection,
no clear distinction was made between finds or
sites on land and under water. It was only in 1969
that underwater prehistoric remains were explic-
itly brought under protective legislation, and
1984 saw the extension of protective regulations
to the seabed up to the 24-mile limit (Kristiansen
1985; Lund 1987). In doing so, Denmark effec-
tively established an unprecedented cultural heri-
tage protection zone in accordance with the
Contiguous Zone regulations of the UN Law of
the Sea Convention (Lund 1987; Dromgoole,
Chapter 25, this volume). In accordance with
these responsibilities, the central government
agency for nature and cultural heritage conserva-
tion created a special unit for the inventory, regis-
tration and inspection of underwater finds

(Thomsen 1987). This work constituted the basis
for a central database, which integrated informa-
tion collected through the intricate network of
regional and local museums (Smed 1987). The
contributions of sports divers, the general public
and amateur archaeologists to this work have tra-
ditionally been substantial (Fischer and Sgrensen
1983; Skaarup 1983; Dal 2013).

At present, the Agency for Culture and Palaces
under the Ministry of Culture remains the central
authority responsible for government decisions
relating to specific underwater sites or to under-
water cultural heritage in general. It is also the
central clearing house for the administration of
relevant data and management of the central
database. The acquisition of data, other than
through agreement with other offices, is largely
decentralized to museums that are recognized by
the State under the ‘Museum Law’. In total,
Denmark has 97 such museums, of which 5 have
been assigned a seabed area for which they are
archaeologically responsible. The Viking Ship
Museum in Roskilde is responsible for the waters
around Zealand and Bornholm; Langelands
Museum is responsible for the archipelagic
waters around Fyn, whereas Moesgaard Museum
and the two museum organizations that manage
the coastal museums in northern Jutland and on
the west-coast share responsibility for the North
Sea, the Skagerrak and the Kattegat.

The National Museum, with a remit to advise
on conservation matters, houses a small unit
addressing issues related to degradation and in
situ preservation of underwater sites, as well as
conservation and restoration of waterlogged finds
(Gregory 2017; Straetkvern et al. 2013). Activities
by this unit in the field are always undertaken in
close cooperation with the responsible museum.
The same holds true for research undertaken by
universities. Of these, Copenhagen University is
relevant through its prehistoric-archaeological,
geological and seismological research, while
Aarhus University cooperates closely with
Moesgaard Museum for research in their area of
responsibility. The Maritime Archaeology
Programme at the University of Southern
Denmark (MAP-SDU) focuses specifically on
the training of archaeological staff for
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development-led archaeology at sea and main-
tains close ties with the other institutions men-
tioned (Maarleveld 2009). It is likely that Aarhus
University will take over this role when MAP-
SDU will be closed in the near future.

As in many other countries, the professionali-
sation of archaeological interventions that are
development-led and paid for by the developer
has led to a lesser involvement of sports divers,
amateur archaeologists and others lacking the
necessary professional qualifications for offshore
work and a reduced impetus for research-led
investigations. Moreover, not all research archae-
ologists have embraced development-led practice
as a practicable strategy for their research, and not
all mitigation contracts stipulate adequate research
strategies. Although the consequences of this shift
are hard to gauge, it can nevertheless be men-
tioned that new finds not related to development-
led surveys continue to be reported, although not
necessarily through the five earmarked museums
(Lauridsen 2013). Furthermore, it remains a chal-
lenge that the distribution of responsibilities
makes for very small units, including one or two
maritime archaeologists only, and hence gives
little leeway for proactive deployment offshore. A
further issue with decentralisation— not unique
to Denmark— is that regional or local govern-
ment generally has little interest in what happens
far out at sea, whether inside or outside the cul-
tural heritage protection zone (Maarleveld 2007).
Moreover, Denmark has not ratified the 2001
UNESCO Convention. Strict registration and a
focus on preservation limit the possibilities for
proactive research, even in the context of develop-
ment-led interventions. Nevertheless, research
that leads to better understanding of the past has
been and still is the pre-eminent reason for the
protection and management of the non-renewable
scientific resource, especially in or on the seabed,
where other possibilities to enjoy heritage are lim-
ited (Lund 1995, p. 416).
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Sweden: Submerged Landscapes
of the Early Mesolithic
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Abstract

In the Swedish waters of the south-western
Baltic Sea, large areas (3500 km?) of inun-
dated land are present. Due to the complex
patterns of past sea-level oscillations, com-
bined with cold and brackish water, conditions
for preserved Early Mesolithic sites (11,500-
8000 cal BP) are good. So far, only 44 archae-
ological sites, or clusters of sites, have been
found. Recent geoarchaeological and diving
surveys have resulted in new information
about now-submerged terrestrial remains of
forests, river valleys, lakes and bogs and sug-
gest that Swedish waters hide many unre-
vealed sites with a high scientific potential.
From both an environmental and a cultural
heritage perspective, these remains are impor-
tant, but they have limited protection, since
many are not defined as archaeological sites.
Novel interdisciplinary research efforts com-
bining ecological, environmental and archaeo-
logical perspectives are now being devoted to
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changing the way submerged landscapes are
treated and protected.

Keywords

Submerged landscapes - Baltic Sea -
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4.1 Introduction

Marine archaeology is a thriving field of research
in Sweden, and Swedish waters, especially in the
Baltic Sea, are well known for their abundance of
shipwrecks, not least because of the good preser-
vation of organic materials. Within the Swedish
territory, 16,000 heritage underwater sites are
registered by the National Board of Antiquity
including shipwrecks and material of all periods.
From the Stone Age, however, only 44 archaeo-
logical sites—or clusters of sites—are known
(Fig. 4.1; Table 4.1; http://splashcos-viewer.eu/).
This relatively small number most likely results
from lack of research. During a span of 3500 years
(11,500-8000 cal BP) at least 3500 km? of the
Baltic Sea was dry land. Despite its high scien-
tific potential and the presence of some archaeo-
logically unique sites (Nilsson et al. 2018), only a
small part of this now-inundated landscape has
been thoroughly surveyed (Holmlund et al.
2017).
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Fig.4.1 Map of Sweden showing submerged archaeological sites and other places mentioned in the text. Site informa-
tion from the SPLASHCOS Viewer http://splashcos-viewer.eu. Drawing by Moritz Mennenga

It is a long-established scientific fact that large
areas of the Swedish sea bed in the southern Baltic
Sea—the areas of the Oresund (@resu nd in
Danish), Ystad and Hané Bay—were dry land for
long periods of time (e.g. Wilcke 1850; Bruzelius
1870; Isberg 1927). The scientific investigation of
these inundated landscapes by Quaternary geolo-
gists and archaeologists has become more impor-
tant in recent decades. This is due, amongst other
reasons, to the expansion of industrial activity on
the continental shelf, including aggregate mining,
building of offshore constructions such as wind
farms and the growing need for communication
and energy transfer in marine areas. Consequently,
researchers, policy-makers and other stakeholders
have become aware of the need for improved

understanding of the ecology and environment of
the sea bed in order to better manage both its natu-
ral and its cultural resources.

In the southern Baltic, due to the complex his-
tory of relative sea-level change and the lack of
the common shipworm, there are unique possi-
bilities for the preservation of archaeological and
environmental data, with potentially valuable
information on climatic and culture-historical
change, especially from the early Holocene
(11,600-8200 cal BP) and the Maglemose period
(see Bailey et al., Chap. 3, Table 3.1, this volume,
for chronological chart). Studies of Quaternary
geology and environmental history have been
devoted for some decades to the study of
Holocene shore-level displacement and the wider
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Table 4.1 Distribution of underwater finds by type and period. Data from the SPLASHCOS Viewer at http://splashcos-

viewer.eu
Late Mesolithic— Bronze | Indeterminate | Total
Types of sites Palaeolithic | Mesolithic | Neolithic Neolithic |age Prehistoric N %
In situ cultural features- | — 11 - - - - 11 25
Settlement data
Unstratified material- — 22 7 — — 1 30 69
Multiple finds*
Graves (human bone) - 1 - - - - 1 2
Single unstratified find | — 1 - - - 1 2
Votive deposits - - - - - - 2
Miscellaneous other - 1 - - 1
Total N 0 36 7 0 0 1 44 100
% 82 16 2
Presence of organics - 11 - - - 11 25
(wood and/or bone)

“This category contains areas with more than one archaeological site

history of the Baltic (for a review, see Berglund
and Bjorck 1994; Bjorck 2008; Berglund and
Sandgren 2010). Some of these studies specifi-
cally targeted remains of the submerged land-
scape in Hano Bay during the 1980s (Hansen
1985, 1986, 1995; Bjorck and Dennegard 1988;
Gaillard and Lemdahl 1994).

Nevertheless, archaeological investigations of
Swedish submerged landscapes and their incor-
poration within governmental policies for man-
agement of the cultural heritage have been quite
limited in comparison with other West European
countries, such as Denmark, Germany, the UK
and the Netherlands. This is despite the favour-
able circumstances for the preservation of under-
water material and the strong tradition of heritage
management in Sweden. There are of course
exceptions. Some Stone Age sites, mostly sites of
Late Mesolithic age in the Oresund region, were
excavated during the late twentieth century from
the late 1970s onwards (Larsson 1983; Fischer
1993, 1996).

Since 2010, there has been renewed scholarly
interest thanks to new archaeological findings
and the initiation of the SPLASHCOS Action,
with a cluster of new research projects at Lund
University (Nilsson 2012a, b; Nilsson and
Sjostrom 2013; Hansson 2018). This research
programme includes a wide range of researchers
from the disciplines of geology, bioarchaeology,
marine archaeology, digital heritage and marine

survey technology (e.g. Holmlund et al. 2017;
Nilsson et al. 2018).

The aim of this chapter is to give an overview
of some of the studies already made, highlight
important findings and discuss future opportuni-
ties and strategies.

4.2 Geological
and Archaeological Context
4.2.1 Shoreline Displacement

After southernmost Sweden became ice free at
about 16,000-15,000 cal BP (Bailey et al., Chap.
3, this volume), the shoreline of the Baltic Ice
Lake was situated at about 50-70 m asl (above
sea level). At 11,700 cal BP, this lake drained into
the Atlantic with a catastrophic drop in water
level of 25 m in just a few years, exposing large
areas of coastal land in the southern Baltic Basin
during the subsequent Yoldia Sea and Ancylus
Lake Stages (Bjorck 1995). In the Hano Bay, the
coast was situated several km offshore from the
present-day coastline, as is evident from abun-
dant remains of submerged forests found on the
sea floor (Hansson et al. 2017).

At Having, a key locality situated on the
Scanian coast of Hano Bay and described further
below, remains of rooted tree stumps and lagoon
sediments have been used to reconstruct the level
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of the Yoldia Sea lowstand and the timing of the
subsequent Ancylus Lake transgression (Hansson
2018; Hansson et al. 2018a), revealing 3500 years
of submerged landscape history (Fig. 4.2).

The deepest-rooted pine stump at Haviing was
found at 20.7 m bpsl (below present sea level),
indicating that the Yoldia Sea lowstand was situ-
ated at 24-25 m bpsl. This corresponds to a low-
stand of approximately 20 m depth in the
northernmost part of the Hano Bay (the Blekinge
Archipelago) and 28 m depth in southernmost
Sweden (the Ystad area, Scania).

Based on the radiocarbon dates of rooted pine
stumps obtained at 5-20 m bpsl in the Having
area, the timing of the onset of the Ancylus Lake
transgression can be dated to 10,800 cal BP
(Hansson et al. 2018a). The transgression contin-
ued for 500 years with a constant rate of rise in
the water level of the Ancylus Lake of c. 4 cm per
year until a maximum of c. 5 m bpsl was reached
at 10,300 cal BP. The Hano Bay and the south-
western part of the Baltic Basin then experienced
a regression when the Ancylus Lake found a
southern outlet after 10,300 cal BP, which low-

Fig. 4.2 Shoreline positions in the Hand Bay during (a) the Yoldia Sea lowstand, (b) the Ancylus Lake transgression
phase, (¢) the Ancylus Lake maximum, (d) the Initial Littorina Sea lowstand and (e) the Littorina Sea transgression
phase. Blue boxes: areas with submerged wood remains. Red triangles: excavated or radiometrically dated near shore
or submerged findings. Topography data © Lantmiteriet. After Hansson 2018
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ered the level of the Baltic Basin to ocean levels
(Bjorck et al. 2008; Andrén et al. 2011). During
the succeeding phase, the Initial Littorina Sea
Stage (9800-8500 cal BP), the innermost parts of
the submerged landscape at Having were charac-
terised by thick compacted gyttja sediments
formed in a highly productive freshwater lagoonal
environment (Hansson et al. 2018b). This gyttja
is found down to a depth of 12 m bpsl. Given that
gyttja formation needs a water depth of a few
metres, this suggests that the water level was
approximately 10 m bpsl during the Initial
Littorina Sea lowstand (9800 cal BP). Several

Fig. 4.3 Late Glacial i
and Early-Mid i

Holocene shoreline iy
displacement diagram ]
from Hano Bay. Red:

Having (Hansson et al. !
2018b); Black: western +5 4

Blekinge (Hansson et al.
2018c¢). The trends are
similar in both areas, but
the levels are different "
due to differences in
land uplift

Meters above present sea level

-25 =

stationary fish traps used in the lagoon are found
from this period. At about 8500 cal BP, ongoing
global sea level rise, combined with a decrease in
the rate of isostatic uplift, reactivated the Oresund
Strait, resulting in increasing levels of salinity. In
southernmost Sweden, the Littorina transgres-
sion reached 5-10 m above present sea level in
the period 8000-6000 cal BP (e.g., Berglund
et al. 2005). From this period on, all subsequent
shorelines are situated above the present shore-
line (Fig. 4.3).

The waters of south-western Sweden, such as
the Oresund Strait between Denmark and Sweden,

-30
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and the southernmost Kattegat Sea, are not part of
the Baltic Sea proper, and have a different shore-
line displacement history, as these areas have
been connected to the Atlantic Ocean since the
deglaciation. In Swedish waters, the exact level of
the postglacial lowstand is based on models of
glacio-isostatic adjustment rather than empirical
field data, and these indicate that the lowest shore-
lines in the southern part of Kattegat and the
northern part of Oresund were formed around
11,000 cal BP and are found at 22—-18 m bpsl.
After this time, the relative sea level rise reached
present levels at approximately 8000 cal BP.

4.3 Submerged Stone Age
Landscapes

and Archaeological Sites

In Sweden, 44 underwater archaeological sites
are known (http://splashcos-viewer.eu/). Of
these, 25% have been test excavated with modern
documentation methods (Larsson 2017; Nilsson
et al. 2018). Some of the known sites have to be
regarded as clusters of sites (Tredenborg,
Vendelsofjorden and Méklippen), and taking this
into account, at least 62 archaeological find spots
have been discovered in Swedish territories.
Most of the recorded sites are found in shallow
water. Some are not certainly in situ and could
have been redeposited as a result of post-
depositional erosion.

The majority of the sites represent multiple
finds of chronologically significant lithic remains,
mostly flint scatters and tools (Table 4.1). Sites
that are excavated very often reveal organic
remains and well-preserved settlement refuse
layers. Until now no hearths or remains of dwell-
ing structures have been found.

Around the Makldppen area in the south-
western part of southern Sweden, human remains
have been washed ashore, possibly from inun-
dated Mesolithic burials, discussed in more detail
below.

In addition to the archaeological sites, several
‘natural’ sites (tree stumps, inundated peatbogs,
etc.) have been detected, not least in the northern
part of the Hano Bay, at the Blekinge coast. These

are not protected by culture heritage legislation
but are an equally important record for cultural
and natural history studies.

Due to variations in topography, geology,
hydrology and shore-line displacement, sub-
merged Early Holocene landscapes can be
divided into three main geographical areas: the
Kattegat and Oresund area of south-western
Sweden, the riverine and lacustrine palaeo-
landscapes of south-eastern Sweden and the
Hano Bay and the archipelago of Blekinge.
Below is a brief presentation of these areas and
the archaeological remains.

4.3.1 The Oresund and Kattegat

Area

The Oresund is the strait that divides modern
Sweden and Denmark and is about 10 km long
and 4-30 km wide. During low sea-level periods,
this area constituted the land bridge between the
Scandinavian Peninsula and the European conti-
nent and became a marine seaway during the
Littorina transgression 8500 years ago. Since
then the Strait has played an important role in the
hydrology and ecology of the Baltic Sea, not
least due to the important influx of saline and
oxygen-rich water into the brackish Baltic Sea
basin. In the Oresund, several submerged Stone
Age finds have been made on both the Danish
and Swedish sides (Fischer 1993, 1996; see
Larsson 2017 for a full review; see also Bailey
et al., Chap. 3, this volume). Most of these con-
sist of flint scatters eroded from nearby sites.
Some, however, are found in peat deposits with
preserved organic debris such as bone fragments,
nut shells and charcoal.

4.3.1.1 Pilhaken

A notable example is Pilhaken, a shallow bank
north-west of Landskrona (Larsson 2017), an
area long known for its remains of submerged
landscapes, mainly tree stumps and peat deposits
(Wilcke 1850). During the late1930s, zoologists
found worked flint in sub-bottom samples, which
40 years later captured archaeological interest
(Rausing and Larsson 1977). After systematic
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archaeological sampling and subsequent diver
investigation, some areas were test excavated
with Danish colleagues during the 1990s (Larsson
2017, Fig. 11.3). The result showed that Pilhaken
comprised a set of several sites. Radiocarbon
analysis of hazelnut shells and oak dates the old-
est site now located at 7-8 m depth to c. 9000 cal
BP. At that time the settlement was situated on
the estuary of the former Saxa River, a ‘typical’
location for larger late Maglemose coastal sites
(Nilsson et al. 2018). The palacochannel is
clearly visible today, and several smaller sites are
located along this channel or in nearby shallow
areas, but these are heavily eroded.

South of Pilhaken, and along the coast down
to Malmo, several sites are found, but none of
these have been excavated or more thoroughly
surveyed. In Malmé City, due to harbour expan-
sion and railway construction, interesting find-
ings have been made. Here, a transgression
sequence from 8100 to 7500 cal BP is recorded.
The evidence of a rapidly drowned oak and alder
forest, submerged by the opening of the Oresund
during the Littorina transgression around
8500 cal BP, gives a good picture of the ecologi-
cal impact of the inundation and how landscapes
were subject to sudden transformations. In the
subsequent period, the forest was transformed
into a fishing ground.

Extremely well-preserved wicker cages and
weirs, wooden leister shafts and other wooden
artefacts were found in the transgression sedi-
ments. During a couple of hundred years, some
few generations only, the forested landscape was
transformed into a shallow marine bay, suitable
for fishing and hunting (Hammarstrand Dehman
2009; Nilsson 2011).

During this time, there was a socio-economic
shift and increased dependence on marine
resources (Fischer 2005; Larsson 2017). The cul-
tural adaptation was swift and far-reaching. Here,
and on both sides of the Strait, we have rich evi-
dence from the Middle and Late Mesolithic (see
Bailey et al., Chap. 3, Table 3.1, this volume for
chronology) of burial areas, fishing grounds, large
settlements and middens. However, to fully under-
stand this environmental and cultural transition,
more focus must be put on older sites that are now

submerged. Not only will these tell a different
story than the one we are used to, due to their rela-
tively older age, but there is also a high probabil-
ity of finding well-preserved organic material.
From this point of view, the coastal archaeology
of the Oresund area is of international importance,
providing one of the few areas where accessible
deposits of the right age and with good conditions
of preservation provide a window into the nature
of the earliest coastlines of the Littorina Sea and
their associated archaeology.

Recent excavations in Swedish waters north of
Oresund, at Vendelsofjorden in the Kattegat out-
side of Varberg, Halland, bear evidence of several
submerged sites. The extent and date of these
remains are not thoroughly understood; the indis-
putable archaeological evidence contradicts
existing geological shoreline displacement mod-
els (Von Arbin 2008), and this is an issue that
needs to be more thoroughly examined in the
future.

4.3.2 The Southern and Eastern
Coasts of Scania

The shallow waters on this coastline have long
been known for the presence of submerged bogs
and tree stumps (Bruzelius 1870; Isberg 1927;
Nilsson 1961). Trawler fishing and near-shore eel
fishing have revealed several areas where Early
Holocene terrestrial remains are abundant, espe-
cially offshore of today’s river estuaries.

4.3.2.1 Haviang

One of the most famous sites, which has been
examined on several occasions during the last
50 years, is Having near the Verkean River north
of the city of Simrishamn (Fig. 4.4; Nilsson 1961;
Hansen 1985, 1995; Bjorck and Dennegard 1988;
Gaillard and Lemdahl 1994; Nilsson et al. 2018;
Hansson 2018).

The earliest scientific investigations at Having
concentrated on the submerged pine forest. In the
1970s and early 1980s, some 40 logs and stumps,
many of which were rooted, were dragged ashore
from water depths between 13 and 80 m bpsl
(Fig. 4.5). Stratigraphic investigations were also
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Fig. 4.4 Overview of the Having study area and the Hano Bay (after Hansson 2018). (a) Topographic and bathymetric
composite map of Having, showing the subdivision of the study area and the locations of the sediment sequences (red
hexagons), archaeological findings (blue boxes) and tree stumps and trunks (white boxes). Not shown are the locations
of the discrete organic sediment samples obtained immediately adjacent to each sampled stump or trunk. (b) Topographic
and bathymetric composite map of the Hano Bay region, showing the location of Haviing and the main rivers and lakes.
Bathymetry data: Marmori, Sjofartsverket, MMT, Landscapes Lost/Blue Archaeology project, Lund University.
Topography data © Lantmiteriet

Fig.4.5 Fallen trees and diver Beesham Soogrim at the Having site. Photo by Arne Sjostrom
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carried out on organic deposits found in shal-
lower deposits associated with remains of pine
trees (Hansen 1985, 1986; Bjorck and Dennegard
1988; Gaillard and Lemdahl 1994). The sedi-
ments were analysed for pollen and macroscopic
plant and insect remains, and tree-ring records
were measured, establishing some fragmentary,
floating dendrochronologies. Twelve of the trees
were dated by radiocarbon to c. 11,000-
10,600 cal BP, i.e. the end of the Yoldia Sea stage
and the onset of the Ancylus Lake stage. Since
then, it has been assumed that the pine forest was
flooded by the Ancylus Lake transgression. The
Hanobukten project, led by Hansen, was most
active during the mid-1980s and the mid-1990s.
Due to lack of funding, this high-profile project
was discontinued. From 2010, a research pro-
gram directed from Lund University (Landscapes
Lost Project, 2010-2016; the Blue Archaeology
Project, 2017) has continued and expanded the
research. Geoarchaeological sampling and coring
(Hansson 2018) have been complemented by
acoustic surveys and diver investigation (Nilsson
et al. 2018). This has resulted in important new
results and indicated considerable potential for
further archaeological discoveries over a wider
area.

We now know that the submerged archaeo-
logical sites at Having span a long period —from
11,000-8500 cal BP—and extend over a large
area. The sites are clustered along the now-
submerged estuary and its lagoon formations,
traceable today from the remains of ridges of
sediment up to 4-m thick along the old river
course. Several subareas (A, B, C) within the
3000 x 500 m inundated river bed and lagoon
have yielded artefacts of bone, antler and wood.
Fish traps, fences, wattle structures and weirs
have been found, all dating to 9000-8500 cal BP
(Fig. 4.6). They are some of the oldest known
wooden stationary fishing traps in the world.
None of these have been excavated so far. (For
excavated examples of later date in Denmark, see
Bailey et al., Chap. 3, this volume.) The bone
material consists solely of mammals and covers a
period from at least 10,700 to 8400 cal BP. All
bones show marks of human use. There are also
many examples of worked wood, but due to con-

Fig. 4.6 Hazelwood strips from a panel of a fish weir at
Having. The hazelwood is dated at 8800-9000 cal BP and
the diver is Beesham Soogrim. Photo by Arne Sjostrom

servation costs, none of these have been sampled
so far.

The archaeological findings can be divided
into two chronological phases—the Early
Littorina (Hansson et al. 2018a, Nilsson et al.
2018) and an older phase belonging to the period
of the late Yoldia Sea and Ancylus Lake phase
(Hansson et al. 2018b,c). The latter is primarily
found in sub-area B, even though older findings
have been recovered in the lower part of the sedi-
ments in sub-area A. No excavation has yet been
conducted, however, only geological sampling,
during which archaeological material has occa-
sionally been found. The archaeological material
is well preserved and largely comprises redepos-
ited refuse material and debris displaced from a
nearby settlement that has now been completely
eroded away (Fig. 4.7).

One prominent finding, with evident human
traces, consists of an aurochs (Bos primigenius)



Fig. 4.7 Possible sedimentological and archaeological model of how the Haviing remains have originated. Schematic
N-S section of the gyttja remains at sub-area A. Upper image shows a schematic valley and cross section. (1) at c.
10,500 cal BP, showing a river valley with pine forests, situated some kilometres from the coast, with evidence of an
Early Maglemose settlement. Lower image shows successive transformations with sea level rise. (2) At 10,300 cal BP,
the area is now submerged due to the Ancylus transgression. (3) At 9000 cal BP, during the Littorina lowstand, the sec-
tion is situated within the estuary and with a Late Maglemosean settlement in the vicinity. Layers of gyttja (in red) fill
the near-shore lagoon. Stationary fishing traps (in black) in the lagoon are important features of the settlement.
(4) Present day. The sandy deposits along the river have been completely eroded away by the Littorina transgression
(see photo at bottom right). What remains is the lagoon sediments with remains of fish traps and refuse layers from the
Early Mesolithic settlement
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Fig. 4.8 A metatarsal from an adult aurochs situated on top of the organic sediments at Having at 15.4 m bpsl. The
bone has a distinct groove made by a burin. Possibly this is a rejected piece of raw material. Around the bone there are
several pieces of worked wood. The bone is dated to c. 10,600 cal BP and the sediments are a hundred years older. Photo
by Arne Sjostrom

metapodial with a cut mark made by a burin
(Fig. 4.8). It was found exposed in a gyttja which
yielded ages of 11,800—10,600 cal BP. The bone
itself is dated to 10,650-10,400 cal BP and is
most likely to have been discarded from a bone-
working area at a nearby settlement. Wooden
debris is also found in the vicinity; some of it evi-
dently worked. In the western part of sub-area B,
an aurochs metapodial and several bones (tibia,
fibula and ribs) from the European beaver (Castor
fiber) were found a few metres apart at a depth of
15 m bpsl. The beaver is one of the oldest found
in Scandinavia and dates to 10,700-10,500 cal
BP. A worked antler of red deer (Cervus elaphus)
found in the grey silty gyttja in sub-area A dates
to ¢. 10,200-9900 cal BP. Not far from this find,
but higher up in the sediments, a large pick axe
made from a polished and decorated elk antler
was found exposed due to heavy erosion presum-
ably caused by a winter storm (Fig. 4.9). A hol-
low pine trunk located at 19 m bpsl and dated to

11,100-10,900 cal BP appears to have been used
as a log fire (Fig. 4.10).

The site of Havédng is not only important
thanks to its rich and unusual inventory of mate-
rial. The site also spans the entire Early Mesolithic
and gives a unique insight into the marine and
lacustrine economy of this period. So far, very
few fish and marine mammal remains have been
recovered, which stands in contrast to contempo-
raneous on-land sites on the Swedish west coast
(see Boethius 2018 for a recent review). Proper
excavations at the site might of course change
this. At the same time, the site is vulnerable to
loss of information from destructive agencies,
especially damage caused by marine traffic
(Fig. 4.11).

The recent research at Having has created a
methodological protocol on how best to use
acoustic techniques and how to find new sites
along the coast. So far this has been successful.
In the past 2 years, at least two more lagoon
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Fig. 4.9 A pick axe made from elk antler found in an
organic sediment ridge at Having at 5.6 m bpsl. The
imprint of the broken tip can be seen in the sediment. The
pick axe measures 20 cm. and is dated to 8800 cal
BP. Diver Anton Hansson. Photo by Arne Sjostrom

sediment-ridge complexes have been found.
These are situated east of Ystad on the southern
coast (offshore of the Nybroian and Kabusaan
estuaries). No clear evidence of archaeological
remains has been found so far; however, at one of
the sites (Nybroan), there are indications of fish
traps. The remains look similar to Having, with
both sediment banks and visible pine stumps.
The sites are not radiocarbon-dated, but due to
uneven isostatic land uplift, the lowstand is c.
3—4 m deeper than at Having. Consequently, the
submerged landscape is potentially more exten-
sive, and the near-shore sediments could also be
slightly younger than the Havidng sediments.
From an archaeological perspective, it would be
very interesting if we could find sites in the Baltic
Sea proper that are contemporaneous with the
Pilhaken site. Not only would this offer a possi-

bility to study the transition in slightly brackish
to saline waters (9000-8000 cal BP) but also the
potential effects of the 8.2 kyr climate event (for
a discussion see Grof3 et al. 2018).

Two more finds along the Scanian Baltic coast
should be mentioned. First is the interesting but
enigmatic occurrence of human remains from the
Makldppen area (Fig. 4.1). The bones have given
a range of radiocarbon dates in the period from c.
8000 to 7000 cal BP (Larsson 2017). The
younger-dated bones must result from erosion of
nearby sites on land (or represent drowned indi-
viduals). The older bones could originate from
now-submerged burials, being thus some of the
oldest burial grounds in Southern Sweden.

Secondly, there are recent finds from the
mouth of the Skribed River, 50 km north of
Having (Fig. 4.2 d, western red triangle). Here,
dredging has yielded large quantities of Early and
Middle Mesolithic artefacts and bones; a red deer
bone (Cervus elaphus) is dated to 8800 cal
BP. Surveys at periods of extreme low water
show that lithic scatters and very large flint nod-
ules—a type not locally present—can be found
down to at least 1.5 m depth. These deposits are
in situ. The bones are dredged from the river bed
at depths down to c. 4 m. Judging from the find-
ings so far, this site shows similarities with the
Pilhaken site complex. The depth and the occur-
rence of chronologically diagnostic lithic mate-
rial and good organic preservation make this a
highly promising prospect for excavation.

4.3.3 The Northern Part of Hano
Bay and the Blekinge
Archipelago

The province of Blekinge is well suited for shore-
line displacement investigations, as the coastline
runs parallel with the uplift isobases of the region,
which enables data from the many basins and
bays in the undulating landscape to be combined
into detailed shoreline displacement records.
Consequently, Blekinge has a long tradition of
Baltic Basin sea-level research, starting already
in the 1800s. Since then, the focus has mainly
been on the Late Weichselian shoreline displace-



Fig.4.10 A hollow and burnt pine trunk located at 19 m bpsl at Havéing and dated to 11,100—-10,900 cal BP. The trunk
was possibly used as a log fire. Up to now this type of fire has been recorded only in northern Sweden. Photo by Arne
Sjostrom

Fig. 4.11 Modern destruction of sediment banks due to fishing or anchoring at Having. The fish trap pictured in
Fig. 4.6 is located only some metres from here. Photo by Arne Sjostrom
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ment, i.e. before 11,700 cal BP, and the Littorina
transgressions, after 8000 cal BP, providing good
evidence of fluctuations at levels above present
sea level (cf. Hansson et al. 2018c).

Pine stumps dating to the Yoldia and Ancylus
stages have been found sporadically in the
Blekinge Archipelago. Diving and acoustic
surveys throughout the last 5 years have revealed
several remains of a submerged landscape in the
study area (Holmlund et al. 2017), and amateur
divers have located several new areas with pre-
served tree stumps and terrestrial palacosurfaces
in adjacent areas (Hansson et al. 2018c).
Furthermore, a recently revised shoreline dis-
placement record for Blekinge (Hansson et al.
2018c) suggests that there exists a significantly
long period (c. 9500-8500 cal BP) with a rela-
tively stable sea level during the Initial Littorina
Stage at 4 m depth, well below today’s shoreline
(Fig. 4.3, black line).

Submerged sites from Blekinge are quite few.
Recent surveys and excavations have yielded sev-
eral interesting coastal sites (Fig. 4.1, Fig. 4.2).
They are mainly situated some 0-2 m below the
modern shoreline. To date, most of the findings
are flint scatters from submerged settlements.
Some of the artefacts have been polished by wave
action, but there are also ‘fresh’ specimens indi-
cating the presence of eroding near-shore sites
located further out in the sea. The sites are diffi-
cult to date typologically, but in the few cases
where this has been possible, the dates range from
late Early to early Middle Mesolithic (c. 9500—
8000 cal BP), i.e. during the rather long lasting
Littorina low-stand period (Hansson et al. 2018c).

The Blekinge Archipelago is strikingly differ-
ent to the two other areas discussed above. The
potential to find well-preserved settlement sites
from the Early Mesolithic is high. In marked con-
trast to Having, where refuse layers are pre-
served, but the settlement itself has been washed
away during later transgressions, the protected
environment in Blekinge could yield more com-
plete settlement remains. The abundance of
exposed palaeosurfaces from the Ancylus stage,
and indication of flints washed ashore, gives a
hint of what one can expect. However, this
remains to be tested by underwater excavations.

4.4  Swedish Submerged
Prehistories: Future

Strategies

The field of underwater cultural heritage in
Sweden has long focused on objects, especially
shipwrecks. However, the increased interest in
the prehistoric archaeology of the shallow sea
floors of the Baltic Sea has promoted new think-
ing and emphasised the need for a broader
approach that integrates the joint investigation of
cultural and natural resources and their protec-
tion. Other factors promoting change are
advances in marine spatial planning (MSP), the
European Landscape Convention (ELS), notions
of ‘seascape’ and the need for better scientific
methods and new knowledge about submerged
landscapes to underpin Environmental Impact
Assessments in marine planning. In Sweden, pol-
icy discussions are currently under way at
regional and national level and are still at an early
stage.

In recent years, research efforts have more
than doubled the number of known archaeologi-
cal and geological submerged sites, including the
discovery of finds that are unique in character.
The Blue Archaeology project has focussed not
only on discovering new underwater sites and
their further implications for understanding pre-
historic cultural developments but on enhancing
the role and practice of underwater cultural heri-
tage management and emphasising the need for
integration of cultural and natural processes of
change.

One important outcome of the Blue
Archaeology project has been to highlight the
value of Mesolithic seascape as a concept with
which to critically examine the Mesolithic record.
The new results have highlighted the likely sig-
nificance of the coastline and marine resources in
the Early Mesolithic period. Until recently,
knowledge of this period in southern Sweden was
based mainly on the study of inland settlements
and areas that are on or near the modern coast-
line. Socio-economic and demographic interpre-
tations have therefore been founded on
settlements with land-based economies. However,
it is clear that the new information from
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submerged coastlines is highlighting the early
existence of maritime economies and that this
will require a revision of views about the Early
Mesolithic. Permanent fishing installations found
at the Having site suggest large catches, which in
turn calls for a new analysis of how these societ-
ies were organised (Nilsson et al. 2018). Similar
trends are apparent in Denmark (Bailey et al.,
Chap. 3, this volume) and Germany (Jons et al.,
Chap. 5, this volume) with the difference that in
Sweden the submerged landscapes and archaeol-
ogy of the Early Mesolithic period (equivalent to
the Maglemosian in Denmark and northern
Germany) are more extensive and more easily
accessible and therefore fill a gap in the
archaeological record that cannot easily be
addressed from the underwater record
elsewhere.

This concept of a Mesolithic seascape is not
only ‘good to think with® when addressing the
interpretation of the archaeological record but
also when bringing an archaeological perspective
to bear on the modern situation with its settled
and land-based society (Nilsson 2011). The dis-
covery and exploration of new submerged sites of
the Stone Age in Scandinavian waters are not
only changing the way we conceive of the Stone
Age but is also highlighting the value of the
Baltic Sea as a cultural and natural resource in
the modern world as well as its vulnerability.

4.5 Management
of the Underwater Cultural

Heritage

As in many European countries, archaeological
competence and legislative power in marine mat-
ters are spread across several institutions and gov-
ernment agencies. National, regional, local and
academic actors work side by side, and together
they constitute the key organisations. Institutions
with high marine archaeological competence such
as academic institutes at universities, or even sin-
gle scholars, have a small advisory function.
Offshore exploitation of the seabed is gov-
erned by the Act concerning the Continental
Shelf under the executive direction of the

Geological Survey of Sweden (Sveriges
Geologiska Undersokning, SGU). If it is sus-
pected that industrial activity could interfere with
cultural heritage sites or culturally protected
areas, the SGU involves the Swedish National
Heritage Board (Riksantikvariedmbetet) and the
Swedish ~ National =~ Maritime  Museums
(Sjohistoriska Museet), both operating under the
Swedish Ministry of Culture. The Swedish
National Maritime Museums is the main institu-
tion with competence in maritime archaeology
and has a professional archaeology unit that
undertakes mitigation work associated with off-
shore developments.

Marine cultural heritage management in areas
which are near-shore, or already governed by any
regional or local marine planning, is treated in the
same way as heritage on land, i.e. as a regional
matter. This means that the County Administrative
Boards (Lénsstyrelse) handle the case according
to the Heritage Conservation Act. The County
Administrative Board assigns the proper agency
if archaeological surveys or exca