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Preface

Jonathan Benjamin, Clive Bonsall, Catriona Pickard and Anders Fischer

This volume is concerned with those parts of the prehistoric
archacological record that now lie under water. Most of the
sites and finds described were inundated as a result of the global
sea-level rise of some 120 m that occurred during the Final
Pleistocene and Early Holocene (see Figure below). Throughout
this remarkable transformation of global geography, vast tracts
of habitable terrain vanished, engulfed by the world’s oceans.
Discoveries from inland waters have also been included to
highlight the archacological significance of prehistoric lacustrine
and riverine sites. Examples are presented from Europe,
Western Asia, and North America. The material included in
this volume is predominantly Mesolithic and Neolithic in age,
but we also include examples from the Palaeolithic, as well as
the Chalcolithic (Copper Age) and Bronze Age.

Although the past few decades have witnessed significant
development and growth of this specialized field, the study
of Submerged Prebistory is still in its infancy. Countless
inundated prehistoric sites, from marine, brackish and
freshwater environments worldwide, have yet to be discovered
and studied. We envisage the coming decades will see such
material introduced into the discourse of world prehistory,
and we hope this volume will serve as inspiration for future
research and heritage management.

Of the 25 peer-reviewed chapters in this volume, 13 were
presented during a session at the European Association of
Archaeologists’ annual meeting held in Riva del Garda, Italy,
in September 2009. Entitled Underwater Archaeology and
the Future of Submerged European Prebistory, the session was
intended to showcase recent finds and the methods used in
their discovery and investigation, and to stimulate discussion
in the wider context of European and world prehistory. The
burgeoning interest in this topic is reflected in the number of
scholars not present at the EAA session who have subsequently
contributed chapters to the volume.

The EAA session and subsequent publication also
coincided with the establishment of COST Action TD0902
SPLASHCOS, to the mutual benefit of both. SPLASHCOS
— Submerged Prehistoric Archaeology and Landscapes of the
Continental Shelf (htep://php.york.ac.uk/projects/splashcos/)
— is a four-year research network funded by COST, aimed

xii

at the international coordination and promotion of new
research, and has provided funding toward the production of
this volume.

We express our great appreciation to the specialists
from many countries and disciplines who have acted
as anonymous peer reviewers; their valuable input has
significantly improved the overall content of the volume. We
also acknowledge the generous sponsorship provided by the

following organizations:

Romisch-Germanische Kommission des Deutschen Archio-
logischen Instituts, Frankfurt;

Kulturarvsstyrelsen (Heritage Agency of Denmark);
Schleswig-Holstein State Museum Foundation Schlof§
Gottorf, Centre for Baltic and Scandinavian Archaeology;
Wessex Archaeology Ltd

Editorial note on radiocarbon dates
and water depth

Throughout this book calibrated radiocarbon dates are usually
expressed in terms of ‘cal BC’, but occasionally ‘cal BP’.
Uncalibrated radiocarbon dates (and dates produced by other
scientific dating methods) are presented in terms of ‘BP’ or
‘ka BP. Historical dates are presented in years ‘BC’.

Water depth has a considerable significance in relation to
chronology as well as practical accessibility of archaeological
material. In this volume depth is always reported in relation
to local mean sea level (MSL).
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took place mainly during periods when vast stretches of roday’s sublittoral zones were dry land
and available for habitation. The Pleistocene (and the last Ice Age) ends and the Holocene begins
at c. 10,000 BP/11,600 cal BP (Drawn by K. Brandon and . Benjamin)
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Ertebolle Canoes and Paddles from
the Submerged Habitation Site of
Tybrind Vig, Denmark

Soren H. Andersen

The Late Mesolithic Ertebolle culture submerged settlement at Tybrind Vig was one of the first
sites to demonstrate the extraordinary preservation conditions for prehistoric organic remains
that exist beneath the shallow waters of the western Baltic Sea. A wide range of previously
unknown types of wooden tools and artefacts was found, and among the most spectacular
[finds were four ornamented paddles which display a new type of art with patterns carved in

shallow relief into the surface of the wood and filled with a brown material. The new motifs
are softer with sinuous and fan-shaped lines and they differ from the geometric style seen on

artefacts of antler, bone, and amber. The reason that some paddles were ornamented was
probably that they were used as individual or group identifiers. Several dugout canoes were
also excavated, and the site demonstrated for the first time how common these boats might
have been. Of these, Tybrind I was the most spectacular because of its length (c. 10 m) and
thinness (2—4 cm). All the canoes were made of long, straight tree trunks of lime (Tilia sp.)

and had a hearth of clay inside the boat at the stern. Chopping and wedge marks point to the
use of adzes and wedges in their construction, while fire was not used to hollow out the vessels.

Modern estimations point to a carrying capacity of 68 people with equipment. The fact that
such canoes combined the social and subsistence activities of society and widened the radius of
economic activities greatly made them of extreme importance for the coastal population.

Keywords: Tybrind Vig, Ertebelle, Late Mesolithic, submerged, settlements, organic preservation,
art, ornamented paddles, ash wood, dugout canoes, lime wood

Introduction in central Denmark. Owing to geological factors,

The excavation of the Late Mesolithic settlement ~ the Late Mesolithic coastlines of this part of

of Tybrind Vig took place between 1972 and 1983
(Andersen 1985, 1987a). The site demonstrated
the extraordinary preservation conditions for
organic remains that exist on such settlements,
and a wide range of new types of wooden tools
and artefacts, decorated paddles, dugout canoes,
residues of charred food on pottery, textiles, and
artefacts of bone and antler, were recovered.
The Tybrind settlement is located on the
seafloor off the west coast of the island of Fyn

Denmark are now submerged, and the settlement
— originally situated on the prehistoric shore — is
today found at a depth of ¢. 2-3 m below sea
level and ¢. 200-300 m out from the present-
day coast (Fig. 1.1). The settlement belongs to
the Late Mesolithic Ertebolle culture of southern
Scandinavia and is radiocarbon dated to ¢. 5400—
4000 cal BC. The occupation took place during a
period of rising sea level, which caused a gradual
displacement of the settlement. Later erosion of



Figure 1.1: The location of
Tybrind Vig (indicated by
arrows) on the west coast
of the island of Funen.

1 sea and freshwater lakes;
2 waterlogged areas;

3 sandy soils; 4 other soils
(Drawn by L. Hilmar and
E. Morville)

Soren H. Andersen

the seabed resulted in parts of the settlement
area proper, belonging to the latest (and highest
lying) occupation phase, being eroded away, while
the deeper, still in situ layers, were protected.
Typically the latter are located in the wet, soft,
calcareous and anaerobic marine layers (gyttja)
off the settlement site. These sediments have
offered some of the best preservation conditions
ever encountered in the west Baltic area. Cultural
deposits follow the prehistoric coastline over a
distance of ¢. 100-130 m, withawidth of¢.20 m,
and consist mainly of settlement debris thatended
up in the soft, marine deposits adjacent to the
settlement proper. The topographic position and
settlement layout are identical to what we know
from excavations of contemporary settlements on
dry land, e.g. Ertebolle (Andersen and Johansen
1987), Bjernsholm (Andersen 1993) and Meilgard
(Andersen 2000b). Although Tybrind Vig was a
technically difficult underwater excavation, a total
area of ¢. 180 m? was systematically excavated,
sections recorded, and various different samples
taken for scientific and environmental analysis.
At the very beginning of the excavation
a well-preserved wooden paddle was found
(Fig. 1.2). Previously, this type of paddle was
known only from the Ertebolle site of Riide
LA 2 (in the Satrup bog) in northern Germany
(Schwabedissen 1960; Hartz and Liibke 2000).
Originally the Satrup finds were described (and
interpreted as spades), implying that they were
a primitive type of agricultural implement

(Schwabedissen 1960; Troels-Smith 1960;
Steensberg 1980, 1985). Based on tests of the
use of these objects as ploughing implements this
interpretation was later refuted (Andersen 1984:
24), and the objects have since been interpreted
as paddles (Andersen 1984; Ravn 1993; Hartz
and Liibke 2000: 382).

Later, several more paddles were found at
Tybrind Vig, and one of the great surprises was
that four of these showed decoration (Figs 1.4-8).
Suddenly we were confronted with a new art style
on a new material (wood) — distinctly different
from that known hitherto from the Mesolithic in
Europe where all the ornamented objects were of
amber, bone, antler, and occasionally also stone
and ceramics, and showing a strong geometrical
style (Andersen 1981; Plonka 2003). In all, 14
examples of three different types of wooden
paddles were excavated from Tybrind Vig (Fig.
1.3). Of these, three are almost complete, while
the others are cither detached blades or comprise
other characteristic parts of paddles.

Type A (Satrup type) (Fig. 1.3a-b), has a
triangular heart-shaped blade thatis perpendicular
to the shaft (Schwabedissen 1960; Andersen
2000a). The paddles were made in one piece
from single wooden planks from cloven tree
trunks. The wood species have been identified in
seven cases as ash (Fraxinus sp.), and this is also
the case with one of the paddles from northern
Germany (Hartz and Liibke 2000: 379). The tree
trunks had a diameter of 20-40 cm and sapwood
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was selected. The paddle blades vary between 15
cm and 26 cm in length, 15-26 cm in width
and between 1 cm and 1.5 cm in thickness.
The edges are sharp or slightly rounded and
the cross-section (of the blade) is plano-convex.
The surface is even and smooth and bears fine
marks and scratches from its manufacture. The
length—width dimension of the paddle blade is
approximately 1:1. The shaft is straight with
a length ranging from 80 cm to 120 cm and
terminates in a cornet-shaped apex. One of the
German paddles has a somewhat longer shaft
with a length of ¢. 163 cm (Hartz and Liibke
2000: fig. 3.1). At the handle end of the shaft
the cross-section is round to oval, whereas further
down at the junction with the blade it tapers
slightly and has a more semi-circular or triangular
cross-section. The transition from shaft to blade
is sharp and the edges of the shoulders are thin
and sharp. From the upper edge of the blade,
the outline continues into rounded shoulders
and downwards towards the lower apex, which
is broad and rounded, the edges being straight
or slightly convex and also become thicker and
more compact. The shaft continues down 1-3
cm over one side of the blade forming a foot
or tongue. This feature is very characteristic of
this type of Ertebelle paddle (Schwabedissen
1960: fig. 8d). In profile, the grip is therefore
asymmetrical relative to the paddle blade, i.e.
only one side of the shaft is in line with the
surface of the paddle blade (Fig. 1.2).

These paddle blades had two weak points, the
transition between the shaft and the blade, and
the blade itself, which often splits longitudinally
(following the course of the tree rings). In two
Danish cases (one from Tybrind Vig [Andersen
1984: fig. 4a] and one from Haldrup Strand
— unpublished) attempts have been made to
repair this kind of damage by drilling small holes
on both sides of a split in order to bind the two
parts together. A similar type of repair is known
from one of the paddles from Satrup (Hartz and
Liibke 2000: fig. 3, nos 1-3).

There are now records of this type of paddle
(and variants) from several Danish Ertebolle
settlements (mainly in western Denmark), e.g.
Tybrind Vig and Ronzs Skov (Andersen 2009:
fig. 99), Flynderhage (Andersen 1984: fig.10),
Haldrup Strand, and Teglgird (for a distribution
map, see Andersen 2009: fig 102). Variants of
this type are also known from a few sites on
Zealand, e.g. Halsskov (Myrhej 1997: 164, fig.
5), Store Lyng, Amosen (unpublished), and

Figure 1.2: The first find of a complete paddle from Tybrind Vig. The specimen is an
example of the small variant without ornamentation. Note the charred areas on the
handle and the blade. All the Tybrind paddles were made from planks of split ash
trunk (Fraxinus sp.) (Drawn by Orla Svendsen)



Figure 1.3: Schematic
representation of the three
types of Ertebolle paddles
from Tybrind Vig:

3a small variant of the
Satrup vype, of Figure
2; 3b larger Satrup

type with decoration;

3¢ Tybrind type; 3d
Ringkloster type (Drawn
17}/ O. Svendsen, E Bau
and E. Morville)
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Maglemosegards Vaenge (unpublished). From
northern Germany the type is known from the
inland Ertebelle site of Riidde LA 2 and the coastal
site of Rosenhof (Hartz and Liibke 2000: 379,
fig. 1).

The Tybrind Vig type B paddle (Fig. 1.3¢) is
known from Tybrind Vig where three examples
have been found (Andersen 2000a: 10-13).
Other find sites include Tudsehage (Lotz 2000:
11, fig. 3.2), Gamborg Fjord (Andersen 2009:
fig. 102), and Agernes (Jeger 1998, 2000).
This type is also made from a single piece of
wood from close to the pith of the trunk of
ash (Fraxinus sp.). As was the case with type
A, the shaft is displaced relative to the blade.
It continues a few centimetres down over the
surface of one side of the blade and is in line
with the other (Fig. 1.3¢). Like the Satrup type,
the blade is symmetrically positioned laterally
relative to the shaft. The paddle blade itself is
short, broad, and heart shaped. It is quite distinct
from the Satrup type in having concave edges
that meet in a short, thick point, the outermost
part of which is worn and compacted. The
upper edges of the blade are slightly convex and
continue in rounded shoulders; downwards, the
edges become thick (0.5 cm) as well as concave.
In cross section this type of blade is plano-
convex in such a way that the side in line with

the shaft is flat (as with the Satrup type). The
most important differences between this type
and the Satrup paddles are that these are shorter
and smaller than the latter and are also relatively
heavier, more robust, more concave, with thicker
rounded edges (Figs 1.8 and 2.8). The blade of
this type measures 12-15.5 cm in length, 16-20
cm across, and 1.2—-1.7 ¢cm in thickness.

The type C, or Ringkloster-type, paddle (Fig.
1.3d) has an oval outline, and the blade is flat
on both sides and has sharp or slightly rounded
edges. It is symmetrical along its length axis and
is characterized by symmetrical notches on both
sides of the base of the shaft/handle in order
to give a good grip during paddling. The raw
material is ash wood (Fraxinus sp.). This type is
known from Tybrind Vig, Ronas Skov (Andersen
2009: 116, fig. 99) and Ringkloster (Andersen
1998: fig. 33). The paddles measure 15-20 cm
in length, 11.5-15 cm across, and ¢. 1 cm in
thickness.

The decorated paddles from Tybrind Vig

The first example of an ornamented paddle blade
appears to have been an old, worn-out example
that ended up in the refuse layer by the settlement

(Fig. 1.4, left). Parts of both sides of the blade

were split and broken off; an attempt had been
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made to repair the split and a small hole close to
the split is presumably a trace of this repair. The
paddle also exhibits several other fractures and
pieces of the edge are missing in several places.
The sides are completely even and smooth and
do not show traces of deeper scratches, grooves
or wear marks. The shaft is well preserved and
has a length of 1.16 m. The blade measures
¢. 14 cm in length today, but must originally have
had a length of ¢. 30 cm, a width of 30-35 cm,
and a thickness of ¢. 1 cm.

The ornamentation is found on the convex
side, where the design covers the upper two-thirds
of the blade. However, owing to degradation
and erosion, it is impossible to tell whether,
originally, the other side of this paddle was also
ornamented, although this seems likely (see
below). The composition covers the width of the
blade and is horizontal; it is symmetrical about
both the blade’s long and transverse axes (Fig.
1.4). The motifs consist of a mixture of geometric
designs and softer, sinuous bands, balancing the
effect of strict composition with the motifs. The
pattern is built around a transverse field with
a horizontal rhombic figure (in the centre),

bordered symmetrically by vertical parallel
bunches of lines and horizontal ellipses. This field
is framed by a single row, and then three transverse
parallel rows, of small dots. Parallel to these are
sets of two, three and five short, parallel rows of
dots, framing horizontal spectacle figures. Above
and below, the whole pattern is completed with
elegant sinuous and fan-shaped lines resembling
birds’ tails (Fig. 1.4, left).

As to the individual motifs the dominant
one comprises small, round dots set close
together and forming short lines, or slightly
curved or angular bands. The short, horizontal
lines are seen in groups of five, two and three
plus three, while the longer bands occur singly
as straight lines or parallel groups of three plus
three. Other motifs are vertical bunches of thin,
parallel, closely-spaced lines, ellipses, rhombic
and spectacle-shaped figures, and large fields of
sigmoid and sinuous bands, surrounding fields
with fan-shaped rows of dots (Fig. 1.4).

All in all the ornamentation shows a strong
resemblance to a human face (Fig. 1.5 and
below). Today, the ornaments appear in faint
relief with associated slightly depressed areas

Figure 1.4: Paddle with
decoration on one side of
the blade only (left); the
parts inlaid with pigment
are here marked in black.
The pattern reproduced in
negative (right) (Drawn
by E Bau)
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Figure 1.5:
Reconstruction of the
design of the paddle in
Figure 4 (Drawn by F
Bau)

Figure 1.6: Paddle with
ornamentation on both
sides (Drawn by Orla
Svendsen)

Soren H. Andersen

in the otherwise smooth, even surface of the
paddle; the depressions are 0.5-1.5 mm deep.
On recovery, there was a dark brown material
(pigment) in the depressed ornamentation,
which gave a clear contrast to the surrounding,
still pale yellow ash wood. Despite various
chemical analyses, it has not been possible to
identify the nature and composition of the
(colouring) substance, but exposure to ultraviolet
light prompted strong bright fluorescence in the
ornamented sections, revealing the presence of a
binding agent and possibly also a pigment likely
to have been an iron compound (e.g. ochre).
A similar paddle is ornamented on both sides,
apparently of the same composition and motifs as
on the first paddle (Fig. 1.6). Unfortunately, the
surface of this paddle is not very well preserved,
which is why the ornamentation can only be

discerned in patches. These ornaments appear
as slightly depressed areas for the inlaying of
pigment into the surface. The composition is
horizontally structured and covers the upper two-
thirds of the blade sides (Fig. 1.6). This example
is important as it proves that at least some of the
paddles had ornamentation on both sides of the
blade. Additionally, as both the composition and
motifs correspond to those of Figure 1.4, this
suggests that the ornamentation was a fixed,
common feature of some of these paddles and
therefore also reflects a particular type of artistic
expression in wood. The paddle blade measures
¢. 25 cm in length, ¢. 26 cm in width, and is
c. 1.5 cm thick.

Another two paddles of the Tybrind type
display ornamentation (Figs 1.7-8). One shows
decoration on both sides (Fig. 1.7), while the
other has preserved ornamentation on one
side only (Fig. 1.8). On the first example, the
ornamentation is well preserved on one side, while
the other is more decayed. The ornamentation is
strictly symmetrical about the blade’s longitudinal
axis, and is again a mixture of geometrical figures
and softer, sweeping bands (Fig. 1.7). The pattern
is built up around a central field of two crescent-
shaped motifs surrounded by a large biconvex
figure, flanked by horizontal bands filled with
small ovals, subrectangular figures, and fields
with rows of small quadrants. Below are broad,
elegant, curved transverse bands, boomerang-like
bands and bands filled with small squares (Fig.
1.7). At the top are two almond-shaped figures
on each side of the longitudinal axis, which is
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a drooping-nose like figure. Below are broad,
elegant, curved, transverse bands — forming a
mouth-like design. The composition covers three-
quarters of the surface of the side, and beneath,
it is terminated by elegant, transverse, sweeping
bands filled by rows of dots. The whole pattern
on this paddle blade is — like the motifs shown
in Figures 1.4 and 1.5 — highly reminiscent of a
stylized human face.

The ornamentation on the other side is only
preserved in the central part of the paddle.
The composition is symmetrical about the
longitudinal axis. The motifs on this side are
geometric in the form of triangular, V-shaped and
horizontal bands and rectangles filled with rows
of small rectangular dots. These bands appear
to run across the blade. This paddle measures
c. 16.5 cm in length, . 19 cm in width, and
c. 1 cm in thickness.

The fourth ornamented paddle is represented

by slightly less than half of a blade that has been
split along the longitudinal axis (Fig. 1.8). On
recovery, there was ornamentation on only one
side, probably due to the fact that only this side
was well preserved. Again, the ornamentation
covers the upper two-thirds of the blade. The
composition is a series of horizontal, transverse
bands and figures, of which some are already
known from the other paddles, while others are
completely new. The central part is filled by a
large oval, and above and below are bands of
three to four thin, parallel, horizontal series of
rectangles, small, closely-spaced semi-circles, and
horizontally arranged series of small ovals. Of
these patterns, the horizontal oval is seen on all
the other paddle blades, whereas the other motifs
are characteristic of this particular paddle. The
motifs are, to a great extent, reminiscent of the
pattern of enamel on the occlusal surface of a
worn molar of, for example, a deer. The motifs
on this paddle are so fine and delicate that, in
most cases, they could only have been stamped
onto the surface. That stamping was used is
apparent from the fact that the individual sets
of motifs are slightly displaced relative to one
another, presumably because the stamp was not
placed exactly in the correct position each time
(Fig. 1.8). This paddle blade measures ¢. 23 cm
in length, ¢. 10 cm in width (in its present state),
and ¢. 0.75 cm in thickness.

Composition

The composition of the ornamented paddles is
symmetrically organized around the longitudinal
and transversal axes of the paddle blade. The
designs cover the upper two-thirds of the blade
and are mainly arranged in a horizontal manner.
Although each paddle bears its individual

patterns and motifs, some designs such as ovals,

7

Figure 1.7: Paddle with
ornamentation on both
sides. The carved areas
are marked with black
(Drawn by E. Morville)

Figure 1.8: Fragment of
paddle with decoration
on one side only (right).
Reconstruction of the
design of the paddle (left)
(Drawn by E. Morville
and L. Hilmar)
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Figure 1.9: Modern
replica of the paddle
shown in Figure 1.4. The
motifs have been carved
into the surface using a
small flint implement
(Photo: Moesgird
Museum)

Soren H. Andersen

lines with small dots or rectangles, and sinuous
bands are common. The ornamentation is carved
(pethaps also stamped in some cases) into the
surface of the wood and stands out in shallow
relief, while the depressed areas have been filled
with a dark (black/brown) substance.

It is significant that, out of the four orna-
mented paddles, at least two are identical in size,
composition and ornamentation. In this way it
has been documented that these are unlikely to
be unique, special cases but are, conversely, a
more common feature of this type of artefact
and probably also of other important types of
wooden artefacts.

A comparison of the ornamented and non-
ornamented paddles of the Satrup type establishes
that the two decorated paddles (Figs 1.4 and 1.5)
deviate from the others of this type in being
larger. They are 25-30 cm in length and 25-30
cm in width, while the unornamented examples
only measure 15-26 x 15-26 cm. Because
of the unique character of these ornamented
paddles, some effort has been made to discover
the way in which the designs were produced.
Relevant to this is a question concerning the
ornamentation itself, as itappears today: does this
reflect the original pattern or are the depressed
areas a consequence of a possible secondary
disintegration of the surface of the wood? If, for
example, the whole of the surface of the paddle
blade had been covered by a layer of paint or tar
in which the pattern was then scratched, would
this part of the surface automatically be more
exposed to subsequent disintegration and decay
than the remainder of the surface? If so, this
would lead to the production of a negative of
the actual pattern, which would then appear as
shown in Figure 1.4 (right), whereas the positive
pattern would appear as in Figure 1.4 (left).

Several possibilities for the production of the
designs can be considered: carving, stamping,
or corrosion into the surface of the wood. The
even surface of the whole blade argues against
corrosion, which leaves the two other possibilities.
Most evidence points toward carving as the
procedure used. Even today, the depressed areas
of the surface show a darker colour than the
surrounding, and it is obvious that the purpose
of the relief work was to enable inlay of a dark
colouring material into the surface of the wood
to improve the artistic effect of the design and to
accentuate and emphasize the ornamental effect.
An identical technique is well known from several
other patterned Ertebolle objects made from

other raw materials, for instance antler, bone,
and amber (Andersen 1981).

All in all, our observations suggest that the
ornamented paddle blades appeared originally
as shown in Figures 1.4-8. The patterning was
probably carved into the surface of the wood with
a flint tool. Modern experiments with making
replicas of the paddles have demonstrated that
it is easy to produce such ornaments by carving
in fresh wood (Fig. 1.9).

Dating

Several "C determinations and stratigraphic
information indicate that the patterned paddles
from Tybrind Vig belong to the middle and
younger Ertebolle culture, ¢. 4800—4200 cal BC.
This is some centuries later than the paddles from
Satrup in Schleswig, which have been dated to
the period ¢. 54004700 cal BC (Schwabedissen
1994: 370). However, the Satrup dates may be
unreliable given the lack of documentation of the
provenance of the samples and their association
with the paddles (S. Hartz, pers. comm.).

Other Ertebelle paddles with

ornamentation

In light of the fact that ornamentation was
detected on four paddle blades, the obvious
question arises as to whether all paddles were
originally decorated? A thorough investigation
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of all the other paddles and fragments shows,
however, that this was 7oz the case and that
the absence of ornamentation is unlikely to
be exclusively a consequence of preservation
conditions.

Two other finds of Ertebelle paddles with
designs are known, but they are clearly different
from the paddles from Tybrind Vig. From
Flynderhage, in ecast Jutland, there is a paddle
with black painted ornamentation on one side of
the blade (Fig. 1.10; Gabrielsen 1953; Andersen
1984: 23). It is made of ash wood (Fraxinus sp.);
the black colouring matter has been chemically
analyzed, which shows it to be a sort of ‘tar
oil’. The design, which is symmetrical along the
longitudinal axis, covers the lower half of the
blade and consists of a large triangle, above which
there are four or five thin and slightly curved,
horizontal lines.

From the Riide LA 2 site in northern
Germany, a paddle of Satrup type has decoration
on both sides in the form of carved bundles of
thin, diagonal lines that enclose a large rhomboid
figure in the centre of the blade (Hartz and Liibke
2000: fig. 3, nos 2-3). A closer investigation of
these lines indicates that they could also have
had an inlay of a brownish material, which is not
preserved. However, the latter two ornamented
paddles clearly differ from those from Tybrind
Vig, where the designs are more curved, have a
more complex composition, and are carved into
the surface of the wood.

The new finds from Tybrind demonstrate
that only a limited number of the Ertebolle
paddles were occasionally beautifully decorated
with sophisticated patterns. This category of
decorated paddles is unique within the European
Mesolithic. In the latest survey of the portable
art of Mesolithic Europe (Plonka 2003) no
similar finds are recorded. If one has to look for
related types of art — especially regarding the
face-like design, cf. Figures 1.5, 1.7, and 1.8 — it
is to be found in regions which geographically
and chronologically lie far from the Danish
Late Mesolithic Ertebolle Culture, for example
among the Northwest Coast Indian tribes of
North America (Boaz 1897: figs 3, 18, and 75)
and in the Pacific (Buck 1950; Bodrogi 1959:
figs 53, 70, and 76). However, ornamentation
with curved bands, etc., is also known from the
European Late Palaeolithic (Rust 1937: figs 43
and 45) and from the Iron Gates Stone Age
(Radovanovi¢ 1996: figs 3.53 and 3.62).

Works of art are well known from the early

Ertebolle (Andersen 1981: 46), but in these
cases the art is exclusively of a strong geometric
type. With regard to the motifs, rows of dots
are well known from ornamented Ertebolle
objects of bone, antler, amber, and ceramics
(Andersen 1981), but in these cases they are seen
as drilled or impressed dots. Similarly, bundles
of thin, parallel lines constitute a common motif
on many (mainly western Danish) Ertebelle
artefacts (Andersen 1981: fig. 28, no. 3). In
contrast, all the other motifs on the Tybrind
paddles are new. The greatest difference is to
be found in the curved designs, the ovals, the
rhomboid figures, and the spectacle-like designs,
as well as the bird’s wings — these are all types of
ornament that have not been found on objects
of harder materials (Fig. 1.11).

The differences between the ornamented
paddles and the other objects bearing Ertebelle
art could either be explained as a function of
differing age (early versus late Ertebolle art) or
by the fact that here, for the first time, we have
an art style executed in a soft material (wood).
In the Mesolithic there were probably different
types of art for hard materials (bone, antler, and
amber), others for wood and a third/fourth for
soft materials such as bark, clothing, leather, and
the human body.

Function

The heart-shaped paddle type could suggesta use
for paddling in shallow, protected waters, but
modern experiments demonstrate that they are
also suitable for paddling on more open, rougher

Figure 1.10: Paddle from
the refuse layer in front
of the Ertebolle kitchen
midden at Flynderhage
in Norsminde Fjord, east
Jutland. The paddle has
a painted decoration on
one side only (Drawn by
E Bau)
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Figure 1.11:
Reconstruction of the
designs on the paddles
shown in Figures 1.5,
1.7, and 1.8 (Drawings:
Sven Kaae, E. Morville,
and L. Hilmar)

waters (Christensen et 2/ 1973). Another
possibility is that these paddles were used for
boats with a particularly high freeboard similar
to, for example, the Umiaks or women’s boats
of East Greenland. Here the shape of the oars
is a reflection of the sex (and age) of the owner,
and of its function. The fact that this type of
paddle is known from both inland (Satrup) and
coastal settlements (Tybrind Vig, Flynderhage,
Teglgards, Ronas Skov, and Gamborg Fjord)
shows that it was used both on inland lakes
and at sea.

Traces of breakage, wear, and splitting of
the paddle indicate use as ordinary/everyday
implements, but one should not rule out
use as ceremonial paddles or paddles with a
particular status-related significance for their
owner. The finely decorated surface would have
been destroyed if used daily, and they could
only have been used in special situations or on
special occasions. These paddles were decorated
for the purpose of visual signalling (Nash 1998:
67) indicating a totemistic society. The fact
that it was paddles that were ornamented is
understandable when one considers that these

implements were used away from home and
when entering neighbouring territorial waters.
Therefore they were likely to have been of great
significance as individual or group identifiers.
If we follow this line of argument, it is obvious
that one should also expect decoration on other
types of objects used (and lost) in a similar way,
such as canoes and arrows. However, in spite
of close examination of the outer surfaces of
the boats, such decoration has so far not been
documented.

Dugout canoes

The position of the site, and the many traces of
paddles and fishing activities, make it obvious
that the inhabitants of Tybrind Vig must have
navigated the shallow waters of the cove; it is
therefore not surprising that one almost complete
canoe (Tybrind I) and large portions of three or
four others were found at Tybrind Vig (Andersen
1985: fig. 4). What the appearance of these Late
Mesolithic dugout canoes has demonstrated
for the first time is the outstanding wood
technology used, the thinness of the vessels’
hulls, how soft the wood was after 5000—6000
years in the seabed, and how this soft wood
had become ‘flattened’” by the pressure of the
overlying sediments. Finally, it was also shown
how frequent finds of fragments of such boats
were on these settlements and in the refuse layers
adjacent to them. All these factors explain why we
have only found Mesolithic boats by excavation
during the last ¢. 20 years. These observations
have been confirmed by later excavations of
coastal settlements — both submerged, e.g. Ronzs
Skov (Andersen 2009: 117-24, figs 100-1) and
on dry land, e.g. Lystrup Enge (Andersen 1996:
7-38) and Halsskov (Pedersen et al. 1997).

The Tybrind I canoe

This boat is a surprisingly large vessel — an
impressive example of the high level of
woodworking technology in the Late Mesolithic.
It is ¢. 10 m long and 0.50-0.65 m wide. The
height of its side is ¢. 30 cm and the hull’s
thickness ranged between 2 ¢cm and 3 cm; the
centre line and the stern being the thickest
parts, while the sides are 1-1.5 cm. The finding
of such a long, thin-sided vessel on the seabed
¢. 200-300 m from the present day coastline
raised several problems — primarily, how to
excavate and salvage such a boat. Was it at all
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possible to get it onto dry land? Nobody had tried
anything like this before. First it was excavated/
exposed i situ on the seabed. Then the canoe
was cut into blocks each measuring 1 x 1 m,
which were lifted separately, broughtashore, and
reassembled there (Fig. 1.12). The vessel was then
transported to the museum laboratory for final
and careful excavation, drawing, and for study
by wood specialists. The canoe was conserved by
freeze-drying and is today on display at Moesgard
Museum in Arhus.

All the Tybrind canoes are made of long,
straight trunks of lime (7ilia sp.). Oblique
chopping marks and marks from splitting by
wedges are visible all over the inner surface and
indicate the use of flint or greenstone adzes. There
were no signs that fire was ever used to hollow out
the vessels. The tree used for the Tybrind I vessel
was carefully selected, because only two traces
of side-branches were observed along the whole
length of the boat. The outline is lanceolate, with
a pointed, slightly raised bow and cut-off, open
stern. The cross-section is U-shaped. Later finds
of Ertebolle boats, e.g. Lystrup Enge, show that
the bark and small branches were also cut away as
part of the construction process (Andersen 1996:
29, 38). The stern of boat I was open and (as seen
in profile) obliquely truncated, meaning that the
rail of the bulwark projected ¢. 3 cm further than
the bottom and ended in a rounded tenon (Fig.
1.13). The sides are nicely rounded and terminate
in a smoothly rounded gunwale, which is thicker
than the side, probably in order to strengthen
the vessel. No visible traces of the attachment of
other structural features (no holes in the gunwale,
extra side planks and/or outrigger) have been
documented, although this does not rule out
such a possibility. In the stern there were a series
of regular, round depressions cut in the bottom
and sides. The open stern suggests the boat must
have been closed by a removable bulkhead. This,
however, was not found. Inside the hull and c.
0.30 m from the stern, all the boats have a ¢. 60 x
35 cm and 1-5 cm thick, oval hearth made from a
mixture of clay and sand (Fig. 1.12). This feature
may be connected with eel fishing (flaring), but
other explanations are also possible, such as the
transport of fire from settlement to settlement
(Fig. 1.14). Small patches of charring are also
found at the bow — probably an indication of
another fireplace in this part of the boat. Thus,
the Tybrind I canoe had one or perhaps two
hearths inside the vessel. This observation is
supported by the fact that other finds of Ertebolle

Figure 1.12: The Tybrind I canoe on the shore after 6300 years in seabed sediments.
Inside (on the bottom) of the canoe is a hearth of sand and clay. The hearth is partially
covered by the port side, which has been pressed into the boat by the weight of the over-
lying sediments. In the centre of the vessel is a large stone, which was probably used as
ballast or as a stabilizer (Photo: Soren H. Andersen)

Figure 1.13: The stern of the Tybrind I canoe with a series of eight depressions for
the attachment of a bulkhead. The outline of the stern is concave (Phoro: Soren H.
Andersen)
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Figure 1.14:
Reconstruction of the
Tybrind I dugour
canoe (Drawn by Orla
Svendsen)

canoes also show a second fireplace in the bow,
so some canoes had two hearths — one at each
end. About 2.50 m from the stern, a large flat-
sided stone (40 x 45 x 14 cm) weighing ¢. 30
kg was found. This may have served as a ballast
stone to ensure controlled navigation with such
a long slender boat. Another explanation is that
the stone may have served as a weight to keep
the boat underwater when it was not in use (to
hinder drying out and splitting of the wood) and
finally it may have functioned as a stabilizer.

In a terrestrial biotope covered by primeval
forests and wetlands (swamps), water-based
communication and transport along the coasts
and inland (rivers and lakes) must have been the
simplest (and easiest) way. Dugout canoes must
therefore have been one of the most essential
items for the Ertebelle population. These
boats must have been of extreme importance
because they combined both social (transport,
communication, and travel from settlement to
settlement) and subsistence activities (fishing
and sea-mammal hunting). The use of boats
widened the radius of economic activities greatly,
expanded transport capacity, facilitated exchange
of goods and information, and strengthened
socio-economic collaboration, for example in
hunting of migrating sea mammals (Andersen
2009: 183-91, fig, 173).

Transport capacity is a determining factor for
the mobility of Stone Age groups. These boats
were capable of carrying a considerable cargo, and
modern estimates indicate a carrying capacity for
the large Tybrind I boat of 6-8 persons with
equipment (i.e. 500-600 kg) (Andersen 1987b:
99; E. Kannegaard, pers. comm.). Canoes of
such impressive dimensions may have also had
prestige value.

The tree used for the Tybrind I canoe was
a thick, straight lime trunk of no less than 10
m length and 70-100 cm in diameter with an
estimated weight of ¢. 3.5 tons. Considering the
finished vessel weighed 250350 kg, this means
that some 93-94% of the original tree trunk had
been hewn away (Andersen 1996: 35). Only in

one case (the Agernas site on northern Funen)
are there definitive indications in the form of a
thick layer of wooden chips that such canoes were
hollowed out at the settlement (Jaeger 1998: 12,
2000: 35). No doubt this operation was normally
carried out at the place where the tree grew in
the primeval forest.

Modern experiments show that it is possible
for two skilled persons to make a similar dugout
canoe in the course of one — or three to four
weeks (Christensen 1990: 140; E. Kannegaard,
pers. comm.). With such a large investment of
labour required, it is understandable that much
effort was expended in keeping these vessels
functional for as long as possible. Lengthwise
splitting seems to have been a general problem
with such vessels, and traces of several repairs
are found on the Tybrind II canoe; a hole in the
bottom of the port side of the boat was covered
(closed) by a patch of wood, bark, or leather and
a lengthwise split had been repaired by drilling
a series of small holes on either side of the crack
in order to sew it together. Similar repairs have
been documented on other dugout canoes,
e.g. Lystrup Enge (Andersen 1996). Modern
experiments have demonstrated that such a
dugout canoe begins to rot and split lengthwise
(just like the prehistoric examples) after being
exposed to open weather for about 8 years (E.
Kannegaard, pers. comm.).

Such long, thin-sided canoes must have been
difficult to control and manoeuvre. Therefore,
it is most reasonable to assume that they were
generally used on sheltered, calm waters, but an
experiment in 1979 demonstrated that it was
possible to cross the Qresund between Zealand
and Sweden (15 km) in ¢. 5 hours in a similar
type of vessel paddled by two people (Christensen
et al. 1979: 94).

From the ethnographic record, there are
several depictions of the use of similar vessels.
In these, people are always standing up in the
boat using either paddles with long shafts or
poles. In general, the ethnographic information
stresses that poling is much more common than
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paddling with such boats.

Conclusions

The Tybrind Vig settlement has demonstrated
the significance and potential of finds from
submerged settlements. The investigation of
this settlement has advanced our knowledge
of the Danish and European Stone Age in
several ways. It has provided us with a wealth
of new data on material culture, especially
involving technologies relating to soft, organic
materials. Also, for the first time, it has stressed
the ubiquity of watercraft, their accompanying
accessories, fishing equipment, and other tools
made of organic raw materials at that time. For
the most part, these have not been preserved
at other settlements. Moreover, it has been
demonstrated that it is technically feasible to
perform underwater excavations of Mesolithic
settlement sites in Danish waters.

Not only has Tybrind Vig expanded our
knowledge of Mesolithic technology and material
culture, the finds of ornamented paddles have
also provided an insight into a hitherto unknown
art form. Four of the paddles were decorated by
ornamentation carved and/or stamped in shallow
relief into the surface of the wood. The motifs
are new and are characterized by a combination
of geometric and non-geometric, more round
and curved designs, in sharp contrast to what
was previously known about Ertebelle art. There
is also the spectacular discovery that three of
the best-preserved ornaments show a strong
similarity to human faces/masks. Additionally,
the finds of large dugout canoes at Tybrind Vig
are another spectacular aspect of this submerged
settlement. The many fragments of canoes
demonstrate how common such boats were
and the ¢. 10 m long Tybrind I canoe illustrates
the high level of woodworking technology in
the Late Mesolithic. The fact that such canoes
combined both social and economic aspects of
society made them of extreme importance for
the coastal population — they were probably the
most important implement of all.
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The Excavation of a Mesolithic Double Burial
from Tybrind Vig, Denmark

Otto Christian Uldum

The submerged settlement site in Tybrind Vig in Denmark was the subject of a decade-long
investigation, which provided a wealth of new information about the material culture of the
Late Mesolithic in southern Scandinavia. In 2004 a grave containing two adult individuals
was discovered at Tybrind Vig. The present paper provides an account of the excavation
of this inhumation burial. The carefully prepared Mesolithic burial contributes to the exist-
ing record in Denmark, which until now has consisted mainly of slightly younger

examples.

Keywords: underwater archaeology, excavation, burial, Mesolithic, Tybrind Vig

Pioneering underwater investigations
in Denmark

Much of the Danish sea territory was dry land
during the Mesolithic. Until the availability of
modern scuba diving equipment, most of these
landscapes were out of reach of archaeologists.
Amateur divers, interested in archacology and co-
operating with museum archaeologists, were the
first to go under water with the specific purpose
of finding remains of Stone Age settlements.
The positive results of these initiatives inspired
professional archaeologists to make use of
scuba equipment in connection with Stone
Age investigations. Archacologists from the
Langeland Museum were the first in Denmark to
take such an initiative, when in 1972 they began
the exploration of the submerged Late Mesolithic
Mollegabet site (Gren and Skaarup 2004).

The next initiative for the investigation of a
submerged settlement was taken by Moesgard
Museum and Arhus University at Tybrind Vig
off the west coast of the island of Fyn (Funen)
(Fig. 2.1). Between 1978 and 1987 this site was
subject to annual archaeological investigations
lasting several weeks. It was demonstrated
that the cultural layers of the site spanned the

entire Ertebolle Culture, 5400-3900 cal BC.
Professional archacologists led the project, but
amateur divers carried out much of the fieldwork,
including survey and systematic excavation.

During the ten-year excavation campaign at
Tybrind Vig a wealth of new information was
gathered, as the conditions for preservation
of organic materials were very good. Wooden
artefacts such as boats and paddles along with
leister prongs reflected the intensive use of marine
foods, as well as giving a completely new insight
into ornamentation in the case of the inlaid
paddles (Andersen 1985, 1987). Other, hitherto
unknown, find categories included fragments of
textile made from plant fibres. Artefacts of bone
and antler were also very well preserved, as was
the extensive lithic material.

Submerged burials

In 1979 an inhumation grave, containing the
remains of a young woman and a child, was
exposed due to erosion of the Tybrind Vig site. It
was excavated, and later dated by radiocarbon to
6740+80 BP (K-3558, uncorrected for the marine
reservoir effect) using a sample taken from the
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Figure 2.1: The location
and topography of
Tybrind Vig. The 2 m, 4
m, and 6 m bathymetric
curves are indicated. The
area investigated during
the 1970s and 1980s

is located to the north
and east of the burial

Otto Uldum

remains of the woman’s femur (Andersen 1985;
Fischer et al. 2007). This burial contained no
grave goods or other signs of ritual, as has often
been the case in the slightly younger (Ertebelle)
Mesolithic graves from Denmark, e.g. Vedbek
(Albrethsen and Brinch Petersen 1976).

In 2004 another burial was discovered at
Tybrind Vig, this time a little further out into
the bay. The same group of amateur divers
that formed the mainstay of the team from
the ten-year-long Tybrind Vig project reported
the find, and raised some skull fragments that
were submitted to Moesgird Museum in Arhus.
Radiocarbon dates were obtained on samples

from both individuals. The larger individual,

probably male, gave a determination of 682055
BP (AAR-9341, uncorrected), from a sample of
the mandible. The smaller individual, presumably
female, was dated to 6905+55 BP (AAR-9342,
uncorrected) using a sample taken from a rib.
Fischer et al. (2007) discuss the §*C and 6N
values associated with these dates and apply a
marine reservoir correction to the “C ages.

The first attempt at excavating the burial
(2007)

Since the end of the Tybrind Vig project in
1987, Danish waters have been divided into
five areas, each under the auspices of a museum

recognized by the Danish Heritage Agency.
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Tybrind Vig is in the zone for which the
Langeland Museum has responsibility. In 2007
the Danish Heritage Agency provided funding
toward the documentation and excavation of the
burial. The museum assembled a group of diving
archaeologists from Langeland and Haderslev,
and Trondheim in Norway, and settled in
a nearby summerhouse. The historic vessel,
Mjolner, owned by the Langeland Museum,
served as a base, and this was supplemented by
a 14-foot boat and a small inflatable. The team
had two weeks to complete their work, and
promptly went ahead by removing the protective
covering of rocks and sandbags. Since 2004
seaweed had transformed the cover into a dark-
green oasis in the sandy surroundings. The area
around the burial was strewn with exposed flint
artefacts, interspersed with pebbles. Immediately
beside the burial, two fossil tree trunks from
the transgressed Stone Age forest lay partly
embedded in the sediment.

The burial lay some 250 m from the shore, at
a depth of 3 m, in the outer part of the Tybrind
Vigsite (Fig. 2.1). The bay is almost semicircular,
directly exposed to the west and the prevailing
winds in Denmark. The bathymetry of the bay
shows a prehistoric lagoon, with its entrance to
the north, providing relatively deep water only

250 m from the present shore. The settlement
area that was the object of the decade-long
investigations lies near the entrance of the lagoon,
on its landward (eastern) side, and the new burial
is in the western, deepest part of this area.

The Norwegian contingent from the Science
Museum in Trondheim, which like the Langeland
Museum, has the responsibility for the underwater
heritage management of a large area, initially went
in the water to familiarize themselves with Danish
shallow, sandy bottom — and with the abundance
of worked flint that had been washed out of the
sediment. It was a challenge for them not to raise
large quantities of flake axes and fine blades, as
per the instructions from the museum in charge.
Given the limited amount of time available for
the documentation of the burial, the cataloguing
of stray finds was not a priority.

After the protective covering had been
removed, and the rocks and sandbags placed to
one side, a frame of scaffolding measuring 4 x 4
m was put into place on four vertical posts. Then
levels were taken on the seabed within the square
using a clear plastic tube mounted on a pole with
a marked fix point. The top layer of loose sand
was removed with a water dredge with a mesh
bag tied to its ejecting end, thus collecting any
rocks or artefacts contained in this layer. As these
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Figure 2.2: Diver’s view
of the burial immediately
after it was uncovered
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Figure 2.3: Photo mosaic
of the double burial
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were considered to be in a secondary position,
their positions were only recorded to the nearest
2 x 2 m square. Under the loose sand was a fine
clayey gyttja, through which roots of rushes
had grown in such amounts that this deposit
was initially mistaken for peat. This surface was

also levelled. The burial then became visible as
a depression and, at an arm’s length from this,
there was a semi-circular line of rocks, which
was probably created in 2004 when the burial
was discovered. Since 2004 the location of the
skeletons had been marked by a piece of cloth,
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and two pairs of stainless steel pins. When the
cover was removed, 60 cm of perfectly preserved
spine was visible. It could be seen that the person
had been buried with the pelvis toward the east,
and the head to the west.

By this stage the weather had deteriorated, and
diving had only been possible during two full
days, in addition to about two half-day’s worth
of work in strong winds and a choppy sea. It was
not likely that the burial could be uncovered and
documented in the amount of time available, and
the decision was made to cover the burial once
more, and hope for better conditions at another
time.

The following season — uncovering and
salvaging in 2008

A new team was assembled in 2008, when
colleagues from Moesgird Museum in Arhus
joined the Langelanders in mid-June. The
Mjolner was again used as a working platform,
but the ship had to seek shelter in the nearest
harbour at night, again due to rough weather.
This time the team only had one week at its
disposal, and hopes for better conditions than
the previous year were high. In what amounts to
two full working days, the most basic tasks were
fulfilled, and with the bones properly packed, the
team was able to leave Tybrind Vig.

The protective cover had fared well since
2007, and the sandbags were once more piled
some distance away. A thin layer of sand had
accumulated, but this was soon removed with
the dredge. Uncovering of the grave began, and
contact with the second individual was soon
made. Previously, this burial had only been
known from the find of a second skull in 2004.
The sediment was firm enough to safely uncover
the two skeletons in their entirety, without fear of
having bones carried away by waves and currents.
In the course of one long day, both skeletons were
laid bare (Fig. 2.2), and the measuring could
begin. The burial consisted of two individuals.
The largest one, probably male, was lying toward
the south, as previously mentioned, with the
head oriented to the west. This was also the case
with the somewhat smaller individual, probably
female, lying to the north snugly against the
larger individual. Both had been placed flat on
their backs, with their arms together in the pelvic
region. The smaller individual lay slightly higher
than the larger one, and must have been put
into the grave last. The two were buried elbow
to elbow (Fig. 2.3).

Only very little of the shoulder region was
preserved on both skeletons, as this was in a
higher position in the grave. The feet had almost
entirely disappeared, which may have happened
shortly after burial, as these lay at the same depth
as the leg bones, which were otherwise very well
preserved. The knees of both individuals had also
deteriorated, and the small individual’s femur was
damaged.

The bones were not studied during excavation;
on the contrary, great care was taken not
to contaminate them with the DNA of the
excavators. As soon as they were uncovered
enough to be raised, a gloved hand would bag
them immediately on the seabed, and place them
in a specially designed lifting basket. It is hoped
that ancient DNA can be recovered from the
bones. In addition, samples of the surrounding
sediment were taken with the aim of extracting
sedaDNA from the humans as well as from other
organisms that might have been present at the
site during the time of the burial.

No artefacts were found in or associated with
the burial, and no grave pit could be seen around
the skeletons. However, it should be mentioned
that the investigation was terminated as soon as
the last bone was safely out of the water. It was
not possible to carry out a thorough examination
for traces of a grave pit owing to lack of time,
but the burial location was covered once more
in order for this to be done at a later date.

Conclusions

Mesolithic burials are few, and even a single
additional example can provide valuable
additional information. When the radiocarbon
dates of the two individuals are adjusted for the
marine reservoir effect, the age of the newly
discovered double burial is ¢. 6500 BP (5500
cal BC), which corresponds to the transition
between the Kongemose and Ertebolle cultural
periods. The first Tybrind Vig grave found in
1979 is of approximately the same age. It was
situated near the burial presented here, and the
two burials could thus be part of a cemetery.
As the second burial did not reveal itself to the
participants of the initial Tybrind Vig project
(during the hundreds of dives made on or near
the spot), it is possible that more burials will
appear as a result of the slow erosion that is
taking place on the site.
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Mesolithic Hunter-Fishers in a Changing World:

a case study of submerged sites on the Jackelberg,
Wismar Bay, northeastern Germany

Harald Liibke, Ulrich Schmolcke and Franz Tauber

In the 7th and 6th millennia cal BC, the Mesolithic hunter-gatherer populations of the North
European Plain were confronted by massive changes in their environment, not only by the
increasing reforestation of the landscape but also by the rapid and global sea-level rise. This
process led to the final flooding of the Baltic basin and to the origin of the present Baltic Sea.
The investigation of the human response to this fundamental environmental change was the
main task of the geoarchacological work group of the interdisciplinary DFG Research Unit
SINCOS from 2002 to 2005 and the DFG project cluster SINCOS-II from 2006 until
2009. Wismar Bay in western Mecklenburg-Vorpommern was one of the primary regions
of investigation, and several Stone Age sites were located during the surveys. Research vessels
used geo-scientific equipment, such as side-scan sonar, multibeam echo sounder, and remotely
controlled underwater video camera, in 6.5—11 m deep water. The sites belong to different
phases of the Late Mesolithic and Terminal Mesolithic between 6800 and 5000 cal BC. The
best-preserved sites were investigated by underwater archaeological excavation. This chapter
provides an overview of the geological, archaeological, and archacozoological results of the
investigations.

Keywords: Baltic Sea, Mesolithic, Kongemose, Ertebelle, faunal history, marine geophysics,
sea-level change

Introduction work soon led to the discovery of several new

In 1998 an intensive programme of surveys on  Stone Age sites on the Jickelberg, a moraine
submerged Stone Age sites off the southwestern  ridge located about 3 km off Poel Island in the
Baltic coast of Mecklenburg-Vorpommern was ~ outer Wismar Bay (Litbke 2006). One result of
initiated by the State Authority for Archaeological ~ this cooperative effort was the formation of the
Heritage Mecklenburg-Vorpommern (Liibke  interdisciplinary DFG Research group SINCOS
2002, 2003, 2004). Specifically designed for  (www.sincos.org) from 2002 until 2005 (Harff
the localization of sites deeper than 5 m below ez al. 2005, 2007; Harff and Liith 2007), and
present sea-level, close cooperation with marine  their continuation as the DFG Project cluster
geologists from the Baltic Sea Research Institute ~ SINCOS II from 2006 until 2009.

Warnemiinde (IOW) was necessary to obtain The Wismar Bay has been central to research
information about the morphology of the recent ~ aimed ata detailed reconstruction of the Littorina
sea bottom and to reconstruct the submerged  transgression in the southwestern Baltic Sea and
palaeolandscape prior to the flooding of the its implications for the palacoenvironment and
Littorina transgression. The joint scientific ~ development of human settlements over the past
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Figure 3.1: Wismar

Bay, Mecklenburg-
Vorpommern.
Bathymetric map with
submarine Stone Age sites
Sfound up until 2009. The
Jéckelberg is a ground
moraine ridge north of
Poel Island. The area
within the white rectangle
is shown in Figure 3.2
(Digital drawing: H.
Liibke and E Tauber)

Harald Liibke, Ulrich Schmolcke and Franz Tauber

8000 years (Fig. 3.1). In the south, the shallow
water of the Wismar Bay is surrounded by hilly
moraine, while to the northwest the bay is
separated from the open Baltic by shoals (Miiller
etal. 1997). Between these shoals and Poel Island,
located in the southeastern part of the bay, a
narrow channel has formed to the northeast
with depths up to 15 m below present sea-level.
Before the Littorina transgression, the area was
a glacially-shaped valley with lime-oak forests
and freshwater lakes. During the initial phases
of the Littorina transgression, Wismar Bay first
became a semi-enclosed fjord-like inlet, before it
developed into the open bay that it is today. Its
present sandy sea bottom is partly covered with
peat layers, which mark the course of former
shorelines, lakefronts, and riverbanks.

Marine archaeological geology

Side-scan-sonar surveys

From 1999 undl 2009, ten expeditions with
the research vessel Professor Albrecht Penck and
one with Ludwig Prandtl took place in Wismar
Bay. The main investigation area was the eastern
part of the outer bay between the shallows of
Hannibal, Rerikriff, and Jickelberg, where the

outlet of the former freshwater drainage system
was situated, at the time when Wismar Bay was
a semi-enclosed fjord-like inlet. For technical
reasons, near-shore areas with a water depth
of <6 m were not accessible for investigations
with the Professor Albrecht Penck. During the
first years of the project, maps of acoustic
features were drawn manually from analogue
sonar displays during expeditions to facilitate
subsequent sampling on the seafloor. Raw
sonar data were processed and georeferenced
after the expeditions, and the resulting maps
were used on later expeditions. Since 2003
navigation to sampling sites has continuously
improved. Today, processing and post-processing
of the raw sonar data begins aboard the research
vessel immediately after recording. The actual
geographical position of the research vessel can
be displayed on georeferenced side-scan maps
within just a few hours (Tauber 2007).

The side-scan surveys were performed with
an EG&G DF-1000 dual-channel system (100
kHz and about 400 kHz). Using a slant range
of 80 m, a swath of the seafloor with a width
of about 150 m was mapped (for the principle
of side-scan surveys, see Tauber 2007: fig. 1).
The reflected intensities of the two acoustic



Mesolithic Hunter-Fishers in a Changing World

frequencies emitted and recorded by the side-
scan sonar were used to create coloured side-scan
images in a two-dimensional colour space instead
of conventional greyscale or one-dimensional
colour images. All side-scan images in colour
have inverted brightness; that s, acoustically hard
material appears dark while acoustic shadows
are displayed as bright or white. Different types
of sediments can thereby be distinguished more
easily because the different ratios of reflectivity
of both frequencies lead to a different colour hue
and saturation (Tauber 1997). The horizontal
precision of the Differential Global Positioning
System (DGPS) receiver output was limited to
2 m, but a greater inaccuracy in the absolute
geographical position of an echo source on the
seafloor is caused by the changing position and
angles of the sonar tow-fish relative to the ship.
Therefore, a mean horizontal inaccuracy of about
20 m is assumed.

The quality of recorded sonar data changed
from expedition to expedition. Weather
conditions, rough seas, air bubbles and suspended
matter in the water column, water currents,
internal waves in the halocline or thermocline,
and seasonal effects (i.e. varying abundances
of seagrass, mussels, and fluff) can all have a
strong influence on sonar images. Therefore,
side-scan mosaics of different surveys may show
different intensities, colours, and even textures
in overlapping areas. The interpretation of side-
scan images was improved successively through

ground truthing — visual inspections with an
underwater video camera or direct observations
by scientific divers. In one instance relief edges
consisting of eroded glacial till were initially
interpreted as outcrops of organic sediment
layers, but subsequent direct observations of the
seafloor yielded the correct interpretation. In the
course of time, sufficient expertise was acquired
to distinguish between eroded till outcrops, sand
dunes, flufflayers, and organic sediment outcrops
due to slightly different acoustic reflectivity and
the shapes of the features. Ultimately, it was
possible to identify outcrops of organic sediment
layers less than 10 cm thick.

Special attention was given to the detection of
ancient shorelines, outcrops of organic deposits,
and areas with suspected tree remains as well
as prospective areas of Mesolithic settlements
on evidence of the seafloor relief. Sites with
outcropping organic sediment layers (peat and
freshwater gyttja) were investigated in detail.
Areas, such as the mud-filled deeper parts of
the Mecklenburg Bay, where archaeological
investigation seems to be impossible, were
excluded from the surveys. The sonar data from
the side-scan surveys of the Jickelberg and its
surroundings were compiled to a side-scan
sonar mosaic of the investigated area (Fig. 3.2).
In combination with a detailed bathymetric
map this allowed for a reconstruction of the
palaeolandscape with lake basins, river valleys,
creek outlets, and an island (‘Jickelgrund’)
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Figure 3.2: Side-scan
sonar mosaic of the
submarine landscape
around Jickelberg.
Different colours represent
the different acoustic
responses of the seafloor.
The bathymetry of the
area within the white
rectangle is shown in
Figure 3.7 (Digital
drawing: F Tauber)
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separated from the peninsula ‘Jickelberg’ by
a small channel. This reconstruction was an
important basis for the discovery of numerous
organic sediment outcrops, partially with iz situ
tree trunks and tree stumps, which were sampled
for further geological, dendrochronological,
and dendroclimatological studies (Lampe ez al.
2005, 2007; Haeseler ez a/. 2007) and for further
archaeological exploration of submerged Stone
Age settlements.

Video observations

The review of the side-scan anomalies interpreted
as outcrops of organic deposits or tree remains
was carried out at first with different underwater
video camera systems. In the beginning, a sledge
system was used, which was pulled slowly over
the seafloor by the research vessel drifting in the
wind or current. But owing to the different and
changing weather conditions it was not always
easy to sail on course and it was not possible to
stop the sledge when a point of potential interest
was passed. Therefore, in later expeditions, the
sledge system was replaced by a ROV. In this way
it was possible to anchor the ship on site and to
investigate any suspicious anomalies with ample
time. The Hydrovision Hyball ROV system was
used in most expeditions. The underwater section
is connected to the surface control unit on board
by an umbilical, which provides the telemetry,
power and video link between the two units. The
internal mounted camera with a rotation angle
of 360° and with switchable spotlight as well as
the excellent manoeuvrability of the underwater
section, which can turn on its own axis, allowed
optimum observation of conspicuous structures
on the seafloor. In cases when the Hyball system
was not available, a smaller Video Ray Scout
system was used; but owing to the smaller
power unit and