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A RECONSTRUCTION OF MIDDLE HOLOCENE
ALLUVIAL HARDWOOD FORESTS (LOWER SCHELDT RIVER,
NORTHERN BELGIUM) AND THEIR EXPLOITATION
DURING THE MESOLITHIC-NEOLITHIC TRANSITION PERIOD
(SWIFTERBANT CULTURE, CA. 4,500 - 4,000 BC)
n
Koen DEFORCE*1,2,3, Jan BASTIAENS1 & Philippe CROMBÉ3

ABSTRACT
The analysis of a large number of charcoal fragments from fire places from a wetland camp site of the Mesolithic-Neolithic
transition period (Swifterbant culture) now permits a detailed reconstruction of a middle Holocene riverine forest along the Lower
Scheldt River (northern Belgium) and its exploitation between ca. 4,500 and 4,000 BC. The identified taxa point towards an alluvial
hardwood forest (Querco-Ulmetum minoris Issler 1924) on the sand dune on which the camp site was situated, surrounded by alder
carr. The results are compared with palynological and macrobotanical analyses from the same site and from contemporary sites
within the area; the complementarity of these different types of data is discussed. The combination of all these datasets results in a
detailed reconstruction of the environment and of its exploitation by the Swifterbant culture. The results also show that the Swifterbant people not only depended on these sand ridges for dry settlement locations, but also for firewood collection, gathering of edible
plants and most probably for the collection of leaf fodder to feed livestock during winter time.
Keywords: alluvial hardwood forest, charcoal analysis, woodland exploitation, vegetation reconstruction, Swifterbant culture

RÉSUMÉ
RECONSTITUTION DES FORÊTS ALLUVIALES DE BOIS DUR À L’HOLOCÈNE MOYEN (BASSE VALLÉE DE L’ESCAUT,
NORD DE LA BELGIQUE) ET LEUR EXPLOITATION PENDANT LA TRANSITION MÉSOLITHIQUE-NÉOLITHIQUE
(CULTURE SWIFTERBANT, CA. 4 500-4 000 AV. J.-C.)
L’analyse d’un grand nombre de charbons de bois provenant des foyers d’un site palustre daté de la période de transition
Mésolithique-Néolithique (culture Swifterbant) a permis une reconstitution détaillée d’une forêt riveraine le long de l’Escaut au
cours de l’Holocène moyen et de son exploitation entre ca. 4 500 et 4 000 av. J.-C. Les taxons identifiés indiquent la présence d’une
forêt alluviale de bois dur (Querco-Ulmetum minoris Issler 1924) développée sur la dune sableuse sur laquelle le campement se
situait, et qui était entourée par une aulnaie. Les résultats anthracologiques sont comparés avec ceux des analyses palynologiques
et carpologiques obtenus sur ce même site, mais aussi avec ceux d’autres sites contemporains de la région; la complémentarité de
ces différents types de données est discutée. La combinaison de l’ensemble des informations conduit à une reconstitution détaillée
du paléoenvironnement et de son exploitation par la culture Swifterbant. Les résultats montrent également que les dunes sableuses
ne sont pas uniquement des sites préférentiels pour l’installation des campements mais que ces environnements revêtaient aussi une
grande importance pour la collecte de bois de feu, de plantes comestibles ou encore très probablement pour la collecte de fourrage
pour nourrir le bétail en hiver.
Mots-clés : forêt alluviale de bois dur, anthracologie, exploitation forestière, reconstitution de la végétation, culture Swifterbant

1 - INTRODUCTION
During the middle and most of the late Holocene period,
the southern North Sea coast stretching from northwestern Belgium to Lower Saxony (Germany) formed a
vast area of wetlands, consisting of coastal marshes, fens,
bogs and large areas of riverine and estuarine wetlands
along the lower courses of Scheldt, Meuse, Rhine and

Ems rivers (Pons, 1992; Vos & Van Heeringen, 1997;
Behre, 2004; Vos et al., 2011). Between ca. 5,000 and ca.
3,400 BC, these wetlands were inhabited by people belonging to the Swifterbant culture and Hazendonk group
(further referred to as Swifterbant culture) and which
represents the transition of a (Mesolithic) hunter-gatherer
to an (Neolithic) agro-pastoral subsistence system for
this region (Louwe Kooijmans, 2007a). This culture was
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characterized by a broad spectrum economy, exploiting
a wide variety of resources from different environments
within the landscape (Louwe Kooijmans, 1993; 2007b).
Even after the gradual adoption of first domestic animals
and later cultivated plants, hunting, gathering, fowling
and fishing remained important elements in Swifterbant
economy. Therefore, data on the environmental context
of Swifterbant sites are crucial for the understanding of
this culture and the way it made the transition from a
Mesolithic to a Neolithic economy.
Apart for some rare exceptions (e.g. Deichmüller, 1965;
Out, 2012), almost all of the known Swifterbant sites are
situated on sand ridges, dunes and levees that represented
the only relatively permanent dry areas within these vast
wetlands (Van Der Woude, 1983; Louwe Kooijmans,
1987; Dresscher & Raemaekers, 2001; Mol, 2003; Kooijmans, 2009). Most palaeoenvironmental data for this
region however are derived from pollen sequences, basically reflecting the regional dominant wetland vegetation
(e.g. Casparie et al., 1977; Van der Wiel, 1982; Van der
Woude, 1983; Bakels & Van Beurden, 2001; Gelorini,
2006; Out, 2008, 2010a; Deforce, 2011). Also macrobotanical studies from waterlogged sediments provide little
information on the “dryland” vegetation that must have
covered the dunes on which the sites are situated (e.g.
Van der Wiel, 1982; Out, 2008). Moreover, the analyzed
sediments in the vicinity of these sites, which are contemporaneous to the occupation period, are often alluvial
(peaty) clay and it is therefore not always possible to tell
if the plant remains are of local origin or have been transported to the site from elsewhere by river water (Schepers
et al., 2013).
Some information is provided by seeds and fruits
from anthropogenic structures and refuse layers, but the
assemblages from these features can be expected to be
biased by selection in favor of edible and other useful
plants (e.g. Bakels & Van Beurden, 2001; Bastiaens et
al., 2005; Out, 2010a, 2012). Also the assemblages of
worked wood from these sites are likely to be biased by
selection (e.g. Casparie et al., 1977).
As the collection of firewood in Mesolithic and Neolithic economies is generally believed to be based on “the
principle of least effort” (Shackleton & Prins, 1992), the
analysis of charcoal from archaeological features from
these sites might therefore be a more useful tool for the
reconstruction of the local (woody) vegetation. An overview of charcoal data from Swifterbant sites is given by
Out (2010b). Unfortunately the data are, except for the
site of Hoge Vaart – A27 (Van Rijn & Kooistra, 2001),
based on only a limited number of identifications. As a
consequence, information about the composition of the
local vegetation on the sand dunes and levees where these
sites are located is still restricted.
The analysis of a large number of charcoal fragments
from the remains of surface hearths of a Swifterbant
camp site near Doel (NW Belgium) (fig. 1), which was
occupied between ca. 4,500 and 4,000 BC, now permits a
detailed reconstruction of the woody vegetation in one of
these specific environments. These results are combined
with charcoal and other macrobotanical analyses from
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the same and contemporary sites within the same area,
and with off-site palynological analyses. This not only
provides additional information on the environment of
the Swifterbant people, but also on the way this specific
environment was exploited by this cultural group.

2 - THE SITE
2.1 - REGIONAL SETTING
Salvage excavations preceding the construction of the
“Deurganck dock” as part of the harbour of Antwerp, on
the left bank of the Scheldt River, revealed three Swifterbant sites (sector B, J/L and M; fig. 1) (northern Belgium;
51°17’ N, 4°15’ E) (Crombé et al., 2004, 2009). These
sites are situated on top of late Pleistocene aeolian coversand ridges at a mean depth of 0.5 to 1.0 m below the
actual sea level. They are characterized by large clusters
of pottery fragments and lithic artifacts and, at sector B
and M, also smaller clusters (< 1 m) of burnt plant remains
and burnt bone occurred. The latter are interpreted as the
remains of surface hearths and/or hearth dumps (Crombé
et al., 2004, 2009). Based on previous research, these
sites are believed to be temporary hunting and fishing
camps, at which also livestock was held (Crombé, 2005;
Deforce et al., 2013; Van Neer et al., 2013). No evidence
has been found for local crop cultivation (Bastiaens et al.,
2005; Deforce et al., 2013).
The sand ridges on which the sites were situated are
narrow, ca. 30-40 m wide, and generally show a N(W)S(E) orientation. During the mid-Holocene period these
ridges formed the highest places in the topography
of the broad palaeo-valley of the lower Scheldt River.
They were probably one of the few dry places as extensive wetlands dominated by Alnus woodland (and associated peat growth) developed in the Lower Scheldt
valley from at least ca. 5,690 BC as a consequence of
post glacial relative sea level rise (Vos & Van Heeringen,
1997; Deforce, 2011). This peat growth was interrupted
between ca. 4,600 and 3,700 BC by the deposition of
estuarine (peaty) clay (Deforce, 2011).
2.2 - LOCAL STRATIGRAPHY AND CHRONOLOGY
At Doel, alder carr developed and wood peat accumulation started in the depressions between the sand ridges
from ca. 4,760 BC onwards (fig. 2) (Van Strydonck &
Crombé, 2005; Gelorini et al., 2006). Peat growth was
interrupted between ca. 4,590 and ca. 3,730 BC by the
deposition of peaty clay. After ca. 3,730 BC, peat accumulation resumed (and covered the sand ridges), first in
an eutrophic alder carr environment, later a mesotrophic
sedge fen and birch carr and finally a raised bog. This
upper peat layer was covered by marine clayey sediments
from 680 AD onwards (Van Strydonck & Crombé, 2005;
Gelorini et al., 2006).
In the top layer of the sand ridge, a brunified soil is
present, which is covered by wood peat. An eluviated E
horizon is absent in the soil profile. The buried surface
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Fig. 1: Location of the studied site (3) and of other sites mentioned in the text.
1/ Doel NPP (Deforce, 2011), 2/ Doel sector A (Gelorini et al., 2006), 3/ Doel sector B (this publication), 4/ Doeldok (Minnaert & Verbruggen, 1986),
5/ Doel sector M (Deforce et al., 2013), 6/ Kallo-Vrasenedok (Janssens & Fergusson, 1985), 7/ Kallo - Zeesluis (Kuijper, 2006), 8/ Hof ten Damme
(Verbruggen & Denys, 1995).
Fig. 1 : Localisation du site étudié (3) et des autres sites mentionnés dans le texte. 1/ Doel NPP (Deforce, 2011), 2/ Doel secteur A (Gelorini et al., 2006),
3/ Doel secteur B (cette étude), 4/ Doeldok (Minnaert & Verbruggen, 1986), 5/ Doel secteur M (Deforce et al., 2013), 6/ Kallo - Vrasenedok (Janssens
& Fergusson, 1985), 7/ Kallo - Zeesluis (Kuijper, 2006), 8/ Hof ten Damme (Verbruggen & Denys, 1995).

A horizon (H2) of this soil profile has a higher clay and
silt content than the underlying horizons (Louwagie &
Langohr, 2005), and is considered to be the Swifterbant
occupation surface.
2.3 - PREVIOUS RESEARCH
A description of the site Doel sector B and the excavated
features is given by Crombé (2005). A first assessment
of the wood charcoal macro-remains of Doel sector B
(Klinck, 2005) resulted in the identification of a small
number of fragments and a limited number of identified
taxa. The study of the wood charcoal from the neighboring and contemporary site of Doel sector M (Deforce
et al., 2013) showed the importance however of these
collections and it was decided to conduct a full analysis of
the charcoal fragments from sector B as well. The results
of the analysis of charred seeds and fruits from Doel
sector B have been published by Bastiaens et al. (2005)
and the zoological remains (including a large number of
fish bones) of both sites have been published by Van Neer
et al. (2005) and Van Neer et al. (2013). Off-site pollen
data from contemporaneous peat/peaty clay deposits are
available for Doel sector A (Gelorini et al., 2006), DoelNPP (Deforce, 2011), Doeldok (Minnaert & Verbruggen,
1986), Kallo-Vrasenedok (Janssens & Fergusson, 1985)
and Kallo-Zeesluis (Kuijper, 2006) (fig. 1).
This paper now presents the results of new charcoal
identifications from Doel sector B, but for the interpretation and discussion, these results are combined with the
data from the above mentioned published analyses from
contemporaneous sites within the study area.

1401-037 - Mep 1-2014-Web.indd 11

3 - MATERIAL AND METHODS
Three different zones on top of the sand ridge within
sector B have been excavated. The layer containing artefacts and charred botanical and zoological remains was
entirely sampled following a grid of 0.5 m x 0.5 m and
sieved in the field, except for 3 liters subsamples for the
analyses of charcoal and other botanical macro-remains
that were wet sieved in the lab using tap water and a mesh
size of 0.5 mm.
A total of 19 samples from 5 surface hearths have
been analyzed. The residues were randomly sampled for
charcoal fragments, disregarding the dimensions of the
individual fragments. From each sample, a minimum of
200 fragments has been studied whenever possible, otherwise all charcoal fragments from the sample have been
analyzed. Samples producing less than 50 potentially
identifiable charcoal fragments have not been analyzed.
For identification, each fragment was broken manually
and the anatomical characteristics were observed in transverse, tangential and radial planes, using a reflected light
microscope (Olympus BX41) with dark field illumination
and magnifications up to 500x. In some cases, i.e. when
not all diagnostic anatomical characteristics were visible,
the charcoal fragments were studied using a desktop SEM
(Phenom G2 Pure). Identification is based on wood anatomical identification keys and atlases (Schweingruber,
1990; Grosser, 2003; Schoch et al., 2004), and a reference
collection of charred modern wood specimens.
For samples that had previously been analysed by
Klink (2005) all identifications of charcoal fragments
have been revised.
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Fig. 2: Schematical drawing of the profiles (after Crombé, 2005).
Radiocarbon dates from Van Stydonck and Crombé (2005). (TAW: The Belgian ordnance datum that refers to mean lowest water spring and corresponding to ca. 2 m below mean sea level).
Fig. 2 : Représentation schématique des profils (d’après Crombé, 2005). Dates radiocarbone d’après Van Stydonck et Crombé (2005). (TAW : Niveau de
référence d’altitude belge, correspondant au niveau d’eau moyen le plus bas, soit environ 2 m sous le niveau de la mer).

Eight identified charred seeds or charcoal fragments
from the different surface hearths have been AMS
radiocarbon dated. Calibration was done with Oxcal
4.2 (Bronk Ramsey, 2009) using atmospheric data from
Reimer et al. (2009).

4 - RESULTS AND DISCUSSION
4.1 - RADIOCARBON DATES
The results of the radiocarbon dates are presented in
table 1 and figure 3 (after Van Strydonck & Crombé,
2005). The sum of all dates falls in a range between
4,500 and 3,990 BC (95 % probability range) or 4,435
and 4,334 BC (interquartile range) and contains no real
outliers. The three northernmost surface-hearths (SH1,
SH2 and SH3) show a very similar age distribution.
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SH4 and SH5, which are situated more southwards
and higher up the top of the sand dune, gave slightly
younger dates.
All dates fit within the time frame of the middle phase
of the Swifterbant culture, dated in the area south of the
Rhine-Meuse between ca. 4,600 and 3,900 BC (Raemaekers & de Roever, 2010; Crombé et al., 2011). This also
corresponds well with the characteristics of both the
lithic and the ceramic artifacts found at the site (Crombé,
2005; Crombé et al., 2011). These dates also show that
the occupation of the site was broadly contemporaneous
with sector M, which produced dates between 4,575 and
4,038 BC (sum of all dates, 95 % probability range)
(Deforce et al., 2013), though the interquartile range of
the radiocarbon dates of sector M (4,368 - 4,156 BC)
(Deforce et al., 2013) indicates that the main occupation is slightly younger than at Doel sector B (ca. 4,435
and 4,334 BC). These age distributions also show that
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Sample
code

Feature

Sample type

Sample
identification

Lab no.

δ13
C‰

Age (uncal BP)

Age (cal BC., 2σ)

W16/Z7(1)

SH1

charcoal

Maloideae

KIA-17995

-25.3

5635 ± 30

4539 - 4369

W19/Z1(4)

SH2

charcoal

Quercus sp.

KIA-17996

-26.3

5595 ± 35

4491 - 4355

W20/Z2(1)

SH2

charcoal

Cornus sp.

KIA-17994

-28.4

5575 ± 35

4463 - 4346

W19/Z1(4)

SH2

charred seeds

Hedera helix

KIA-17997

-27.1

5550 ± 35

4454 - 4342

W6/Z6(3)

SH3

charred seeds

unidentified

KIA-17987

-24.3

5570 ± 30

4457 - 4352

W6/Z18(4)

SH4

charred seed

Prunus spinosa

KIA-17986

-25.8

5400 ± 30

4339 - 4085

R069

SH5

charred shell

Corylus avellana

NZA-12076

-26.4

5220 ± 55

4232 - 3951

charred shell

Corylus avellana

KIA-32618

-28.29

5595 ± 35

4491 - 4355

W16/Z8(1)

Tab. 1: Radiocarbon dates of charred botanical remains from Doel sector B.
Tab. 1 : Datations radiocarbone des restes botaniques carbonisés de Doel secteur B.

hearth 1, Maloideae, charcoal

hearth 2, Quercus sp., charcoal

hearth 2, Cornus sp., charcoal

hearth 2, Hedera helix, seeds

hearth 3, undidentified, seeds

hearth 4, Prunus spinosa, seed

hearth 5, Corylus avellana, nutshell

W16/Z8(1), Corylus avellana, nutshell

5400

5200

5000

4800

4600

4400

4200

4000

3800

Calibrated date (cal BC)
Fig. 3: Calibrated age distributions (2σ) from Doel sector B.
Fig. 3 : Distributions d’âges calibrés (2σ) de Doel secteur B.

the occupation of both sector B and M is contemporaneous with the deposition of peaty clay in the lower areas
surrounding the sand dunes on which these sites are
situated (fig. 2).
4.2 - IDENTIFIED TAXA
The results of the charcoal identifications from Doel
sector B are presented in table 2 as percentages for each
analyzed quadrant, for each surface hearth and for the
whole site. For each taxon, the frequency of occurrence
in the analyzed samples (ubiquity) is also given. A total of
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3,905 charcoal fragments have been identified belonging
to 18 different taxa. Most charcoal fragments were small
but well preserved. Alnus sp. and Quercus sp. are the most
abundant taxa in the total charcoal assemblage. Moreover,
these two taxa have been found in every analyzed sample,
mostly with rather high percentages. Fraxinus excelsior,
Maloideae and Corylus avallana are also important taxa
in most of the analyzed samples. Cornus sp., Frangula
alnus, Tilia sp., Ulmus sp., Viburnum opulus and Viscum
album have not very high percentages but have been
found in at least 26.3 % of the samples. In some individual samples, Tilia sp. [40.3 %, sample W21 Z7(4)],
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14,2

13,4

187

257

1

318

8
2

1,7
1,1
12,3
179

9

2,6
0,6
3,9
308

0,4
2,4
0,4
5,3
247

5
3

17,5

28,7

17,3

7,5

14,2

12,3

0,6

1,9
0,6

1,2
2

1,1

34,4

30,8

W16
Z7(4)

31,2

W16 Z7
(3)

40,2

W16
Z7(1)

258

4

5

0,4
8,8
1,2
1,2
249

23,3

0,4
3,6

1,6
3,2
1,2
15,3

39,8

W17
Z6(2)
total

W18
Z2(3)

W19
Z1(4)

1020

27
5
5

0,2
4
0,8
5,1
983

21,8

0,1
0,1
9,1

1,3
1,7
0,3
20,7

34,9

307

262

16

8

238

301

4
1
1

0,4

0,4
2,5

2,9

0,4

80,7
0,4
8,8
0,8
1,3
1,3

5,3
1
1

15,3

26,2

2,3

3,3
2

43,5

244

1

17

226

0,4
0,4
0,9

7,5

0,9
0,4

4,4
0,4

84,5

W19
Z2(1)

452

26
2
1

423

3,3
0,7

23,6
0,9

0,5

0,2

16,1

2,6
0,2

51,8

W19
Z2(3)

SH2
c. 4500 - 4300

SH1

c. 4500 - 4300

176

11
4
5

156

0,6
1,9

0,6
5,8
1,3
42,3

7,7

0,6

39,1

W20
Z2(1)

1441

66
7
24

1344

59,1
0,1
3,9
0,7
0,2
6,8
0,1
0,1
0,1
6,8
0,1
17,6
0,3
0,1
1,7
1,4
0,9

total

96

2

94

4,3
1,1

18,1

5,3

4,3
1,1
13,8

52,1

W6
Z6(3)

161

3

3

155

0,6

53,5
0,6

4,5

18,7
1,3
18,7
1,9

W6
Z18 (1/4)

SH4
c. 4350
- 4050

SH3
c. 4500
- 4300

218

3
1
11

4,4
203

2,0

46,8

3,0

1,0
0,5
22,7

19,7

W14
Z54(3)

66

10

3,6
56

3,6

64,3

5,4

5,4

1,8

16,1

W14
Z54(4)

SH5

51

51

2
2

56,9

3,9

35,3

W14
Z55(1)

228

1

227,0

0,4

78,4

4,8

5,3

11

W15
Z52(4)

c. 4250 - 3950

222

1

0,5
0,9
221

70,1

3,6

0,5
0,9
0,5
4,5

18,6

W15
Z53 (1)

785

3
2
22

1,1
0,3
1,7
758

65,0

3,7

0,1
0,7
0,3
9,6

17,5

total

243

11

232

0,9

0,4

4,7

0,9

1,7

91,4

W11 Z2
(4)

273

2

4

267

13,5

77,2

0,4

0,4
1,5

7,1

72

72

40,3

54,2

5,6

W21
Z7(4)

features

W21
Z5(4)
(+bis)

undated

4091

116
14
56

40,53
0,08
2,48
1,1
0,23
10,04
0,03
0,05
0,05
5,53
0,05
33,27
0,13
0,05
2,3
1,79
0,67
1,61
3905

total

73,7
36,8
63,2

100
10,5
57,9
73,7
26,3
89,5
5,3
10,5
10,5
78,9
5,3
100
10,5
10,5
36,8
68,4
73,7
36,8

ub. (%)

Tab. 2: Results of the charcoal analyses of the surface hearths from Doel sector B given as percentages of the total number of identified charcoal fragments. n = number of fragments; ub. = ubiquity, i.e. the percentage
of samples in which a taxon has been identified.
Tab. 2 : Résultats des analyses anthracologiques des foyers de surface de Doel secteur B, exprimés en pourcentages du nombre total de fragments de charbons de bois identifiés. n = nombre de fragments; ub. = ubiquité, i.e.
pourcentage d’échantillons dans lesquels un taxon a été identifié.

total identified and indet.

indet (n)
bark undiff.
indeterminatum
indet. (vetrified)

taxa (%)
Alnus sp.
Clematis vitalba
Cornus sp.
Corylus avellana
Frangula alnus
Fraxinus excelsior
Hedera helix
Ligustrum vulgare
Lonicera sp.
Maloideae
Prunus type spinosa
Quercus sp.
Rhamnus cathartica
Salix sp.
Tilia sp.
Ulmus sp.
Viburnum opulus
Viscum album
total identified fragments

Sample

Age (cal. BC)

Feature

14

31/03/14 09:57

15
Ulmus sp. [8.8 %, sample W17 Z6(2)] and Viscum album
[12.3 %, sample W16/Z7(1)] do have rather high percentages however. Clematis vitalba, Hedera helix, Ligustrum
vulgare, Lonicera sp., Prunus type spinosa, Rhamnus
cathartica and Salix sp. all have very low percentages
and have been found in 10.5 % or less of the analyzed
samples.
1.71 % of the studied charcoal fragments remained
unidentified. Most of these unidentified fragments
(1.37 % of all studied fragments) showed different
degrees of vitrification, which obscured the anatomical
characteristics and made identification impossible.
The observed charcoal assemblage is very similar to
that of Doel sector M (Deforce et al., 2013). At Doel
sector B, a slightly higher amount of taxa have been
identified compared to sector M however. This can
be explained by the higher total number of charcoal
fragments that has been studied for sector B as only
taxa found with very low percentages at sector B, i.e.
Ligustrum vulgare (0.05 %), Lonicera sp. (0.05 %),
Salix (0.05 %) and Rhamnus cathartica (0.13 %) have
not been found at sector M. Also the additional study
of previously unidentified charcoal fragments using a
SEM might account for the higher taxonomic diversity
at sector B.
Although charcoal identifications generally show a
lower taxonomic precision compared to the identification of seeds, in Doel sector B and M, charcoal analyses
produced more information on the woody vegetation than
did the analyses of charred seeds (18 taxa vs. 12 taxa).
Seeds of certain taxa like Clematis vitalba, Fraxinus
excelsior, Salix and Ulmus have no economic use, which
reduces the chance that these will get in contact with
fire. And even if they would, these seeds are small and
fragile and are likely to burn completely or get highly
fragmented and thus become unidentifiable after carbonization.
On the other hand, the identification of charred seeds
does provide additional information to the charcoal
data. The wood of the two Cornus species occurring
in NW Europe, i.e. C. sanguinea and C. mas, cannot
be differentiated based on their anatomical characters
(Schweingruber, 1990; Grosser, 2003). It is far more
likely however that the charcoal found at Doel sector B
can be attributed to C. sanguinea as C. mas is probably
not native to NW Belgium (Maes et al., 2006). Only
seeds of C. sanguinea have been found at Doel sector
B (Bastiaens et al., 2005; fig. 4) and all other finds of
both seeds and pollen of Cornus at nearby contemporary sites can be attributed to C. sanguinea (e.g. Bakels
& Van Beurden, 2001; Kuijper, 2006; Out, 2010a;
Deforce, 2011; Deforce et al., 2013). The data from
the study of non-wood botanical macro-remains thus
allows the further interpretation of some of the charcoal
identifications. This is not only the case for Cornus but
the results from the analyses of the seeds also indicates
that the Maloideae charcoal most probably encompass
at least Crataegus monogyna and Malus sylvestris and
also that both T. cordata and T. platyphyllos occurred
at the site.
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4.3 - ENVIRONMENTAL RECONSTRUCTION
As both sites of Doel sector B and M are only situated
ca. 2 km apart, have the same position in the landscape
(fig. 2), are broadly contemporaneous and produced very
similar assemblages, the results of the analyses of charcoal and seeds from both sites are summarized together
(fig. 4) and used for the reconstruction of the local environment. These results indicate that the vegetation on the
sand ridges and their surroundings consisted of woodland
composed of the trees Quercus sp., Tilia platyphyllos, T.
cordata, Ulmus sp., Fraxinus excelsior, Alnus sp., Malus
sylvestris, shrubs like Cornus sanguinea, Corylus avellana, Crataegus monogyna, Frangula alnus, Ligustrum
vulgare, Prunus spinosa, Rhamnus cathartica, Salix
sp., Viburnum opulus, various taxa of climbers such as
Clematis vitalba, Lonicera sp. and Hedera helix and the
epiphytic, hemiparasitic shrub Viscum album.
The topography of the sand dunes on which the sites
of Doel sector B and M were situated, and the depressions between these, formed a gradient from rather dry
to permanent wet environments at the time of their occupation. The distribution of the above mentioned taxa in
the landscape will primarily have been determined by
this gradient in soil wetness. Based on the ecological
characters of the trees and shrubs that have been found,
especially their tolerance to high groundwater levels and
seasonal flooding (e.g. Ellenberg, 1988; Schnitzler 1994,
1995), the geomorphological position of the sand ridges
(e.g. on the valley bottom of the lower Scheldt River),
the presence of the clayey deposits surrounding the sand
ridges which show a similar age as the occupation period,
and the presence of a brunified soil on top of the sand
ridges (Louwagie & Langohr, 2005), a more detailed
environmental reconstruction can be made however
(fig 5). The local vegetation on the sand ridges must have
consisted of an alluvial forest dominated by Tilia platyphyllos, T. cordata and Quercus sp. on the highest elevations and Quercus sp., Ulmus sp. and Fraxinus excelsior
on the flanks. Cornus sanguinea, Corylus avellana,
Crataegus monogyna, Malus sylvestris, Prunus spinosa
and Ligustrum vulgare occurred in the shrub layer. The
vegetation at the foot of the sand ridges and in the lowest
areas surrounding these sand ridges was dominated by
Alnus sp. with Rhamnus cathartica in the undergrowth.
Frangula alnus and Viburnum opulus both might have
occurred on slightly moist to permanent wet soils.
This corresponds with a very specific vegetation
type, i.e. hardwood alluvial forests (German: HartholzAuenwald), which are phytosociologically assigned
to the Alno-Ulmion and more specifically the QuercoUlmetum Issler 1924. These are considered to be one of
the most productive and species-rich of temperate forest
ecosystems (Carbiener, 1970; Grubb, 1987; Schnitzler,
1994). These forests occur under specific hydrodynamic
conditions i.e. on areas within the river floodplain that are
only incidentally touched by inundations of short duration (Schnitzler 1994; Wolf et al., 1997). The frequency
of these inundations ranges from one time every few
years to a few times in one year. If the frequency of

19/02/14 11:43

16
A

Alnus sp.
Clematis vitalba
Cornus sp.
Corylus avellana
Frangula alnus
Fraxinus excelsior
Hedera helix

Ligustrum vulgare
Lonicera sp.
Maloideae
Prunus type spinosa
Quercus sp.
Rhamnus cathartica
Salix sp.
Tilia sp.
Ulmus sp.
Viburnum opulus
Viscum album
0

5

10

15

20

25

30

35

40

45 [%]

B
Cornus sanguinea
Corylus avellana
Crataegus monogyna
Hedera helix
Malus sylvestris ssp. sylvestris
Malus sylvestris/Pyrus piraster
Prunus spinosa
Quercus sp.
Tilia cordata
Tilia platyphyllos
Tilia sp.
Viburnum opulus
Viscum album
0

10

20

30

40

50

60 [%]

Fig. 4: A/ Charcoal assemblages from Doel sector B (black bars, data from this study) and sector M (grey bars, data from Deforce et al., 2013).
B/ Charred seeds (woody taxa only) from Doel sector B (black bars, data from Bastiaens et al., 2005) and sector M (grey bars, data from Deforce
et al., 2013).
Fig. 4 : A/ Assemblages anthracologiques du secteur B (barres noires, données issues de cette étude) et du secteur M du site de Doel (barres grises,
données d’après Deforce et al., 2013). B/ Graines carbonisées (uniquement de taxons ligneux) du secteur B (barres noires, données d’après Bastiaens
et al., 2005) et du secteur M du site de Doel (barres grises, données d’après Deforce et al., 2013).

these inundations rises, hardwood alluvial forest will
be replaced by softwood alluvial forests (German:
Weichholz-Auenwald), which are characterized by Salix
and Populus (Schnitzler, 1995). It is also possible that the
highest places of the sand ridge, covered with the Tilia
and Quercus dominated forest type, never were flooded
during the time of occupation as this vegetation type also
occurs outside the river valley on permanent dry soils.
The high clay and silt content of the surface A horizon
in the top layer of the sand ridge might be an indication
that even the highest elevations of the ridge occasionally
were flooded.
The high numbers of Alnus fragments in the charcoal
spectra from both sector B and M show that the depressions between the sand dunes were (almost) permanent
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wet environments but with rather stable water levels. Also
the absence of Populus and very low numbers of Salix
charcoal indicate that in the immediate surroundings of
the river dunes on sector B and M, water levels dynamics
were low and inundations were not frequent.
Alluvial environments with more frequent water
level fluctuations probably only occurred at a certain
distance from the site. In the pollen diagram of Doel
sector A, Salix hardly occurs in the levels contemporaneous to the occupation of sector B and M (Gelorini
et al., 2006). Salix does occur with higher percentages
however in pollen diagrams that are situated a little
further from Doel sector B, like Doel NPP (Deforce,
2011), Doel-Doeldok (Minnaert & Verbruggen, 1986)
and Kallo-Vrasenedok (Janssens & Ferguson, 1985), At
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Fig. 5: Schematic reconstruction of the vegetation in relation with its topographical position and inundation frequency for the environment of
Doel sector B between ca. 4,500 - 4,000 BC.
Fig. 5 : Reconstitution schématique de la relation entre la position topographique, la fréquence des inondations et la couverture végétale pour l’environnement de Doel secteur B entre ca. 4 500 - 4 000 av. J.-C.

Kallo–Zeesluis, the occurrence of the mollusc Mercuria
confusa in the deposit of a large gully, dated shortly
after 4,600 BC indicates a freshwater tidal environment
(Kuijper, 2006).
This environmental reconstruction is in line with the
results of the analyses of burnt fish bone from both Doel
sector B and M. These indicate an estuarine environment
of creeks with a lot of stagnant fresh water, although some
other taxa are more salt tolerant and must have migrated
upsteam from brackish or marine environments (Van
Neer et al., 2005; Van Neer et al., 2013). A (peri-)marine
influence in the area is also indicated by the sporadic
occurrence of marine microfossils like Foraminifera and
Dinoflagellata in the pollen diagram from Doel-NPP
(Deforce, 2011), a rise in pollen percentages of the salttolerant Chenopodiaceae family in all pollen diagrams
from the region (see Deforce, 2011 for a review) and the
occurrence of several meso- and polyhaobous diatom
taxa in the peaty clay deposit at Kallo-in Hof ten Damme
(Verbruggen & Denys, 1995).
The high number of woody taxa that have been found
and comparison with botanical studies of actual alluvial
hardwood forests (e.g. Schnitzler, 1994, 1995, 1997; Wolf
et al., 1997; Decocq, 2002) suggest that the results of
the charcoal and seeds identifications results in a fairly
complete image of the taxonomic composition of the
woody vegetation on the sand ridges. Acer pseudoplatanus, Fagus sylvatica and Carpinus betulus, species that
now sometimes occur on the highest elevations within
alluvial hardwood forests have not been found. These
trees did not reach the area before the late Holocene period
however (Verbruggen et al., 1996; Maes et al., 2006).
4.4 - WOODLAND EXPLOITATION
4.4.1 - Firewood Collection
Most of the charcoal that has been recovered from the
sites at Doel is considered to represent the remains of
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firewood that has been collected and used for heating
and the preparation of food. There are no indications
for other activities involving fire (e.g. firing of ceramics, tar production,…) though these cannot entirely
be excluded. For prehistoric societies, it is generally
assumed that firewood collection is largely based on
the “principle of the least effort”, especially when wood
is plentiful available (Shackleton & Prins, 1992). This
means that firewood would have been collected close
to the site and that all taxa were collected in proportion to their occurrence in the environment. Alternative firewood collection strategies, based on selection
or avoidance of certain taxa may be expected when
functional, ritual or symbolic motivations are involved
however (Smart & Hofmann, 1988; Chabal 1997;
Asouti & Austin, 2005; Dufraisse, 2008; Deforce &
Haneca, 2012). The same might be true when wood has
originally been collected for another purpose and the
remains are used as fuel (Kreuz, 1988). Another bias in
the representativeness of the charcoal assemblage can
occur when the analyzed charcoal residue is the result
of short time events (Chabal, 1997; Heinz & Thiébault,
1998; Asouti & Austin, 2005).
Based on the pollen data from nearby sites (Janssens &
Ferguson, 1985; Minnaert & Verbruggen, 1986; Gelorini
et al., 2006; Deforce, 2011), all showing percentages of
arboreal pollen above 80 % for the period under consideration, it can be concluded that wood must indeed have
been abundantly available. Although the studied charcoal
fragments were recovered from rather small clusters, the
taxonomic diversity of each analyzed sample and the similarity of the charcoal assemblages of the different clusters
indicate that these charcoal fragments are probably not the
result of short time activities (sensu Chabal, 1997) but are
likely to result from the repeated use of these fire places
and have probably been in use for a whole season of occupation. As there are also no indications for the origin for
the analyzed charcoal, other than domestic fires, it is thus
assumed that the observed charcoal assemblage largely
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reflects the vegetation on and directly around the sand
ridge during the period of occupation.
One exception is Viscum album. The high percentages
of V. album charcoal in some of the analyzed samples (up
to 12.3 % in sector B, and up to 22.4 % in sector M) can
most likely not be explained by its collection as firewood,
even unintentionally being attached to branches of other
collected taxa. As V. album produces only extremely
small wood volumes, it is not very useful as firewood,
and, as a hemi-parasite, it grows on branches of trees and
shrubs, and was therefore probably hard to collect. It is
therefore believed that V. album has deliberately been
collected for another, more specific use, and that the
refuse has been thrown in the fire. In combination with
the large numbers of seeds of Hedera helix, these high
percentages of V. album indicate the collection and use of
both species for their use as leaf fodder to feed domestic
animals during winter/early spring. This interpretation is
mainly based on similar finds of V. album and H. helix
in or associated with animal dung from early Neolithic sites in central Europe and southern Scandinavia
(e.g. Rasmussen, 1993; Akeret et al., 1999; Haas, 2004;
Robinson, 2007) and is elaborately discussed in Deforce
et al. (2013).
The percentages for most other taxa in the charcoal
assemblage might thus be fairly representative for their
abundance in the vegetation on the sand ridges. Also
the similarity between the charcoal assemblages from
sector B and sector M might be an indication for this.
Moreover, also for Swifterbant sites in the Netherlands,
it is concluded from the comparison of waterlogged
wood with charcoal data, that firewood collection is
primarily based on availability (Casparie et al. 1977;
Out, 2010b).
Another remarkable element in the charcoal spectra
from the sites from Doel is the high number of light
demanding taxa. Cornus sanguinea, Corylus avellana, Ligustrum vulgare, Craetagus monogyna, Prunus
spinosa, Viburnum opulus and Maloideae establish only
rarely in mature forest but can be abundant along forest
margins and in gaps (Ellenberg, 1988). High numbers
of these taxa, especially Maloideae, are also found at
several other early Neolithic sites from Belgium (Salavert, 2008; Salavert et al. in press), the Netherlands
(Bakels et al., 1993) and Germany (Kreuz, 1988; Jansen
& Nelle, in press) and are interpreted as resulting from
woodland clearances and the use of wood from hedges.
At Doel however, there is no increase in light demanding
taxa in the younger features, however, as is the case in
many other early Neolithic sites (e.g. Marinova & Thiébault, 2008; Salavert, 2008; Salavert et al., in press).
There are also no indications for crop cultivation and
therefore anthropogenic woodland disturbance might
have been minimal, though vegetation opening might
have been caused by other activities (e.g. Simmons
& Innes, 1987; Innes & Blackford, 2003). The high
diversity of light demanding shrubs at the sites of Doel
however can most probably be explained by the nature
of the natural vegetation itself at these sites, as current
alluvial hardwood forests generally do show a larger
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abundance in both shrubs and lianas. This is explained
by the unevenness in the canopy, coupled with the small
size of the leaves, favoring light penetration to trunk
and ground level (Schnitzler, 1994).
Apart from these charcoal identifications, there are
hardly any other data that provide reliable information on
the relative abundance of these light demanding taxa in
the original vegetation for comparison however. Except
for Corylus avellana, all occur only sporadically and
with very low percentages in the off-site pollen diagrams
from the region, but as these shrubs are entomophilous
with poor pollen production and dispersal capacities,
no conclusions can be drawn from this observation. On
the other hand, rather high numbers of charred seeds
and fruits of Corylus avellana, C. sanguinea and Malus
sylvestris/Pyrus piraster and some of Prunus spinosa,
Viburnum opulus and Crataegus monogyna have been
found. As the fruits of these plants are very likely to
have been collected as food (see further), these percentages also do not provide reliable information on their
abundance in the original vegetation cover. Seeds from
Salix sp. have not been found but these have virtually no
chance to be preserved charred.
4.4.2 - Food and other Useful Plants
At the sites of Doel sector B and sector M, almost
all identified seeds and fruits are from trees or shrubs
(94.9 %). In Doel sector B, only a single carbonized cereal
grain (Triticum aestivum/durum) has been found, and
very little amounts of other non-woody plants (Bastiaens
et al., 2005). In Doel sector M, no remains of crop plants
have been found and 94.7 % of the identified seeds are
from trees and shrubs (Deforce et al., 2013). Almost all
these identified seeds from woody plants might have
been collected as food or for other use by man. Hazelnuts
(Corylus avellana), acorns (Quercus sp.), crab apples
(Malus sylvestris subsp. sylvestris), sloe plums (Prunus
spinosa), dogwood berries (Cornus sanguinea), common
hawthorn berries (Crataegus monogyna), guelder rose
berries (Viburnum opulus) are also common finds at other
Swifterbant sites and are, if carbonised, considered to
represent waste from plant food (e.g. Bakels et al., 1993;
Bakels & Van Beurden, 2001; Out, 2008, 2010a, 2012).
Seeds from Viscum album and Hederea helix are believed
to represent the refuse of animal fodder (see above). Only
for the seeds of T. cordata and Tilia platyphyllos anthropogenic use is less likely but only very small numbers of
these taxa have been found. Though seeds and fruits from
herbs might be underrepresented as these are less likely
to survive the carbonisation process, these trees and
shrubs seem to have formed an important component of
the botanical diet at the Doel sites. Except for Viburnum
opulus, which might have occurred both on wet and on
dryer soil types, all these trees and shrubs must have
grown on the sand ridge itself, assumed that they have
not been brought in from upland sites. Moreover, Out
(2012) demonstrated that also at many of the Swifterbant
wetland sites from the Netherlands, dry land taxa dominate assemblages of (probably) collected plants.
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5 - CONCLUSION
The Swifterbant sites of Doel are situated on top of
sand ridges which represented the only relatively permanent dry spots in a vast area of wetlands. These sand
ridges supported alluvial hardwood forests which were
exploited for firewood collection, the gathering of food
plants and most probably also for the collection of leaf
fodder. The high productivity and taxonomic diversity of
this vegetation type might thus have contributed to the
attractiveness of these places for settling and the many
resources provided by this ecosystem might have contributed to the persistence of the broad spectrum economy
of the Swifterbant culture.
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