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Situated along the southern fringe of the North Sea basin, northwest Belgium holds great potential for
understanding hunter-gatherer responses to environmental change at the Pleistocene-Holocene transi-
tion. Recent intensive fieldwork has yielded valuable data on the palaeoenvironment, chronology, and
hunter-gatherer mobility and land use in this region. At the Late Glacial/Early Holocene transition this
region was comprised of a landscape of coversand ridges and lakes that flanked the northern part of

Keywords: the Scheldt river basin. This landscape was highly productive for hunter-gatherer populations. As the
LMazio(l;iltE;lcilcal landscape developed in response to the increasing water table caused by the inundation of the North
Hunter—gatherer Sea populations responded by changing their forms of mobility and land use. These changes are indicated
Land use by the reduction in the number and density of sites, as well as their geographical settings, from the Late
Mobility Glacial (Federmesser) and Early Mesolithic to the Middle-Final Mesolithic. Late Glacial/Early Mesolithic
Palaeoenvironment sites indicate much higher mobility comprised of rapid displacements of camps and re-occupation of
Chronology the same coversand ridges over long time-spans. Middle/Late Mesolithic sites indicate a reduction in
North Sea basin mobility, increasing focus on prolonged riverside settlement, and a more rigid organization of residential
Northwest Europe sites.

Belgium © 2011 Elsevier Inc. All rights reserved.
Introduction In this paper, we take a first step in the investigation of the re-

The southern North Sea basin is an important region for the
investigation of human responses to environmental change at the
Pleistocene-Holocene transition. This is due to the number of dif-
ferent natural variables to consider that might have impacted hu-
man societies, as well the many different ways in which societies
could have responded to environmental change over many gener-
ations. The Pleistocene-Holocene transition in this region was
characterized by an enormous loss of land (>250,000 km?), and
the typical warming and correspondent changes in vegetation that
occurred throughout Europe. A further characteristic of the transi-
tion in this region is that the lowland margins of the basin were
highly sensitive to the changes and variability of local water tables.
The loss of land and the changes in vegetation and water tables
would have placed significant organizational constraints on the
hunter-gatherer societies living in the region.
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sponses of hunter-gatherers to environmental change at the Pleis-
tocene-Holocene transition in the southern North Sea basin. This
first step requires that we take a broad-scale ‘landscape approach’
which entails a “concentration on land use, potentially synergistic
relationships among environmental systems, landscape physiogra-
phy, and the spatial aspects of human land use strategies” (Rossig-
nol, 1992, p. 4). The relationships between hunter-gatherer social
organization and environmental change have traditionally been
understood in Mesolithic research in terms of Binford’s (1980) for-
ager-collector model or Woodburn’s (1980) immediate-delayed re-
turn model because they focus on the role of key resource
distribution in the structuring of hunter-gatherer settlement sys-
tems. However, in recent years these models’ focus on the linear
development of complexity in hunter-gatherer societies has come
under increasing criticism by Mesolithic researchers due to the
lack of empirical evidence indicating a gradual rise in complexity
through increasingly structured organization of people and/or
increasing intensification of exploitation (Rowley-Conwy, 2001;
Spikins, 2008). Within the southern North Sea basin, evidence from
the southern Netherlands suggests the opposite of a linear devel-
opment to complexity, where there appears to be greater special-
ization, intensification, and larger settlement sites in the Early
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Mesolithic than in the Late Mesolithic (Verhart, 2008, p. 181),
which might appear like an actual decrease in complexity accord-
ing to the Binford and Woodburn models. Despite widespread
recognition of coastal locations as the regions where “the most ‘or-
ganized’ societies tend to exist” (Spikins, 2008, p. 10), the evidence
from the southern Netherlands and from other regions of Europe
(cf. Rowley-Conwy, 2001) suggests that we take caution when
attempting to read complexity or intensification into our datasets
for diachronic change in Mesolithic land use, even if these datasets
come from coastal locations.

The considerable temporal and spatial variability of Mesolithic
mobility and social interaction (Lovis et al., 2006a,b) requires that
researchers investigate diachronic change in hunter-gatherer land
use on a regional basis. Once regional-scale data is recorded and
analyzed the next step is a comparative study between regions in
order to understand the full extent of responses to environmental
change. Assessment of long-term change in Mesolithic land use
systems and their placement along the forager-collector contin-
uum should come as a later stage of analysis once in-depth regio-
nal and inter-regional comparative studies have been carried out.
Before interpreting whether a Mesolithic population is a ‘forager’
or ‘collector’ system there are many fundamental archaeological
problems that hinder knowledge of hunter-gatherer land use sys-
tems—such as taphonomic (e.g. site covering, bioturbation, ero-
sion) and/or research biases (e.g. survey intensity and excavation
contexts)—that must be dealt with first. For instance, for the south-
ern North Sea basin problems of taphonomic processes and re-
search biases have greatly hindered the potential for analysis of
Mesolithic land use systems. However, as we show in this paper,
intensively utilized agricultural areas can offer good opportunities
because most sites are situated at the present surface due to long
histories of ploughing. We focus on the region of Sandy Flanders
in northwest Belgium, which comprises an area where the majority
of prehistoric sites can be detected by field-walking. Intensive
fieldwork over the last 25 years has resulted in detailed distribu-
tion maps of the occupation of the last 12,000 years. In this paper
all of this evidence will be examined for its contribution to our
knowledge of hunter-gatherer responses to environmental change
at the Pleistocene-Holocene transition, specifically the Late Glacial
(Federmesser)-Final Mesolithic (ca. 12,000-4000 cal BC).

The (palaeo)environment

Sandy Flanders encompasses a low-lying area situated between
3 and 15 m above sea-level extending from the North Sea coast in
the west to the lower course of the Scheldt River in the (south)east
(Fig. 1). It is covered mainly by coversand sediments deposited by
aeolian activity during the Pleniglacial and the colder Dryas stages
of the Late Glacial (Heyse, 1979). These coversands are lying
unprotected at the present surface, except for the westernmost
(coastal polders) and northernmost (Scheldt polders) parts where
they are covered by Holocene peat and/or (peri)marine clay.

The general topography of Sandy Flanders is characterized by
numerous coversand ridges which were formed primarily by sedi-
ments blown from the bottom of the southern North Sea plain by
dominant northwestern winds during the Late Glacial (Heyse,
1979). Most of these ridges are rather small, low (ca. 1-2 m height)
and elongated, covering anywhere from ten to hundreds of meters.
One pariticular sandridge, called the Great Ridge of Verrebroek
(Stekene) - (Maldegem) Gistel, stands out by its larger dimensions
as it traverses the entire area of Sandy Flanders from east to west
(ca. 80 km) and is locally 1.5-3 km wide (Fig. 1). This massive dune
also reaches higher (mean 5 m) and has a typical dune profile char-
acterized by a rather steep southern edge (1-4%) and a gently slop-
ing northern side (1-1.5%). The dune was formed gradually during
different series of deflation in the cold stages of the Late Glacial,
which alternated with wet phases. The latter are exhibited by the
presence of several humiferous to peaty sub-aquatic sediments (pal-
aeosols) dating to the Bglling (ca. 12,300-12,100 cal BC) and Allered
(ca. 11,950-10,700 cal BC) interstadials. These horizons represent
the bottom of large depressions filled with shallow (<1 m) to deep
freshwater (3-6 m) (Heyse, 1979; Verbruggen et al., 1996). Most
of these depressions, except for the youngest ones formed during
the Younger Dryas (ca. 10,700-9600 cal BC), had a rather restricted
lifetime as they were quickly filled in by drifting sand.

Other types of wet depressions were formed along the foot of
the steep southern edge of the Great Ridge. These depressions were
created, probably already from the very beginning of the Late
Glacial, by local erosion induced by a blocking of the natural sur-
face water runoff of the area caused by the formation of the Great
Ridge (De Moor and Heyse, 1978; Verbruggen et al., 1996). Surface
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Fig. 1. Map of Sandy Flanders in NW Belgium showing the main landscape features.
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water and groundwater accumulated in local depressions forming
numerous shallow lakes along the entire southern edge of the
Great Ridge. Different from the windblown depressions mentioned
above, these lakes were present throughout the entire Late Glacial
and were filled gradually with lacustrine sediments, mainly marl.
Most of them dried out during the Younger Dryas or the start of
the Holocene, as a result of a drastic lowering of the groundwater
table caused by increased evapotranspiration and eventually
turned into marshland at least from the Boreal/early Atlantic on-
wards (Verbruggen, 1971; Denys et al., 1990). The largest lake of
the area, called the Moervaart, measures approx. 15 x 2.5 km (Bats
et al., 2009, 2010); however, most other lakes are much smaller
spreading over just a few hundreds of meters.

Summarizing, the prehistoric landscape of Sandy Flanders was
dominated by hundreds of small sand ridges and shallow palaeola-
kes, the latter disappearing ultimately at or soon after the onset of
the Holocene.

South of the Great Ridge and its palaeolakes some tertiary out-
crops called cuestas occur which dominate the landscape due to
their height, rising up to 25 m above the landscape. Outcrops of
flint are situated on these low hills. Despite the mediocre quality
of this flint it made up the primary stone procurement source for
Late Glacial and Early Holocene forager societies.

The river system in Sandy Flanders is dominated by the Scheldt
basin, which runs along its southern and eastern border towards
the large prehistoric delta of the Meuse-Rhine-Scheldt situated
in the western Netherlands. The Scheldt developed into a mean-
dering river with large oxbows at the start of the Late Glacial (Ki-
den, 1991). The Kale/Durme river makes up the most important
tributary in Sandy Flanders, flowing to the northwest of the Scheldt
and joining it after having cut through the Moervaart lake. Results
of recent research have indicated that start of the incision of the
Kale/Durme took place during the transition from the Late Glacial
to Holocene, after the Moervaart lake had already dried up (Bats
et al., 2009).

Sandy Flanders has a rich history of palaeovegetational study.
At least fifty Late Glacial lake deposits have been analyzed palyno-
logically (Verbruggen, 1971, 1979; Verbruggen and Van Dongen,
1976; Verbruggen et al.,, 1996; Deforce et al., 2005). However,
the Early Holocene has received much less investigation due to
the scarcity of organic sediments. Recent research has started to fill
in the gaps of knowledge relating the diachronic evolution of this
dynamic physical landscape. At present we are finally able to de-
velop a broader understanding of the different developmental pro-
cesses of this region. This new research has established the
following understanding of landscape development in Sandy
Flanders.

The Late Glacial period was comprised of a complex series of
different vegetation phases, beginning with a treeless tundra rich
in various herbs, followed by a shrub tundra with dwarf birch, wil-
low, juniper and sea buckthorn (Belling s.1.). During the Bglling an
open birch forest covered the landscape. During the subsequent Al-
lergd this forest gradually got denser until the arrival of pine
around ca. 11,200 cal. BC; at that time a pine-birch taiga forest
interspersed with many open patches was developed and covered
large parts of the area. Despite the ultimate climatic deterioration
of the Younger Dryas the vegetation persisted rather well, during
which an open woodland with birch and pine and a rich herba-
ceous undergrowth appeared. At the onset of the Holocene, when
the lake landscape disappeared, a more closed and probably dry
forest re-appeared, dominated first by birch and later on by pine
and hazel (Preboreal). From the Boreal onwards hazel expanded
rapidly, followed by the gradual arrival of the first deciduous trees,
e.g. oak and elm. Around the transition from Boreal to Atlantic (ca.
7000 cal. BC) “Quercetum mixtum” or Atlantic climax-forests cover
the drier grounds, with alder in wetter parts.

Archaeological evidence
Database’

Since the mid-80s large parts of Sandy Flanders—excluding the
polder and river floodplain areas—have been intensively (e.g.
yearly) and systematically surveyed by means of field-walking
mainly by amateur-archaeologists (Van der Haegen et al., 1999;
Crombé and Verbruggen, 2002; Van Vlaenderen et al., 2007; Ser-
gant et al., 2009). This resulted in the discovery of a large number
of prehistoric sites, dating to the Final Palaeolithic and Mesolithic,
while some Neolithic sites have also been reported (Crombé and
Sergant, 2008). Some of these sites have been further investigated
by means of (salvage) excavations (Crombé, 1998, 2005) and dril-
lings (Crombé, 2006; Bats, 2007). In the context of a recent re-
search project all this data has been put into a geographical
information system (GIS) database, which has enabled a detailed
analysis of the site distribution throughout different stages of the
Late Glacial and Early Holocene. The database contains information
for both the archaeological (artifact typology and technology, raw
material, etc.) as well as the environmental (soil type, drainage, po-
sition, height, etc.) characteristics of each site.

The database comprises 744 sites and more than 128,000 arti-
facts. The vast majority of sites are very small, possessing less than
50 finds (Fig. 2). Some may be interpreted as ephemeral sites, but
most small assemblages probably represent sites which have not
yet been surveyed long enough to yield a substantial artefact
assemblage. As a result these small sites cannot be dated accu-
rately because most of the key chronologically diagnostic artefacts
are missing. Even the larger surface sites are not always easy to
date; assemblages smaller than ca. <400 artifacts generally contain
too few diagnostic types, e.g. armatures, burins, etc., to be datable
with some precision (Table 1). In addition the larger a site/assem-
blage gets, the greater the chance it represents a mixture of differ-
ent occupation events (e.g. palimpsests; Bailey, 2007). Determining
which finds belong to which occupation phase is a difficult if not
sometimes impossible task. After a critical analysis of the database
just 126 sites could be dated with enough confidence on the basis
of techno-typological criteria to one of the chronological stages
within the Final Palaeolithic and Mesolithic.

Chronological distribution

The sites have been attributed to five different chronological
stages (Table 2). The oldest Late Glacial sites so far date back to
the Federmesser culture, which is currently dated in Belgium—by
just a few radiocarbon dates—to the Older Dryas and Allerad inter-
stadial (De Bie and Vermeersch, 1998; Crombé et al., 1999). Thus
far no traces of the Ahrensburgian culture have been reported,
indicating that the area of Sandy Flanders might have been unoc-
cupied during the colder Younger Dryas. However, this demands
further investigation as it is not entirely excluded that, comparable
to southern areas such as central France, the Federmesser continued
to exist, albeit in a somewhat hybrid form (Epi-Labourian) (Valen-
tin, 2008; Crombé et al., in press).

From the middle Preboreal onwards (ca. 8800/8700 cal. BC) re-
newed occupation is attested by numerous Mesolithic sites. Con-
trary to the Late Glacial period, the Mesolithic in Sandy Flanders
is well-dated (Crombé, 1999; Crombé et al., 2009a,c). Based on a
series of more than 150 radiocarbon dates mainly obtained on car-
bonized hazelnut shells, the Mesolithic can be subdivided into an
Early, Middle, Late and Final stage (Table 2). The Final Mesolithic

! The most important data from this database has been gathered in an appendix,
available in the online version of this paper.
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Fig. 2. Distribution of prehistoric sites according to the size of the lithic assemblage.

Table 1
Overview of diagnostic elements used for relatively dating the sites.

Stage Typological diagnostics

Technological diagnostics

Final Palaeolithic
Early Mesolithic
burins
Middle Small backed bladelets, microliths with flat retouch
Mesolithic
Late Mesolithic
Final Mesolithic

Trapezes, regular blades with Montbani retouch

Backed (Federmesser) points and bladelets, numerous burins (dihedral, on truncation)
Points with (un)retouched base, (scalene) triangles, crescents, very few (atypical)

Small trapezes, regular blades with Montbani retouch, (Swifterbant) pottery

Regular blades
Irregular (Coincy-style) blade(let)s

Irregular (Coincy-style) blade(let)s
Regular (Montbani-style) blade(let)s, broad microburins

Regular (Montbani-style) blade(let)s, absence of
microburins

Table 2
Chronological list of Final Palaeolithic and Mesolithic sites in NW Belgium.

Absolute number of sites

Corrected number of sites per 100 years calibrated

Stage Time range (cal BC)

Final Palaeolithic 12,100-10,750 30
Early Mesolithic 8750-7400 49
Middle Mesolithic 7400-6500 16
Late Mesolithic 6500-4500 26
Final Mesolithic 4500-4000 5

222
3.63
1.77
1.00
1.00

corresponds to the stage in which pottery associated with the
Swifterbant culture appeared in hunter-gatherer contexts (Crombé
et al., 2002; Crombé et al., 2011).

The chronological distribution of the sites shows an important
variability in the number of sites per phase (Fig. 3). Looking at
the raw data expressed in absolute numbers, there is a marked
dominance of sites belonging to the Early Mesolithic, followed by
those of the Federmesser and the Late Mesolithic. Middle Mesolithic
and Final Mesolithic sites on the other hand are less numerous.
However, considering the difference in the duration of each chro-
nological phase, another pattern emerges. The corrected figures
(Fig. 4) demonstrate a marked decrease of sites after the Early
Mesolithic; from the Middle Mesolithic to the Final Mesolithic
the number of sites decreases gradually. Only for the Final Meso-
lithic the data may be somewhat biased by taphonomic factors

(cf. below) and the minor differences with Late Mesolithic indus-
tries (cf. Table 1).

Geographical distribution

The general distribution map of all surface sites—those which
are not accurately dated to one of the above stages included—
shows a non-random distribution over the study-area (Fig. 5). This
is also confirmed by means of an average nearest neighbor analysis
(Hodder and Hassall, 1971; Pinder et al., 1979; Whallon, 1974)
(Fig. 6). Using kernel density estimates (Baxter and Beardah,
1996; Baxter et al., 1997), it is possible to roughly demarcate mi-
cro-areas with a high density of sites. These cluster areas are from
west to east:
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Fig. 3. Chronological distribution of prehistoric sites in real numbers (cf. Table 2).
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Fig. 4. Chronological distribution of prehistoric sites in corrected numbers (cf. Table 2).

- the region around the cuestas halfway between the cities of
Bruges and Ghent, called the “Meetjesland” (Fig. 5.1).

- the dry banks of the Kale/Durme river (Fig. 5.2a and b).

- the area around the Moervaart palaeolake, northeast of Ghent
(Fig. 5.3).

- the adjacent area west of the city of Antwerp, called the “Waas-
land”, with a dense clustering along the southern edge of the
Great Ridge (Fig. 5.4).

In the remaining parts of Sandy Flanders the density of sites is
much lower. In some areas this is certainly the result of a bias in
the database, caused by a lack of survey intensity. This holds for
the area south of Bruges where field-walking has commenced re-
cently (Fig. 5.5) (Sergant et al., 2009), which has already indicated
a site density comparable to the adjacent “Meetjesland” area. An-
other slightly biased area is situated in the southern part of the
“Waasland” area (Fig. 5.6); here the presence of numerous “bolle
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Fig. 6. Nearest neighbor analysis of Stone Age sites in Sandy Flanders against 100 sets of random distributed points, indicating the clustered distribution of Stone Age sites.

akkers” or “raised fields”(Van Hove, 1997) hinders the detection of
prehistoric sites considerably as they are covered by Medieval
deposits. The dry grounds along the Scheldt floodplain and its Late
Glacial oxbows have not yet been intensively surveyed, explaining
the rather low number of sites (Fig. 5.7). Recent drilling research
into the Scheldt floodplain, however, has revealed numerous
sealed sites indicating intense exploitation of these wet environ-
ments (Crombé, 2005, 2006; Bats, 2007; Perdaen et al., 2009b).
On the other hand the significant lack of sites in the areas
immediately to the north(west) and east of Ghent, corresponding
to the sedimentation plain of the Pleistocene Flemish Valley (De
Moor and Heyse, 1978), cannot be explained by a lack of research.

In both areas, besides targeted field-walking, several very large sal-
vage excavation projects, covering many tens of hectares (Ryssaert
et al., 2007; Laloo et al., 2009), and follow-ups of gas pipeline con-
struction (In t'Ven and De Clercq, 2006) yielded only few traces of
hunter-gatherer activity. An explanation might be sought in the
near absence of large enough sand ridges for occupation in these
areas, except along the banks of the Kale/Durme River which runs
diagonally through them.

Thus, taking into consideration the bias caused by limited re-
search in some micro-areas, we can conclude that practically all
of Sandy Flanders was intensively exploited during the Late Glacial
and Early Holocene. The only area attesting a lack of intensive
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Fig. 7. Spatial analysis of the topographical position (difference between the height at the site and the average height of the surrounding areas, within a radius of 300 m) of
Stone Age sites, against 100 sets of random distributed points, indicating the preference for slightly higher grounds for settlement location. The significance of the observed
pattern is confirmed by a chi square test.

Relation Soil Texture - Site Location

LightSandy Loam Sandy Loam Clay, Peat & Marl

Soil Texture

Expected Random Pattern (n=100*191points) O chisquare Value

Fig. 8. Spatial analysis of soil texture of Stone Age sites in Sandy Flanders against 100 sets of random distributed points, indicating the preference for sandy soils for
settlement location. The significance of the observed pattern is confirmed by a chi square test.

exploitation was the central area. Spatial analysis, by means of a with a sandy (moderate) dry soil, within a distance of generally less
GIS and statistical-based approach, of all prehistoric sites in rela- than 200-300 m from open-water (lake border, river, etc.).

tion to different environmental attributes (Fig. 7-10) clearly re- Investigation of diachronic variability in site distributions re-
veals that hunter-gatherers had a strong preference for settling veals some very interesting changes in land use from the Final Pal-
their camp-sites on slightly higher positioned grounds preferably aeolithic to the Final Mesolithic periods (Fig. 11-15). Federmesser
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Fig. 9. Spatial analysis of soil drainage of Stone Age sites in Sandy Flanders against 100 sets of random distributed points, indicating the preference for dry and moderate dry
soils for settlement location. The significance of the observed pattern is confirmed by a chi square test.
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Fig. 10. Nearest neighbor analysis of the distance between Stone Age sites and open-water against 100 sets of random distributed points, indicating the clustered distribution

of Stone Age sites in the near vicinity of open-water.

sites were distributed throughout the entire study-area, with a dis-
tance between sites of up to several kilometers (Figs. 11 and 16). A
much denser occupation is attested along the northern dry bank of
the extensive Late Glacial Moervaart lake; here Federmesser sites
are located just a few hundred meters from each other. They form
an almost continuous cluster of sites in a kind of site-complex

stretching over 15 km; the interruption in the middle is caused
by modern building (town of Moerbeke). The evidence clearly
points to the fact that this former lake was an important compo-
nent in the Late Glacial hunter-gatherer landscape, and formed
one of the principal “central foci” or “persistent places” (Barton
et al, 1995) within Sandy Flanders. The Moervaart lake
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represented one of the richest biotopes in terms of productivity,
diversity and predictability within the area. The site-clustering
might indicate either a higher frequency of site re-occupation by
small groups, or a larger aggregation of small groups within the
yearly cycles compared to elsewhere in Sandy Flanders. As a mat-
ter of fact the generally small size of the Federmesser assemblages
throughout the study-area points to very temporary occupations,
probably by small groups (cf. below). The lack of clear inter-site
differences within the artifact and tool composition hints at only
minor functional differences between these Federmesser sites.
The Early Mesolithic occupation pattern (Fig. 12 and 16) is very
similar to the Federmesser one, except for the fact that dense and
extensive site-complexes no longer occur along lake borders, as
these were by that time already completely dried out. Site-com-
plexes now appear on the dry banks of river systems, such as the
Kale/Durme River and a possible fossil river system along the
southern edge of the Great Ridge in the eastern part of the

study-area (Waasland). During this period river banks became
the seasonal focus of occupation in the settlement system. In the
Waasland area an almost continuous series of small Early Meso-
lithic sites runs over a distance of ca. 8 km. Salvage excavation
on some of these sites, e.g. at Verrebroek “Dok 1” (Crombé, 2005;
Crombé et al., 2003, 2006) and Verrebroek “Aven Ackers” (Sergant
et al., 2007; Crombé et al., 2009c) clearly indicate that this large
site-complex results from long-term, seasonal re-occupation of
the southern dune side over many hundreds of years. At Verreb-
roek “Dok 1" excavations over a total surface of 6210 m? yielded
at least 55 artifact loci occupied diachronically over a period of
ca.1 millennium, spanning the entire Early Mesolithic (Van Stry-
donck and Crombé, 2005). The generally small size of these loci
(<20/25 m?) probably indicates the presence of relatively small
groups, who according to microwear analyses focused on hunting,
and plant and hide processing (Beugnier and Crombé, 2005). The
overall presence of carbonized hazelnut shells indicate that these
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Fig. 13. Spatial distribution of Middle Mesolithic sites using kernel density estimates.
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Fig. 14. Spatial distribution of Late Mesolithic sites using kernel density estimates. A distinction is made between small (<10 trapezes) and large sites (=15 trapezes).

activities were mainly performed during late summer or early au-
tumn, although consumption of stored hazelnuts must be consid-
ered too. The overall picture that emerges from all these data is
one of highly mobile Early Mesolithic groups of relatively small
size (several families), who preferably settled along wet-dry gradi-
ents along waterways.

This settlement pattern contrasts sharply with that of the youn-
ger Mesolithic stages. Although river banks remain the most favored
settlement locations, during the Middle (Fig. 13) and Late Mesolithic
(Fig. 14) the site density drops considerably (Fig. 16). Typical site-
complexes do not occur any longer, as camp-sites become more
widely spaced. Simultaneously an important shift in the site location
occurred, especially at the transition from the Early/Middle Meso-
lithic to the Late Mesolithic. Analysis indicates that there is much
less re-occupation of old camp-sites in the Late Mesolithic
(ca. 15%), compared to the Early (ca. 30%) and Middle Mesolithic
(ca. 46%), suggesting that Late Mesolithic hunter-gatherers more

often settled on locations which were not occupied in earlier
Mesolithic stages. However, the environmental characteristics of
the settlement locations (Fig. 17-19) did not change much through
time, except that Middle and Late Mesolithic sites tend to be situated
on somewhat lower and wetter grounds.

The above changes during the Late Mesolithic go together with
a marked decrease in the number of small sites/assemblages (<10
microliths) compared to the Early Mesolithic (Fig. 20). Most of the
small sites only yielded a few tools, e.g. trapezes and retouched
blades, and no or only few knapping waste, suggesting a very brief
and specialized use of these locations (e.g. as hunting stand, kill-
site, etc.). At the same time the number of very large assemblages
(>20 microliths) increases considerably (Fig. 20); these most likely
represent settlements which were occupied much longer or were
more frequently re-occupied. These larger sites occur at important
nodal positions between the most dominant features in the land-
scape (Fig. 14), e.g. at the point where the Kale River enters
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(Sint-Kruis-Winkel “Spanjeveer”) and leaves (Eksaarde “Fondatie”)
the extensive Moervaart mire, at the northeastern outlet of the
mire (Stekene “Molenberg”) or on the top of a Tertiary hill (Aalter
“Stratem”). In sum, the evidence clearly points to an important
change in the settlement system within Sandy Flanders which
might be connected with a change in the social organization and
mobility of hunter-gatherers.

The settlement system of the Final (Swifterbant pottery) Meso-
lithic of the second half of the 5th millennium cal BC is currently
difficult to analyze as only five sites are known in Sandy Flanders
(Fig. 15). All of them are situated in the floodplain of the Scheldt
River and were discovered during salvage excavations (Crombé

et al., 2009b). So far no Swifterbant sites could be identified among
the dryland surface sites, but according to some scholars (Raemae-
kers, 1999) this is due to taphonomy - it is claimed that soil acidity
is responsible for the degradation of pottery — and the impossibil-
ity of discerning Late and Final Mesolithic lithic assemblages. Re-
cent research has yielded results that contradict these earlier
interpretations (Crombé and Sergant, 2008). In our opinion the Fi-
nal Mesolithic testifies a further displacement of the occupation to-
wards lower and wetter grounds, e.g. river fen-woods, which due
to rising sea-level expanded rapidly in the lower Scheldt floodplain
especially in the last decennium of the Atlantic period (Verbruggen
et al.,, 1996). The dry interior was not inhabited any more or less
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Fig. 17. Spatial analysis of the topographical position (difference between the height at the site location and the average height of the surrounding areas, in this case within a
radius of 300 m) of sites for each chronological stage, compared with the expected ramdom pattern (generated out of 100 sets of random distributed points).
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Fig. 18. Spatial analysis of soil texture of sites for each chronological stage, compared with the expected ramdom pattern (generated out of 100 sets of random distributed
points).

frequently, but rather constituted the hinterland of the wetland and combined use wear traces than Early Mesolithic tools, which
sites. This further reduction in mobility is supported to a certain possibly indicates prolonged use. Interestingly, the pattern of wear
degree by recent microwear studies (Beugnier, 2007b), which traces shows more affinities with what is usually observed on tools

found that Final Mesolithic tools generally yield more intense from Neolithic (semi)permanent settlements.
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Fig. 20. Comparison of the size of lithic assemblages from the Early and Late Mesolithic based on the number of microliths.

During the oldest stages mobility was very high, comprised of
frequent displacements of camps and re-occupations of the same
The gradual reduction in the number of sites and site density, dunes over considerable time-spans. These findings are similar to
together with changes in their geographical distribution are strong the outcomes of research in other study-areas, e.g. in Central Eur-
indications of changing land use between the Federmesser/Early ope (Jochim, 1998, 2006; Whittle, 1996; Fisher, 2006), where the
Mesolithic and the Middle/Late/Final Mesolithic. Early Mesolithic is also characterized by highly mobile population

Discussion
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and comparatively small group size. During the Late/Final Meso-
lithic mobility probably slowed down leading to prolonged and fo-
cused residential positioning of sites.

It is rather evident that the diachronic changes were due sub-
stantially to environmental changes, although other agencies (so-
cial, ritual, etc.) certainly must have played a role too (Robinson,
2007, 2010a). The rather uniform settlement pattern during the
Late Glacial Allergd interstadial and Early Holocene might be ex-
plained by the environmental uniformity between both stages, de-
spite a break in local conditions and occupation during the Younger
Dryas. Except for the disappearance of nearly all lakes, no dramatic
environmental differences can be observed between the Allerad
interstadial and the Preboreal/Early Boreal. The vegetation cover
were largely the same; in both stages a relatively open forest with
birch and pine as principal tree species occurred; the only differ-
ence is the presence of hazel in the Holocene vegetation. Similarly,
fauna would not have differed much between both stages; Allerad
and Preboreal/Early Boreal faunal assemblages in NW Europe are
mainly composed of temperate-boreal (thermophilous) species,
such as aurochs, red and roe deer and elk (Street and Baales,
1999; Benecke, 2004; Valentin, 2008; Ducrocq et al., 2008). Horse
is only present in Allergd and early Preboreal assemblages, while
wild boar only appears from the Preboreal onwards. The unpredict-
able, dispersed character of these large to medium-sized mammals
might have forced hunter-gatherers to move almost continuously
through the landscape. High residential mobility also characterizes
recent hunter-gatherer groups living in a forest boreal environ-
ment, such as the Onas, Micmacs and Montagnais, (Kelly, 1995,
pp. 123-125; Houtsma et al., 1996, pp. 68-73; Wilmsen, 1973).

It is commonly accepted that with the appearance of deciduous
tree species the forest got gradually denser leading to a darker and
more closed environment, unfavorable for large game and dense
undergrowth (for recent overview see Svenning (2002)). These
were forced to move towards the limited open zones, e.g. forest
edges and wetlands/floodplains (Waterbolk, 1968; Iversen, 1973;
Paludan-Miiller, 1987; Spikins, 1999). This change from dispersed

to more clustered resources might have been the main reason for
reduced mobility during the Atlantic/Late and Final Mesolithic.
An increasing emphasis on aquatic resources may have also played
a prominent role. Two Final Mesolithic sites in the Scheldt flood-
plain — Doel “Deurganckdock” sector B and M - have yielded, be-
sides mammal bones, numerous fish remains mainly from
freshwater species (Van Neer et al., 2005). Although the absence
of fish remains on earlier sites might have been caused by taphon-
omy, the sites of Doel prove the importance of aquatic resources in
Final Mesolithic subsistence. From ethnography it is well known
that residential moves gradually reduce when dependence on
aquatic resources is increasing (Kelly, 1995).

Clearly Sandy Flanders does not represent the entire exploita-
tion area of (micro)bands. According to ethnographic data (Hou-
tsma et al., 1996, pp. 78-72; Kelly, 1995) the annual territory or
group territory in forested environments frequently encompasses
>3000-5000 km?. Extensions to the west and north in the direction
of the North Sea basin must have been rather limited, certainly
from the Middle Mesolithic onwards as the sea water level was ris-
ing rapidly (Van de Plassche, 1982; Kiden, 1991). Territorial exten-
sions in a southern and (north)eastern direction are not hindered
by natural boundaries. Distribution patterns of raw materials
might inform us about former migration routes and socio-cultural
landscape boundaries, if raw material procurement was imbedded
in the basic subsistence practice (Binford, 1979; Rensink, 1995)
and was not part of social interaction and exchange. Although
raw material used in the Federmesser and Mesolithic is mainly of
local origin, some “exotics” seem to have been in use.

During the Federmesser stage a fine-grained black to darkbrown
flint was frequently brought into Sandy Flanders (Fig. 21);
although its exact origin is still debated, a recent micropalaeonto-
logical analysis using dinoflagellates (Verhoeven, 2002) points to
outcrops in western Hainault (Formation of Obourg) some 80 km
further south (Fig. 22.1) and in the Meuse valley 120-130 km to
the east (Formation of Zeven Wegen) of Sandy Flanders
(Fig. 22.3). Whether one or both outcrops were visited remains

Frequency of exotic raw materials
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Fig. 21. Diachronic mean frequency of exotic raw materials in Sandy Flanders.
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Fig. 22. Distribution of outcrops for exotic raw materials found in Sandy Flanders.

unclear, but the fact that apparently similar flint is also currently
found on Federmesser sites in the Campine area of northern
Belgium (De Bie and Vermeersch, 1998) and southern Netherlands
(Deeben and Rensink, 2005, p. 183), sometimes as principal raw
material (e.g. at Geldrop 3-4), favors a procurement from the
Meuse valley. However, further analysis is needed in order to con-
firm if the fine-grained black flint found in these different regions
really is identical.

Mobility during the Mesolithic on the other hand rather seems
to be oriented towards the south and southeast. Throughout the
different stages of the Mesolithic local flint has been supplemented
with mostly small amounts of quartzites (Fig. 21), in casu Wom-
mersom (WSQ) and Tienen quartzites (TQ), originating from out-
crops situated ca. 70-80 km in southeastern direction into the
hilly uplands (Gendel,1984; Perdaen et al., 2009a) (Fig. 22.4).
Although some scholars link this with exchange networks (Gendel,
1984) or prehistoric “trade” organized by specialized migrating
quartzite knappers (Huyge, 1987), in our opinion based on the rel-
atively short distances involved, the distribution of these quartz-
ites was mainly embedded in basic subsistence practices of
mobile groups which visited the outcrop area during seasonal
migration patterns. Interesting in this context is the fact that dur-
ing the Early Mesolithic TQ was preferably moved to Sandy Flan-
ders, while WSQ became important only from the Middle
Mesolithic onwards in the disadvantage of TQ (Crombé, 1998; Per-
daen et al., 2009a). The reason(s) for this shift in exotic raw mate-
rial is not yet clear, but might have to do with changes in
territoriality (cf. Crombé et al., 2008; Robinson, 2010a) linked to
the inundation of the North Sea basin and the loss of former occu-
pation areas. Another kind of exotic raw material found at several
Mesolithic sites in Sandy Flanders are “plaquettes”, used for

polishing bone objects (Hamon, 2009), which are made of different
kinds of sandstones. Some sandstones are from local origin, but
there are also foreign sandstones which originate from distant
areas, such as the Ardennes in southeast Belgium more than
100-120 km away (Fig. 22.2). It is questionable whether these
raw materials were also directly procured. Given the greater dis-
tance one might consider an exchange with hunter-gatherer pop-
ulations living in the Ardennes. The fact that these groups also used
WSQ (Gob, 1981) might indicate that the outcrop area of WSQ
(Fig. 22.4) was an important contact area for different local bands.
Indeed, also bands living to the north of the outcrop, in the Belgian
and Dutch Campine area, made use of WSQ (Huyge, 1987; Verhart
and Arts, 2005). All these WSQ using bands, each living in their
own territory separated by major river valleys (Scheldt, Meuse
and Rhine), might have belonged to a specific cultural/technologi-
cal transmission network covering an area of ca. 45,000 km?.

If the yearly exploitation area of the hunter-gatherers living in
Sandy Flanders included the upland area around TQ and WSQ, the
seasonality of the migration must be questioned. Tool-typology as
well as microwear analysis suggests little functional variability be-
tween the Mesolithic sites in Sandy Flanders, which might be an
indirect indication of a seasonal exploitation of the area. If this is
the case occupation during the warmer months of the year seems
to be most likely. However, this hypothesis is based only on the
occurrence of hazelnut shells on most Mesolithic sites (cf above;
Crombé, 1998; Crombé et al., 2009a). Further seasonal information
is not available as organic evidence is almost entirely lacking, ex-
cept for the Final Mesolithic Swifterbant sites in the Scheldt flood-
plain. Faunal and plant remains on these sites suggest occupations
during spring, (late) summer and (early) autumn (Bastiaens et al.,
2005; Van Neer et al., 2005). Yet, activities in other seasons cannot
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be fully excluded, as the evidence is based on carbonized remains
only. An additional, though indirect indication of occupation
mainly during the warmer months is the abundance of plant pro-
cessing traces on lithic artifacts from many sites in Sandy Flanders
(Beugnier and Crombé, 2005; Beugnier, 2007a). Although the exact
plant species cannot be determined yet (reeds, rushes, cattail,...),
these artifacts were clearly involved in the processing of plant
material, mainly scraping, in order to make relatively small objects,
e.g. arrow shafts, basketry, nets or fibers for producing cordage or
even textile, and not for harvesting plants for consumption (Beug-
nier, 2007a; Hardy, 2007; Hurcombe, 2007). For these purposes
fresh plant material was needed which was only available during
the warmer months. Direct seasonal information is also lacking
for the supposed winter occupation area in the upland TQ and
WSQ region, hence a further testing of our hypothesis is not really
possible.

Probably from the Middle Mesolithic but definitely from the
Late Mesolithic the flint procurement changed markedly. Com-
pared to the Early Mesolithic a higher frequency and a greater vari-
ety of exotic, good quality flint types was introduced into Sandy
Flanders, either as complete nodules or as (semi-)finished artifacts
(mainly blades). Although the exact origin of these exotics has not
yet been identified with certainty, it can be reasonably assumed
that most of them come from southern flint rich regions within
the Scheldt basin, such as the chalk areas of western Hainaut
(Fig. 22.1) and northern France (Picardie), where flint mining
started later in prehistory. One of the most “popular” flint types
imported into Sandy Flanders is a medium-grained greyish flint
with light spots (Fig. 21; average 7.17%). The occurrence of cores
and numerous cortical artifacts on several Late Mesolithic sites
points at transport as complete nodules. In the current state of
analysis it is not possible to determine how these exotic flint types
were moved to Sandy Flanders, but it is clear that both inter- and
intra-regional exchange and procurement systems got more com-
plex from the Late Mesolithic onwards (Robinson, 2010a). The rea-
son(s) for this increased importance of exotic raw materials in Late
Mesolithic hunter-gatherer communities within Sandy Flanders
might have been purely practical /technological, e.g. a need for
good quality flint in order to produce long and regular blades for
microlith (trapeze) production. As a matter of fact the change in
raw material procurement coincides perfectly with an important
change in knapping technology, from irregular bladelet (Coincy)
to regular blade (Montbani) technology. The demand for exotic
raw materials might have stimulated and triggered inter-regional
contact over longer distances and on a more frequent basis than
earlier in the Mesolithic. Inter-regional contact became increas-
ingly important towards the end of the Mesolithic, when hunter-
gatherers of the 5th millennium came into contact with the first
farmer communities of the loess belt, leading to the transmission
of technological knowledge related to first pottery manufacturing
and later crop cultivation and stock-breeding (Crombé and Van-
montfort, 2007; Crombé et al., 2009b; Robinson, 2010a,b).

Conclusion

Investigations of hunter-gatherer land use from the Late Glacial-
Final Mesolithic in northwest Belgium have yielded important first-
steps in the study of human responses to environmental change
during the Pleistocene-Holocene transition in the southern North
Sea basin. While site densities decreased and site sizes increased
from the Late Glacial-Final Mesolithic, hunter-gatherers in this re-
gion continued to prefer river banks for setting up sites, with the
only difference being in the move in the later Mesolithic to lower
and wetter locations along the river banks. The most striking
change from the Late Glacial-Final Mesolithic is the increasingly

structured spacing of sites and the lack of re-occupation of previous
sites through time. Despite these diachronic changes seeming to fit
nicely into the evolutionary assumptions of the forager-collector
model, the lack of subsistence data and the complex nature of the
surface scatter assemblages require much further study. The con-
trast between the diachronic land use trajectories of Sandy Flanders
and the southern Netherlands (Verhart, 2008) undoubtedly re-
quires much further analysis due to the importance of this contrast
for considerations of the spatial and temporal ranges of variability
in mobility and social interaction during the Mesolithic (cf. Lovis
et al., 2006a,b). This study has indicated that along the southern
North Sea basin there were different inter-regional responses made
by hunter-gatherers to environmental change at the Pleistocene-
Holocene transition. Further analyses are required in order to
determine whether these different responses were in fact made by
different band-level hunter-gatherer groups, or the same group car-
rying out different mobility strategies within different landscapes.
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