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Abstract

The transformation of natural landscapes in Middle Europe began in the Neolithic as a result of the introduction of food-producing economies. This paper
examines the relation between land-cover and demographic change in a regionally restricted case study. The study area is the Western Lake Constance
area which has very detailed palynological as well as archaeological records. We compare land-cover change derived from nine pollen records using a
pseudo-biomisation approach with '“C date probability density functions from archaeological sites which serve as a demographic proxy. We chose the
Lake Constance area as a regional example where the pollen signal integrates a larger spatial pattern. The land-cover reconstructions for this region show
first notable impacts at the Middle to Young Neolithic transition. The beginning of the Bronze Age is characterised by increases of arable land and pasture/
meadow, whereas the deciduous woodland decreases dramatically. Changes in the land-cover classes show a correlation with the '*C density curve:
the correlation is best with secondary woodland in the Young Neolithic which reflects the lake shore settlement dynamics. In the Early Bronze Age, the
radiocarbon density correlates with open land-cover classes, such as pasture, meadow and arable land, reflecting a change in the land-use strategy. The
close overall correspondence between the two archives implies that population dynamics and land-cover change were intrinsically linked. We therefore
see human impact as a key driver for vegetation change in the Neolithic. Climate might have an influence on vegetation development, but the changes

caused by human land use are clearly detectable from Neolithic times, at least in these densely settled, mid-altitude landscapes.
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Introduction

It is increasingly clear that early farming societies were major
agents of mid-Holocene land-cover change (cf. Ellis et al., 2013;
Kerig and Lechterbeck, 2004). Nonetheless, vegetation has also
been subject to other drivers; some authors argue, for example,
that climate might be more important than human impact (e.g.
Cayless and Tipping, 2002; Gajewski et al., 2006; Huntley, 1990,
1999; Van Geel and Mauquoy, 2010). In a recent analysis, Wood-
bridge et al. (2012) were able to show that there is a close relation-
ship between archaeological and pollen records in Britain and that
land-cover changes are correlated with demographic change
rather than climate shifts.

The arrival of food-producing economies in the Neolithic
started the transformation of the natural landscapes into the cul-
tural landscapes we see today. The mode and tempo of this major
change are equivocal, but it is nonetheless recorded at various
levels of resolution in numerous natural archives. Fossil pollen
records contain information about vegetation and land-use
change and can serve as a proxy for land-use intensity. The mod-
elling of agricultural intensity requires an accurate representation
of actual vegetation before it can be compared with archaeologi-
cally derived variation in ancient population histories. We believe
that a combination of fine-grained environmental evidence and

archaeologically derived demographic proxies provides new
insight into ancient cultural ecosystems. However, before demo-
graphic comparisons are made, the amount and type of agricul-
tural and pre-agricultural land have to be temporally and
geographically delineated and reconstructed. Reconstruction of
past vegetation from pollen data is not a trivial matter and has
been a crucial question since the beginning of palynology as a
discipline. Various approaches have been applied to the better
understanding of the relationship between vegetation and pollen
data using semi-quantitative modern analogues (e.g. Andersen,
1970; Behre, 1986; Gaillard et al., 1996) and multivariate
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The location of pollen sites used in the study is marked by triangles, the distribution of radiocarbon sample sites by circles. The numbers refer to the list

of pollen sites in Table I.

techniques (e.g. Birks et al., 1988; Kalis and Zimmermann, 1997;
Kerig and Lechterbeck, 2004; Lechterbeck, 2001) which do not
involve modern analogues.

In the 1960s, Davis (1963) and also Andersen (1970) began to
formulate the theory of the relationship between pollen spectra and
vegetation. In the 1970s and 1980s, Prentice and colleagues (Par-
sons and Prentice, 1981; Prentice, 1985; Prentice and Parsons,
1983) developed the first mathematical tools based on physical
laws of pollen dispersal and deposition. Since then, great advances
have been made in the field of quantitative vegetation reconstruc-
tion from pollen data (e.g. Gaillard et al., 1994, 2010), with the
most detailed and advanced models being formulated by Sugita
(2007a, 2007b). These models are strongly rooted in our under-
standing of the relationship between pollen production and vegeta-
tion cover — and the estimation of pollen production is fundamental
to these calculations. Pollen productivity estimates show strong
regional variability and are not yet available for most regions in
Europe (for an overview: Brostrom et al., 2008). To address this
problem, Fyfe et al. (2010) developed a simpler ‘pseudo-biomisa-
tion” (PBM) approach which is based on the principles set out by
Prentice et al. (1996). Instead of using Prentice’s plant functional
types (PFT), pollen taxa are assigned to land-cover classes (LCCs)
to summarise the dominant land-cover type from individual pollen
records for the mid to late Holocene. This is a method of interme-
diate complexity which does not rely on the detailed understand-
ing of relative pollen productivity, and which does not try to
quantify vegetation cover but to use pollen count data to categorise
the dominant land cover around sites. Woodbridge et al. (2012)
successfully applied this method to 42 sites in Britain to assess the
impact and effects of the Neolithic agricultural transition.

Our study area is the Western Lake Constance area in South
West Germany (Figure 1). It has an outstanding record of Neo-
lithic settlement history accompanied by a large number of radio-
carbon as well as dendro-dates, and a number of well-dated pollen

diagrams. This ensures spatial congruence between our two data-
sets. Following Shennan et al. (2013) and Woodbridge et al.
(2012), we use archaeologically derived radiocarbon dates as a
measure of the relative amounts of human activity in our study
region, thus enabling us to examine fine-grained anthropogenic
causal effects upon these prehistoric landscapes.

The study region

Western Lake Constance and the Hegau (Figure 1) — the latter
being the Western hinterland to the lake shore — have long been a
focus of Neolithic and Bronze Age research (e.g. Kaeser, 2004;
Keller, 1866; Matuschik et al., 2010). Up to now, there are 261
known Neolithic sites containing at least 383 discrete settlement
phases in the district of Constance (817.97km?), which corre-
sponds roughly to the entire Western Lake Constance/Hegau area
(Bofinger et al., 2012). This landscape shows a remarkably fine-
grained division into a wide variety of distinct natural entities,
including steep volcanoes, moraines, tertiary sandstones
(Molasse) and limestone mountains and canyons, each in very
close vicinity to the others and at the same time showing the
occurrence of very specific archacological materials (Lechter-
beck et al., 2013). While Early and Middle Neolithic sites (see
Figure 2 for culture names and dates), as well as evidence from
the End Neolithic Bell Beaker period, are found nearly exclu-
sively on mineral soils, the Younger and Late Neolithic settle-
ments (‘pile dwellings’) as well as End Neolithic Corded Ware are
situated along the lake shore. The earlier part of the Young Neo-
lithic is represented by the local Hornstaad group in the Lake
Constance area, followed by Pfyn and then by Late Neolithic Hor-
gen, all especially present at Lake Constance. The End Neolithic
is represented in the Western Lake Constance/Hegau area by
Corded Ware and later Bell Beaker (Lechterbeck et al., 2013).
However, the long accepted view of the apparently clear spatial
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Figure 2. Culture names and dates.

and chronological division between lake shore and hinterland
might be differentiated because there is also evidence for a more
substantial use of the Hegau in the time of the pile dwellings and
for the use of the lake shores in Early and Middle Neolithic
(Dieckmann et al., 2012) times and in the Beaker period (e.g.
Schlichtherle, 1982).

The Hegau/Western Lake Constance is an area with one of the
most detailed pollen records in Europe for the Neolithic (Table
1). In recent decades, nine pollen profiles have been made there,
each with closed sampling between 0.5 and 1 cm and a terrestrial

pollen sum of 500-1000. The profiles are dated by over
200 radiocarbon dates and annually laminated sediments.

The vegetation development as reflected by the pollen records
in the Lake Constance area is remarkably uniform. At the begin-
ning of the Atlantic period (8500-6245 BP), the pollen record is
dominated by oak-mixed-forest (QMF) and hazel (Corylus avel-
lana type). Hazel grows then preferentially on wetland stands
where it is replaced gradually by alder (Alnus glutinosa) and ash
(Fraxinus excelsior) during the Atlantic period (Lechterbeck,
2001). By the time of the first mass expansion of beech (Fagus
sylvatica) between 7000 and 6500 BP, hazel is quite restricted to
special stands in the woodland community such as clearances and
forest fringes. With the elm decline around 6250 BP — which is
synchronous in all profiles — a remarkable hazel peak can be
observed. Whether the elm decline is caused by human action,
climate change, disease or a combination of all these factors is
frequently discussed (e.g. Behre and Kucan, 1994; Parker et al.,
2002; Peglar and Birks, 1993). We think that the spreading of
hazel with the elm decline can be attributed to human action
rather than climate, caused by a certain mode of swidden cultiva-
tion producing large areas with secondary woodland in various
stages of regeneration (Rosch, 2013; Schier et al., 2013). This
technique would have allowed the expansion of the Neolithic to
areas with less fertile soils. Hazel as a fire-resistant pioneer shrub
was strongly supported by this kind of agriculture. The pollen
record of the Neolithic in the Lake Constance area is character-
ised by alternating beech and hazel peaks and only very little non-
arboreal pollen (i.e. herbaceous pollen and grasses); cereal pollen
grains are likewise very sparse. This is true not only for the
records lying in the hinterland of the lake shore dwellings but also
for those records in the direct vicinity of settlements.

Methods

Seven of the pollen datasets used here were made from lake sedi-
ments and two from bogs. Our work (Fyfe et al., 2010; Wood-
bridge et al., 2012) so far indicates that if we want to obtain a
representative signal of regional land use, we need to include
multiple pollen sites. The PBM approach is based on transform-
ing pollen counts from single samples of “C-dated pollen profiles
into records of natural and culturally modified vegetation cover
according to the dominance of different taxa through time (Fyfe
et al., 2010). The method assigns pollen taxa to different LCCs
using the indicator species approach (Behre, 1981) and is an
extension of the transformation of pollen counts to biomes using
PFT (Fyfe et al., 2010; Gachet et al., 2003; Peyron et al., 1998;
Prentice et al., 1996).

Here, the pollen counts of every species in a 200-year time
interval were summed. From these sums, percentages were made
for each time interval and then square root transformed for down-
weighting of major taxa and up-weighting of less frequent taxa.
LCCs for each time interval were then calculated by summing up
the square root percentages for all taxa belonging to the respective
LCC. The pollen chronologies are based on over 200 radiocarbon
dates with a minimum of 15 dates per profile. Age models were
made with deposition models of the OxCal program (Bronk-
Ramsey, 2008) and could be validated with the record of the
Steillinger See which has an uninterrupted annual lamination
between 8520 and 1137 BP (Eusterhues et al., 2002; Kerig and
Lechterbeck, 2004; Lechterbeck, 2001).

In contrast to Fyfe et al.’s (2010) original approach, where
closed and open land vegetation types were used, we have also
defined classes of primary and secondary woodland. This was
done because human impact in the Neolithic in South-Western
Germany is often expressed by changes in the woodland cover
rather than in terms of open vegetation. Three primary LCCs
(coniferous forest, deciduous forest, wet woodland/fen carr) and
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List of pollen sites and profiles.

Table I.
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five secondary LCCs (secondary forest, pastoral/meadow, wet
meadow, arable, heath) were defined. For a full list of taxa
assigned to each LCC, see Table 2. Although heath is not a vege-
tation type with a wide distribution in South West Germany, it was
included in the LCCs because plants belonging to this class tend
to spread locally on mires when the original vegetation is cleared.
The LCCs assigned to each pollen sample have been summed in
200-year time windows in order to create a spatially and tempo-
rally integrated land-cover record for the time period from 8400
to 1200 BP. The LCCs have then been transformed to percentage
values to compare them with the demographic data derived from
radiocarbon dates.

A final threshold landscape openness value to mark the shift
from near natural to strongly culturally modified vegetation simi-
lar to Fyfe et al.’s (2010) affinity scores could not be calculated,
as analogous modern vegetation data are lacking. Simulation
studies might help to construct probable land-cover scenarios;
first attempts with the landscape reconstruction algorithm (LRA,
Sugita, 2007a, 2007b) have been made (Lechterbeck, 2013). A
comparison of modern pollen-derived LCCs with remote-sensed
vegetation data for Europe shows that it is possible to infer LCCs
from pollen (Woodbridge et al., in press). In the Lake Constance
area, surface samples from moss polsters have been taken for a
number of sites and a thorough analysis of present-day vegetation
is under way. In this paper, we subtracted the sum of all secondary
LCC from the sum of all primary LCC and plotted them against
time to show the land-cover shifts through time (Figure 3).

To infer prehistoric population fluctuations, we use a radiocar-
bon dates-as-data method (Collard et al., 2010; Hinz et al., 2012;
Rick, 1987; Shennan and Edinborough, 2007). This method rests
on the simple premise that at a regionally scaled first order of
approximation, there is a direct proportional relationship between
the number of archaeological dates in a given region and the
amount of human activity there. A number of caveats have to be
taken into account when using summed calibrated radiocarbon
probability distributions, and various measures have been adopted
to address potentially confounding issues such as taphonomic and
research biases (e.g. Surovell et al., 2009, see also Collard et al.,
2010; Hinz et al., 2012). In this study, following the same meth-
ods as Collard et al. (2010), multiple dates from the same site-
phase have been normalised so that all site-phases have equal
weight. The resultant site-phase normalised date probabilities are
then summed after calibration to provide a combined regionally
scaled summed date probability distribution which we take as a
valid indicator of demographic patterns. The radiocarbon density
curve is based on all available data from the Western Lake Con-
stance area (n = 349). We did not think it necessary to use the
more complex methods we have developed elsewhere (Shennan
et al., 2013) in this case.

Results

With the calculation of LCCs in 200-year time windows (Figure 4),
a spatially integrated vegetation signal for the Lake Constance
region could be obtained. From 8400 BP, an increase in deciduous
woodland as well as wet woodland is visible. Parallel to this, the
secondary woodland, which is mainly hazel, declines. As explained
above, in these early contexts, hazel is not a secondary element.

The decline of deciduous woodland beginning 6600-6400 BP
is accompanied by the rise of secondary and conifer woodland,
arable, pasture/meadow and wet meadow LCC. The wet wood-
land/fen carr LCCs are unaffected; they rise continually during
the Neolithic. This phase ends ¢. 5600 BP.

After a short reforestation or recovery period, there follows
another decline of deciduous forest and secondary woodland
peaks anew. This second peak is not accompanied by the rise of
other secondary LCCs.
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Table 2. Taxa list of plants integrated in the LCCs.

Deciduous Wet deciduous Secondary Arable Pasture/meadow Wet meadows Heath

woodland woodland/fen carr woodland

Acer Alnus ind Betula sp. Aegopodium Achillea type Caltha type Calluna

podagraria

Buxus Alnus viridis Corylus sp. Agrostemma Alchemilla Chaerophyllum Empetrum
hirsutum nigrum

Carpinus Frangula alnus Anthriscus type Anthemis Cyperaceae Ericaceae

Cornus sanguinea Rubus chamaemorus Artemisia Asteraceae Equisetum Genista

Crataegus type Salix Avena type Brassicaceae Filipendula Jasione

Fagus Sambucus nigra Ballota type Campanula Lotus Juniperus

Fraxinus excelsior Castanea Campanulaceae Menyanthes

Fraxinus ornus Centaurea cyanus Centaurea jacea Ophioglossum

Hedera
llex
Larix decidua

Mercurialis Fallopia Eryngium campestre Thelypteris palustris
Populus Hordeum type Gentianaceae Trollius

Prunus type Juglans Gentianella campestre Valeriana

Quercus Linum sp. Geranium

Rhamnus Linum usitatissimum Helianthemum

Sorbus Papaver Knautia

Tilia Papaver argemone Linum catharticum

Ulmus Papaver rhoeas Lychnis viscaria

Viburnum Pastinaca sativa Medicago

Viscum album Phecoceros laevis Onobrychis type

Ceredlia
Chenopodiaceae
Convolvulus arvense

Centaurea scabiosa
Cirsium
Daucus type

Polygonum bistorta

Scheuchzeria
Silene dioica

Plantago major Pimpinella major type

Plantago major/media Pimpinella saxifraga type

Polygonum persicaria Plantago lanceolata

Ranunculus arvensis
Rumex obtusifolius
Rumex sp.

Secale

Spergula arvensis
Spergula type
Spergularia type
Triticum type

Plantago media
Poaceae

Ranunculus acris type
Ranunculus type
Rubiaceae

Rumex acetosella
Sanguisorba minor
Sanguisorba officinalis

Valerianella
Vitis

Scabiosa
Thalictrum
Trifolium pratense
Trifolium repens
Urtica

Vicia type
Cichoriaceae
Succisa

Viola tricolor

LCC: land-cover class.

The next event is the rise of arable, pasture/meadow and wet
meadow LCCs from 4000 BP in the Early Bronze Age (EBA).
The secondary woodland LCC does not peak here; on the con-
trary, it declines. A third event occurs at the start of the Iron Age,
around 2800 BP, with an increase in open-habitat LCCs (arable,
pasture, wet meadows), and a decline in woodland.

The radiocarbon density curve rises between 7400 and
7200 BP and clearly reflects the early Neolithic Linear Pottery
and Middle Neolithic settlement of the Hegau area. The curve
declines in the 6400-6200 time window. Then it rises again and
stays at a quite low level between 6200 and 5900 BP. This corre-
sponds to the local Young Neolithic Hornstaad group in the Lake
Constance area, which occurs in a series of lake shore settlements
at Lake Constance. From 6000 BP, the density curve rises rapidly
to a maximum at 5600 BP. This corresponds to the Pfyn archaeo-
logical group for which settlements are very widespread and fre-
quent at the shore of Lake Constance (Billamboz, 2001).

Between 5500 and 5300, the density curve has a minimum and
the settlement record also features a gap at that time. After a new
maximum around 5200 BP, the curve then runs down slowly to
4000 BP. This course of the curve mirrors the settlement history
of Lake Constance with a high settlement density during the Hor-
gen phase (Figure 2) and a gradual decrease in settlement activi-
ties during the End Neolithic.

Settlements of the earliest EBA are not known from Lake Con-
stance. Bronze Age pile dwellings set in about 3800 BP. Earlier
dates come from an EBA cemetery in the Hegau (Krause, 1988;
Lechterbeck et al., 2013). The density curve reflects this settle-
ment pattern with a new maximum around 3800 BP. After the
Bronze Age peak, the density curve is not representative because
of the lack of data for later periods.

The relation between secondary and primary vegetation (Fig-
ure 3) shows that the development of the primary forest vegeta-
tion is completed by or at the beginning of the Early Neolithic.
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All profiles feature high primary forest LCC during the Middle
Neolithic. In some profiles, however (HOB, MAI, MIN, LIT),
the secondary forest LCCs increase already in the second half of
the Middle Neolithic. Hornstaad (HOB), Mainau (MAI) and
Mindelsee (MIN) are profiles from Lake Constance or in close
vicinity to it. During the Younger Neolithic Hornstaad and Pfyn
phase, all profiles feature a maximum of secondary LCC,
although not wholly synchronous and of varying intensity. The
Pfyn/Horgen gap is characterised by an increase in primary
woodland LCC with the exception of UFR (Feuenried). Whereas
the increase in secondary LCC in the Hornstaad/Pfyn phase is
very pronounced and visible in all profiles, this is not the case for
Horgen, the second important pile dwelling phase at Lake Con-
stance. Most profiles show only a slight decrease of primary
LCC, UFR (Feuenried) even has a distinct peak of primary LCC
at that time. The Late and End Neolithic phases have only small
and disparate shifts toward secondary vegetation LCC. In the
Bronze Age, this changes considerably: the primary vegetation
LCC decline in all profiles during that period and already in the
Iron Age secondary vegetation values are reached comparable
with those of the Early Middle Ages.

Discussion

For the calculation of the LCCs, we used pollen data from differ-
ent sized archives, and from both bogs and lakes from the Lake
Constance/Hegau area. Previous studies have shown that pollen
assemblages from large sites (>100 ha) tend to be stable in a
given region and that assemblages from smaller lakes are more
sensitive to local variations (Berglund, 1973; Jacobson and Brad-
shaw, 1981; Sugita, 1994, 2007a). The records used here come
from four small lakes, three large lakes (two from Lake Con-
stance, one from the Mindelsee) and two from bog sites. As our
aim was to construct a spatially and chronologically integrated
proxy rather than actual vegetation cover, considerations about
the relative source area of pollen for the different basins was less
important than it would be for other methods such as the LRA
(e.g. Lechterbeck, 2013). Bogs, however, do record pollen sig-
nals in a different way: (1) they frequently have hiatuses, (2) the
actual mire vegetation is overrepresented and (3) the pollen are
directly incorporated into the sediment and do not float around
and mix before deposition. Despite these differences, the bog
profiles are absolutely comparable with the lake sites with
respect to their pollen composition. We ran the PBM analysis
excluding the bog sites to see whether the results are biased by
ecological and sedimentological differences. The results proved
to be stable so we decided to integrate the bog data in order to
achieve a larger spatial signal.

The results of PBM for the Lake Constance area have to be
discussed in the light of the vegetation development and the set-
tlement history of the region. The secondary woodland LCC
needs a special consideration. Included in ‘secondary woodland’
are hazel and birch. Both of these taxa occupy particular ecologi-
cal niches within the Holocene landscapes. Birch is one of the
major taxa in the Preboreal period and becomes restricted to spe-
cial habitats during the Boreal period. In the Boreal, it is replaced
mainly by hazel, which is then the major tree taxon. With the
expansion of oak mixed forest, hazel becomes restricted to wet
stands, forest fringes and clearings. Hazel is shade intolerant, but
it can flourish where there are canopy disturbances or clearances.
It still has quite high values in the pollen record because it is a
strong pollen producer. Therefore, around 8400 BP, when the
reconstruction starts, the secondary woodland LCC has quite
high values but cannot be regarded as secondary at that time. It
declines with the increase of deciduous forest LCC. Pollen dia-
grams as well as influx analyses (Lechterbeck, 2001) show that it
is also replaced by alder and ash on wet stands, which is reflected

in the PBM analysis by the rise of the wet woodland/fen carr
LCC.

Mesolithic hunter-gatherers used hazel as a fat- and protein-
rich food resource, which is frequently demonstrated by large
amounts of nutshells in mesolithic contexts (e.g. Holst, 2007,
2010). Apart from its nutritious value, hazel also delivers long,
straight shoots for arrow shafts and wickerwork. But it remains
questionable whether hazel was intentionally fostered by humans.
Newer analyses favour climatic reasons at least for the initial
spreading of hazel (Finsinger et al., 2006; Tallantire, 2002; Tinner
and Lotter, 2001). However, the presence of large amounts of
charcoal in mesolithic contexts in combination with nitrogen and
light indicators is seen as evidence for deliberate burning to
favour the spreading of hazel (Bos and Urz, 2003). Burning for
the enhancement of hunting possibilities was discussed for the
British Mesolithic (Bell and Walker, 1992), but this could not be
proven for the Lake Constance area (Clark et al., 1989). A review
of data illustrating the interactions between humans and wood-
land in Mesolithic Ireland (Warren et al., 2013) shows that exist-
ing models of the role humans had in the structuring of the
wooded landscape are inadequate to describe these complex
interactions.

Likewise, Early Neolithic land use has only a small impact on
the woodland communities. Bogaard (2004) describes intensive
garden cultivation as ‘the most plausible and widespread form of
crop husbandry’ for the Early Neolithic Linear Pottery Culture.
Kreuz (1990) states that from an archaeobotanical point of view,
an intensive soil cultivation without ploughing is most probable
among other reasons because of the occurrence of annual weeds.
Kerig (2008, 2013) argues that there is no proof for either plough
or traction in the Early Neolithic in Europe and that the required
agricultural land might well have been worked by hand.

For intensive garden cultivation, only small patches of wood-
land have to be cleared which are commonly invisible in the pol-
len record. But it is possible that the clearance activities of Linear
Pottery people aided the expansion of beech. Beech profits from
clearing activities as it is a shade tolerant tree and could blend in
the forest community on a small scale where single trees were
felled or where larger clearings where made (Haas and Hadorn,
1998; Rosch, 1990). The first beech expansion in the Lake Con-
stance area took place between 7000 and 6500 BP. By the end of
that time the post-glacial forest development can be considered as
having reached an equilibrium state in accordance with edaphic
and climatic conditions, and beech has become the major tree
taxon. This is also visible in the single records of the profiles (Fig-
ure 3), where the primary LCCs come to a maximum.

The time of the Middle to End Neolithic (70004300 BP) in
the pollen record is characterised by alternating beech and hazel
peaks: when beech has a minimum, hazel has a peak. It has been
argued that hazel peaks in the pollen record of the Neolithic of the
Lake Constance area are caused by Neolithic land use (for a sum-
mary: Kerig and Lechterbeck, 2004; Rosch, 2013). A ‘slash and
burn’ system for the Young Neolithic, with short arable and long
fallow phases, has been proposed (Résch, 2013; Rosch et al.,
2008; Schier et al., 2013), although it has not remained undis-
puted (cf. Jacomet, 2008). Nevertheless, farming experiments
show that such a land-use system would produce large areas of
secondary woodland, as only 3% of the agricultural land would
have been arable, the rest would have been fallow fields in differ-
ent stages of reforestation, pathways and pasture areas (Rosch et al.,
2008). This would certainly explain the high amounts of second-
ary woodland indicators in pollen-based vegetation reconstruc-
tions (Lechterbeck, 2013).

With the radiocarbon density curve and the LCCs, we have
two proxies — one for demographic change and one for land-use
change. These two proxies are independent and do not necessarily
have to correlate. Our analysis shows that this is the case for the
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Linear Pottery culture (7400-7000 BP), where the radiocarbon
curve indicates a certain population density but the LCC do not
show any hints of land-use activities.

The rise of the secondary forest LCC already at the Middle to
Young Neolithic (around 6300 BP) transition slightly predates the
rise of the '“C density curve. Land-use activities on mineral soils
become visible in the pollen record. At this time, the dendro- and
relatively dated archaeological record shows a focus of settlement in
the Hegau area; these sites are dated by cultural material rather than
radiocarbon dates. The single records (Figure 3), however, show that
the increase of secondary LCC in the Middle Neolithic is recorded
foremost in the lake shore sites, which is enigmatic as only few
Middle Neolithic finds are known from the lake shores, mostly sin-
gle, allochthonous sherds from younger Neolithic contexts.

During the following phases of lake shore settlements, there
is a good correlation of the radiocarbon density and the second-
ary woodland curve when the radiocarbon dates are binned at the
same 200-year intervals as the pollen data (» = 0.77 between
6000 and 4000 BP). We suggest that this is the time when the
secondary woodland peaks in the pollen record are most securely
linked to anthropogenic activity. Subsequently, the reforestation
phase between 5500 and 5300 BP corresponds to a minimum in
the radiocarbon density curve. In the settlement record, this is
known as the ‘Pfyn/Horgen gap’, a phase where settlements at
the lake shore are abandoned. As most of the analysed pollen
records come from the hinterland of the lake, we can assume not
only that settlements at the lake vanish but that there is decreas-
ing land use in the hinterland of the lake, providing clear signs of
demographic decline. These developments are unequivocally
reflected in all single profiles, with the exception of Feuenried
(UFR). The single records show additionally that this develop-
ment was not wholly synchronous in the area. The reasons for
this might lie in a dating uncertainty, but it might also be the
result of the shifting of arable land and settlements in the course
of swidden cultivation.

Towards the end of the Neolithic, the settlement density at the
lake shore lessens as the radiocarbon densities decrease. There are
few settlements and single finds of Corded Ware age known
(Lechterbeck et al., 2013). Our results suggest a possible link
between this decline of settlement intensity and decrease in land-
use intensity in the hinterland.

Whereas there is a clear correlation between secondary forest
LCC in the younger Neolithic stages and the radiocarbon density
curve (see Figure 4), the correlation between the “C curve and the
changes in the LCC recorded in the EBA is less pronounced
(r = 0.33 between density values and sum of arable and pasture/
meadow LCC, 4000-3200 BP). This might be because of the fact
that most of the radiocarbon dates come from Bronze Age pile
dwellings which belong to a later phase of the EBA, whereas the
settlement in the hinterland of the lake — as reflected in the pollen
data — starts earlier (around 4400 BP).

On-site (Lechterbeck et al., 2013) and off-site botanical as
well as pollen analytical data for the Bronze Age (4300-2800 BP)
and the immediately preceding End Neolithic Bell Beaker culture
indicate a change in land-use techniques. For the first time, off-
site data show strong deforestation (Kalis et al., 2003). Perennial
and wind-pollinated species such as Plantago lanceolata and
Centaurea jacea became much more abundant, indicating fields
with short fallow phases and grazing on pastures with an open
tree canopy; Corylus only increases very slightly during phases of
strong land use; instead, rises of Betula indicate the first stages of
reforestation (Rosch, 2013). This change in land use is reflected
very clearly in the LCC reconstruction. The “C density curve no
longer correlates with secondary forest elements but with a rise in
pasture/meadow and arable LCC. This indicates stationary arable
fields and, for the first time, true grassland. Secondary forest ele-
ments occur from now on only as first stages of a reforestation

phase and hence indicate a lessening of land-use pressure. Again,
hazel and also birch have undergone a change in the ecological
niche they occupy.

The LCCs represent a regional, spatially integrated signal over
the whole of the Western Lake Constance area and reflect compli-
cated, small-scale ecological patterns as well as the settlement his-
tory of the hinterland, which does not show to the same extent in
the radiocarbon record, as the dates come in large part from the lake
shore dwellings (Figure 1). The LCC reconstruction and demo-
graphic proxy make sense; we argue that the changes observed in
the pollen record are primarily caused by human impact.

Conclusion

In this paper, we have combined a PBM approach for land-cover
reconstruction with a method for assessing demographic change
using archaeological radiocarbon date density as a proxy. The aim
of the study was to evaluate whether land use and population den-
sity in the Neolithic are connected. The close overall correspon-
dence between the two archives implies that population dynamics
and land-cover change were intrinsically linked, especially for the
time period from the Young Neolithic to the EBA. Different LCCs
correlate with the radiocarbon density curve in the Lake Con-
stance area; in the younger parts of the Neolithic, this corresponds
to increases in secondary woodland arable and pasture land. It has
long been argued that these secondary woodland peaks were
caused by Neolithic land use.

Here, for the first time, these peaks are correlated to archaeo-
logical evidence in the form of radiocarbon dates from timber and
artefacts. Later on, the EBA radiocarbon density curve correlates
with pasture/meadow and arable LCC. On the other hand, the
LCCs fail to indicate Linear Pottery land use and the radiocarbon
curve does not depict Middle Neolithic population density — in
both cases presumably because of a lack of data. This is an inher-
ent problem for contemporaneous pollen analysis as Early Neo-
lithic land use is almost never visible in the pollen record or only
in very discrete and disputable instances. We suggest that more
archaeological radiocarbon data should be acquired from this
time frame to address this crucial issue.

We find that the overall patterns of LCC and the radiocarbon
population proxy are closely linked. Like Woodbridge et al.
(2012), we see human impact as a key driver for vegetation
change in the Neolithic. Climate obviously has an influence on
vegetation development, but changes caused by human land use
are clearly detectable from early Neolithic times, at least in these
densely settled, mid-altitude landscapes.

Acknowledgements

We wish to thank M. Merkl for providing settlement data from the
Hegau (DFG project ‘Archdologische und vegetationsgeschichtli-
che Untersuchungen zur neolithischen Besiedlungsgeschichte im
Hegau und am westlichen Bodensee im diachronen Vergleich’, PI
J. Bofinger and M. R&sch) and H. Schlichtherle and A. Billamboz
for radiocarbon dates. We wish to thank two anonymous review-
ers whose comments, suggestions and critique greatly improved
the paper.

Funding

The work was made possible by the ERC Advanced Research
Grant #249390 (PI S. Shennan). The development of the pseudo-
biomisation approach was supported through Plymouth Univer-
sity Geography PUP funds and Leverhulme Trust grant F/S68W.

References

Andersen ST (1970) The relative pollen productivity and pollen rep-
resentation of north European trees, and correction factors for

Downloaded from hol.sagepub.com at University College London on November 27, 2014


http://hol.sagepub.com/

Lechterbeck et al.

1305

tree pollen spectra determined by surface pollen analysis from
forest. Danmarks Geologiske Undersogelse, Reekke 2 96: 1-99.

Behre KE (1981) The interpretation of anthropogenic indicators
in pollen diagrams. Pollen et Spores 23(2): 225-245.

Behre KE (1986) Anthropogenic Indicators in Pollen Diagrams.
Rotterdam: A.A. Balkema.

Behre KE and Kucan D (1994) Die Geschichte der Kulturland-
schaft und des Ackerbaus in der Siedlungskammer Flogeln,
Niedersachsen. Probleme der Kiistenforschung im siidlichen
Nordseegebiet 21: 1-227.

Bell M and Walker MJC (1992) Late Quaternary Environmental
Change — Physical and Human Perspectives. London: Long-
man, 273 pp.

Berglund B (1973) Pollen dispersal and deposition in an area of
southeastern Sweden — some preliminary results. In: Birks
HIB and West RG (eds) Quaternary plant ecology. Hoboken,
NJ: John Wiley & Sons, pp. 117-129.

Billamboz A (2001) Beitrag der Dendrochronologie zur Frage der
Besiedlungsdynamik und Bevolkerungsdichte am Beispiel
der Pfahlbausiedlungen Siidwestdeutschlands [The Contri-
bution of dendrochronology to understanding the dynamics
of occupation and population density: The example of pile
dwellings from Southwest-Germany]. In: Lippert A, Schultz
M, Shennan S et al. (eds) Mensch und Umwelt wéihrend des
Neolithikums und der Friihbronzezeit in Mitteleuropa Ergeb-
nisse interdisziplindrer Zusammenarbeit zwischen Archdolo-
gie, Klimatologie, Biologie und Medizin; internationaler
Workshop vom 9.—12. November 1995, Institut fiir Ur- und
Friihgeschichte der Universitit Wien — People and Their
Environment during the Neolithic and Early Bronze Age in
Central Europe (Internationale Archdologie Arbeitsgemein-
schaft, Symposium, Tagung, Kongress 2). Rahden: Verlag
Marie Leidorf, pp. 53-60.

Birks HJB, Line JM and Persson T (1988) Quantitative estima-
tion of human impact on cultural landscape development. In:
Birks HH, Birks HIB, Kaland PE et al. (eds) The Cultural
Landscape — Past, Present and Future. Cambridge: Cam-
bridge University Press, pp. 229-240.

Bofinger J, Hald J, Lechterbeck J et al. (2012) Die ersten Bau-
ern zwischen Hegau und Bodensee. Eine archéologische und
Vegetationsgeschichtliche Untersuchung zur Besiedlungsdy-
namik wihrend der Jungsteinzeit. Denkmalpflege in Baden-
Wiirttemberg 41(4): 245-250.

Bogaard A (2004) Neolithic Farming in Central Europe: An
Archaeobotanical Study of Crop Husbandry Practices. Lon-
don: Routledge, 209 pp.

Bos JAA and Urz R (2003) Late glacial and early Holocene envi-
ronment in the middle Lahn river valley (Hessen, central-west
Germany) and the local impact of early Mesolithic people
— Pollen and macrofossil evidence. Vegetation History and
Archaeobotany 12: 19-36.

Bronk-Ramsey C (2008) Deposition models for chronological
records. Quaternary Science Reviews 27: 42—60.

Brostrom A, Nielsen AB, Gaillard M-J et al. (2008) Pollen pro-
ductivity estimates of key European plant taxa for quantita-
tive reconstruction of past vegetation: A review. Vegetation
History and Archaeobotany 17(5): 461-478.

Cayless SM and Tipping RM (2002) Data on mid-Holocene cli-
matic, vegetation and anthropogenic interactions at Stanshiel
Rig, southern Scotland. Vegetation History and Archaeobot-
any 11: 201-210.

Clark JS, Merkt J and Miiller H (1989) Post-glacial fire, vege-
tation and human history on the northern Alpine forelands,
south-western Germany. Journal of Ecology 77: 897-925.

Collard M, Edinborough K, Shennan S et al. (2010) Radiocarbon
evidence indicates that migrants introduced farming to Brit-
ain. Journal of Archaeological Science 37: 866—870.

Davis MB (1963) On the theory of pollen analysis. American
Journal of Science 261(10): 897-912.

Dieckmann B, Hoffstadt J and Vogt R (2012) Eine mittelneo-
lithische Siedlung am Bodenseeufer bei Wollmatingen.
Archdologische Ausgrabungen 2011: 81-83.

Ellis E, Kaplan JO, Fuller DQ et al. (2013) Used planet: A global
history. Proceedings of the National Academy of Sciences
110(20): 7978-7985.

Eusterhues K, Lechterbeck J, Schneider J et al. (2002) Late- and
Postglacial evolution of Lake Steisslingen (I): Sedimentary
history, palynological record and inorganic geochemical indi-
cators. Palaeogeography, Palaeoclimatology, Palaeoecology
187: 341-371.

Finsinger W, Tinner W, van der Knaap WO et al. (2006) The
expansion of hazel (Corylus avellana L.) in the southern Alps:
A key for understanding its early Holocene history in Europe?
Quaternary Science Reviews 25: 612—631.

Fyfe RM, Roberts N and Woodbridge J (2010) A pollen-based
pseudobiomisation approach to anthropogenic land-cover
change. The Holocene 20: 1165-1171.

Gachet S, Brewer S, Cheddadi R et al. (2003) A probabilistic
approach to the use of pollen indicators for plant attributes
and biomes: An application to European vegetation at 0 and
6 ka. Global Ecology and Biogeography 12: 103—118.

Gaillard M-J, Birks HIB, Emanuelsson E et al. (1994) Applica-
tion of modern pollen/land-use relationships to the interpreta-
tion of pollen diagrams — Reconstructions of land-use history
in south Sweden 3000-0 BP. Review of Palaeobotany and
Palynology 82: 47-73.

Gaillard M-J, Birks HJB, Karlsson S et al. (1996) Quantitative
reconstruction of past land-use and soil conditions using the
modern analogue approach — A case study in south Sweden.
In: Robertson AM, Hicks S, Akerlund A et al. (eds) Land-
scapes and Life: Studies in Honour of Urve Miller, vol. 50.
Rixensart: PACT, pp. 431-442.

Gaillard M-J, Sugita S, Mazier F et al. (2010) Holocene land-
cover reconstructions for studies on land cover-climate feed-
backs. Climate of the Past 6: 483—499.

Gajewski K, Viau A, Sawada M et al. (2006) Synchronicity
in climate and vegetation transitions between Europe and
North America during the Holocene. Climatic Change 78:
341-361.

Haas JN and Hadorn P (1998) Die Vegetations- und Kulturland-
schaftsgeschichte des Seebachtals von der Mittelsteinzeit bis
zum Frithmittelalter anhand von Pollenanalysen. In: Hasen-
fratz A and Schnyder M (eds) Das Seebachtal — Eine archdolo-
gische und paldodkologische Bestandsaufnahme (Archdologie
im Thurgau 4). Frauenfeld: Amt fiir Archdologie Thurgau, pp.
221-225.

Hinz M, Feeser I, Sjogren KG et al. (2012) Demography and the
intensity of cultural activities: An evaluation of Funnel Bea-
ker Societies (4200-2800 cal Bc). Journal of Archaeological
Science 39: 3331-3340.

Holst D (2007) Subsistenz und Landschaftsnutzung im Friihme-
solithikum: Nussrostpldtze am Duvensee. Unpublished PhD
Dissertation, Johannes Gutenberg-Universitit Mainz.

Holst D (2010) Hazelnut economy of early Holocene hunter—
gatherers: A case study from Mesolithic Duvensee, northern
Germany. Journal of Archaeological Science 37: 2871-2880.

Huntley B (1990) European post-glacial forests: Compositional
changes in response to climatic change. Journal of Vegetation
Science 1: 507-518.

Huntley B (1999) Climatic change and reconstruction. Journal of’
Quaternary Science 14: 513-520.

Jacobson GL Jr and Bradshaw RHW (1981) The selection of
sites for palaeovegetational studies. Quaternary Research 16,
80-96.

Downloaded from hol.sagepub.com at University College London on November 27, 2014


http://hol.sagepub.com/

1306

The Holocene 24(10)

Jacomet S (2008) Subsistenz und Landnutzung wéhrend des 3.
Jahrtausends v. Chr. aufgrund von archéobotanischen Daten
aus dem siidwestlichen Mitteleuropa. In: Dorfler W and
Miiller J (eds) Umwelt — Wirtschaft — Siedlungen im dritten
vorchristlichen Jahrtausend Mitteleuropas und Siidskan-
dinaviens (Offa-Biicher 84). Neumiinster: Wachholtz, pp.
355-377.

Kaeser MA (2004) Les Lacustres. Archéologie et mythe national.
Lausanne: Presses polytechniques et universitaires romandes,
142 pp.

Kalis AJ and Zimmermann A (1997) Anthropogene Einfliisse
auf die Umwelt — Eine kanonische Korrespondenzanalyse
von prahistorischen Pollenspektren. In: Miiller J and Zim-
mermann A (eds) Archdologie und Korrespondenzanalyse.
Beispiele, Fragen, Perspektiven. Espelkamp: Verlag Marie
Leidorf, pp. 179-182.

Kalis AJ, Merkt J and Wunderlich J (2003) Environmental
changes during the Holocene climatic optimum in central
Europe — Human impact and natural causes. Quaternary Sci-
ence Reviews 22: 33—79.

Keller F (1866) The Lake Dwellings of Switzerland and Other
Parts of Europe. London: Longmans, Green, and Co., 418 pp.

Kerig T (2008) ‘Als Adam grub ..."”: Vergleichende Anmerkun-
gen zu landwirtschaftlichen BetriebsgrofBen in préhistorischer
Zeit. Ethnographisch-Archdologische Zeitschrift 48(2007):
375-402.

Kerig T (2013) Introducing Economic Archaeology: Examples
from Neolithic agriculture and Hallstatt princely tombs. In:
Kerig T and Zimmermann A (eds) Economic Archaeology:
From Structure to Performance in European Archaeology
(Universitétsforschungen zur préahistorischen Archiologie
237). Bonn: Habelt, pp. 13-28.

Kerig T and Lechterbeck J (2004) Laminated sediments, human
impact and a multivariate approach: A case study in linking
palynology and archaeology (Steisslingen, Southwest Ger-
many). Quaternary International 113: 19-39.

Krause R (1988) Die endneolithischen und friihbronzezeitli-
chen Grabfunde auf der Nordstadtterrasse von Singen am
Hohentwiel (Forschungen und Berichte zur Vor- und Frithge-
schichte in Baden-Wiirttemberg 32). Stuttgart: Theiss, 350 pp.

Kreuz AM (1990) Die ersten Bauern Mitteleuropas — eine archdo-
botanische Untersuchungzu Umwelt und Landwirtschaft der
dltesten Bandkeramik (Leidensia 23). Leiden: Analecta Prae-
historica, 257 pp.

Lechterbeck J (2001) ‘Human Impact’ oder ‘Climatic Change’?
— Zur Vegetationsgeschichte des Spdtglazials und Holozdins
in hochauflosenden Pollenanalysen laminierter Sedimente
des Steiplinger Sees (Siidwestdeutschland) (Tiubinger Mik-
ropaldontologische Mitteilungen 25). Tiibingen: Inst. und
Museum fiir Geologie und Paldontologie der Univ., 101 pp.

Lechterbeck J (2013) Evaluation of economic activity through
palynological data: Modelling agricultural pressure on land-
scape (REVEALS and LOVE). In: Kerig T and Zimmermann
A (eds) Economic Archaeology: From Structure to Perfor-
mance in European Archaeology (Universitétsforschungen zur
prahistorischen Archdologie 237). Bonn: Habelt, pp. 129-141.

Lechterbeck J, Kerig T, Kleinmann A et al. (2013) How was Bell
Beaker economy related to Corded Ware and Early Bronze
Age lifestyles? Archaeological, botanical, and palynological
evidence from the Hegau, Western Lake Constance region.
Environmental Archaeology. Epub ahead of print 13 Sep-
tember. Available at: http://dx.doi.org/10.1179/17496314
13Y.0000000010.

Matuschik I, Strahm C, Eberschweiler B et al. (eds) (2010) Ver-
netzungen — Aspekte siedlungsarchdologischer Forschungen.
Festschrift fiir Helmut Schlichtherle zum 60 Geburtstag.
Freiburg im Breisgau: Lavori.

Parker AG, Goudie AS, Anderson DE et al. (2002) A review of
the mid Holocene elm decline in the British Isles. Progress in
Physical Geography 26: 1-45.

Parsons RW and Prentice IC (1981) Statistical approaches to
R-values and the pollen-vegetation relationship. Review of
Palaeobotany and Palynology 32: 127-152.

Peglar SM and Birks HIB (1993) The mid-Holocene Ulmus fall at
Diss Mere, South-East England — Disease and human impact?
Vegetation History and Archaeobotany 2: 61-68.

Peyron O, Guiot J, Cheddadi R et al. (1998) Climatic reconstruc-
tion in Europe for 18,000 yr B.P. from pollen data. Quater-
nary Research 49: 183—-196.

Prentice IC (1985) Pollen representation, source area and basin
size: Towards a unified theory of pollen analysis. Quaternary
Research 23: 76-86.

Prentice IC and Parsons RW (1983) Maximum likelihood linear
calibration of pollen spectra in terms of forest composition.
Biometrics 39: 1051-1057.

Prentice IC, Guiot J, Huntley B et al. (1996) Reconstructing
biomes from palacoecological data: A general method and its
application to European pollen data at 0 and 6 ka. Climate
Dynamics 12: 185-194.

Rick JW (1987) Dates as data: An examination of the Peruvian
pre-ceramic radiocarbon record. American Antiquity 52(1):
55-73.

Résch M (1985) Ein Pollenprofil aus dem Feuenried bei Uberlin-
gen am Ried: Stratigraphische und landschafisgeschichtliche
Bedeutung fiir das Holozdn im Bodenseegebiet (Materialhefte
zur Vor- und Frithgeschichte in Baden-Wiirttemberg 7). Stutt-
gart: Theiss, pp. 43-79.

Rosch M (1990) Vegetationsgeschichtliche Untersuchungen im
Durchenbergried. Siedlungsarchdologie im Alpenvorland II
(Forschungen und Berichte zur Vor- und Frithgeschichte in
Baden-Wiirttemberg 37). Stuttgart: Theiss, pp. 9-56.

Rosch M (1992) Human impact as registered in the pollen record:
Some results from the western Lake Constance region, Southern
Germany. Vegetation History and Archaeobotany 1: 101-109.

Rosch M (1993) Prehistoric land use as recorded in a lake-shore
core at Lake Constance. Vegetation History and Archaeobot-
any 2: 213-232.

Roésch M (2013) Land use and food production in Central Europe
from the Neolithic to the medieval period: Change of land-
scape, soils and agricultural systems according to archaeobo-
tanical data. In: Kerig T and Zimmermann A (eds) Economic
Archaeology: From Structure to Performance in European
Archaeology (Universititsforschungen zur préahistorischen
Archéologie 237). Bonn: Habelt, pp. 109-128.

Roésch M, Ehrmann O and Kury B (2008) Spétneolithische
Landnutzung im nordlichen Alpenvorland: Beobachtungen —
Hypothesen — Experimente. In: Dorfler W and Miiller J (eds)
Umwelt — Wirtschaft — Siedlungen im dritten vorchristlichen
Jahrtausend Mitteleuropas und Siidskandinaviens (Offa-
Biicher 84). Neumiinster: Wachholtz, pp. 301-315.

Schier W, Ehrmann O, Résch M et al. (2013) The economics
of Neolithic swidden cultivation: Results of an experimen-
tal long-term project in Forchtenberg (Baden-Wiirttemberg,
Germany). In: Kerig T and Zimmermann A (eds) Economic
Archaeology: From Structure to Performance in European
Archaeology (Universitdtsforschungen zur prahistorischen
Archéologie 237). Bonn: Habelt, pp. 97-108.

Schlichtherle H (1982) Der Hohenkrdhen — eine vorgeschichtli-
che Hohensiedlung. Archdologische Nachrichten aus Baden
28: 5-11.

Shennan SJ and Edinborough K (2007) Prehistoric population
history: From the late glacial to the late Neolithic in central
and northern Europe. Journal of Archaeological Science 34:
1339-1345.

Downloaded from hol.sagepub.com at University College London on November 27, 2014


http://dx.doi.org/10.1179/1749631413Y.0000000010
http://hol.sagepub.com/

Lechterbeck et al.

1307

Shennan S, Downey SS, Timpson A et al. (2013) Regional popula-
tion collapse followed initial agriculture booms in mid-Holo-
cene Europe. Nature Communications 4: article number 2486.

Sugita S (1994) Pollen representation of vegetation in Quaternary
sediments: Theory and method in patchy vegetation. Journal
of Ecology 82: 881-897.

Sugita S (2007a) Theory of quantitative reconstruction of vegeta-
tion I: Pollen from large sites REVEALS regional vegetation.
The Holocene 17: 229-241.

Sugita S (2007b) Theory of quantitative reconstruction of vegeta-
tion II: All you need is LOVE. The Holocene 17: 243-257.

Surovell TA, Finley JB, Smith GM et al. (2009) Correcting tem-
poral frequency distributions for taphonomic bias. Journal of
Archaeological Science 36: 1715-1724.

Tallantire PA (2002) The early-Holocene spread of hazel (Corylus
avellana L.) in Europe north and west of the Alps: An ecologi-
cal hypothesis. The Holocene 12: 81-96.

Tinner W and Lotter AF (2001) Central European vegetation
response to abrupt climate change at 8.2 ka. Geology 29(6):
551-554.

Van Geel B and Mauquoy D (2010) Peatland records of solar
activity: Rainwater-fed Holocene raised bog deposits in

temperate climate zones are valuable archives of solar activ-
ity fluctuations and related climate changes. PAGES News
18: 11-14.

Warren G, Davis S, McClatchie M et al. (2013) The potential role
of humans in structuring the wooded landscapes of Mesolithic
Ireland: A review of data and discussion of approaches. Veg-
etation History and Archaeobotany. Epub ahead of print 9
October. DOI: 10.1007/s00334-013-0417-z.

Wick L and Résch M (2006) Von der Natur- zur Kulturland-
schaft — Ein Forschungsprojekt zur jungsteinzeitlichen und
bronzezeitlichen Landnutzung am Bodensee. Denkmalpflege
in Baden-Wiirttemberg 35: 225-233.

Woodbridge J, Fyfe RM and Roberts N (in press) A comparison
of remotely-sensed and pollen-based approaches to mapping
Europe’s land cover. Journal of Biogeography. Epub ahead of
print 29 May. DOI: 10.1111/jb1.12353.

Woodbridge J, Fyfe RM, Roberts N et al. (2012) The impact
of the Neolithic agricultural transition in Britain: A com-
parison of pollen-based land-cover and archaeological “C
date-inferred population change. Journal of Archaeological
Science. Epub ahead of print 9 November. Available at: http://
dx.doi.org/10.1016/j.jas.2012.10.025.

Downloaded from hol.sagepub.com at University College London on November 27, 2014


http://hol.sagepub.com/

