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Abstract

The priority programme ‘‘Changes of the Geo-Biosphere’’ aimed to reconstruct the environmental history of central Europe with

emphasis on the time interval from 9000 to 5500 cal BP (time-slice II), coinciding with the Holocene climatic optimum. During this

period, the onset of human activities such as settlement, agriculture and animal husbandry caused environmental changes. Studies of

different landscape units in Germany were carried out to identify these anthropogenically induced changes and to distinguish them

from natural effects on the environmental system. The investigated archives included laminated lake sediments, fluvial sediments,

colluvia and soils, speleothems, peat and coastal sediments. The different archives were examined using refined research methods

including a variety of sedimentary and geochemical analyses, together with pollen analysis and dating methods for the establishment

of a reliable chronology. The results of the various research groups are summarised and critically discussed. Based on these results,

the climatic optimum can be subdivided into three periods: (1) the Early Atlantic from 9000 to 7500 cal BP with negligible human

impact and stable environmental conditions; (2) the Late Atlantic during Early and Middle Neolithic from 7500 to 6300 cal BP with

pollen evidence for vegetation changes but only negligible changes detectable in other proxy records; and (3) the Late Atlantic

during the Younger Neolithic (Jungneolithikum), after 6300 cal BP, with human impact observed in many archives and proxy

records especially in the pollen record but also in lacustrine and fluvial sediments. During the whole climatic optimum natural

causes, such as minor shifts of temperature, did not induce substantial environmental changes, though some changes, such as

temporary droughts, may have facilitated and amplified the observed human impact.

r 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Environmental changes are not only driven by a
variety of natural forces but also by human impact. The
interaction of both forces induces complex processes
with profound effects on the environmental system. The
course of environmental change can be reconstructed
from natural archives, e.g. lake sediments, fluvial
sediments, colluvia and soils, speleothems, peat and
coastal sediments. However, it is difficult to distinguish
to what extent natural, as opposed to human forcing, is
responsible for the observed changes. The priority
programme ‘‘Changes of the Geo-Biosphere’’ was
established to clarify such matters (Litt, 2002). Time
slice II, i.e. the interval ca 9000 – 5500 cal BP, focusses
on the onset of farming in central Europe, which is
associated with the Neolithic Bandkeramik culture, at ca
7500 cal BP. Placing the focus on this aspect is entirely
appropriate in that the introduction of farming brought
with it for the first time the possibility of substantial
human impact on the natural environment.
When the research programme was launched, time

slice II, coinciding with the Atlantic period, was
regarded as the period of climatic optimum but with
little variability from the viewpoint of climate and other
natural developments. However, anthropogenic activ-
ities such as settlement and agriculture, along with
domestication of plants and animals, occurred during
this time in central Europe, and various cultural periods
have been distinguished within this time slice on the
basis of archaeological findings. Furthermore, palaeo-
botanical and faunal analyses indicate that land-use and
settlement practices varied in time and space. Even if
these first human activities were less pronounced than
during later phases, which experienced increased popu-
lation and better technology, the potential for impact on
the natural environment was still great. It was one of the
aims of the priority programme to identify these effects
and to distinguish between natural and human causes by
using refined research methods to investigate appro-
priate archives from different landscape units (Fig. 1).
The investigated archives, mentioned above, provide
different tools to identify the style, intensity, and causes
of environmental changes at different temporal resolu-
tions. Comparison of the results allows the complex

processes and interactions within the environment,
which characterised this phase, to be identified.

2. First human impact as reflected in pollen records from

different regions in Germany

The first substantial human impact on natural
ecosystems resulted from the Neolithic way of life.
The principal features of the Neolithic economy were
arable and pastural farming, and these activities have
left a distinct imprint on the European landscape.
Indeed, the present-day landscape cannot be understood
without taking into account the enormous impact
agriculture has had on the shaping of Europe ever
since. An important part of our research within time
slice II was to pinpoint how and when farming began in
our region.
As cultivated plants, e.g. cereals, require open areas

that are more or less devoid of trees, clearance in the
until then dense forests was an a priori requirement for
arable farming. This transition from closed woodland to
open, or at least partially open landscape is readily
detectable in the palaeobotanical record.

2.1. Settlement history

Before considering Neolithic impact on vegetation, we
present a short overview of early farming communities
in Germany, their temporal and spatial distribution,
their settlement patterns and, last but not least, their
economy (subdivision, names and chronology of the
Neolithic after L .uning (1996); archaeological chronol-
ogy is in calendar years BC as generally used in
archaeological literature).
At the beginning of the Holocene period, Europe was

already inhabited by Mesolithic hunters and gatherers
who lived in small groups, mainly along lakes and rivers
and in coastal areas. The Early Mesolithic, i.e. from the
Preboreal and early Boreal, is well known from many
archaeological finds. During the Late Boreal and Early
Atlantic periods the number of inland archaeological
sites decreases, which contrasts with the coastal areas of
the North Sea and the Baltic Sea, where highly
developed Mesolithic societies flourished.
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The first farmers of the Early Neolithic Linear
Bandkeramik culture reached Germany about 5500 cal
BC. They settled on loess areas between Hungary in
the east, the Rhine in the west, the Danube (Donau)
in the south and the loess belt near the present-day city
of Hannover in the north. A second wave of expansion
followed approximately two centuries later, during
which the Bandkeramik farmers settled in almost every
loess landscape north of the Alps. The northern
boundary of distribution reached the Baltic Sea near
the mouth of the river Oder, following a line through
Hannover—Soest – Maastricht – Dunkirk, reaching
the English Channel and Normandy in the west and
extending eastwards as far as the river Dnjepr in Russia
(L .uning, 1988). The farmers of the Linear Bandkeramik
lived in large long-houses that occurred as isolated
houses or in small groups along brooklets and small
rivers (L .uning, 1997). The single family farms
were economically self-sufficient, but finds such as
amphibolite adzes from Czechoslovakia or Sphondylus

shells from the Black Sea, show that networks of long-
distance contacts existed within these society (L .uning,
2000, p. 15).
These peoples were full-time farmers. Hunting

was initially important but very soon played a negligible
role, with the exception of areas in the most southern
part of Germany. The Bandkeramik farmers cultivated
the cereals einkorn (Triticum monococcum), emmer
(T. dicoccum) and barley (Hordeum vulgare) (emmer
was generally the most important), the legumes pea
(Pisum sativum) and lentil (Lens culinaris), and the oil
plants poppy (Papaver setigerum) and linseed (Linum

usitatissimum) (Willerding, 1980). The arable system
of the Bandkeramik was not swidden cultivation as
has been frequently assumed in the older literature.
The farmers of the Bandkeramik grew their crops
on permanent fields near their houses, and usually
without fallow phases (Kn .orzer, 1986). The houses
were used for only 20–25 years, but the succeeding
houses were built on almost the same spot, which
supported the idea that the fields remained fixed (Stehli,
1989). Moreover, there is evidence that the settlements
and fields were surrounded by permanent hedges
(Groenman-van Waateringe, 1971; Castelletti and
St.auble, 1997). The arable system was seemingly very
stable and successful because hardly any change is
noticeable during the five centuries of Bandkeramik
culture (Kn .orzer, 1986). Cattle was the main domestic
animal, but sheep, goats and pigs were also kept
(Uerpmann, unpublished data). The animals grazed
in the woodlands, the only available pastureland in
those days. During the summer the animals were
probably kept in more distant upland areas like the
German Highlands, where the better grazing possibi-
lities were exploited (Kalis and Zimmermann, 1988;
Kubitz, 2000).

The Earliest Bandkeramik farmers constituted only a
sparse population and grew emmer, einkorn and to
some extent barley or millet (Kreuz, 1990). Cattle was
the most important domestic animal and hunting was
locally still important. The more densely populated
Later Bandkeramik (ca 360 000 people within former
Western Germany; L .uning and Kalis, 1992), shows
somewhat greater regional variability in both crops and
animals. Willerding (1980) and L .uning (2000, Abb. 13)
have mapped the crop distribution patterns.
Outside the loess landscape, in the greater part of

Europe, people were still practising a life of hunting and
gathering. Direct influence of the Neolithic culture on its
Mesolithic neighbours is barely noticeable, with the
possible exception of the La-Hoguette and the Limburg
groups (L .uning et al., 1989) who lived to the southwest
and west of the Bandkeramik culture respectively. They
produced pottery and most probably practised animal
husbandry to some degree. Finds of potsherds within
Bandkeramik settlements show that contacts and
exchange of goods took place between these groups
(L .uning et al., 1989). The La-Hoguette group, however
were not farmers, but seem to have continued to live
according to Mesolithic practises (Kalis et al., 2001;
Strien and Tilmann, 2001).
Because of the variability of the atmospheric 14C

content, the chronology of the Bandkeramik, which
relies mainly on 14C dating, is rather imprecise. The 14C
curve in the interval 6400–6000 BP has many ‘‘wiggles’’
so that the age range of calibrated 14C dates from this
interval, which is critical from the viewpoint of dating
the Bandkeramik, is rather large (Weninger et al., 2001,
Fig. 2). The discovery of a 14-m-deep well constructed
from oak wood at the Bandkeramik settlement of
K .uckhoven (Weiner, 1992) provided well-preserved
wood for dendrochronological dating (Schmidt et al.,
1998). For the first time a phase of the ceramic
chronology could be fixed, which enabled the end of
the Bandkeramik culture to be dated to ca 5000 BC
(6950 cal BP). The beginnings and successive phases are
still to be dated in detail.
The so-called Middle Neolithic is regarded as begin-

ning at 5000 BC (6950 cal BP). By that time, north-
western Europe was no longer inhabited by one single
culture, extending from the Dnjepr in Russia to the
English Channel; instead there was now a pronounced
regional differentiation of Neolithic cultures. At the
household level also another way of life had emerged.
The isolated farm houses were no longer the self-
sufficient nucleus of society. Small hamlets emerged,
consisting of several large farmhouses which were
probably inhabited by more than one family. The
number of settlements was smaller but they remained
in use over longer periods (L .uning, 1982). The
architecture of the houses was more diverse, possibly
reflecting social differences. Large constructions for cult
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purposes express growing communal elements within
Middle Neolithic society (L .uning, 2000). These newly
established social structures seem to have been a more
effective means to explore and open-up new land. This is
seen in the extension of farming onto other soil types
and even to other regions. Newly claimed areas included
those between the loess landscapes, the pre-Alpine area
(Alpenvorland) and several areas with fertile soils in the
lowlands of northern Germany. Even the hunter–
gatherer societies that still occupied the greater part of
Northern Germany now showed Neolithic elements
originating from the Middle Neolithic. The Swifterbant
culture, situated between the North Sea and the river
Elbe, and the Erteb�lle culture from east of the Elbe
and southern Scandinavia, both adopted the use and
production of pottery (Raemaekers, 1999 resp. Schwa-
bedissen, 1980) and animal husbandry (Hartz et al.,
2000).
The Middle Neolithic began with the Hinkelstein

group in southern Germany, the Gro�gartach group in
southwestern Germany and the Stichbandkeramik
culture in eastern Germany. At ca 4700 BC (6650 cal
BP) the R .ossen culture developed, which is probably the
best known Middle Neolithic culture. The Middle
Neolithic came to an end at ca 4300 BC (6250 cal BP)
with the Bischheim and M .unchshofen groups.
Agriculture was the economic base of Middle

Neolithic society. Einkorn (Triticum monococcum) and
emmer (T. dicoccum) were the most important cultivated
plants, but the proportions of free-threshing barley
(Hordeum vulgare) were increasing, especially in Lower
Bavaria (Niederbayern) and Saxony (Sachsen). The
overall impression of continuity in arable farming from
the Early to the Middle Neolithic is corroborated by the
almost identical spectrum of arable weeds, showing that
seed-times, methods of tillage, harvesting, crop proces-
sing, etc., remained relatively constant from the Early
Bandkeramik onwards. However, the introduction of
new, cultivated plants such as barley and the edaphically
more demanding bread-wheat (Triticum aestivum) and a
different spectrum of charcoal remains, which suggests
that the fields and settlements were no longer sur-
rounded by hedges, indicate that the arable farming
economy was not identical to that of the Early Neolithic
settlers. Regarding animal husbandry, there was little
change. Cattle were still the most important domes-
ticate. On the basis of age at slaughter, they were
probably kept as dairy cows (Glass, 1991) but they also
remained the most important source of meat, because,
apart from certain areas in southern Germany, hunting
played only a minor role.
At ca 4400 BC (6350 cal BP) the Younger Neolithic

(Jungneolithikum) began. In archaeology, this period
is commonly regarded as a continuation of the Middle
Neolithic and is characterised by a range of only
regionally important culture groups (‘‘Aichb .uhl’’

around Lake Constance, ‘‘Schwieberdingen’’ followed
by ‘‘Schussenried’’ in Neckarland, and ‘‘M .unchshofen’’
followed by ‘‘Altheim’’ in Niederbayern. In the Paris
basin the Michelsberg culture developed and expanded
into south-western Germany. The eastern part of central
Germany was occupied by the Gatersleben group).
In the lowlands of northern Germany the Mesolithic
tradition persisted in the Swifterbant and Erteb�lle
cultures. Nevertheless, a further Neolithic element
penetrated into these cultures at ca 4200 BC (6150 cal
BP), namely the cultivation of the cereals emmer
and barley (Swifterbant: Brinkkemper et al., 1999;
Bakker, 2002; Erteb�lle: Kalis and Meurers-Balke,
1998). From 4200 BC (6150 cal BP), this development
gradually led to Neolithisation in eastern Holstein
(Hartz et al., 2000). The appearance of the Funnel
Beaker culture signals a new development in Neolithic
society which became at 3500 BC (5450 cal BP)
the dominant culture of the Late Neolithic in northern
Germany, Poland and Scandinavia. (Hoika, 1987,
2000).
New developments characterise Younger Neolithic

arable farming. For instance the introduction of the
plough; one cannot rule out the possibility that
ploughing had been practised earlier, but the oldest
known plough marks date from the beginning of the 4th
millennium BC (Tegtmeier, 1993). Compared with the
Middle Neolithic, the spectrum of cultivated plants and
the relative abundances of the various crops also
changed drastically. An overall view of arable farming
in the Younger Neolithic is beyond the scope of the
present review, as each region appears to have its own
distinctive features. Emmer, einkorn, free-threshing
barley and wheat were grown in all regions but in
differing proportions. In the pre-Alpine area between
Z .urichsee and Federsee free-threshing wheat, i.e. the
Mediterranean species Triticum durum was the main
crop (Maier, 1996, 2002). Further east, emmer and
einkorn dominated (K .uster, 1991). This increased
diversity appears to have brought with it positive
consequences for the spread of agriculture because, by
the end of the Younger Neolithic i.e. by ca 3400 BC
(5350 cal BP), arable farming was established in all
regions of central Europe. Animal husbandry continued
to be based on cattle, but within the Michelsberg culture
pig assumed importance. On the other hand sheep and
goat remained unimportant and hunting was insignif-
icant, except in several pre-Alpine areas.

2.2. Palynological reflection of early farming activities

At present, the central European landscape is more or
less entirely determined by human activity. Various
forms of exploitation are associated with specific
vegetation types such as arable weeds communities,
meadows, heath, woodland, etc. The plants that
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constitute these communities produce vast amounts of
pollen annually. As a consequence, the vegetation is
reflected by its pollen production which in turn can be
studied by pollen analysis.
The most obvious way to demonstrate Neolithic

impact is by excavating sites where the farmers lived,
kept their animals, prepared their food, etc. Here one
can expect to find remains derived from crop procession,
food of humans, fodder for domesticated animals and
artefacts that give insight into all aspects of daily life.
Although at most sites only charred plant remains are
left, there are exceptions where also uncharred organic
material occurs in good condition and so provides
further opportunities for the reconstruction of human
activity and the palaeoenvironment generally
(Schlichtherle, 1991). However, such ‘on-site’ evidence
were not the subject of research in the present priority
programme. Rather, the aim was to investigate human
impact at a broader landscape level and, in particular, to
make reconstructions based on detailed pollen profiles
derived from lakes and peat bogs. The principles
underlying the interpretation of the various pollen
components in a typical pollen profile are now
considered.

2.2.1. Non-arboreal pollen component and, in particular,

cultural indicators

AP/NAP ratio. The study of present-day surface
pollen samples shows to what extent different vegetation
types can be palynologically recognised. Such pollen/
vegetation studies illustrate that the largest contrast
occurs between woodland on the one hand and treeless
vegetation on the other. A critical inspection shows that
the contrast is heavily biased by the broad spectrum of
grassland plants, which characterise the present land-
scape (Gaillard et al., 1998). Comparable studies in
areas with woodland and arable fields but without
extensive grassland show that the contrast in pollen
spectra between woodland and treeless vegetation is not
that obvious (Hicks, 1998). The conclusion is that
grassland (in the broadest sense) is the plant formation
which, in pollen diagrams, best reflects the presence of
man in the landscape of central Europe (especially in the
AP/NAP ratio). In the context of the Holocene as a
whole, however, man-made grassland is a rather recent
phenomenon. Intensive woodland grazing can admit-
tedly lead to treeless vegetation, but plant species are
grazed selectively by the animals based on the taste of
the particular species. A park landscape with shrubs
rather than purely open grassland results (Pott and
H .uppe, 1991). Maintenance of grassland is distinctly
favoured by mowing on a regular basis and preferably
once a year. This in turn necessitates appropriate tools
for mowing. It is therefore no coincidence that the
development of man-made grassland vegetation is
associated with the Early Iron Age (K .orber-Grohne,

1990; Behre and Jacomet, 1991) with possibly some
early examples in the Bronze Age (R .osch, 1993; Stobbe,
1996).
From a palynological point of view, human impact on

the landscape is most readily detectable from the time
that synanthropic grasslands first existed, i.e. from the
Iron Age (and possibly the Late Bronze Age) onwards.
This does not necesserily mean that, prior to this, there
were fewer inhabitants or that human impact was less. It
simply means that the impact is not as readily detectable
in the pollen analytical data. As a consequence, the
commonly used AP/NAP may not be the most appro-
priate for visualizing human impact before the Late
Bronze Age. Many authors conclude from the low
amounts of NAP in their pollen diagrams that human
impact was negligable or absent during the Neolithic,
though this view is often contradicted by archaeologists
on the basis of large-scale excavations in the same area.
This was also the case within the present priority
programme. Although archaeologists have no doubt
about the presence of man near the studied lakes, in
several instances, pollen diagrams from lake deposits
show very low NAP-percentages during this time slice
despite incontrovertible archaeological evidence for a
substantial human presence. This makes further reflec-
tions on this archaeo-palynological paradox appropriate
because there are, besides the AP/NAP ratio, other
palynological indicators of farming activity and its
impact on the natural environment.

Cultivated plants. The most certain evidence of arable
farming in pollen diagrams is the pollen of cultivated
plants. The pollen of cereals, pea, lentil, linseed and
poppy have sufficient morphological features to con-
fidenly enable identification (i.e. Beug, 1961; Kalis, 1980;
Punt and Den Breejen, 1981; Faegri and Iversen, 1989).
Unfortunately, most cultivated plants are cleistogamic
(self-pollinating) and so do not readily emit pollen into
the atmosphere. Hence they are largely invisible in the
regional pollen rain. This is also the case with Neolithic
cereals, where the pollen remains within the glumes.
Fortunately, Neolithic people were interested in the
grain rather than the glumes, so that the cereals were
threshed, the grains dehusked and the pollen liberated
into the atmosphere. Furthermore, the products of
threshing were winnowed which again favoured pollen
dispersal. The size of the cereal pollen curve is therefore
related to the proportion of cereal processed for human
consumption rather than the amount of cereals culti-
vated or the location of the fields vis-a-vis the sampling
site. Incidentally, cereal-type pollen have been recorded
throughout the entire early Holocene. Non-cultivated
grass species of the genera Elymus and Hordelymus also
produce cereal-type pollen (Hordeum type, Beug, 1961).
Such plants occur today on sand dunes along sea shores
or in some rare types of forest on damp, fertile soils.
Scattered finds of pollen of the Hordeum type or
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Cerealia indet. in pollen spectra without further indica-
tions of human presence have to be ascribed to these
wild grass species (O’Connell, 1987; Schweizer, 2001).
However, regular finds of Cerealia indet. pollen and all
finds of Triticum-type pollen (ascribable exclusively to
cultivated wheat species; Beug, 1961) are invariably
younger than 5500 BC and indicate cereal growing.
Although no direct relation between pollen percentages
and the extent of cereal cultivation can be deduced, the
pollen of cereals remains the best indicator of arable
farming.

Weeds and ruderals. At least one characteristic weed
plant community occurred in cereal fields on loess soils
during the whole of the Early and Middle Neolithic i.e.
the Bromo-Lapsanetum praehistoricum (Kn .orzer,
1971). During the Younger Neolithic in the pre-Alpine
region Jacomet et al. (1989) found characteristic weeds
for flax fields, and it is likely that other crops had also
their own characteristic weed communities. Because
most weed species, like cultivated plants, originate from
treeless vegetation outside central Europe (often from
steppes), they are confined to arable habitats and are
therefore, in addition to the crop plants, also reliable
indicators of arable farming. Unfortunately, this does
not make them always usable as cultural indicators in
pollen diagrams from the Neolithic. Most of the present-
day weed species had not yet entered Central Europe
during the Neolithic (Behre, 1981; Kn .orzer, 1988). The
greater proportion of weeds already present were
cleistogamic or zoogamic and therefore poorly repre-
sented in Neolithic pollen records. Furthermore, the
anemogamic plants in the Neolithic weed assemblages
have pollen that is not readily identifiable to specific
level. Often, they can only be assigned to indigenous
families such as Poaceae and Chenopodiaceae or to the
genus Rumex. With regard to these groups, the pollen of
weeds cannot be distinguished from that of species
already present in the natural vegetation. Thus the
vegetation of arable fields during the Neolithic remains,
to a large extent, indistinguishable in the pollen record
(L .uning and Kalis, 1992). The results of the pollen
analyses in the present priority programme corroborate
this.

Forest clearings. The extent of arable cultivation also
regards detection in the palynological record. Although
very few Neolithic fields could be excavated in situ, one
can, in thoroughly excavated landscapes, reflect on
their range. Several estimates of the extent of cultivation
have been published, especially for the Early Neolithic.
Kn .orzer (1986) suggested that during the Early and
Middle Neolithic, arable land on loess soils was
permanently used without fallow phases. The cereal
production of 1 ha of such fields can feed three persons.
Based on large-scale excavations near Aachen, a
population density of 17 inhabitants per km2 has
been suggested for the period of Bandkeramik settle-

ment in that site (L .uning, 1988). To feed this population
ca 5–6 ha arable land per km2 was needed. The question
arises as to whether such a relatively small area would
be visible in the pollen diagrams. It is assumed that
the fields were situated close to each other. But even
a large arable area in a forested landscape seems difficult
to detect. In surface pollen samples from a Finnish
woodland, Hicks (1998) could not detect a 2500-ha
area of arable fields at a distance of only 250m. This
empirically observed fact corroborates the computer
simulations of Sugita (1998), which show that distur-
bances of 4100 and 2500 ha at only 100m away from
a lake do not create detectable decreases in AP
pollen loading of any of the taxa. Only a disturbance
of 100-ha extent, when it occurs at the lake shore,
generates more than 20% decline of AP pollen loadings
and shifts the pollen percentage representation. Thus
the poor reflection of the Early and Middle Neolithic
arable cultivation areas in the pollen diagrams from
‘off-site’ lake deposits is quite understandable.
From this point of view, the results from the two
sites presented here in which Early Neolithic arable
farming is clearly represented, assume added interest.
It implies that the sites in question, i.e. peat bogs in
the Wetterau (Fig. 4, Schweizer, 2001) and Grabfeld
(Fig. 7, Reichart, in preparation), which are situated in
river valleys, were bordered by Bandkeramik fields
and that these extended over at least 100 ha near these
sites. A detailed archaeological field survey of the
Wetterau near the pollen site (Schade, 2001) has shown
that the Bandkeramik settlement pattern meets this
requirement.
The lake pollen diagrams from the present priority

programme inevitably show that ‘off-site’ pollen
analysis is not an appropriate tool to illustrate the
intensity and extent of Early Neolithic arable farming.
This only changes when:

1. the extent of arable farm land increases greatly,
2. the diversity of weed species increases, especially

wind-pollinated species,
3. the arable system is changed, for instance from

permanent tillage to swidden cultivation or other
types of agriculture.

Several authors have dealt with these aspects with
regard to Late Neolithic arable farming (cf. R .osch,
1990), but that period is beyond the scope of this review.

2.2.2. Arboreal pollen component

The potential of palynology for showing plant
communities with high amounts of wind-pollinated
plant species such as forest, shrubs, tall herb commu-
nities and grasslands ensures that their composition and
their succession processes are well documented in the
pollen diagrams.
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Primary forest. The general view has been that during
the postglacial climatic optimum the vegetation cover of
Europe developed to give natural climax vegetation. It
has also been commonly held that both Mesolithic and
Neolithic man had little overall effect on the natural
vegetation. This view requires further consideration, at
least for the Early and Middle Neolithic, as we shall
discuss below. Even Mesolithic cultures had an impact
on the natural vegetation insofar as they may have
favoured Early Postglacial expansion of hazel (see Bos
and Urz, 2002). Therefore, vegetation was at its most
natural in periods with the fewest traces of human
occupation, which in the case of Central Europe,
appears to be the Late Mesolithic, i.e. the Early Atlantic
period.
During the Early Atlantic period, Europe was covered

with forest. Undisturbed forest development favours
late-successional tree species such as Carpinus betulus,
Fagus sylvatica, Tilia cordata and Ulmus laevis in
lowlands and lower uplands, and F. sylvatica, Abies

alba and Ulmus glabra in the highlands. During the
Early Atlantic period, however, the most important
present-day late-successional species Carpinus betulus

and Fagus sylvatica had not yet entered Central Europe.
Instead, the primary forest was dominated by Tilia

cordata on fertile soils, Ulmus minor and U. laevis in
river valleys and along brooks, Alnus glutinosa on mires,
and U. glabra in the highlands (Pott, 2000). Oak species
played a subordinate role on fertile soils, but were
important in river valleys, highlands and in forests on
poor soils. During the Early Atlantic period, regions
with a low annual precipitation were covered with pine
(Pinus sylvestris), rather than deciduous forests.

Regional variation. Within the extensive research area
of the present priority programme, there is a large
diversity of landscapes which is reflected in both the
present and the former vegetation patterns. Zonal
vegetation within Germany is mainly differentiated
along two gradients, namely a vertical gradient corre-
lated with height above sea-level, and a horizontal
gradient that reflects degrees of oceanity/continentality.
Edaphic conditions also play a major role. In this study,
the vertical gradient is not of major importance since the
selected sites are from below 350m a.s.l. (with the
exception of Degersee). Plant response to this diversity
in the Early Atlantic period is well mirrored in the pollen
diagrams. Coarsely put, the following regions can be
distinguished from south to north:

Pre-Alpine moraine landscape of the W .urm glaciation.
This area is hilly to mountainous with a mosaic of
fertile, poor and wet soils. In the Early Atlantic period it
was covered with oak–lime woods in the fertile uplands,
oak–ash–elm woods in the river valleys and elm woods
at higher altitudes of the montane vegetation belt. Alder
was rare (Hegau–Stei�linger See, Fig. 2; Allg.au–Deger-
see, Fig. 3)

In the loess areas in southern Germany characterised
by continental conditions, for instance in Niederbayern
(Peters, in preparation) and in the southern Upper
Rhine Valley (profil Wasenweiler Ried, Friedmann,
1999), pine constitutes the Early Atlantic climax
vegetation (not illustrated by a pollen diagram).

Continental loess landscapes within the highland zone.
These are hilly areas with fertile soils, dominated by pine
woods on the upland soils and some oak–elm woods in
the river valleys. Alder carr had not yet developed
(Magdeburger B .orde–M .uller, 1953; Litt, 1992a,b; Wet-
terau–Salzwiese, Fig. 4).

The mountainous and sub-mountainous vegetation belts

of the German Highlands with their moist climate
were covered with oak–lime woods at lower altitudes
and oak–elm woods at higher altitudes (Werra-
Fulda highlands–S.aulingssee, Fig. 6; Unterfranken–
Wetzhausen, Fig. 7; Eifel highlands–Meerfelder Maar,
Fig. 5).

Oceanic loess landscapes within the highland zone.
These are hilly areas with fertile, loess soils, which were
dominated by lime on the upland soils, and elm in the
river valleys, along brooks and on the damp, lower
fringe of slopes. Mires were rare and hence few alder
carrs existed (Untereichsfeld–Jues-See, Fig. 8).

The older morainic landscape of the northern German

Lowlands. This area was covered by the ice during the
penultimate (Saale) but not during the last (Weichselian)
glaciation. It is a flat, undulating area with poor, sandy
soils (Geest) and often high water tables. Alder carr
dominated on wet soils, while in the upland soils lime
and oak flourished and elm and oak where soils were
more fertile (H.amelsee, Fig. 9).

The younger morainic landscape along the Baltic Sea.
This is a hilly area with fertile soils and many lakes and
mires. Lime woods dominated the uplands, elm woods
grew along rivers, brooks and at the lower fringe of hills,
and alder carr was common on mires (R .ugen–Hertha-
moor, Fig. 12; Schleswig-Holstein–Haddebyer Noor,
Fig. 11; Flensburger F .orde, Fig. 10).
It is noteworthy that the distribution of pine reached

remarkably further westward than today, which sug-
gests that the gradient from oceanic to continental
climate in Germany during the Early Atlantic differed
from that of today. The distribution pattern of pine
woods cannot be ascribed to a delayed spread of
deciduous trees which, by now, had reached the river
valleys of the dry loess landscapes. Elm was present in
small quantities and lime and alder expanded at a later
time, but not earlier than the Subboreal. This also points
to a more continental precipitation regime during the
Early Atlantic in southern and eastern Germany.

Secondary forest cycles. Woodland was the dominant
plant formation during the Neolithic. Almost all
activities of the Neolithic peoples had consequences
for the vegetation and resulted in changes to its
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composition. The use of wood as fuel and building
material, the creation of treeless areas for arable fields
and settlements on the one hand, and woodland pasture
including leaf fodder for animals on the other hand,
resulted in all types of secondary woodland, shrub
formations and tall herb communities. This is clearly
reflected in the regional pollen rain. In 1941, Johs.
Iversen was the first palynologist who recognised this.
Against generally accepted view of his time, he
postulated that the disappearance of primary forest in
Denmark during the transition from the Atlantic to the
Subboreal was not caused by climatic change, but rather
by farming activities of the Funnel Beaker culture. The
expansion of arable activity and animal husbandry
destroyed the climax elm and lime forests and caused the
development of secondary woodland consisting merely
of alder, birch and hazel, which characterised the Early
Subboreal pollen spectra (Iversen, 1973). The correla-
tion between the so-called ‘‘Iversen landnam’’ and the
expansion of agriculture in Denmark is now commonly
accepted and used in the interpretation of the pollen
diagrams from Schleswig-Holstein (D .orfler, 2001).
Iversen’s ecological explanation of the palynological
phenomena reflecting the natural regeneration processes
in woodlands is also applicable to earlier phases of the
Neolithic. Undisturbed forest development favours
‘late-successional species’ (after Berglund et al., 1991,
p. 405) such as Fagus sylvatica, Tilia cordata and Ulmus

spp., whereas forest disturbances lead to high propor-
tions of ‘early successional tree species’ (Berglund, 1991)
such as Alnus glutinosa, Betula pendula, B. pubescens,
Corylus avellana and Fraxinus excelsior. These are
indicators of the so-called secondary forest cycle, a part
of the natural succession in which secondary forests
regenerate in several stages towards primary forest. The
early successional species also include oak and pine,
although they are of intermediate status. Quercus robur,
which grows best in secondary woodland is also found
however in undisturbed forests on poorer soils. Pinus

sylvestris, on the other hand, was the naturally
dominant tree in the more arid parts of Germany
during the Atlantic period (see Regional variation).
The above-mentioned tree species produce and emit

so much pollen that they are clearly visible in the
regional pollen rain. The succession of woodland
vegetation, especially within the secondary forest cycles,
is therefore the most visible palynological feature of
early human impact (cf. M .uller, 1962; Aaby, 1986;
Ammann, 1988; Kalis, 1988).
Every forest clearing results in edge communities

where forest regeneration starts again. The hedges of the
Early Neolithic fields and settlements consisted more or
less of the same species as found in woodland edges.
Early successional species dominated the vegetation in
abandoned fields and settlements and in any other
abandoned treeless area. Consequently, high percentage

representation of early successional species in pollen
diagrams from the Atlantic period point to the existence
of secondary forest. They are the indirect reflection of
Early Neolithic arable farming that cannot otherwise be
demonstrated directly by palynology.
Animal husbandry was another Neolithic activity

which clearly affected woodland vegetation. In the
absence of grassland, livestock were kept in the forest.
This posed no insuperable problems to cattle and
pigs, as they derived originally from wooded habitats.
Present-day observations show that sheep and goats can
also survive in such habitats. Woodland grazing,
however has severe consequences for the forest itself.
As seedlings and young trees are eaten, the forest’s
natural rejuvenation is hindered. Bark and twigs
are bitten off, seriously affecting tree species such as
lime and beech. Oak, on the other hand, was avoided
by livestock because its bark and leaves are unpalatable.
On the other hand, rooting by pigs has a positive effect
on the germination of oak (Stobbe, 1996). In summary,
grazing had a decided effect on the composition of
the Atlantic woodlands. Early successional species were
favoured as long as woodland pasture was maintained.
With its dense shrub vegetation, secondary forest is
more attractive for livestock than natural forest. It has a
much higher biomass production, especially leaves
and twigs which grows conveniently low for grazers
during the early years. Furthermore, the tall herb
vegetation is much more luxuriant than the sparse
understorey of primary forest. Neolithic farmers may
have acted to permanently maintain woodland in an
early successional stage, as was probably done earlier
on a smaller scale by Mesolithic peoples so as to attract
game (see Bos and Urz, 2002). Iversen (1941) had
already considered this when he claimed that the
large-scale woodland fires, which characterise the
beginning of the Subboreal in Denmark, were deliberate
with a view to creating secondary forest as grazing for
livestock.
The effects of forest clearance and woodland grazing

on arable farming are reflected in the regional pollen
rain. Cycles of forest regeneration are recognised in
pollen diagrams from southern Germany (M .uller, 1962)
and from the Swiss Plateau (Ammann, 1989). The cycles
begin with tall herbs, followed by the pioneer trees birch
or alder, then ash and hazel, leading to the secondary
forest where oak mainly dominates. The cycle than ends
in the original forest type. Not every clearing leads to a
complete succession. Firstly, the succession should not
be interrupted by another clearance. Secondly, the rate
and direction of forest succession depends largely on
local edaphic conditions. The cycles are most visible in
areas with fertile soils, because here forest regeneration
is rapid. On poor soils, clearings can easily lead to
irreversible degradation of the soil. In such cases,
woodland needs much more time to regenerate, if at all.
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All three possibilities are reflected by examples in the
present pollen diagrams. In the Salzwiese diagram from
the Wetterau (Hessen) only one clearance is recorded,
i.e. that one at ca 5500 BC (7450 cal BP) caused by
the Early Neolithic Bandkeramik people (Fig. 4, above
224 cm). Although numerous farming systems have
succeeded each other from the Early Neolithic up to
the present, the area was not abandoned and forest
regeneration has not taken place in this fertile area after
the first clearing 7450 years ago (Stobbe, 2000;
Schweizer, 2001). On the other hand, some fine examples
of secondary forest cycles are recorded in the other
profiles. Examples are given in discussing the individual
pollen diagrams.

Forest fires. Analyses of lake deposits and peat bogs
reveal that fire played an increasing role in landscape
management during the Neolithic. Since Lateglacial
times, charcoal plant fragments are ubiquitous in many
types of deposits in Germany including lacustrine, bog
or eolian deposits. Not all fires are attributable to
humans, especially when conifer woodlands are in-
volved, as conifers may catch fire spontaneously.
However, according to recent experiences in Germany
(forest fires in northern Germany; experimental archae-
ology), sound, deciduous forest is almost fire-proof.
Noticeable peaks of charcoal in pollen diagrams,
ocurring after the establishment of the Atlantic decid-
uous forest types, may therefore be considered as
possibly due to human activity. This is especially true
when the charcoal is connected with secondary forest
cycles. Such peaks, accompanied by secondary forest
cycles, are reported from the Schleinsee (Clark et al.,
1989) and the Degersee (Kleinmann et al., in prepara-
tion) from 6250 BC (8200 cal BP) onwards, at intervals
of 200–300 years. Fire signals increasingly accompanied
by the alga Bosmina longirostris, which points to
eutrophication by fire, are found after 6900 BC (8850
cal BP). A surprisingly early example from the Early
Mesolithic in the valley of the Lahn near Marburg
(Hessen) is described by Bos and Urz (2002). Near an
Early Mesolithic camp site on the levees of an oxbow
lake of the river Lahn, lake sediments were examined for
pollen and plant macroremains. Both the camp site and
the deposits proved to be Early Boreal and the spectrum
of macroremains showed plant species, indicating a high
degree of nitrification caused by a local human presence
(Urz, 2000). Besides the local vegetation, the regional
vegetation is also reflected in the pollen diagram. It is
clear that the vegetation around the camp was regularly
and deliberately burnt so that the Early Boreal pine
woods were temporarily replaced by tall herb vegeta-
tion, including Artemisia sp., Chenopodiaceae and even
Plantago lanceolata, and hazel shrub. However, pine
soon regained its former dominance. After the distur-
bance of the primary pine forest, the vegetation reacted
with the development of fast growing vegetation to close

the gap and restore the original forest. Tall herb
vegetation was followed by secondary woodland and
finally by the original woodland type. At least five cycles
could be detected.
Fire and forest cycles with increased magnitude occur

later in Schleinsee around 5450 BC (7400 cal BP), 5250
BC (7200 cal BP) and 5000 BC (6950 cal BP),
contemporary with the Early Neolithic. Another feature
indicating the burning of vegetation are the finds of
pollen grains that have been subjected to substantial
heating. Andersen (1988) first described the alterations
in the morphology of pollen grains that had been
exposed to fire. He connected the high number of such
grains found in Neolithic pollen spectra in Denmark
with the agricultural system of the Funnel Beaker
culture. Here, fire was used to create pasture from the
secondary forest. Such pollen grains also appear in
pollen spectra from much earlier times. Schweizer (2001)
found them in mire profiles in the Wetterau from the
Late Mesolithic onwards, with increasing quantities in
the Early Neolithic.
Elevated Betula representation is another indirect

indicator of woodland fires. Betula pendula germinates
extremely well in the ashes of newly burnt woodland,
independently of the quality of the soil. Therefore it
frequently dominates the first stage in woodland
succession after burning (Dengler, 1935, p. 214). A high
frequency of fires causes elevated Betula representation
in regional pollen diagrams. Lower fire frequency, and
thus cycles of longer duration, stimulates the development
of hazel. High pollen concentrations of Betula and
Corylus, in combination with a high content of charcoal
dust in the regional pollen rain of the Younger Neolithic
in southwestern Germany, led R.osch (1990) to postulate a
‘slash and burn’ agriculture for the entire Younger and
Later Neolithic. However, Lechterbeck (2000) could not
confirm the correlation of the high Betula and Corylus

values with charcoal representation in the nearby
Stei�linger See. Further research is required to clarify this.

2.3. Regions (from south to north)

Pre-Alpine moraine landscape of the W .urm glaciation:
western Lake Constance (Bodensee): Stei�linger See
(Lechterbeck, 2000), Fig. 2; eastern Lake Constance:
Degersee (M .uller, in preparation), Fig. 3.
Stei�linger See lies in the pre-Alpine younger moraine

landscape of the Hegau in Baden-W .urttemberg, ca 7 km
north-west of Lake Constance. From the point of view
of both archaeology and vegetation history, this is one
of the best-known landscapes of southern Germany.
Intensive archaeological research is conducted from the
research station of Hemmenhofen (Schlichtherle, 1991).
High-resolution pollen diagrams are available from
Durchenbergried and Hornstaad (R .osch, 1990, 1993)
which lie 4.5 and 12 km, respectively south-east of
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Stei�linger See. The latter contains annually laminated
sediments, enabling a precise chronology (Wolf-Brozio
cited in Lechterbeck). Pollen analysis of the varved
lacustrine deposits of the Stei�linger See (Lechterbeck,
2000) makes possible the long-awaited correlation
between vegetation and settlement history. Unfortu-
nately, the lamination does not reach the top of the lake
sediments. The floating varve chronology has been fixed
with the help of 14 AMS 14C dates. This probably
explains the difference of approximately one century
between the estimated age and the archaeologists’
chronology. Ages quoted below are based on this
estimate.
At 5475 BC (7425 cal BP), there is a marked change in

that the pollen curves of the late successional species

Tilia and Ulmus reach a minimum, whereas that of
Corylus attains a pronounced maximum (Fig. 2). A
secondary forest cycle of Alnus, Betula, Fraxinus and
Quercus follows and at ca 5300 BC (7250 cal BP) also
Tilia. Forest clearance in the 6th millennium BC as
recorded in pollen diagrams is often connected with the
Linear Bandkeramik culture. Indeed, early farmers
settled in the Hegau, although archaeological evidence
from within 8 km of the lake has yet to be found.
According to the archaeological chronology, this first
evidence of a farming presence is not earlier than ca
5300 BC. At 4900 BC (6850 cal BP), a decrease in Ulmus

is connected with an increase of Quercus, Alnus and
Fagus and the first appearance of Plantago major/media

and Chenopodiaceae. This may be connected with

Analysis: J.Lechterbeck
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Fig. 2. Percentage pollen diagram from the Stei�linger See after data from J. Lechterbeck (rearranged and redrawn).
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Middle Neolithic human activity. Also the expansion of
beech (Fagus sylvatica) is often connected with human
impact on the natural (lime) forests (Pott, 2000).
Whether it was deliberately introduced or behaved as
an ‘‘oversized weed’’ (Bottema, 1988) remains unclear.
After its establishment as a pioneer, beech behaves as a
late-successional species and the high pollen values
between 4600 and 4400 BC seem to reflect woodland
regeneration. At ca 4300 BC (6450 cal BP) all late-
successional tree species decrease sharply and the curves
for Alnus, Betula, Corylus and Quercus increase,
indicating a strong human impact on the landscape.
This feature is characteristic for all lowland pollen
diagrams from southwest Germany and pre-Alpine
Switzerland. M .uller (1962) assumes, on the basis of
the pollen percentage values, that at 6250 cal BP in the
catchment area of the Schleinsee, the beech-, elm- and
lime woodland had declined to less than 10% of its
climatic potential as a result of clearances. The
population which was responsible for this impact
belonged to the Younger Neolithic Aichb .uhl group.
Several authors have tried to explain these features.
R .osch (1990, 1993) postulates a shifting cultivation with
‘slash and burn’-like temporary clearings. This would
explain the drastic reduction of natural forest vegeta-
tion. A whole landscape dominated by secondary forest
is envisaged. R .osch assumes that woodland burning was
practised to make way for arable farming. Maier in
Dieckmann et al. (2002), however, proposed permanent
arable farming, based on evidence from plant macro-
remains. High percentages of charcoal dust in the
sediments indicate forest fires. If firing was not carried
out to benefit arable farming, then the reason is, as yet,
unclear. This intense human impact lasted until about
3950 BC (5900 cal BP). After forest regeneration of
nearly four centuries, the next large impact begins with
the Horgen culture at about 3400 BC.
The Degersee, east of Lake Constance, lies at an

altitude of 478m, i.e. in the montane vegetation where
precipitation is higher than near the Stei�linger See. The
pollen diagram (Fig. 3) reflects this. Percentages of elm
and ash, characteristic of Atlantic mountain forests are
higher, whereas representation of the lowland species
oak and lime is much lower than at Stei�linger See. The
human impact record is also different. Until 5000 BC
(6950 BP varve age) all pollen curves reflect natural
vegetation dynamics. The decline of elm beginning at
5000 BC is probably caused by the expansion of beech in
the elm forests of the montane vegetation belt and
human impact is not detectable until 4450 BC (6400 BP
varve age). A slight decline of the curves for beech, lime
and elm is associated with an increase in hazel, grasses
and the first finds of cereal pollen which suggests arable
farming by people of the R .ossen culture. After a
classical forest regeneration between 4300 and 4200
BC (6250 and 6150BP varve age), a renewed forest

clearance occurs between 4050 and 3800 BC, the late-
successional species beech and lime reaching a mini-
mum, birch hazel and alder containing a maximum.
Archaeological evidence for a corresponding Younger
Neolithic culture is yet to be found. After some forest
regeneration, another remarkable forest clearance oc-
curred at ca 3650 BC that lasted about a century (Pfyn-
Altheim?). The pollen profiles from Stei�linger See and
Degersee corroborate the archaeological evidence,
which shows that the landscapes east and west of Lake
Constance had quite different settlement histories,
especially during the Younger Neolithic.

Continental loess landscapes within the highland zone:
Hessen: Wetterau (Schweizer, 2001), Fig. 4. The Wetter-
au is an intra-montane basin between the highlands of
the Rheinisches Schiefergebirge in the west and Vogels-
berg in the east. Its sheltered position results in
favourable climatic conditions. Combined with fertile
loess soils, this makes the Wetterau one of the best
agricultural areas of Germany. Arable farming was
established here as early as 5500 BC and has remained
the most important human activity ever since. Along the
river Wetter, a chain of mires have developed since the
Early Holocene. The peat deposits facilitate palynolo-
gical investigations. In contrast to the surrounding
highlands where lime and elm woodland prevailed, the
Early Atlantic vegetation was dominated by pine forest.
This reflects the specific meso-climate of this basin in the
rain shadow of the highlands. The arrival of Early
Bandkeramik farmers is marked by a sharp decrease in
pine and an increase in NAP. It is one of the very few
pollen diagrams where the Early Neolithic forest
clearings are reflected by an increase of NAP (the
Luttersee in Untereichsfeld is another example; Beug,
1992). This can only be explained by the existence of
extensive woodland clearings with arable fields beside
the investigated peat deposits which is supported by the
archaeological evidence (Schade, 2001). Preceeding the
Early Neolithic, the pollen diagrams show an increase of
Corylus from 5700 BC onwards, which points to some
kind of woodland clearing. Schweizer ascribes this to the
activities of the Late Mesolithic La-Hoguette group.
This group was living at the periphery of the Early
Neolithic in northeastern France. There are hardly any
changes in the pollen profile between the Early and
Middle Neolithic. The Middle Neolithic was beyond the
scope of Schweizer’s study and therefore not analysed.

The western German highland zone: Eifel - Meerfelder
Maar (Kubitz, 2000), Fig. 5. The Meerfelder Maar, a
crater lake of a former volcano located in a side valley of
the river Mosel, is situated at an altitude of 344m a.s.l.
in the Moseleifel, a part of the Eifel Highlands. From
the Early Neolithic onwards, the Mosel valley itself was
inhabited by farmers (L .ohr, 1986). There is archae-
ological evidence for human presence in the vicinity of
the Maar (L .ohr, 1986; Nakoinz in Kubitz, 2000),
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though permanent settlements are lacking. The lake
sediments are annually laminated, so that the pollen
profile may have a precise and accurate chronology. The
laminae or varves extend from the Early Boreal to the
Middle Ages, but unfortunately not up to the present.
Thus, the varve chronology is a floating chronology that
is anchored with the help of 14C dates Two chronologies
have been made by C. Endres and A. Brauer (in Kubitz,
2000, p. 23); ages quoted below are based on the latter
(Fig. 5).
A strong AP signal marks Early Neolithic impact.

Percentage representation of late successional species
fall sharply at 5500 BC (7450 cal BP), while Corylus and
Fraxinus peak. A secondary forest succession with

Alnus, Betula and Quercus starts and within ca 100
years this gives way to lime-dominated woodland similar
to that which existed prior to the disturbance. Kubitz
(2000) ascribes this to the effects of woodland pasture by
Early Neolithic farmers from the nearby Mosel valley.
Another secondary forest cycle of 130 years is visible
between 5320 and 5150 BC (7270 and 7100 cal BP). Both
cycles are ascribed to the Linear Bandkeramik culture,
although they pre-date by approximately one century
the corresponding phases of human activity as detected
and dated by archaeologists. After a woodland regen-
eration phase during which Quercus values fall and
Ulmus and Tilia increase, the reverse process began at
4950 BC (6900 cal BP) and lasted for 225 years. This

3500

4000

4500

5000

5500

6000

V
ar

ve
 y

ea
rs

 B
C

20 40 60 80 100%

APCor
ylu

s av
ell

an
a

NAP

DEGERSEE
Selected pollentypes

20

Que
rc

us
ro

bu
r - gr

ou
p

Hed
er

a
he

lix

20 40

Ulm
us

gla
br

a
- typ

e

Tilia

20

Fra
xin

us
ex

ce
lsi

or

20 40

Fag
us

sy
lva

tic
a

20

Bet
ula

20 40

Alnu
s

Arte
m

isi
a

vu
lga

ris
- typ

e

Che
no

po
dia

ce
ae

Plan
ta

go
lan

ce
ola

ta

Cer
ea

lia

Poa
ce

ae

Analysis: H.Müller

Pinu
s sy

lve
str

is
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corresponds to the Middle Neolithic, though the
relevant cultural period i.e. R .ossen, too dates to
approximately one century later. Human impact near
the lake also affected water quality. The alga, Pedia-

strum, is better represented, which indicates eutrophica-
tion, which in turn, has been linked to the pasture of
livestock in the catchment area during the Middle
Neolithic. After a short regeneration and decreasing
Pediastrum values which began at 4500 BC (6450 cal
BP), Ulmus values decline again, and Fraxinus and also
Pediastrum increase, again pointing to nearby woodland
pasture. This lasted 160 years and may be ascribed to the
Bischheim culture.

The changes in AP representation during the Atlantic
are rather slight in comparison to those recorded from
4220 BC (6170 cal BP) onwards. The pollen curves for
Quercus, Ulmus, Fraxinus and Alnus decrease substan-
tially, while Corylus greatly increases. The author
ascribes this to large-scale clearances within the Eifel
uplands. The Eifel was not only used for woodland
pasture and hunting but, during the Younger Neolithic
arable farmers of the Michelsberg culture settled in the
uplands and had arable plots in woodland clearings.
This is therefore another example of the use of the Eifel
by people of the Michelsberg culture, as assumed by
Kalis and Meurers-Balke (1997). After a maximum of
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Corylus that lasted 100 years, Alnus representation
increases. Kubitz’s (2000) interpretation is that erosion,
caused by woodland clearances, lead to the formation of
alluvial deposits suitable for alder.

The eastern German highland zone: Th .uringen: Wer-
ratal—S.aulingssee (Schneider 2002) Fig. 6; Bayern:
Unterfranken—Wetzhausen (Reichardt, in preparation)
Fig. 7.
The S.aulingssee is located at 232.5m a.s.l. in a valley

within the Werra-Fulda Highlands on the border
between Hessen and Th .uringen. This area was formerly
situated between Hessen and East Germany. Prior to
1989, archaeological research was impossible in this
border region. Hence, its early settlement history is
practically unknown. High-resolution pollen analysis
with a 14C-based chronology illustrates the vegetation

history around the S.aulingssee (M.ausbacher et al., 2001;
Schneider, 2002a, b). The peat deposit of Wetzhausen
lies at 295m a.s.l. in a valley between the Rh .on
mountains and the Ha�berge. Both deposits range from
Lateglacial to the Middle Ages.
During the middle of the 6th millennium BC, slight

changes in AP representation at S.aulingssee, accompa-
nied by the first records of Plantago lanceolata, Cerealia
and Chenopodiaceae indicate Early Neolithic human
impact (Fig. 6, depth 615 cm). The most obvious feature
is the increase in Fraxinus, which in other places in the
highlands has been correlated with animal husbandry by
Early Neolithic farmers (Kalis and Meurers-Balke,
1997). Stray finds of the Linear Bandkeramik culture
are known from adjacent areas in Hessen and
Th .uringen, but modern archaeological research is
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needed to verify a Neolithic presence near the S.aulingssee.
A further increase of Fraxinus, with a minimum of Tilia

and an initial decrease in Ulmus are recorded shortly
before 5000 BC (Fig. 6, 585 cm). A similar development is
shown by the Wetzhausen profile between 430 and 380 cm
(Fig. 7). There is no doubt regarding presence of
Bandkeramik farmers nearby and the pronounced peak
of cultural indicators pollen, including ca 5% Cerealia
which indicates cereal production nearby.
After a forest regeneration phase in the S.aulingssee

profile, a further decline in Ulmus and an increase in
Quercus occurs at ca 4750 BC (Fig. 6, 572 cm).
Simultaneously, Pediastrum increases, which indicates
eutrophication of the lake water. All features point to

Middle Neolithic impact on the vegetation near the lake,
although the lack of archaeological research does not
allow verification. The settlement history at the Wetz-
hausen site is better understood, where a R .ossen
settlement occurs nearby. The Ulmus-decline at
366 cm, and the increase in Betula, Corylus and Quercus

may be attributed to this culture. A decline in Ulmus,
similar to the classical Elm Decline, in the S.aulingssee
pollen diagram, with simultaneous decreases in Fraxinus

and Alnus, began around 4300 BC (Fig. 6, 537 cm)
and was followed by a clear secondary forest cycle
and pollen records for cereals, weeds and grasses. The
author suggests that Younger Neolithic people were
responsible for these changes, although it remains
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unclear whether the Michelsberg culture, known
from adjacent Hessen, or the Gatersleben culture known
from the neighbouring Th .uringen basin, were involved.
The most readily detectable human impact in the
vegetation in the Werra-Fulda highlands is coupled
with the least well defined archaeological period for that
region.

Oceanic loess landscapes within the highland zone:
Niedersachsen: Juessee in the Unteres Eichsfeld (Voigt,
in preparation), Fig. 8. The Juessee is a small lake in the
town of Herzberg, which is situated on the south-
western fringe of the Harz mountains. The lacustrine
sediments range from Younger Dryas to the present.
About 60% of the sediments are annually laminated
enabling a precise local chronology. Unfortunately, the
varves do not reach the present, and so a floating
chronology is ‘fixed’ with the help of 24 14C-dates. Ages
quoted below are based on this estimate.
The Atlantic forest was dominated by lime and elm.

Around 5500 BC (7450 cal BP) there are notable
changes in the pollen diagram: Ulmus and Tilia i.e. late

successional trees, decrease whereas the early succes-
sional Corylus and Fraxinus increase, indicating an
opening of the forest cover by human activity. This
corresponds with the first settlements of Early Neolithic
farmers in the Unteres Eichsfeld. The pollen signal of
Bandkeramik farming differs from that at Luttersee
(Beug, 1992) in that arable farming is not indicated. It is
concluded that cereal production did not occur in the
vicinity of the Juessee, as was the case at Luttersee.
Neolithic activity in the forests nearby, however, is
indicated. The expansion of Fraxinus is probably related
to Early Neolithic animal husbandry, as is suggested
by Kalis (1988) for comparable loess landscapes in the
Rheinland. After a regeneration phase of the natural
forests, a second decline in Ulmus is visible from 4950
BC (6900 cal BP) onwards. Again Quercus and Corylus

increase. After ca 150 years, the pollen curves of
Tilia and Quercus decline and that of Corylus reaches
another maximum, pointing to even greater impact on
woodland vegetation, probably by Stichbandkeramik
peoples. At 4600 BC (6550 cal BP) further changes are
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recorded: Ulmus and Tilia increase and Corylus declines
which suggests woodland regeneration. At the same
time, however, Cerealia has an almost continuous curve
and the increase of Poaceae and other cultural
indicators show the importance of arable farming near
the lake. Compared to the nearby Luttersee (Beug, 1992)
the difference in the exploitation of the natural resources
is remarkable. During the Early Neolithic, arable
farming is well reflected in the Luttersee diagram,
whereas that of the Juessee shows woodland pasture.
During the Middle Neolithic R .ossen culture the
opposite is the case. This shows the archaeo-palynolo-
gical importance of the Juessee diagram. It provides not
only a detailed chronology of the vegetation history, but
also a strong contrast in the vegetation and land-use

record with that provided by the high-resolution
Luttersee pollen diagram.

The older morainic landscape of the northern German

Lowlands. Niedersachsen: H.amelsee (M .uller in prepara-
tion), Fig. 9. The H.amelsee lies in the older morainic
landscape of Niedersachsen at an altitude of 19.5m a.s.l.
in an area of sandy soils. The lacustrine sediments
are laminated during greater parts of the Late- and
Postglacial which have enabled the construction of
a precise local chronology (Merkt and M .uller, 1999).
Until the expansion of the Funnel Beaker culture
around 3500 BC (5450 cal BP), no Neolithic culture is
known in this area. Accordingly the changes in the
pollen diagram are rather subdued. The first obvious
change occurs at 4150 BC (6100 cal BP), when Ulmus
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and Alnus decrease and Quercus and Corylus increase.
A comparable feature can also be seen in other pollen
diagrams from the older morainic landscape of Nieder-
sachsen or the Netherlands. Even scattered Plantago

lanceolata and Cerealia pollen grains occur, which
Behre and Ku$can (1994) ascribe to a ‘‘pre-megalithic
Funnel Beaker culture’’. They may also relate, how-
ever, to pastoral activities of the mid-phase of the
Mesolithic Swifterband culture (sensu Lanting and Van
der Plicht, 2000).
After a brief recovery of the Ulmus curve, the Elm

Decline begins at 3970 BC (5920 cal BP) with an increase
of Alnus, Betula and Corylus. At the same time, the

Poaceae curve increases somewhat and Plantago lanceo-

lata is recorded, indicating human impact centuries
before the arrival of the Funnel Beaker culture.

The younger morainic landscape along the Baltic Sea.
Schleswig-Holstein: Flensburger F .orde, Haddebyer
Noor (D .orfler in preparation) Figs. 10 and 11; R .ugen:
Herthamoor (Endtmann in preparation), Fig. 12. The
younger morainic landscape along the western coasts of
the Baltic Sea had a distinctive role in neolithic
settlement history. The region links the coast which
has excellent fishing and hunting possibilities, with a
hilly inland where there is a great variety of soil types,
lakes and marshes. This area offers a high diversity of
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ecotones and therefore a diverse wild life. The easy
accessibility to fish, game and wild plant food provided
very favourable conditions for Mesolithic life. One
highly developed Mesolithic culture, the Erteb�lle
culture, existed there for nearly 2000 years. Although
these people were acquainted with the great (Middle-)
Neolithic cultures to the south and lived in an area with
excellent soils for arable farming (some groups even had
permanent settlements), they did not embrace arable
farming but remained hunters and gatherers. Never-
theless, some Neolithic elements had already been added
to Erteb�lle life around 4700 BC (6650 cal BP) i.e. the
production of pottery, the keeping of cattle (Hartz et al.,
2000) and some production and consumption of cereals
(Kalis and Meurers-Balke, 1998). Around 4200 BC

(6150 cal BP) more Neolithic elements were adopted by
the Erteb�lle people. Sheep and/or goats were intro-
duced and a new ceramic style arose. During the Late
Atlantic, however, the Litorina transgression drowned
the coastal areas of the Baltic Sea. Hence, very few
settlements have been excavated. The reconstruction of
the former coast line of eastern Holstein (Hartz and
Hoffmann-Wieck, 2000; Jakobsen et al., 2001) and the
island of R .ugen was therefore an objective of two
working groups within the present priority programme.
Pollen analysis offers a good ‘off-site’ view on the
impact resulting from the Erteb�lle culture. Troels-
Smith (1954) was the first to recognise the influence of
Late Mesolithic animal husbandry on the vegetation in
pollen diagrams. Originally observed on the Danish

405

425

445

465

485

505

525

545

565

585

605

625

645

665

685

705

D
ep

th
/c

m

20 40 60 80 100%

AP Cor
ylu

s av
ell

an
a

NAP

20

Pinu
s sy

lve
str

is

20

Que
rc

us
ro

bu
r - gr

ou
p

Hed
er

a
he

lix

20

Ulm
us

gla
br

a
- typ

e

Tilia
co

rd
at

a

Fra
xin

us
ex

ce
lsi

or

Fag
us

sy
lva

tic
a

Bet
ula

20 40

Alnu
s

Arte
m

isi
a

vu
lga

ris
- typ

e

Che
no

po
dia

ce
ae

Plan
ta

go
lan

ce
ola

ta

Cer
ea

lia

Poa
ce

ae

FLENSBURGER FÖRDE
Selected pollentypes

Analysis: D.Fischer

Pha
se

s af
te

r

Ive
rs

en

3
a

2
a

1
b

1
a

2
b

Fig. 10. Percentage pollen diagram from the Flensburger F .orde after data from W. D .orfler (rearranged and redrawn).

A.J. Kalis et al. / Quaternary Science Reviews 22 (2003) 33–7952



island of Sjælland, these phenomena can also be
recognised in pollen diagrams from eastern Holstein
(Kalis and Meurers-Balke, 1998). They are characterised
by a substantial rise in Fraxinus, coupled with an
increase of Quercus and the first decrease of Ulmus. The
newly elaborated pollen diagrams from the Flensburger
F .orde (Fig. 10: 677–647 cm) and the Haddebyer Noor
(Fig. 11: 2100–2050 cm) record such features. The
Herthamoor pollen diagram from R .ugen which records
a decline in Ulmus and Tilia and a strong increase of
Betula and Poaceae, shows a similar human impact
(Fig. 12, above 677 cm).
Around 3900 BC (5850 cal BP) this development

turned into a real Neolithic farming economy based on
arable farming and animal husbandry (Hoika, 2000),
associated with the Funnel Beaker culture. Iversen’s
palynological characterisation of this neolithisation

process in Denmark, mentioned above, also fits the
situation in the younger morainic landscape of north-
eastern Germany (Kalis and Meurers-Balke, 1998). It
can be easily recognised in the pollen diagrams from the
Flensburger F .orde (Fig. 10, above 647 cm), Haddebyer
Noor (Fig. 11, above 2050 cm) and on the isle of R .ugen
(Fig. 12, above 660 cm). The developments are, how-
ever, not quite similar. The pollen diagrams from
Schleswig-Holstein begin with Iversen’s (1949) phase
1a, the Herthamoor from R .ugen with phase 1b, which
suggests a somewhat later neolithisation. The Funnel
Beaker culture changed the vegetation drastically. In
Iversen’s phases 2b and 3a (from approx. 3400
BC=5350 cal BP), species like elm and ash almost
disappeared and oak and lime reached a minimum,
whereas early successional hazel and alder dominated
the pollen spectrum. For the first time, cereal growing
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was so extensive that arable activity became visible in
the pollen spectrum. Elevated NAP representation
includes grasses, cereals, Rumex sp. and especially
Plantago lanceolata (Haddebyer Noor: 1870–1600 cm;
also D .orfler, 2001).

3. Evidence for mid-holocene changes and human impact

from floodplain deposits, colluvia and soils

3.1. Floodplain deposits

Fluvial systems are sensitive to environmental
changes, which may result from climatic forcing but
also from human impact. Both, climatic oscillations and

human activity may cause changes in vegetation cover
that affect river discharge, sediment load, or bank
stability and hence the spatial distribution of sedimen-
tary environments. Thus, the lateral and vertical
patterns of fluvial deposits and facies units may reflect
the sedimentary response of fluvial systems to allogenic
controls. However, due to different sensitivities of river
systems to changing environmental conditions, similar
changes may cause different fluvial responses. Further-
more, the response of fluvial systems depends on the
regional setting which must be taken into account when
reconstructing local palaeoenvironments (Blum and
T .ornqvist, 2000). The interpretation of fluvial deposits
in terms of detecting causes of environmental changes is
therefore complex.
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For this reason, investigations of alluvial deposits
should emphasise the establishment of a stratigraphic
framework based on a comprehensive data set. The
studies should concentrate on valleys of small to
medium rivers as the fluvial deposits in these valleys
closely reflect the conditions of the individual catchment
areas, whereas the floodplain deposits of large rivers,
with extended drainage basins, integrate the variable
effects of different sub-catchments. Several study groups
of the priority programme, dealing with the mid-
Holocene period, met these conditions in their study
areas (e.g. M.ackel and Friedmann 1999; Niller, 1998;
Bubenzer, 2000; Schulte and Stumb .ock, 2000; Andres
et al., 2001; M.ausbacher et al., 2001). The fluvial history
of the Rhine river received special attention (Dambeck
and Sabel, 2001; Dambeck and Thiemeyer 2002).
In some study areas, fluvial sediments were exposed

in outcrops within gravel pits and trenches but most of
the compilation of cross sections was based on corings
which facilitated reconstruction of the sedimentary
record. The description of cores was complemented by
various analyses (e.g. grain size distribution, organic
matter, calcium carbonate and heavy metals). Magnetic
susceptibility and heavy mineral analyses have been
applied in order to acquire information on the
provenance of the deposits. Thin sections of different
horizons were examined to determine the soil forming
processes. Furthermore, the stable isotope data, i.e.
d13C, d15N, d34S, yielded information on changing
depositional environments. The chronological frame-
work was based on physical dating methods, e.g. 14C-
dating (AMS and conventional beta-counting) and
optical stimulated luminescence (OSL), and relative
pollen chronologies. As shown in Section 2.1, pollen
records and botanical macroremains enabled recon-
struction of vegetation history and climate changes,
and were used to assess human impact on the environ-
ment.
Sedimentary records of most of the rivers investigated

in the course of the priority programme indicate that
during the Late Pleistocene and Early Holocene there
were marked changes in fluvial conditions (Litt et al.,
2002). For instance, at the beginning of the Younger
Dryas the rejuvenation of braided river systems and
reworking of older deposits took place in several
drainage basins. However, during the later part of this
period alluvial sediments changed from gravelly to
organic-rich silt or fine sand indicating the shift to
meandering systems. A further change in conditions,
associated with the deposition of highly organic mud
and peat in abandoned channels, occurred at the
beginning of the Preboreal. This Late Pleistocene to
Early Holocene succession is chronologically controlled
by numerous 14C-data (Wunderlich, 1998; Nolte, 2000;
cf. Andres et al., 2001; M.ausbacher et al., 2001; Houben
et al., 2001).

At several localities, the organic deposits of Preboreal
age grade into a clay-rich, mostly black sediment layer
that is mostly covered by brown overbank fines. The
black deposit is not restricted to abandoned channels
but also extends to larger areas within the floodplain
and locally encompasses the adjacent slopes. This black
layer has been described by a number of researchers
working on river systems of different sizes throughout
central Europe (cf. reviews by Eberhardt, 1998; Wun-
derlich, 1998; Nolte, 2000; Rittweger, 2000). Several
working groups of the priority programme also con-
centrated on this feature. The distinctive layer, the so-
called ‘Black Floodplain Soil (BFS)’ according to
Rittweger (2000), has been examined in small to medium
drainage basins as well as in the northern Upper
Rhinegraben, where Dambeck and Sabel (2001) re-
corded a ‘‘black clay’’.
Generally, the black layer is characterised by high clay

content. In the Wetterau, Nolte (2000) measured
average clay contents of 50.6% with maximum values
of 84.6%. Occasionally the silt content increases to
average values of 44%, especially in the lower parts
of the formation. The organic content of the black
material is low to moderate with an average value of ca
4% and not exceeding 12% dry weight. Calcium
carbonate content is negligible. At some localities
organic material from the lower part of the BFS yielded
radiocarbon dates that indicate formation during the
Boreal (Houben, 1997; Nolte, 2000; Andres et al., 2001;
Houben et al., 2001). Urz (1995) suggested that
the development of the black layer started as early as
the Preboreal. Ages from the upper part of the layer are
rare due to the lack of sufficient organic material
allowing for reliable AMS 14C-dating. Thus the few
dates available come from radiocarbon dating of bulk
samples so that contamination cannot be excluded. In
the floodplain of the Wetter river, bulk 14C-samples
yielded ages ranging from ca 9000 to 6000 cal BP (Nolte,
2000). This fits the results from the Upper Rhinegraben,
where Dambeck and Thiemeyer (in print) also suggest
that the black clay was deposited in the late Atlantic
period. Similar conclusions have been previously drawn
by other authors mostly based on palynologic and
stratigraphic evidence (e.g. M.ackel, 1969, 1970; Bork,
1983; Hiller et al., 1991).
The obvious lack of reliable 14C-dates from the

Atlantic period is illustrated in Fig. 13 which shows
the frequency of 14C-dates from fluvial sediments
sampled in the northern Wetterau and the Am .oneburg
basin, both being loess covered depressions within the
Hessische Senke, Germany (cf. Wunderlich, 1998; Nolte,
2000). However, this lack of data is not restricted to
study areas in central Europe. Similar results were
presented by Macklin and Lewin (1993) from British
drainage basins. In their study areas only a negligible
number of dated alluvial units fit to the period from
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about 8000 to 5200 14C BP. The authors conclude that
this phase was characterised by channel incision or
stability without marked alluviation.
A stable phase during the Atlantic with net deposition

tending to zero has also been suggested by Rittweger
(2000) and several other authors (e.g., Schellmann,
1998). Thus, the BFS marked the land surface for a
long period throughout mid-Holocene. However, it has
not yet been determined, whether the black layer
represents a palaeosol, e.g. a fossil Anmoor soil or a
sediment layer. Although thin-sections, analysed by
Eberhardt (1998), could not clearly solve this problem,
Rittweger (2000) argues that both processes were
involved in the development of the BFS in riverine
forests (Fig. 14). On the one hand a seasonally high
groundwater table in the flood plains, as is also
indicated by the results of Niller (1998), may have
reduced decomposition of organic material. On
the other hand humic soil material from chernozems,
which had developed on the adjacent slopes, may have
been eroded and the finest particles slowly accumulated
on the floodplain. According to Rittweger (2000),

seasonal groundwater lowering during the Late Atlantic
or Early Subatlantic caused the decomposition of
organic material within the upper part of the layer.
This desiccation process is also reflected in laminated
lake sediments, which show the input of clastic material
at this time (see below). It affected the sedimentary
environments within the floodplain and this may be
the reason for poor pollen preservation and the lack
of datable material. Thus, the development of the BFS
can be considered to be a multifold process that started
in the early Holocene and ended in the Subboreal
(Fig. 14).
Stable isotope analyses of organic carbon (d13Corg),

nitrogen (d15N), and total sulphur (d34Stot) in sediment
cores were made to elucidate the mid-Holocene envir-
onmental history of the alluvial plains and the forma-
tion of the BFS. Cores from the floodplains of the Ohm
and Wetter rivers in the Hessische Senke (study areas
Am .oneburg basin and Wetterau) have been analysed
(Wunderlich, 1998; Nolte, 2000). The records reveal
distinctive shifts during the late Pleistocene and Holo-
cene. However, the general trends show remarkable
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similarities. The illustrations in Fig. 15 indicate that the
lower parts of the BFS, which were dated to the Boreal,
are characterised by a substantial decrease in d13Corg

values to a minimum of about �29% to �30%. From
these minimum values at the base of the BFS, d13Corg

values increase to ca �25% to �26% and then decrease
again as the top of the black layer is approached. The
Boreal/Atlantic d13Corg-records, which have been ob-
tained from the lacustrine sediment core at Stei�linger
See, southwest Germany (Mayer and Schwark, 1999)
show a similar shape (Fig. 15). The observed changes in
d13Corg values may be caused by different processes:
different sources of carbon (water, atmosphere), isotope
fractionation during photosynthesis or due to decom-
position as well as subsequent relocation of organic
matter enriched in 13C. The abrupt increase of d13Corg

during the early Atlantic at Stei�linger See, which is
accompanied by increasing values of d13Ccarb has been
explained as signaling a negative water balance due to
increased evaporation during dry climatic conditions
(Mayer and Schwark, 1999). Furthermore, elevated lake
productivity caused by increasing temperatures has been

inferred. However, Mayer and Schwark (1999) do not
exclude the possibility that the increasing input of
eroded terrestrial organic matter partly caused the shift
to higher d13Corg values at the beginning of the Atlantic.
According to these authors the slightly decreasing values
until the Subboreal may be influenced by increasing
groundwater influx due to higher annual precipitation.
The d13Corg records of the BFS show similar trends

but the corresponding values are about 2% higher. In
addition to the lacustrine sediments, vertical relocation
of d13Corg-enriched organic matter, which developed as
a result of decomposition processes in the upper part of
the BFS, has to be considered. On the other hand,
macroremains of aquatic plants in the lower parts of the
BFS and the decrease in macroremains in the upper
parts (Wunderlich, 1998) suggest that the increasing
influx of terrestrial plants caused the shift to higher
d13Corg values. However, the similar d13Corg signature in
the core from Stei�linger See indicates that the d13Corg

record, which seems to be typical for the period from the
Boreal to the Subboreal, is independent from the
environmental setting and probably mirrors changing

Fig. 15. Comparison of d13Corg records from alluvial deposits in the Amoeneburg basin and the Wetterau with those from lake sediments of

Stei�linger See. The isotope ratios within the reaches of the Black Floodplain Soil (BFS) show similar trends, which are comparable to those of the

lake sediments that are contemporaneous with BFS-formation. Note that the records from the alluvial sediments are plotted against depth and those

of the lake sediments against time (compiled from Wunderlich, 1998; Mayer and Schwark, 1999; Nolte, 2000 (data from http://www.pangaea.de)).
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hydrological and climatic conditions. The affect of
increasing human impact can also be excluded. In the
stable isotope records from Stei�linger See, the anthro-
pogenic signal has not been observed prior to the
Subatlantic (Mayer and Schwark, 1999).
The data discussed above do not clearly show that the

onset of settlement and agriculture during the early
Neolithic period caused severe environmental changes
and alterations of the sedimentation pattern with
marked aggradation of overbank fines. On the other
hand, it has been reported by Litt (1988, 1992a,b) and
Hiller et al. (1991) that in the drainage basin of the
Weisse Elster (Eastern Germany) alluviation occurred
during the early Neolithic period. In these studies a
detailed stratigraphy of Holocene floodplain deposits
controlled by 14C-data allows phases of flood loam
deposition to be related to early Neolithic settlement
phases. But the results also indicate that deposition of
flood loam is spatially and temporally differentiated.
This depends on the settlement pattern and its variation
through time. Moreover, Huckriede (1972) suggests that
flood loam might have been deposited in the Lahn valley
during the Atlantic period due to human impact and
Barsch et al. (1993) found evidence for thick accumula-
tion of floodplain deposits induced by late Neolithic
land use. However, the compilation of Niller (1998)
shows that substantial accumulation of overbank fines
started in the Subboreal and reached maximum levels
during the Iron age.
From the investigation of fluvial deposits in small to

medium but also in large drainage basins it can be
concluded that the Atlantic is characterised by relatively
stable conditions within the floodplains indicating
that neither secondary climatic shifts nor the increase
of human impact caused severe instability or widespread
aggradation of flood loam. The latter may have started
at the end of the Atlantic, at ca 6000 cal BP, and
increased during the Subboreal.

3.2. Colluvia and soils

The lack of overbank fines from the early Neolithic
period in most central-European valleys agrees with
results extracted from other natural archives such as
soils and colluvia. Truncated soil profiles give evidence
that soil material was eroded, although in general the
truncation cannot be related to distinctive time periods.
As mentioned above eroded material partly leaves the
drainage basin but some is also re-deposited in local
sinks represented by the floodplains, where the eroded
material accumulates as flood loam. Other sinks are
located on the slopes and especially the lower slopes,
where the eroded material forms colluvium. Colluvia
therefore have a key role in the estimation of the amount
of soil eroded. If the colluvial deposits are stratified, they
even allow several phases of soil erosion to be

distinguished. Furthermore, relative and physical dating
methods allow the time and magnitude of soil erosion to
be estimated.
Colluvial deposits, dated to the Atlantic period, have

been observed in different regions and landscape units
(e.g. Bork, 1983; Thiemeyer, 1989, 1991; Semmel, 1995).
In general the authors concede that the thickness of the
early and part of late Neolithic colluvia is less than that
of deposits of the Bronze Age and Iron Age and in
particular the Middle Ages. Similar conclusions have
also been made by several working groups of the
priority programme (Rittweger, 1997; Niller, 1998; Lang
and H .onscheidt, 1999; Fischer-Zujkov, 2000; Wunder-
lich, 2000). In the study area of the Am .oneburg basin
stratified colluvium has been investigated using a multi-
proxy approach including the above-mentioned dating
methods (Fig. 16). An extended Bandkeramik settle-
ment was also excavated (Meyer, 2000). Palaeobotanical
and mollusc records (Rittweger, 1999) revealed evidence
of forest clearance during the same period. However, the
evidence suggests only negligible deposition of soil
material associated with these developments (Fig. 16).
Thus, it appears that early Neolithic land use did not
cause major soil erosion (Wunderlich, 2000).
Similar results have been observed in other regions

(e.g. Niller, 1998; Lang and H .onscheidt, 1999).
Niller (1998) found evidence for linear soil erosion at
about 9500 cal BP. However, this single result cannot
be extrapolated over a larger area nor should a period
characterised by soil instability be inferred. According
to the above authors the lack of noteworthy Neolithic
colluvia may be explained in terms of eroded material
being trapped in local sinks on the slope and re-
deposited at later periods as mentioned above. Lang
and H .onscheidt (1999) illustrated these processes in a
simple model depicted in Fig. 17. Soil erosion and
re-deposition led to a pattern of colluvial deposits that
was rather variable in space and that changed through
time. This complicates a quantitative approach to
calculating the amount of soil erosion during distinctive
periods. Remnants of a trapped deposit of early
Neolithic times may be the black deposit which has
been identified in the Uckermark by Fischer-Zujkov
(2000).
The better understanding of the soil erosion processes

during the Atlantic, that resulted from the investigations
within the priority programme, has benefited greatly
from refined dating methods and especially OSL dating.
As was elegantly illustrated by Lang and H .onscheidt
(1999), ages of buried organic material as well as
archaeological evidence (e.g. potsherds) only yield
maximum ages for the time of deposition of colluvia.
Although OSL dates have error ranges of ca 10%, their
combination with archaeological evidence, pollen re-
cords and 14C-dating, facilitates tight constraint of the
chronological framework of the erosion history of a
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slope and the development of a colluvium (Lang and
H .onscheidt, 1999; Wunderlich, 2000).

4. Lacustrine sediments, bogs and speleothems as

archives for human and non-human induced environmental

change

4.1. Climate

The Atlantic is known from many earlier studies as
the climatic optimum with temperatures slightly higher
than during preceding and later periods, and possibly
higher than at present. These earlier studies clearly show
that it is difficult to find proxies sensitive enough to
distinguish periods with different temperatures within
the climatic optimum.
The development of forest in lowland areas did not

show any indication of fluctuating palaeotemperatures
during the climatic optimum. However, a thinning out
of the forest was observed on the Brocken, Harz
Mountains at 1450m asl, at the end of the Atlantic
and during the early Subboreal which Beug et al. (1999)
ascribed to a cooler climate.
Sch .onfelder and Steinberg (1998), using information

derived from transfer functions for the relation diatom–

TP and diatom–TN (Fig. 18), suggest a rapid warming
during the Atlantic. Otherwise, the consistent and step
wise eutrophication of the aquatic environment at
M .uggelsee (Brandenburg) after 9000 cal BP cannot
be explained by an increased supply of nutrients from
the river Spree alone. Sch .onfelder and Steinberg (2000)
have also attempted to reconstruct palaeotemperature
using sediments from Gro�er Treppelsee (Brandenburg)
and including a larger dataset from 84 sites. A
temperature–diatom relationship indicated by inferred
dissolved organic carbon (DOC), as used in lakes in
Canada, was shown to be not valid in Brandenburg.
However, the ratio DOC/TP reflects the degree of
dystrophy and can be used to evaluate relative
temperature in lakes at higher latitudes where DOC is
relatively high at lower temperatures, where mineralisa-
tion is reduced. Diatoms are bio-indicators for DOC/TP
(Sch .onfelder and Steinberg, 2000). Moderate warming
during the Preboreal and Boreal (terrestrial vegetation
indicates warming after 9600 cal BP) is interrupted by a
short dry warm period 8500–9500 cal BP, peaking at
9200 cal BP (Fig. 19). A steady decrease of the DOC/
TP-ratio after 8600 cal BP with interruptions during the
Subboreal is interpreted as the result of rising tempera-
tures in combination with increased groundwater
supply.

Fig. 16. Schematic cross-section at the location Mardorf-Schweinsberg (Amoeneburg basin) showing a sequence of colluvial deposits, which were

dated by 14C- and OSL methods. Although the site has been settled since the Bandkeramik, the colluvial deposits of this period are negligible

compared to the thick colluvial layers of the following periods (based on Wunderlich, 2000).
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Voigt et al. (2000) observed a gradual and consistent
warming from the end of the Boreal (9700 cal BP) in the
Juessee (Fig. 20). This was determined from marked
changes of the terrestrial plants and macrophytes and
the composition of diatom communities: species usually
associated with boreal–arctic–alpine environments dis-
appeared, whereas macrophytes spread, which require
warmer temperatures. The warmer climate, lasting
during the entire Atlantic, was interrupted by a cooler
spell between 8000 and 7500 cal BP.
Stalagmites (speleothems) in karstic caves have a high

potential for palaeoclimatic research due to their gradual
growth over thousands of years, their laminated
structure and new techniques requiring minimal amounts
of sample material such as Th/U (TIMS) dating and
mass spectrometry to measure O and C isotopes .
Several stalagmites from caves in the Sauerland (B7)

and at the northern fringe of the Bavarian Alps
(H .olloch, see map, Fig. 1) have been investigated
(Niggemann et al., 2000, Wurth et al., 2000). Changing
d13C and d18O values are the result of fractionation
processes (CO2 degassing, evaporation and Rayleigh-
fractionation of precipitation) which are related to

temperature and precipitation changes. The d13C and
d18O curves co-vary during the time slice considered
here (Fig. 21). Heavier isotopic values together with
an abruptly increasing extension rate (increase in length
of stalagmites) and changes of the microfabric, point to
a warmer and drier climate from 9800 to 9600 cal BP
(late Boreal) onwards and lasting throughout the entire
Atlantic. Both isotope curves and the extension rate
drop to a somewhat lower level during the Late Atlantic
and rise only for a short period at the transition
Atlantic/Subboreal, which may indicate a more humid
and slightly cooler period. The warmer climate ends at
the beginning of the Subboreal (ca 6000 cal BP).
The biological methods applied in the studies of the

Priority Programme and used to assess changes of
palaeotemperature confirmed a substantial rise around
the beginning of the Atlantic with a possible minor
setback near the transition to the Late Atlantic which
was probably cooler than the Early Atlantic. Studies of
stable isotopes corroborated these qualitative results,
but did not produce quantitative temperatures.
Temperature is accepted as the dominant climatic

factor in the modern discussion on climate. The climatic

Fig. 17. Cascade model illustrating soil erosion and re-deposition processes on slopes explaining the lack of Early Neolithic colluvia at the lower

slopes, which has been reported from many study areas (from Lang and H .onscheidt, 1999, rearranged).
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role of precipitation and humidity is less recognised in
the public mind and relatively neglected as a field of
research in Germany. There are, however, some proxies,
admittedly of varying quality, in several types of archive
which clearly point to palaeohydrological changes
during the Holocene.
The growth of mires began in the Harz mountains at

the end of the Younger Dryas and continued during the
entire Holocene. According to Beug et al. (1999) it was
never dry enough on the Harz mountains to substan-
tially reduce growth of mires. The elevated pluviosity of
this relatively elevated area, which is influenced by
Atlantic weather systems, and geological and geomor-
phological features are undoubtedly important factors.
Increased vertical and horizontal growth of peat
occurred during the Late Atlantic and Late Subboreal,
indicating a more humid and cooler climate. This is
corroborated by indications of an episodical opening of

the forest on the hilltop of the Brocken, the highest peak
in the Harz, during the Late Atlantic and Early
Subboreal, which points to a cooler phase.
Increased growth of mires is usually assumed to

indicate wetter bog surfaces and consequently point
to a more humid climate. However, Jerz et al. (2000)
and Schneider (2002a,b) have found that peat layers
intercalated in gravel cones and gravelly sands in valleys
and basins along the margin of the Bavarian Alps
(M1–M3 in Fig. 1) were formed during drier periods of
the Lateglacial and Holocene. Gravel, sand and silt
were usually deposited at these sites and erosion
took place during periods of increased precipitation
and/or snow melt. Growth and preservation of peat
could only take place when movement of clastic material
ceased. This occurred with decreased water supply to
rivers and streams. These findings are paralleled in a
few cases with lower water levels in pre-Alpine lakes

Fig. 18. Changes in the concentration of total phosphorus (TP) and total nitrogen (TN) based on fossil littoral diatoms and the ratio between these

elements in the M .uggelsee (Sch .onfelder and Steinberg, 1998).
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and with soil formation. Jerz et al. (2000) found
four peat horizons which were synchronous in three
basins, i.e. at Agathazell (M1) some 160 km west
of Chiemsee (M3) and Murnau (M2) which lies in
between.
A relatively thin peat (H2a in Fig. 22) was formed

during the Preboreal (11 700–10 500 cal BP). The next
peat layer (H2b) follows after a short interruption by
coarse gravels at ca 10 000 cal BP. Peat H2b is frequently
interrupted by seams of coarse clastics. Accumulation
and erosion with consistent hiatuses at many sites take
place during the Late Atlantic again pointing to higher
transport energy resulting from increased precipitation.
The last peat layer (H3 in Fig. 22) from the climatic
optimum occurring at the transition from the Late
Atlantic to the Subboreal is slightly older in the
Chiemsee basin (7000–6000 cal BP, M3 in Fig. 1)
than at Agathazell (7000–5000 cal BP, M1) to the west.
The results from 203 Radiocarbon dates and 342

palynological dates applied to some 2300m of cores
and samples from more than 1000 handdrillings could
only provide a rough and imprecise chronology.
However, the overall palaeohydrological picture agrees
with that derived from the highly resolved data from
lacustrine sediments.
Hiatuses combined with steeply inclined layers of

sand and coarse organic detritus and thinning out of
sediment strata on the margins of the H.amelsee
(Kleinmann et al., 1997, 2000), were traced by pollen
analysis of core sequences from the margins to the
profundal zone where detailed analyses were carried out.
Pronounced changes in sedimentology, geochemistry
and the fossil records corresponded with the hiatuses
and the sand layers. Decreased quality of lamination
and values for redox elements such as Fe and Mn
indicated reduced anoxia in the profundal zone, while
the micro-fauna and flora pointed to oscillating trophic
conditions.

Fig. 19. Changes of climate and water quality of the Gro�er Treppelsee (Brandenburg, Germany) derived from diatom-indicated concentrations of

phosphorus, chloride, DOC and the sedimentation rate. (Sch .onfelder and Steinberg, 2000).
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These observations are best explained in terms of
climatically induced lake-level changes as the lake is
only fed by groundwater and precipitation. Barium
concentrations are controlled by evaporation and have
been used as a reliable tracer where other proxies are less
informative.

The greatest lowering of lake-levels occurred during
the upper Preboreal (11 160–10 800 cal BP: time control
is based on varve counts). According to geochemical
and sedimentological evidence the level was repeatedly
lowered to about 5–7m below the modern level over a
period of 360 years (Fig. 23). The next pronounced

Fig. 21. Stable isotopes, extension rate and selected chemical elements of stalagmite #7 dated by U/Th (TIMS) from B7 cave (Sauerland)

(Niggemann et al., 2003).
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lowering of lake-level at the end of the Boreal (9250–
9340 cal BP) was not so great and lasted only 90 years.
During the Early Atlantic a series of minor depressions
of lake-level occurred (8800–7850 cal BP) with a climax
at ca 8120 cal BP. They were somewhat more than 100
years apart and each was of some decades duration.

Another lowering occurred during the Upper Atlantic
(7000–6750 cal BP). And a dry period close to the onset
of the Subboreal (6200–5950 cal BP) concludes the
series. The Boreal and Upper Atlantic had high water
levels, probably highest during the lower half of the
Holocene and somewhat higher than today. The limnic

Fig. 22. Peat-building phases between accumulation/erosion phases with clastic sedimentation in three mires along the northern border of the Alps,

in Bavaria. Peat-building suggests reduced river activity (Jerz et al., 2000).

A.J. Kalis et al. / Quaternary Science Reviews 22 (2003) 33–7966



F
ig
.
2
3
.
L
a
k
e-
le
v
el
fl
u
ct
u
a
ti
o
n
s
in
th
e
H
. a
m
el
se
e.
E
v
id
en
ce

fr
o
m
se
le
ct
ed

ch
em

ic
a
l
el
em

en
ts
,
a
lg
a
e
a
n
d
cl
a
d
o
ce
ra

p
lo
tt
ed

a
g
a
in
st
a
n
a
b
so
lu
te
ti
m
es
ca
le
(K

le
in
m
a
n
n
et
a
l.
).
M
in
im
u
m
p
h
a
se
s
o
f
S
w
is
s

g
la
ci
er
s
fo
r
co
m
p
a
ri
so
n
(H

o
rm

es
et
a
l.
,
2
0
0
1
).

A.J. Kalis et al. / Quaternary Science Reviews 22 (2003) 33–79 67



regime was later changed by human activity which
prevents the detection of later water level fluctuations.
With one exception, the periods with low lake levels in
the H.amelsee match the phases of glacier retreat in the
Swiss Alps which implies a high variability of precipita-
tion with large amplitudes (Hormes et al., 2001)
(Fig. 23). It should be borne in mind that the age
determinations of the phases of ice retreat are,
for systematical reasons, 100–200 years too young
(Hormes et al., 2001), so that it may be too early to
seriously compare the phases of glacier retreats with low
lake-levels in Germany. However, the age ranges of
glacier retreat of 9910–9550, 9010–7980, 7250–6500 and
6150–5950 cal BP are promising. Until now, only
advances of the glaciers were considered in palaeohy-
drology and parallelled with high lake-levels (Haas et al.,
1998; Magny, 1998).
Low values of total phosphorus (TP) inferred from

transfer functions applied to diatom assemblages in the
M .uggelsee, east of Berlin, indicate low precipitation in
the catchment area of the tributary, the Spree, during
the Preboreal (Sch .onfelder and Steinberg, 1998). A new
transfer function (now based on 84 sites and 304 bio-
indicative taxa) applied to the sediments of the Gro�er
Treppelsee uses the diatom–chloride relationship (Sch-
.onfelder and Steinberg, 2000). Higher concentrations of
chloride in the lake result from increasing groundwater
recharge rich in chloride. Elevated surficial runoff is
poor in chloride and indicates increased precipitation,
possibly during spring when the soil is still frozen and
sealed. These indications in conjunction with other
parameters, such as inferred temperature (see above),
inferred nutrients and bio-indications from diatom
analysis, provided information on relative humidity.
The Preboreal and the early part of Boreal are
characterised by moderately increasing humidity after
a cold and very dry Younger Dryas (Fig. 19). The
transition, Boreal/Atlantic (9200 cal BP) is not only
warm but also very dry. Strongly decreasing concentra-
tions of chloride, TP, and TN during the Late Atlantic
are interpreted as resulting from flushing of the lake due
to a corresponding increase of the annual precipitation.
Some data from Gro�er Treppelsee agree with lake
status data found elsewhere, others are somewhat out of
phase or have not been detected. This applies even more
so to the Juessee from where no lake-level changes are
reported except a possible drop from 6750 to 4780 cal
BP as interpreted from finds of littoral diatoms and
submersed macrophytes which do not point to more
available nutrients but to the decreasing distance
between the drill site and the littoral (Voigt et al.,
2000). A tentative interpretation for a period of two
millennia is only partly in agreement with results from
other sites.
The Degersee, south western Germany, is exclusively

fed by precipitation and groundwater. The sedimenta-

tion line in the lake was about 2–2.5m below the
modern lake-level during most of the Holocene, as was
shown by cores along transects from two sides of the
lake with the sediments of all periods deposited up to
that level. However, sediments of Preboreal age are not
preserved in cores shallower than 9m below the modern
lake level. Kleinmann et al. (in preparation) deduced
from this hiatus a lake level that was about 7m lower
than today. Sediments of Preboreal age containing
reworked pollen and microfauna and layers rich in
sand, from deeper parts of the lake corroborate this
interpretation. Similar features, but without apparent
hiatuses at shallower sites, occur repeatedly until the
upper part of the Boreal, which point to more frequent
but less pronounced fluctuations. Detailed studies are
hampered as the sediments are not laminated.
Similar observations were made in the sediments of

the Stei�linger See. Erosion of littoral sediments during
the Preboreal as a result of low lake-level ceased after
10 450 cal BP indicating a lake-level rise during the
Boreal (Eusterhues et al., in press). Increased detrital
input around 8200 cal BP is again attributed to a low
lake-level. However, the 8.2 k event could also account
for the clastic input (Eusterhues, 2000), which in turn
agrees with the isotopic record (see below). A combined
malacological and sedimentological study of a core from
the littoral revealed repeated fluctuations from the
Younger Dryas to the beginning of the Atlantic
(Schmidt, in preparation), a higher lake level during
the Atlantic and lower levels during the early Subboreal.
Critical evaluation of the isotope records for carbon,

nitrogen, oxygen and sulphfur from Stei�linger See by
Mayer and Schwark (1999) provided good insights into
palaeoclimatic conditions at this lake site (Fig. 24).
Relatively warm and dry conditions prevailed during the
Preboreal, with a cooler and/or wetter climate returning
in the Boreal. The climate changed again at the
beginning of the Atlantic (approx. 9000 cal BP) when
most isotopic ratios rapidly increased in a compelling
covariance suggesting warmer temperatures along with
rising productivity and evaporation. This period ended
near the Early/Late Atlantic transition (8000 cal BP)
when increased precipitation caused the groundwater
influx to increase steadily and remain high until today.
Organic geochemistry adds an interesting insight to

the study of stable isotopes. The short-chain fatty acids
from algae are ubiquitous in the sediments since the
beginning of the lake (Fig. 25). The long-chain fatty
acids of terrigenous plants occur only in pulses that are
contemporary with higher lake-levels in the earlier
Holocene. Each pulse appears to begin suddenly
(10 000, 8000 and 6000 cal BP) and then fades out
(Schwark et al., submitted).
Clastic layers intercalated in the calcite matrix of

speleothems of the B7 cave (Fig. 1) in Sauerland
(Niggemann et al., 2000, Fig. 21 with stalagmite #7),
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occur repeatedly during the cool periods of the
Lateglacial. They result from occasional flooding of
the lower parts of the cave after heavy rainfall which
caused soil erosion. Clastic layers are absent or less
frequent in the Preboreal and the Boreal but they
have been found in speleothems during the Atlantic.
The concentrations of trace elements are controlled by
the residence time of the percolating water in the fissure
system. High concentrations of Mg, resulting from the
low solubility of the host dolomite rock, point to a long
residence time, whereas Sr and rare-earth elements
(REE) increase with short residence times through
increased rainfall. Clastic layers, and peaks of strontium
and REEs occur contemporaneously in two stalagmite
specimens, observations that indicate short-term wet
phases during the Atlantic which is rather dry as a
whole, especially during its lower part as also suggested
by high extension rate.
In this context it is interesting to note that traces of

erosion/redeposition were extremely scarce in lacustrine
basins and in neither case could be attributed to
increased or violent precipitation. This may be explained
by the presence of a dense canopy of deciduous forest

which attenuated the effect of heavy rainfall or, more
likely, rainfall was rather evenly distributed throughout
the year.
In summary, the presented investigations reveal a

consistent picture of important palaeohydrological
changes with fluctuations of varying amplitudes during
the first half of the Holocene. This helps to broaden the
scientific discussion on palaeoclimate in Germany which
still focusses mainly on temperature changes, which is
also the case in debates aimed at the general public.
The end of the Preboreal is characterised by the

lowest lake-levels which dropped repeatedly over a
period of 360 years to levels of 5–7m below the modern
level which in respect to modern fluctuations, is
enormous. The Boreal is regarded with respect to all
archives, as a period with increased precipitation and
consistently high lake-levels. Lake-levels fell at the
Boreal/Atlantic transition for a short time span by an
amount that hardly exceeded 2.5m. The Atlantic was
consistently warmer but several studies found short-
term set-backs in temperature. Low precipitation/lake-
levels of moderate amplitudes occurred during the Early
Atlantic. Drier conditions in southern and eastern

Fig. 24. d18O and d13C values of bulk carbonate, and d13C values of bulk organic carbon vs. pollenzones and years cal BP in the sediments of

Stei�linger See. The shaded vertical area indicates the expected range of d18Ocarb values for modern authigenic carbonates, if precipitated in

equilibrium with the present day lake water. The shaded horizontal area indicates the period covered by time-slice II (Z2). (Mayer and Schwark,

1999, modified).
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Germany during this period are also indicated by the
regional pattern of the primary forest (see Section 2.2).
Wet conditions with higher lake-levels prevailed in all
archives during the Late Atlantic. A final intermediate

drop in lake-levels occurred near the transition Atlantic/
Subboreal.
It is obvious that the events detected in most of the

archives cannot be dated with the precision necessary

Fig. 25. Reconstruction of input and lake redox state via carboxylic acid pattern and photic zone anoxia pigments. Arrows at the right side:

occurrence of sulfphur bacteria (Chlorobiaceae) indicating anoxia. Symbols inside denote the chronological position of the analysed sample, e.g.

asterisk=Alleroed, full circle=Atlantic a.s.o. (Zink et al., 2000, modified).
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for more detailed interpretation. Difficulties with dating
are even encountered in lacustrine sediments which are
perhaps best suited for palaeohydrological studies, as
lake-level changes are easy to detect in shallow waters
but, are difficult to date accurately. Suitable proxies, are
on the other hand, often not available in cores from the
profundal zone of the lakes, where high resolution
records and accurate dating are more easily achieved.
Minor temporal offsets in different archives are there-
fore not suitable for assessing sensitivities of various
lakes to drought, and using leads and lags to find causes
and effects. An example is the mismatch of low lake-
level at 9250–9340 cal BP in the H.amelsee and glacier
retreat in Switzerland at 9910–9550 cal BP (Fig. 23).
Substantial progress in this respect is unlikely until a
more precise time control is available. Meanwhile, it can
be stated that the parallels between glacier advances
and high lake-levels/moist periods as detailed in
Magny (1998) and Haas et al. (1998) match roughly
the results of the studies presented here, while the
correspondence between the times of glacier retreat
(Hormes et al., 2001) and low lake-levels in the
H.amelsee is still closer.

4.2. Seasonality

Varves are seasonal laminations and therefore a
sedimentary expression of cyclical seasonal changes
providing information on the nature of the seasons.
This information, however is modified by the complex
lacustrine systems before being recorded in the
sediment. The possibilities for interpretation are mani-
fold, as has been demonstrated with studies carried out
on sediments of Late Glacial age, around the transition
to the Holocene (Merkt, 1994; Zolitschka, 1998; Merkt
and M .uller, 1999) and also during its older part
(Brathauer et al., 2000), but can be ambiguous when
complex interrelations are involved which is generally
the case.
The microfabric and the internal succession (annual

model based on seasonal sequence) of mid-Holocene
varves is rather uniform in all the German lakes so far
studied. Changes in thickness and varve quality are
usually explained in terms of eutrophication or exposure
to winds from changed tree vegetation and varying
water depth as a result of lake-level fluctuations. These
factors are not seasonal. Changes in the pattern of
annual sequence or sub-elements of the varves pointing
to changed characters of the seasons have not been
observed. It is, however, noteworthy that many lakes
preserved varved sediments during the climatic opti-
mum. This not only points to favourable internal
conditions of the lacustrine systems, but also to a
particular seasonality supporting lamination during the
Atlantic, as the sediments of many of these lakes are
bioturbated before and after this period.

In the study of the Juessee sediments (Fig. 20), an
attempt has been made to focus on seasonality by
amalgamating sedimentological, geochemical, and bio-
logical data from the lake and its surroundings (Voigt
et al., 2000). Summer warming began already in the
Boreal. Milder and shorter winters occurred only 200
years later (9500 cal BP). This phase was possibly
interrupted by a spell of cooler winters (7500–8000 cal
BP) with a reversal to mesotrophic conditions, whereas
summers had long periods of fine weather from 8400 cal
BP onwards as reflected by algal blooms and stabilised
meromixis. Precipitation was characterised by frequent
heavy rainfall until 8800 cal BP, as inferred from clastic
layers containing aerophilous diatoms. Rainfall was
later more evenly distributed but it was moderate
throughout the time slice and indicated a rather
continental climate prevailing during the climate opti-
mum. This multidisciplinary study leading to the
assessment of seasonality is a valuable approach though
not unambiguous.
Sch .onfelder and Steinberg (2000) and Sch .onfelder

et al. (2000) applied similar multi-proxy considerations,
mainly based on inferred limnochemical data and bio-
indications from diatom analyses of the sediments from
the Gro�er Treppelsee. Long cold winters and evenly
distributed low levels of precipitation prevailed during
the Preboreal and the Boreal. Moderate warming
especially during the summer prevailed in the early
Holocene. Strong seasonality with stable, long stagna-
tion periods and substantial circulation in the mild
spring after clearly shorter winters were typical for the
Atlantic, the younger part of which had intensive
rainfall.

4.3. Eutrophication

Increased bioproduction following the Preboreal in
the Juessee (Fig. 20, Voigt et al., 2000) is explained as
resulting from the rise of summer temperatures, as there
is no indication of increased supply of nutrients during
this period. The trophic status, as inferred from diatoms,
remains high during the Boreal and the first millennium
of the Atlantic (with algal blooms), it becomes
mesotrophic for a short period which is interpreted as
being somewhat cooler (8170 – 7500 cal BP), after which
there is an increase in the eutrophic status.
Sch .onfelder and Steinberg (1998) created a new

diatom training set from 65 sites in Brandenburg (North
Germany) with 284 significant species and developed
transfer functions for the diatom-nutrient relation using
statistical techniques. Inferred TN and TP concentra-
tions in the M .uggelsee indicated a rapid and stepwise
eutrophication (Fig. 18) reaching modern levels as early
as 7200 cal BP, which was exclusively ascribed to
climatic factors, e.g. rising temperatures and substan-
tially increased precipitation, leading to enhanced water
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flow in the river Spree, and therefore increased supply of
nutrients. The slight rise in diatom-inferred TP concen-
tration in the Gro�er Treppelsee (Sch .onfelder and
Steinberg, 2000 and Fig. 19) indicates a mesotrophic
situation during the Atlantic with seasonal eutrophic
peaks in spring as inferred from specific diatom blooms.
Eutrophication has not been ascribed to human

activity in any of the lakes studied in northern Germany.
Even substantial increase in the concentration of
charcoal during the final centuries of the time slice,
suggesting human activity close to the lakes, does not
seem to parallel any noticeable disturbances of the
lacustrine systems or increase in their productivity.
Schwark et al. (submitted) used a geochemical

approach to assess changing lacustrine eutrophication.
Increased input of terrigenous plants into the Stei�linger
See in conjunction with higher lake levels were
parallelled and followed by an additional load of
nutrients which in turn supported the growth of green
sulphur bacteria (Chlorobiaceae), identified on the basis
of pigments (arrows in Fig. 25). Thus, anoxic conditions
at higher levels in the water column could be demon-
strated using biomarkers.
Eutrophy is a prerequisite for organic production,

and this in turn is a precondition for anoxia in the
deeper water body (hypolimnion) of lakes. Anoxic
hypolimnia are required to suppress bioturbation and
guarantee the preservation of varves and/or the pre-
cipitation of siderite. Organic production during
the entire Holocene was sufficient to establish anoxia
when climatic conditions and basin morphologies
were favourable. Varves and siderite are therefore
indicative of at least a moderate trophic level, but are
not suited for discrimination between different levels of
eutrophy.

4.4. Regionality

Regional differentiation is visible at many sites and
expressed in proxies. However, due to the multitude of
interfering climatic, geographic, biologic and partly
anthropogenic parameters it is generally not possible
to unambiguously attribute discrete processes or causes
to the observed features. The comparison of the forest
composition at the Stei�linger See and the Schleinsee/
Degersee only 70 km apart from each other may serve as
an example. The former, sheltered by the Black Forest,
is in a warmer and much drier landscape (Hegau) than
the latter. Neolithic man favoured the dry region and
consequently used the forest intensively.
A stalagmite from the H .olloch, Bavarian Alps

(Niggemann et al., 2000) with elevated extension rates
from the Early Altlantic onwards and co-varying curves
for d13C and d18O as in the B7 cave, show only minor
isotopic oscillations on a medium level during the
climatic optimum which is either due to the much

higher elevation of the site (1445m a.s.l.) or to a stable
vegetation cover during this period.
The initial formation of mires in Bavaria, intercalated

between gravel beds (Schneider, 2002), appears to be
time transgressive (Fig. 22) as they seem to become
younger from east to west. The migration of spruce is in
the same direction during the Atlantic. However, it is
not clear whether this temporal succession is due to the
regional climate or to altitudinal differences as the
western-most mire is 200m higher.
The pattern of sedimentary development, resulting

from lake-level oscillations during the Early Holocene,
is remarkably similar in the Degersee and the shallow
part of the Stei�linger See, southern Germany, and
different from the H.amelsee in northern Germany. The
lowest lake-levels detected in the early Holocene are
roughly contemporary in northern and southern Ger-
many. At first glance one might suspect that climatic
factors could account for the differences, but, hydro-
logical and geological factors in the catchment area may
also control the sensitivity of the lakes in reacting to and
displaying fluctuations in water levels. The results from
these three lakes do not provide a good basis to make
any definite conclusions.
Different patterns of lacustrine sediments, which are

usually expected on a transect from western- to eastern-
Germany, e.g. from a humid-oceanic to a more
continental climate with less but more intense precipita-
tion and stable accentuated summers and winters, were
not found during the climatic optimum.
There are two exceptions to the ambiguous situation

mentioned above. Firstly, the natural composition of the
forest reflects differences that are due to regional climate
and/or elevation, and also migration patterns (see
Section 2.2). Secondly, the geological/pedological set-
ting is another regional feature which unequivocally
controls lacustrine sedimentology and, in part, human
settlement.
The lakes situated in areas with limestones or inside

the terminal moraines of the last glaciation, in northern
and southern Germany, have the potential to produce
calcareous deposits. The precipitation/preservation of
calcite in the lakes of southern Germany show common
features which vary gradually depending on the
morphology (depth and size) of the lake basins. The
deposits in the central part of most of the lakes have a
high and uniform calcite concentration during the
climatic optimum, whereas the sediments of the Boreal
are poor in calcite and those of Preboreal age are largely
devoid of it. The calcite content is lower and fluctuates
frequently during the Subboreal. The interrelation
between climatic forcing and internal lacustrine pro-
cesses is still not understood. Within the above
boundary conditions, the precipitation/preservation of
calcite appears to be primarily, but not exclusively,
controlled by climate in its broadest sense. These
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common features do not apply to northern German
lakes of the same type.
Soils in non-limestone areas or with soils arising from

older glaciations are deeply leached by pedogenic
processes during the Eemian and the Late Glacial–Early
Holocene, and are therefore devoid of calcite. The
sediments in lake basins with catchments of Saalian age
are non-calcareous in the Holocene. Iron is readily
mobilised from these leached soils and transported into
the lakes. Only minor amounts of pyrite are precipitated
under anoxic conditions within the freshly deposited
sediment as sulfphur is usually sparse in freshwater
lakes. Siderite (iron carbonate) is precipitated at the
mud/water interface under medium anoxic and neutral
to basic conditions and almost independent from
the trophic state. Sediments are formed which contain
10–15%, sometimes up to 50% iron (H.amelsee, maar
lakes in the Eifel).

4.5. Human impact

The possibility to detect the very first imprints of early
human activity in the environment is very limited.
Speleothems and mires are not prone to react to weak
human influence. Lacustrine systems, however, give
more sensitive archives.
No indication of erosion ascribable to human

interference was recorded in the investigated lakes,
mires or speleothems during the Atlantic. This absence
of allochthonous input to lacustrine systems contrasts
with evidence of human presence on the lake shores and
of anthropogenically induced erosion and redeposition
of flood loam (Auelehm) in fluvial environments in the
Late Atlantic (Hiller et al., 1991). Hiller et al. (1991),
however, stress the point that early Neolithic people was
very particular about where they settled. Not all river
valleys experienced accumulation of flood loam before
the Bronze Age as relatively dry, preferentially loess-
covered areas were favoured by the Bandkeramik. The
Bindersee near Halle, central Germany, is in an area of
this type and the calcareous sedimentation in the
shallow lake is, from the mid-Atlantic onwards,
frequently and increasingly interrupted by humic silt
washed into the lake from the loess covered catchment
(Litt, 1994; Kleinmann et al., in preparation). Addi-
tionally, the lack of redeposited sediments in many lakes
may be partly explained by the fact that most lakes are
cored in the profundal zone to obtain highly resolved
records without hiatuses. Cores retrieved along transects
show that sediments eroded from the shores are often
redeposited on the sloping margins and do not reach the
profundal parts of the basins.
Human impact is beyond any doubt first recorded

towards the end of the time window discussed. Massive
occurrences of charcoal, along with closed curves from
pollen of cereals and ruderal plants connected with

forest clearances and also the first sedimentological
signals as clastic input and partly drastic changes in the
carbonate content have been reported from the lakes
studied. This major onset of late Neolithic human
impact is, within the range of the error in varve-dating,
amazingly contemporaneous in the Juessee (Voigt et al.,
2000), Stei�linger See (Lechterbeck, 2000), Schleinsee
and Degersee (Clark et al., 1989; Kleinmann et al., in
preparation), in northern and southern Germany and
dates to around 6300 cal BP. It is consistent with the
decline of the first peak of Fagus in south-western
Germany and Switzerland (Richoz et al. (1994) and
Ammann (1989), whose age determinations made one
decade ago were too young, as was the chronology in
Clark et al. (1989). For the next six millennia there are
unmistakeable signals of human settlement following
each other in consecutive pulses (Ammann, 1989) of
prehistoric cultures, as evidenced by artifacts and
settlements. They are accompanied by charcoal, second-
ary forest cycles, and the increased input of erosional
clastics and nutrients into the lakes. It is furthermore,
most interesting that there are parallels between the
occupation phases and low lake levels (Richoz et al.,
1994).
The question arises as to whether there is

any indication of human activity before 6300 cal BP,
with or without direct proof of human presence near
the lakes? Are we allowed to extend into the past the
reasoning accepted for the period after 6300 cal BP,
and what is the relevant evidence? Are there
plausible parallels between human activity and natural
variability?
Secondary forest cycles (see Section 2.2), existing

as consecutive peaks of NAP, hazel, ash, lime, elm,
oak, and after 6500 cal BP, beech, accompanied by
fire are reported from the Schleinsee (Clark et al., 1989)
and Degersee (Kleinmann et al., in preparation)
with frequencies of 200-300 years from 8200 cal BP
onwards. Fire signals are observed after 8850 cal BP.
Cereal-type pollen are found from 8200 cal BP onwards
(Triticum/Hordeum: Schleinsee, Clark et al., 1989), 8000
cal BP (Degersee, Kleinmann et al., in prep.), 8800 cal
BP (Juessee, Voigt et al., 2000). Fire with increased
magnitude and forest cycles occur later in the Schleinsee
around 7400, 7200 and 6950 cal BP. Lechterbeck
(2000) argues for the first man-made forest disturbance
at 7425 cal BP in the Stei�linger See. Apart
from charcoal, neither compositional nor structural
changes of the sediments deposited during the Bandker-
amik culture and attributable to human impact
have been found in any of the lakes mentioned
above.
Secondary forest cycles, occurring in temporal dis-

tances of some centuries, constitute deep incisions in the
forest. Especially the later examples point to an
extensive and contemporary utilisation of land in the
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immediate vicinity of the lakes and also in the larger
catchment areas. Migrating slash and burn cultures,
occupying isolated patches in an otherwise forested
landscape, are expected to give noisy pollen diagrams,
but without the distinct patterns of secondary forest
cycles which cannot be produced by continuous
processes alone.
It is interesting to consider in this context that the

Neolithic cultures are not presented as the result
of evolving continua, but largely disappear and re-
appear with new cultural acquisitions, suggesting
the breakdown and renewal of settlements. The causes
of the pulsating occupation may be social in
the broadest sense (this is beyond the scope of this
paper), or environmental. Climatic changes, especially
droughts, affect large areas at the same time, and hence
are the probable agent to control man and the
environment, e.g. by facilitating forest fire (Richoz
et al., 1994).
A causal connection between lake-levels, droughts,

glacier retreats and secondary forest cycles is still
not proven, but it is a reasonable assumption.
A climatic control of the presence and favouring of
Neolithic people, who in turn produce secondary forest
cycles that are favoured by drought, is increasingly
plausible.

5. Conclusion

According to the results presented here, which refer to
time slice II of the priority programme, the Holocene
climatic optimum can be subdivided into three distinc-
tive phases encompassing the intervals from 9000 to
7500 cal BP, the Mesolithic, ca 7500–6300 cal BP, the
Early and Middle Neolithic, and the Younger Neolithic
after 6300 cal BP.
The first phase is characterised by stable environ-

mental conditions. The investigated archives, except the
speleothems, do not show consistent changes in palaeo-
temperature. This also applies to the following phases
until the end of the climatic optimum. Compared with
the preceding Boreal, low lake-levels occurred during
the Early Atlantic, probably reflecting periods of
decreased precipitation. In general, the sedimentary
records indicate calm meteorological conditions. The
pollen records suggest that the vegetation was in
equilibrium and had already reached its interglacial
climax stage. The plant cover resulted in soil stabilisa-
tion including sloping ground, so that only negligible
accumulation of clastic sediments occurred in restricted
areas on floodplains and in lakes. Although the presence
of Mesolithic people is documented by archaeological
finds and, at times, considerable amounts of charcoal
fragments in lake sediments, evidence for major

anthropogenic impact on the environment has not been
detected.
In the second phase, during the Early and Middle

Neolithic, particularly high lake levels provide evidence
of a wetter climate, probably induced by increased
precipitation. Pollen records from the lowlands of
southern and central Germany show noticeable changes
within the forest vegetation. The most striking are the
so-called secondary forest cycles, indicating stepwise
anthropogenic clearances in the Atlantic primeval
forest. Human activity, however, hardly caused any
changes in the deposition of colluvia, floodplain deposits
or lake sediments. This indicates that Early Neolithic
farming activities were enacted within the buffering
capacities of the forest ecosystems on rich soils.
Clearances were restricted to the minimum needed for
arable farming and the woodlands were only manipu-
lated in such a way that sufficient fodder for the
livestock could be extracted. Therefore, in spite of
the woodland clearances, Early Neolithic life seems to
have remained strongly adapted to the forest ecosystem
and evidently remained part of it.
While high lake-levels prevailed during the second

phase of the climatic optimum, lake-levels fell for several
centuries at ca 6300 cal BP, the beginning of the third
phase. Moreover, this was an important time marker in
various respects: The pollen diagrams from southern
Germany show large-scale woodland clearances, indi-
cating substantial changes in land use from this time
forward. Those from northern Germany show the
adoption of agriculture by Mesolithic people. They all
show a new approach by Neolithic farmers in dealing
with the landscape. Previous Early and Middle Neolithic
adaption to the forest ecosystem was abandoned during
the Younger Neolithic in favour of an agricultural
system exploiting the environment. The introduction of
new agricultural technologies, e.g. ploughing, and new
crops, also characterises this period.
Increased thickness of colluvia and the deposition of

flood loam point to an increase of soil erosion with
serious effects on the landscape. Remarkable changes in
the composition and the fabric of lacustrine sediments,
with a rising proportion of clastics and raised amounts
of charcoal particles, also mirror more vigorous human
impact on the environment, which may be amplified by
the contribution of natural variables like droughts. It is
tempting to relate the changes in the fluvial and
lacustrine records to the newly introduced use of the
plough. Ploughing led to destruction of soil texture, and
thus facilitated soil erosion.
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