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Abstract

The vegetation of the northern Upper Rhine Graben (southwestern Germany) is reconstructed for the end of the Lateglacial and the Holocene by

means of palynological analyses in combination with AMS !4C dating. Analogous to adjacent lowland areas, the Younger Dryas climatic

deterioration did not result in a complete deforestation of the area and open pine woodlands with locally birch stands and shrubs persisted. A

subdivision of the Younger Dryas period, into a humid first phase, followed by a dry second phase was also reflected in our records. For the

Holocene, the pollen diagrams show two regionally different vegetation developments, related to substrate and variations in annual precipitation:

in the south the ‘classical’ succession of pine then hazel is followed by other deciduous trees, whereas in the northern part, pine kept its dominance

far into the Subboreal.
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| Introduction

In this paper emphasis is placed on the reconstruction of the
palaeoenvironmental changes and the vegetation development
of the northern Upper Rhine Graben during the Lateglacial
and Holocene. This is based on an extensive palynological
study of a large number of sediment cores recovered from
abandoned river channels.

Until recently, the background (i.e. climate, human impact)
of the environmental changes, as well as the interaction of
their forcing factors was largely unknown. Also a chronological
framework was absent. In this respect a multidisciplinary study
was carried out using different methods including geomorpho-
logical and soil mapping, palynology and various dating
techniques on the same archives (Dambeck & Thiemeyer, 2002;

Dambeck & Bos, 2002; Dambeck, 2005). The study was part of
the German priority research program ‘Changes of the geo-
biosphere during the last 15,000 years - continental sediments
as evidence for changing environmental conditions” (Litt,
2003).

The vegetation history of the northern part of the Upper
Rhine Graben was previously studied by Rothschild (1936),
Grosse-Brauckmann et al. (1990) and more recently by Dambeck
& Bos (2002). The southern part, between Karlsruhe and
Mannheim, was studied by Stark (1926), Oberdorfer (1934,
1937), Kiittel et al. (1986) and Holzer & Holzer (1994). The
latter published the first radiocarbon dated pollen diagram
from a site near Karlsruhe, which shows the entire Lateglacial
and Holocene. For a detailed palynological study in the
southern Upper Rhine area around Freiburg see Schneider
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(2000). In the northern Upper Rhine river valley, pollen
analysis was first carried out by Rothschild (1936). At that
time radiocarbon dating did not exist and as a consequence a
chronostratigraphical framework for the different pollen
assemblage zones and vegetation types described by Rothschild
is absent. Especially during the Lateglacial and first part of
the Holocene, however, palynological records within an area
can be used particularly well for relative dating purposes, as
various tree and shrub species immigrated, one after another,
within a relatively short period (Birks, 1986). Therefore, despite
the absence of an absolute time scale, the palynological work
by Rothschild (1936) is most valuable and can be used for
correlation with the palynological records discussed in this
paper, of which many are radiocarbon dated by AMS. Grosse-
Brauckmann et al. (1990) carried out pollen and plant macro
remain analysis on the old Neckar bed in the northern Upper
Rhine Graben, while a preliminary overview of a more
multidisciplinary study in the northern Upper Rhine area was
given by Dambeck & Bos (2002).

In the present paper we will give an overview of the recent
palynological work in the northern Upper Rhine Graben. The
palaeoenvironmental changes and vegetation development
will be discussed in relation to climate and human impact and
associated fluvial processes.

Grosse Lach

\

Fig. 1. Schematic map of the northern
Upper Rhine Graben. Indicated are the
different terraces (Older and Lower tg
and t;), aeolian sand dunes, the three
meander belt generations of the Rhine,

peat deposits in abandoned channels of

Rhinehessian hills and plateaus

the Rhine and Neckar river and annual

mm/yr.
Furthermore, the investigated sites are

precipitation  values in
indicated: in the Neckar (blue) and in
the Rhine area (yellow - oldest meander
generation, green older meander
generation) (modified after Hessisches

Landesamt fiir Bodenforschung, 1990;

y Research area

The research area is located between Mainz and Lampertheim
(Fig. 1), ca. 50 km south of Frankfurt/Main, in the northern
part of the subsiding northern Upper Rhine Graben (Pflug,
1985). The area - between ca. 85-115 m a.s.l. - is characterised
by a wide floodplain of the river Rhine in the west and a
narrow floodplain of the tributary river, the Lateglacial Neckar
in the east. The ancient character of the landscape with
abandoned palaeochannels, oxbow lakes and swamps has
largely disappeared during the last centuries as a result of
hydrological engineering and modern agriculture.

The research area is situated between low mountain ranges
that have a positive influence on the local climate and
composition of the vegetation, i.e. on the west on the leeward
side of the Rhinehessian hills and plateaus, in the north the
Taunus and in the east the Odenwald (Hendl, 1994). The
uppermost northern part belongs climatologically to the Rhine-
Main region, which is characterised by relatively mild winters
and warm summers (Der Regierungsprasident in Darmstadt,
1985). The largest part of the research area, however, belongs
to the Upper Rhine valley. The mean annual temperature is
9.5 °C, with an annual precipitation of 600 - 700 mm (Deutscher
Wetterdienst, 1981; Klausing, 1988) (Fig. 1). Most of the
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precipitation, ca. 60%, falls in summer. Evapotranspiration is
<500 mm year~!, which results in a positive water balance
(Deneke, 1992; Dommermuth & Trampf, 1980). Within the
area, however, there are variations in annual precipitation that
follow an E-W gradient. In the west, at the transition to the
Rhinehessian hills and plateaus, precipitation values are lower
than average, <600 mm year~! (Fig. 1). To the east, precipi-
tation values increase up to 750 - 800 mm year ! along the
Bergstrassen area, because more rainfall is received on the
windward side of the Odenwald (Fig. 1).

During the Quaternary, the northern Upper Rhine Graben
was filled-in with up to 400 m thick fluvial sediments of the
river Rhine and its tributaries, i.e., mainly fluvial gravels and
sands (Bartz, 1982; Kdrcher, 1987; Semmel, 1994; Walter, 1995).
The upper part of the Quaternary is characterised by different
series of river terraces, i.e. the Older and Lower Terraces (Fig. 1).
The Lower Terrace comprises the period of study, was formed
during the last Glacial (Weichselian) and can be subdivided
into two levels; an older and a younger one (Scheer, 1978;
Schweiss, 1988). The older terrace level (= upper level of the
Lower Terrace or Obere Niederterrasse, tg) is covered with
overbank deposits and large aeolian dune fields (Becker, 1967,
Kupfahl et al., 1972) (Fig. 1). The younger level (= lower level
of the Lower Terrace or Untere Niederterrasse, t;) is incised
into the older tg-level and is covered with overbank fines (cf.
Hessisches Landesamt fiir Bodenforschung, 1990), while
aeolian sands occur locally in small dune areas.

At the end of the last Glacial, the river Neckar intersected
the dunes overlying the upper Lower Terrace level, and started
to flow more directly northward, parallel to the western edge
of the Odenwald, the so-called Bergstrassen-Neckar. During
this period, the Bergstrassen-Neckar flowed into the Rhine
near the present-day town of Trebur and created a system of
two or three successive meandering river channels, which can
be distinguished morphologically by their different channel
dimensions (e.g. width, radius) (cf. Mangold, 1892; Hessisches
Landesamt fiir Bodenforschung, 1990; Fig. 1). At the end of
the Lateglacial the river shifted its mouth again, this time
more southwards to its present position near Heidelberg
(Mangold, 1892; Dambeck & Bos, 2002). Subsequently, the
residual meandering main channel of the Bergstrassen-Neckar
became completely abandoned and was filled-in with gyttja
and peat (Dambeck, 2005). The last Bergstrassen-Neckar bed
is morphologically well preserved and can be clearly separated
from the channels of older meandering phases. The latter are
visibly disconnected from the last main channel.

The present floodplain of the river Rhine developed on the
lower level of the Lower terrace (Schweiss, 1988). The flood-
plain can be subdivided into numerous palaeomeander phases as
a result of the large number of abandoned and infilled residual
channels (cf. Scharpff et al., 1977; Hessisches Landesamt fiir
Bodenforschung, 1990; Fetzer et al., 1995; Rosenberger et al.,
1996; Dambeck, 2005). These ‘floodplain terraces’ (sensu

Schirmer, 1983) differ mainly on morphological, lithological and
pedogenetical criteria and three meander generations could be
distinguished; an oldest, older and younger meander generation
(e.g. Fetzer et al., 1995; Dambeck & Sabel, 2001; Dambeck &
Thiemeyer, 2002; Dambeck & Bos, 2002, Dambeck, 2005) (Fig. 1).

{ Material and methods

Sediments were recovered from abandoned river channels by
drilling of 1 m long cores or as monoliths from excavated pits.
Overlapping cores were taken to ensure complete sampling.
Pollen samples were extracted from the sediment using a small
sampler of a known volume (~300 mm3) and prepared for pollen
analysis following Faegri & Iversen (1989). As a result of the
relatively high groundwater level in the research area the
botanical material was in general well preserved. For classifi-
cation and identification of pollen types, the keys of Moore et
al. (1991), the NEPF, Vol. I-VIII (Punt et al., 1976, 1980, 1981,
1984, 1988, 1991, 1995, 2003) and a modern reference collec-
tion were used. Combined arboreal (AP) and non-arboreal
(NAP) totals were employed for percentage calculation. Pollen
and spores of the local aquatic- or mire vegetation (including
Poaceae and Cyperaceae) were excluded from the pollen sum.
Pollen percentage diagrams were divided into regional and
local components and constructed using TILIA, TILIA.GRAPH and
2004). Regional
pollen assemblage zones were established and compared with
the biozones of Firbas (1949). In this study, palynological
data were also used as a relative dating technique by

TG.VIEW computer programs (Grimm, 1991

comparing pollen diagrams reflecting small time intervals with
standard pollen diagrams constructed for this region (Table 1).

In order to provide a chronostratigraphical framework for
the trends in the pollen curves radiocarbon dating was carried
out. To reduce the likelihood of contamination by older carbon
we preferred to use organic material reflecting atmospheric
14C concentrations, such as seeds and fruits from terrestrial
plants (e.g. Marcenko et al., 1989; Tornqvist et al., 1992).
Pollen analysis and radiocarbon dating was performed on the
same sediment cores, preferably also in combination with
sedimentological analysis (compare Dambeck, 2005). Absolute
ages are expressed in conventional 14C yrs BP and calibrated
ages in cal BP, i.e. calendar age relative to 1950.

As two of the profiles (Dornheimer Lache and Grosse Lache)
presented here were already analysed in the mid-eighties,
bulk samples then were conventionally dated. Three of the
sediment samples (i.e., calcareous gyttja) from the Grosse Lache
core displayed a considerable hard water effect, therefore a
new series including seeds from terrestrial plants was AMS
radiocarbon dated (Table 2, Fig. 2). Comparison of the sediment
samples and AMS samples shows an age difference of 1100/
1300 4C years or more (Table 2). This is more or less similar
to the reservoir age of 1200 years for the present-day water of
the river Rhine (Cappers et al., 2002).
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