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the climate signal in tree-ring series of sub-fossil bog oaks
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Introduction

Long tree-ring chronologies have been derived from sub-fossil bog oaks, i.e. oaks preserved
in peat, from various sites in NW Europe. They cover the period from about 6000 BC to AD
1000 (Jansma 1995; Pilcher et al. 1996; Spurk et al. 1998; Leuschner et al. 2002). There are
three main reasons why these bog-oak chronologies have great potential as proxy data for
studying natural changes in past climate. First, bog-oak chronologies cover a long period and
therefore enable the reconstruction of natural variation of certain climate aspects. Second,
bog oaks are considered to contain a strong environmental most likely climate-related ‘signal’
because they grew close to their ecological limit in wetland woods that were characterised by
high ground-water level and/or frequent inundation. The specific growth pattern of sub-fossil
bog oaks with alternating phases of normal and depressed growth confirms this last
assumption (Sass-Klaassen et al. 2003, this issue). Third, bog-oak chronologies from
different locations in NW Europe contain common variation, i.e. a common ‘signal’, indicating
that large-scale climatic factors influenced the growth of these oaks (Leuschner et al. 2002).
To assess the relationship between climate and growth in the tree-ring patterns of sub-fossil
bog oaks, a straight-forward approach was used: living oaks that grow in modern wetland
woods under comparable site conditions as sub-fossil bog oaks were sampled and analysed.
The idea was to study the relationship between climate and growth and to calculate a model
that can subsequently be projected to the long bog-oak chronologies.

Material and Methods

Sampling took place at 14 wetland woods, located in the Netherlands (8), Germany (2),
Estonia (1) and Poland (Biebrza National park; 3). At these sites, oaks are growing in
different types of wetland woods, which match the description of wetland woods where bog
oaks grew together with other wetland species (Leuschner et al. 1987; Kooistra et al. 2003).
Alder (Alnus glutinosa) is the dominant species at all sites. Other common species are birch
(Betula spp.), ash (Fraxinus excelsior) and, on somewhat dryer sites, beech (Fagus
sylvatica) and hazelnut (Corylus spp.). The trees all grow on (mineralised) peat.

On each site, 10 to 20 dominant oaks were sampled by taking one core per tree.
Measurement and data processing was done using standard dendrochronological equipment
and software (TSAP, Rinn 1996; COFECHA, Holmes 1983). Site chronologies were
calculated using program ARSTAN (Cook 1985). Climate data were taken from the nearest



climate station with long data records (sources: www.knmi.nl (The Netherlands),
www.dwd.de, (Germany), University of Torun (Polen), Tartu University (Estonia). Response-
functions were calculated using program PRECON (Fritts, unpubl.)

Results and discussion

Growth pattern of oaks from modern wetland woods

Most of the sampled oaks at the investigated sites are between 30 and 70 years old, with
some trees reaching an age of 100 years. The mean annual growth rate of the oaks varies
between 3 and 5 mm, meaning that the oaks were good growing. Prolonged periods of
depressed growth are absent in all tree-ring series. Figure 1 shows an example of the growth
pattern of oaks from the Unterspreewald, a wetland wood in Eastern Germany. The growth
pattern of these oaks does not resemble the growth pattern of the sub-fossil bog oaks (see
Sass-Klaassen et al., this issue; Fig 2).

Unterspreewald, Brandenburg, Germany
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Figure 1: Tree-ring series of six oaks from the Unterspreewald, Germany
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Figure 2: Tree-ring series of sub-fossil bog oaks from Zwolle Stadshagen, The Netherlands with
alternating phases of normal and depressed growth

Climate-growth relationship

The response functions for the oaks from the different wetland sites show no strong influence
of either temperature or precipitation. However, there exists a general tendency towards a
positive influence of winter and/or spring precipitation, whereas above-average precipitation
during the vegetation period had a negative influence on the growth of the oaks. Figure 3
documents the positive relationship with winter- and spring precipitation for the oaks from the
Unterspreewald, Germany.
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Figure 3: Comparison between the tree-ring chronology of oaks from the Unterspreewald, Germany,
and the winter and spring precipitation from climate station Berlin

Ecological growth conditions of oak in modern wetland woods

Average ring width shows that the oaks in the wetland woods are growing under generally
favourable site conditions. There is no indication that the relatively high ground-water level
limits the growth of the oaks. The positive relationship with high precipitation in winter and
spring most likely points to the refilling of the soil-water reservoirs before the start of the
vegetation period (Fritts 1976). The hydrology at almost all investigated sites is directly
(flooding) or indirectly (via ground water) linked to river systems. This ensures that the trees
are provided with nutrient-rich (soil)water mainly during winter and spring. A negative
response with above-average rainfall during the vegetation period indicates the susceptibility
of the oaks to anoxic conditions in the shallow topsoil layer. A lack of oxygen in water-
saturated organic soil may inhibit physiological activity of the roots and even damage them,
which subsequently causes a reduction in growth activity (Kozlowski 1984; Armstrong et al.
1994).

Why can’t we find “living bog oaks”?

After sampling and dendrochronologically investigating oaks from various wetland woods in
different geographical regions, it has to be concluded that it is impossible to find oaks that
show the characteristic growth pattern of the sub-fossil bog oaks (see Fig 2). The assumption
is that the growth depressions in sub-fossil bog oaks are the result of (temporary) high
ground-water level (groundwater level above the soil surface) and/or inundations (Pilcher et
al. 1996; Leuschner et al. 2002; Sass-Klaassen et al. 2003, this issue) most likely in the

70



beginning of the growing period (Poole et al. 2003, this issue). A surplus of water during the
growing season may moreover have resulted in an early growth stop, which also resulted in
narrow tree rings. Following this assumption the only conclusion can be that the hydrology at
the investigated modern wetland woods differs from that at the ancient wetland woods. With
large-scale exploitation of the peat-land areas beginning in the 10" century AD in the
Netherlands (Vervloet, pers. comm.) a lot of wetland woods were destroyed. The hydrology
of wetlands has been irreversibly changed by the drainage of vast areas for peat exploitation
and subsequently agricultural use. This process took place even in more remote areas like
North-eastern Poland. The consequences are that only few natural wetlands (still) exist in
NW Europe (Succow & Joosten 2001) and that none of them has reached the phase of a
wetlands wood with oak.

Alternative research approaches

Based on the above, other approaches have to be used to assess the climate signal in the
long bog-oak chronologies, if they are to be used as proxy data for past climate. Two of
these approaches are described elsewhere in this issue (Sass-Klaassen et al. 2003, this
issue; Poole et al. 2003, this issue).
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