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Introduction
In front of the opencast mine of Reichwalde (Lusatia, East Germany) a late glacial pine
(Pinus sylvestris L.) forest has been excavated. The fossil wood samples were analyzed
dendrochronologically at the University Hohenheim and a floating tree-ring chronology match
in the time of Allerød (more than 13’000 years BP) was produced. A collection of well
preserved trees were chosen to build the isotope chronology (δ13C, δ18O) covering c. 850
year of Allerød. This investigation offers a unique chance to reconstruct this key climate
period with annual time resolution. For the reconstruction and interpretation of the proxy data
comparable recent studies are needed. Usually, the functional correlation between stable
isotope ratio and climate data has to be determined. With a transfer function it is possible to
deduce to the climate condition in the past. Thereby the site dependence of the transfer
function is often neglected. For this reason we chose for our recent investigation a location
where over a short distance the site conditions varied from moist and swampy to dry and
sandy. Thus, it should be possible to study the dependence of isotope data on ecological
variations, behind the correlation to climate.
Material and Methods
Sampling Site
For our investigations we chose an area in the surroundings of the open cast mine
Reichwalde which is situated in the Federal Forest of Daubitz (51°25’ N und 14°50’ E, ca.
25km north of Görlitz) near the village Rietschen. In this area inner dunes are found which
emerged on the end of the last ice age and consist of poor sand. Dry sites are on the top of
the dunes. Between the dunes small moors are located, with moist sites next to them. In the
forest of Daubitz we took cores of pine trees from two transects ranging from the moor to the
top of the dune. Those transects were divided into three sites (Figure 1).
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Figure 1: Schematic diagram of the topology of the sampling site in the forest of Daubitz.

Unfortunately, the intensity of human impact was strong. Therefore, we selected a second
sampling site near Jena (Thuringia) for comparison. This sampling site is situated in the
upper part of a south exposed limestone slope. The ecological conditions are dry and the
vegetation on the slope is xerotherme phytocenosis.
On each site of both transect, 15 to 20 dominant pines were sampled by taking two cores per
tree. Dendrochronological measurement (ring width) and data processing was carried out at
the University of Hohenheim. After cross dating and measuring the ring width, we chose two
pine trees from the upper and the middle site and one tree from the lower site for the isotope
analysis. At the location near Jena we sampled cores from 45 pines and two pines were
chosen for isotope measurement.
Stable isotope analysis
The annual isotope investigations on increment cores of the living trees were carried out on
the cellulose of the wood. Each individual tree ring from increment cores was cut under a
microscope with a scalpel. The cellulose was extracted using the methods described by Gray
& Song (1984). The stable isotope analyses of fossil and living pine samples were carried out
on the cellulose (δ13C and δ18O). To measure δ13C and δ18O values, the samples were
pyrolysed to CO and both isotopes measured simultaneously (Knoeller et al., in press) online
using the XLplus mass spectrometer (Finnigan MAT).
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Results
Figure 2 shows the average isotope ratio curve of two pines from the upper dry site. One
pine is 160 years old and the other 110 years. The older tree has very small rings between
1905 and 1940 and so we chose 5 year blocks for this period. We estimated the lower
frequency variations using a 9-year running mean.

annual value
moving average
theoretical trend

-22.5

-24.0

13

δ C [ ‰ versus VPDB]

-21.0

-25.5
1830

1850

1870

1890

1910

1930

1950

1970

1990

2010

year

Figure 2: Mean δ13C value of tree-ring cellulose and 9-years moving average for two living pines of the
upper site. Anthropogenic caused decline in δ13C of CO2 in the atmosphere is shown as “theoretical
trend”.

The long term trend due to the shift in the atmospheric isotope ratio is visible in the
measured data until 1950. After 1950 the δ13C value are heavier opposite to common
findings (Francey et al. 1999, Treydte et al. 2001) and do not decrease before 1990. Thus we
classified three periods: not influenced until 1950, then strongly influenced until 1990 (in this
time GDR existed) and after 1990 – the time of regeneration. Notable is the fast decrease of
δ13C value and convergence to the theoretical trend after 1990. We also could observe the
period of regeneration on the middle site. Now we are confronted with the question if this
effect is only local or common in East Germany.
To answer this question we made a comparison with the results from the site near by Jena.
The δ13C value of pine also shows the period of regeneration, which, however, does not
occur so fast. We interpret this result as a consequence of the burning of lignite for energy
production in the former GDR and subsequent air pollution. In Lusatia some coal fired largescale power plants were in operation that were not equipped with filter technology. Therefore,
the shift of carbon isotope ratio (δ13CCellulose) to heavier values was probably caused by air
pollution (SO2, dust etc.) and its influence on photosynthesis. Other publications (Saurer et
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al. 2004, Hemmann 1993) also describe an increase of δ13C values through influence of
reactive air compounds.
One aim of our investigations was to describe the dependence of the isotope ratio on
different site conditions. In comparison with the middle and the lower sites, the carbon
isotope ratio of the upper (dry) site usually was approx. 1.4‰ heavier. The δ13C values of the
lower site compared to the middle site were heavier (mean 0.7‰) in the period 1940 to 1960
and lighter in the period 1980 to 2000 (mean -0.4‰).
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Figure 3: Mean δ13C -value of tree-ring cellulose for living pine in upper, middle and moist habitat near
the village Rietschen. Change in the characteristic between middle and lower site.
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Figure 4: Mean δ18O value of tree-ring cellulose for living pine in upper, middle and moist habitat near
the village Rietschen. The values of the middle site decrease.

The oxygen isotope ratio values of the moist site were in average 1.1‰ heavier than the dry
site (Figure 4). The middle site did not have a relation to the other sites. The δ18O values
decrease from a level which is equivalent to the moist site to values comparable to dry site.
We interpreted this effect with a change in water availability for the investigated pines. As a
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consequence of open cast mine activity the groundwater level decreased (information by
Vattenfall AG). In our opinion, the shift of δ18O values is caused by change in the source of
water for the pines. So trees on the middle site lost the contact to the groundwater and were
beginning to depend on precipitation. This result also explains the change in the relation of
δ13C values between the lower and the middle site.
Conclusion
The theoretical long term trend of δ13C values in tree rings caused by changing composition
of atmospheric CO2 could be disabled through air pollution. We observed that the carbon
isotope ratio shifts to heavier values compared to the theoretical trend. Additionally, a change
in the long term trend can be affected by a change in the water availability. For the climate
reconstruction of the late glacial chronology we need comparative studies on different recent
locations. Maybe then it will be possible to find a better transfer function between
instrumental climatic data and the isotope ratio.
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