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Introduction
The climate of the eastern Mediterranean is characterised by extremes of heat, highly variable
precipitation, and limited water resources. These features are of great significance to the growing
human populations and can play a role in the dynamics of regional demographic, socio-cultural,
economic, and environmental changes of the area (Türkeş 1998). Therefore, understanding natural
climate variability is of great importance as it will help to better predict its future variability, thus
helping the societies affected to better adapt to the effects of climate change. Developing this
understanding is difficult from the relatively short instrumental record available for the eastern
Mediterranean region (Türkeş & Erlat 2003). Natural archives such as tree rings and other proxy
records can be used to capture information about climate variability on longer time scales.
Dendroclimatology has only recently been applied systematically in the eastern Mediterranean
region (D’Arrigo & Cullen, 2001; Touchan et al., 2003; Akkemik & Aras, 2005; Akkemik et al. 2008;
Touchan et al. 2005, 2007) and studies of carbon and oxygen stable isotopes in tree rings are still
lacking. We present first carbon and oxygen stable isotopes series derived from tree rings of
Juniperus excelsa M. Bieb. trees from a site in Antalya, Turkey. Since these are the first tree-ring
isotope records from Turkey their usefulness for further palaeoclimatology is evaluated. Moreover,
the study investigates the climate response of the isotope records and the spatial and temporal
correlation patterns of the climate growth relationships over the 20th century.
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Material and Methods
Study site
The study site Jsibeli is situated near Elmali in the Antalya district, Turkey (Fig. 1). It is located in
the Akdağlar mountain range at an elevation of 1853 to 2022m a.s.l. (Touchan et al. 2007).
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Figure 1: Map with location of the sample site Jsibeli and climate diagram for Elmali weather
station (2000-1960) (Turkish General Directorate of Meteorology, 2001). Jsibeli (36°36’N /
30°01’E) is located near Elmali, Antalya district, southwest Turkey at an elevation of 1853 to
2022m a.s.l. (Touchan et al. 2007)
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The Mediterranean climate at the site is characterised by dry, hot summers and cool, rainy winters
(Türkeş et al. 2002) with a total annual rainfall of approximately 750mm. The site is covered with
snow from December to April (Touchan et al. 2003).
Sample material
At least three cores per tree of 12 Juniperus excelsa living trees were taken. In addition, full cross
sections were sampled from 14 stumps and logs (Touchan et al. 2007). This resulted in a sample
pool of 54 cores and 14 stem disc samples which were fine-sanded and crossdated using standard
dendrochronological techniques (Stokes & Smiley, 1996). The annual ring widths of each core and
cross-section were measured to the nearest 0.01 mm (Touchan et al. 2007).
After measuring and crossdating the ring widths, seven trees (15 cores of five living trees and two
cross-sections cut from stumps) were chosen for further isotope analysis and analysed individually.
However, in some instances pooling of up to 5 cores from the same tree was done to produce
enough sample material for further isotope analyses. The selection criteria for the samples were a
high correlation with the site chronology, smallest possible numbers of missing rings, no tree-ring
sequences with ring widths below 0.1mm, no significant growth suppressions and releases and no
scars, reaction wood or other wound reactions. The individual tree rings were first separated with a
scalpel. Cellulose was then extracted following standard procedures (e.g., McCarroll & Loader
2004) and burned to CO2 or pyrolised to CO at a temperature of 1080 ºC for δ13C or δ18O mass
spectrometer analysis, respectively.
δ13C values are expressed as deviations from the Vienna Pee Dee Belemnite (VPDB) standard
and δ18O values as deviations from the Vienna Standard Mean Ocean Water (VSMOW) standard
(Mook 2001). Carbon isotope records were corrected for the decrease of atmospheric δ13C values
due to fossil fuel burning since the beginning of industrialisation AD 1850 (Friedli et al. 1986,
Francey et al. 1999). In addition, the new “pin-correction” by McCarroll et al. (2008) was applied to
the data. The correction procedure uses non-linear regression but de-trending is restricted by two
logical constraints based on the physiological response of trees. The δ13C and δ18O site
chronologies were then correlated with monthly, seasonal and annual climate data (precipitation
and temperature) from the meteorological station Elmali, located near the study site, using
Pearson’s simple correlation coefficient. Temporal correlation between the self-calibrating Palmer
Drought Severity Index (scPDSI) and the δ18O site chronology was evaluated with Pearson’s
correlation coefficient in a moving window of 31 years. Spatial correlation was analysed in the
KNMI climate explorer (van Oldenborgh 1999).
Results and Discussion
The raw δ13C series show a decline especially between 1950 and 2006 due to the decrease of
atmospheric δ13C values (Fig. 2A). The correction for the decrease of atmospheric δ13C values and
the pin correction have removed this trend and resulted in an increase of the rbar/EPS statistics
from 0.24/0.69 to 0.48/0.86, respectively (Fig. 2B). Such significant increases of the rbar/EPS
statistics have been reported in several studies focusing on various tree species at different
locations in Europe and they indicate that the pin correction is successful in increasing the quality
of the δ13C chronologies (Young and McCarroll 2008). The higher rbar and EPS values indicate
that the mean δ13Cpin chronology is a robust estimate of annual changes in δ13C and that it is
suitable for further dendroclimatic research. The mixture of core samples from living trees and
cross sections from dead stumps and logs accounts for the smaller sample depth between 1980
and 2006 (Fig. 2D).
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Figure 2: Plots of the raw δ13C series (A), pin corrected δ13C series (B), δ O series (C) and sample
depth through time (D). The black graphs represent the means of the raw and corrected series,
respectively.
The mean δ13Cpin chronology exhibits low values in the period 1900 to 1930 and then varies
relatively stable around the value of -19 until 2006. Years with values above -19 are visible in the
late 1940s, early 80s and early and late 90s. Periods with values below -19 are displayed in the
mid 40s and mid 90s.
The δ18O series does not contain a long-term trend as the δ13Cpin values but show more highfrequency variability (Fig. 2C). The rbar=0.44 / EPS=0.85 statistics imply a good quality of the
mean δ18O chronology and that it is also suitable for dendroclimatic research. The mean δ18O
chronology contains periods with low values in the early 1920s and 30s, the mid 40s and 60s and
in the early 80s, 90s and 2000s, while periods with high values are discernible in the early 1900s,
30s, 60s and early and late 90s.
The climate response plots present correlations between the isotope chronologies and climate
data. The analysis includes monthly climate data of the current (J-D) and previous (P-J to P-D)
year, annual and selected seasonal climate data. The analysis shows highly significant negative
correlations between δ18O and May and also April to July precipitation (r=-0.58 and r=-0.53,
respectively) and between δ13Cpin and January to May temperature (r=-0.51) (Fig. 3). Overall, this
leads to the assumptions of a distinct summer precipitation signal, recorded in the isotope records.
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Highly significant positive correlations are also noted for δ18O and May to July temperature
(r=0.53).
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Figure 3: Climate response of the δ13Cpin series (grey) and δ18O series (black) to monthly, annual
and seasonal precipitation (left) and temperature (right). Dotted lines represent levels of
significance with p<0.5, p<0.1 and p<0.01.
The correlation patterns between the climate data and the δ13C series are somewhat surprising as
they are opposite in sign to what is usually expected. Since these are the first δ13C series derived
from tree rings in Turkey, more investigations need to focus on this particularity, e.g., choosing a
sampling site farther away from the Mediterranean Sea and at higher altitudes.
The distinct summer precipitation signal is also reflected in the correlation between scPDSI and the
isotope series, in particular, δ18O (Fig. 4). The correlation between scPDSI and δ18O is highly
significant for all months of the current year, for the annual and seasonal May to July value. The
highest correlation is reached in June (r=-0.58). Monthly scPDSI values of the previous year, in
comparison to the current year, correlate less significant with δ18O but more significant with δ13Cpin.
Overall, the strong precipitation signal in the isotope chronologies corroborate results by Touchan
et al. (2007), who found highly significant correlations (r=0.71 for the calibration period 1931-2000)
between their regional tree-ring chronology from southwestern Anatolia in Turkey and May to June
precipitation.
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Figure 4: Climate response of the δ13Cpin series (grey) and δ18O series (black) to scPDSI (monthly,
annual and seasonal). Dotted lines represent levels of significance with p<0.5, p<0.1 and p<0.01.
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In a next step, the temporal stability of the climate growth response was investigated by analysing
the relationship between scPDSI and δ18O in a moving window of 31 years on a monthly basis for
the current and the two previous years (Fig. 5). The results indicate the strongest and most stable
correlation between the proxy and monthly values of the scPDSI for the current year. In general,
the correlation is significant for the entire period of the current year. The strongest correlation is
apparent for the period 1960 to 1975 and the weakest during the 1940s. The correlation between
the scPDSI of the two previous years and the δ18O chronology is less significant and temporally
unstable. The correlation between the scPDSI of 2 years before the current and δ18O turns to
highly significant positive values for the period 1915 and 1935. However, this correlation pattern
cannot be explained ecophysiologically but seems to be a statistical artefact.

Years

Figure 5: Temporal correlation between scPDSI and δ18O series for the current and two previous
years. Pearson’s correlation coefficient calculated monthly for the current and the two previous
years in a moving window of 31 years.
The spatial field correlation maps (van Oldenborgh 1999) demonstrate that the correlation between
the δ13Cpin chronology and the mean Jan-May temperature covers a larger area around the study
site in southwest Turkey than the correlation between the δ18O series and the mean May-Jul
scPDSI (Fig. 6). Since temperature is usually distributed spatially more homogenously, this result
is not surprising. Interestingly, however, the δ13Cpin chronology seems to have the power to explain
significantly the variance in Jan-May temperature of most of Turkey, Syria and northeast Africa. In
contrast, the result for the δ18O chronology suggests little potential for further large-scale spatial
climate modelling because δ18O is only correlated with the mean May-Jul scPDSI of southwest
Turkey and small parts of south Greece, Syria, Iran and Iraq. Intriguingly, most of the field
correlations of both the δ13Cpin and δ18O chronologies are oriented towards the south and east of
the study site and no spatial correlation with Europe is indicated. It is surprising that there seems to
be no common variance between our climate proxy record from Turkey and climate records from
other Mediterranean countries such as Spain or Italy. Further research should first concentrate
only on spatial correlations of meteorological climate data from countries neighbouring Turkey in
order to verify the results suggested by the tree-ring proxies. Moreover, teleconnections between
the new Turkish climate-sensitive isotope proxies and regional climate forcing patterns such as the
North Atlantic Oscillation (Türkeş & Erlat 2003), the El Niño Southern Oscillation (Mariotti et al.
2002) and the Indian Ocean Dipole Mode Index (Saji et al. 1999) need to be investigated.

100

Heinrich et al. (TRACE Vol. 7)

Figure 6: Spatial field correlations (van Oldenborgh 1999) between mean Jan-May temperature
and δ13Cpin series (left) and mean May-Jul scPDSI and δ18O series (right).
In conclusion, it has been established that δ13C and δ18O in tree rings are useful proxies to
reconstruct climate in Turkey. The presented tree-ring chronologies of δ13C and δ18O are the first of
their kinds in Turkey. The climate growth relationships are relatively stable in time but spatially
restricted, especially regarding precipitation. The new records help broaden the climatic
information resources to the eastern Mediterranean region where heretofore there was little longterm tree-ring isotope data available.
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