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Abstract
Background and Purpose: Valonia oak (Quercus ithaburensis subsp. macrolepis (Kotschy) Hedge & Yalt.) is an east
Mediterranean endemic, xerothermic and deciduous tree of particular interest in forestry. There has been a growing
demand lately to include the species in reforestations in Greece which also increased the interest to investigate its
response to climate change. The main purpose of this research is to study valonia oak from a dendrochronological –
dendroclimatological point of view within its Mediterranean distribution range.
Materials and Methods: Sampling took place in characteristic valonia oak stands where cross sections or treecores were taken from 40 trees. The cross sections and the tree-cores were prepared and cross-dated using standard
dendrochronological methods and tree-ring widths were measured to the nearest 0.001 mm using the Windendro software
program. The ARSTAN program was used to standardize the tree-ring data and to calculate dendrochronological statistical
parameters. The inter-annual variability of tree-ring width and the radial growth trend were examined. Finally, tree-ring
widths to climate relationships were calculated by orthogonal regression in combination with the bootstrap procedure
using master residual chronology and monthly precipitation, temperature data and scPDSI drought index, from October of
the n-1 year up to November of the n year.
Results: The master chronology of valonia oak trees in Western Greece reaches 365 years, with an average ring width of
0.89 mm and with mean sensitivity being 0.21. The variation of the tree-ring widths indicates the influence of climate and
human intervention in the past. Tree-ring to climate relationships show that valonia oak growth is positively affected by
precipitations in January and March and by drought reduction during June and July.
Conclusions: Valonia oak in Western Greece is a species of great interest for dendrochronological and dendroclimatological
studies due to the old age of the trees and the species response to climate variation. The climate factors that mostly affect
its growth are winter and spring precipitation and summer drought.
Keywords: dendrochronology, dendroclimatology, tree-ring, Quercus ithaburensis subsp. macrolepis, old trees, east
Mediterranean

INTRODUCTION
Quercus ithaburensis is an east Mediterranean
endemic, deciduous oak tree species, present as two
subspecies: a) Q. ithaburensis (Kotschy) Hedge & Yaltirik
subsp. ithaburensis (tabor oak), found mostly in Anatolia and
the Middle East, and b) Q. ithaburensis subsp. macrolepis
(Kotschy) Hedge & Yaltirik (valonia oak), found mostly in
South-East Italy, Albania, Greece, and west Anatolia [1-4].

Ιn Greece, valonia oak covers an area of 29,631.80 ha in
lowlands and uplands of continental and insular territory,
usually in the form of open forests managed as traditional
silvopastoral system [4, 5]. From the 17th to 19th century
these forests highly contributed to the local economy
by dye production extracted from the acorn cups, the
production of wood for shipbuilding and their usage as
silvopastures [4, 6]. During the 20th century many of these
forests were cleared and converted to agricultural fields
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or rural establishments, while the remaining ones were
left to natural succession that resulted in the formation of
old-aged oak stands. Nowadays their importance is mainly
of an ecological basis, while there is also an increasing
economic interest in them ,reviving their traditional uses
including silvopastoralism [7].
This species is one of the few deciduous oak species
thriving in the Mediterranean xerothermic conditions [8,
9], which makes it an interesting option for reforestation
in Greece and other Mediterranean countries. Indeed,
the anticipated climate change effects on the growth,
productivity and present distribution of the Mediterranean
vegetation [10, 11], renders necessary the quest of species
that would easily adapt to the new conditions and the
investigation of their behaviour. Based on a study about
the impact of climate change in Greece [12], the expected
temperature increase and precipitation decrease will result
in the expansion of heat tolerant forest plant species by
2-4% and desertification by 1-2%, depending on the
climate change scenario. Valonia oak with its ability to
grow in xerothermic environments, even within phrygana
[5], could be one of the recommended species for the
future, being less flammable than xerothermic conifers and
easily regenerating after a forest fire [4].
In this context, the exploration of valonia oak treering width variability and its climate-growth relationships
that can be examined through dendrochronological
studies is essential for predicting its future growth trend.
The long time series of tree-ring width measurements
can substantially contribute to this study. Radial growth
combines the effects of climate, site-specific factors, and
natural and human disturbances [13-15]. There are many
large deciduous oak trees throughout Greece and some
are particularly close to historical sites. However, only few
of the Greek deciduous oaks species have been used to
construct tree-ring chronologies from samplings carried
out on living trees [16] and mostly from wood of historical
monuments [17, 18]. Concerning valonia oak, there have
been few dendrochronological studies in Greece and the
Mediterranean region [19, 20]. The objectives of this study
were the construction of a local tree-ring width chronology
of this species in Western Greece and the investigation of
tree-rings to climate relationships.

MATERIALS AND METHODS
Sampled trees were growing in Xeromero, a typical
valonia oak forest of the Aetoloakarnania prefecture,
Western Greece (Figure 1). It is an old forest with rich
fauna and flora [21] and old-age stands that have not been
harvested for centuries. It is the largest forest of valonia
oak in the Balkans and probably one of the largest within
its distribution area in the Mediterranean basin. This forest
had particular value in the past due to the superior quality
of the acorns produced, compared to others from similar
Greek forests in terms of tannin content and its grazingpasture use and value [22]. Within this area, valonia oak
usually forms stands of open canopy, growing on shallow
calcareous soils at an altitude ranging from 0 to 580 m a.s.l.
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Based on the Agrinion Meteorological Station, located 20
kilometres from the sampling site, for the period of 19562012 (Hellenic National Meteorological Service), the mean
annual precipitation in the region is 938.5 mm and the
mean annual temperature is 16.8oC. The drought period,
based on the ombrothermic diagram [23], lasts for 3.5
months from late May to early September.
Forty trees were sampled based on dendrochronological criteria [13, 15], from an area of approximately 5
ha representative of the valonia oak stands characteristics
and with homogeneous topography (Figure 1). The
sampling included cross sections that were taken at breast
height (1.3 m) from 20 trees during previous loggings and
20 tree cores that were extracted, also at breast height,
from the remaining ones. Tree diameters at breast height
ranged from 27.7 to 98.1 cm. It should be noted that trees
of diameter at breast height over 25 cm were not easy to
be found in the area. The tree-ring cores were extracted
using Pressler’s increment borers of 40 and 60 cm long,
with special care to avoid ramifications and irregular
wood structure, as much as possible. The trees crosssections and cores were dried, planed and sanded with
progressively finer grades of sandpaper (80, 100, 200,
400 and 600 grit) until the tree-rings were distinguishable
under a stereomicroscope.
Radial increments and selected radial directions
of cross sections were measured to the nearest 0.001
mm by Windendro program [24] and cross-dated using
a stereoscope, pointer years [15], skeleton plotting and
other methods [25-27]. The cross-dating was statistically
checked in the course of tree-ring width measurements
with Windendro. To remove the low-frequency variation
in the elementary tree-ring series and to quantify the
tree-ring to climate relationships, index chronologies
were constructed using ARSTAN program [28]. A double
detrending procedure was done, first by using a negative
exponential or linear regression and then by using a cubic
smoothing spline function preserving 50% of variance at
wavelength of 30 years. Tree-ring widths were converted
into indices by dividing observed values with expected
values derived from the above-mentioned detrending
line. In these indices, the remaining first-order temporal
autocorrelation was removed by autoregressive modelling
[28]. Finally, the produced individual residual series
were then averaged using a bi-weighted robust mean
to obtain the master residual chronology. Standard
dendrochronological statistical parameters [13] were
calculated for the master raw tree-ring chronology and for
three age classes (a group of young trees of ages between
100 and 200 years; the middle group of ages between 200
and 300 years, and an old-tree group of trees older than
300 years): mean tree-ring width, standard deviation (Std),
mean sensitivity and first-order autocorrelation coefficient.
Additionally, the EPS statistic [29] was computed on
the dataset after detrending in ARSTAN. The mean rawchronologies for the above mentioned age-classes were
used for the visualization of the growth trend, while the
master residual chronology was used to identify the very
narrow and wide characteristic tree-rings (greater than 3
Std of the mean value).
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FIGURE 1. (a) Map of the Xeromero forest, (b) satellite image of sampling site (www.ktimatologio.gr) and (c) the ombrothermic
diagram of the nearest meteorological station of Agrinio (24 m a.s.l.) for the period from 1956 to 2012.

Climate-growth relationships were calculated for
the period of 1981-2013 by orthogonal regression in
combination with the bootstrap procedure [30, 31] using
the 3PBase software [32]. The independent variable of
this regression was the master residual chronology of
tree-ring widths, whereas the regressors were 28 monthly
parameters (14 monthly precipitation in combination
with 14 mean monthly temperatures: P-Tmean), or 14
monthly drought indices (self-calibrated Palmer Drought
Severity Indices: scPDSI) from October of the preceding
year to November of the current year. This period of 14
months was chosen taking into account that tree growth
in the southern most Mediterranean regions may continue
until November or even until the beginning of winter.
As for scPDSI, according to Wells et al. [33], this index is
calculated from precipitation and temperature data as
well as from the available local soil water content and it
varies from -4 (extreme drought) to +4 (extremely wet).
The climatic data were obtained from the KNMI Climate
Explorer [34, 35] due to the incomplete data from the local
meteorological stations in the proximity of the study area.
We used monthly precipitation and mean temperature
data of the CRU TS3.22 [36] and monthly UCAR scPDSI
drought indices [37]. The closest grid point to the site
studied was selected from each gridded data category. The
results of the climate-growth relationships are presented
as a ratio between the regression coefficient of each
monthly climatic parameter and the associated standard
deviation (mean of 50 simulations) [30].
http://www.seefor.eu

RESULTS
Cross-Dating and Tree-Ring Chronologies

From the cross-dating procedure it derives that, due
to the wood structure of valonia oak trees (in many cases
tree-rings are very thin and not distinguishable, there is
presence of discoloration and wood abnormal structure),
cross-dating in the middle and old-age group is difficult
(Figure 2). The difficulty degree increased with narrow
tree-rings. For this reason, cross-dating was possible for 19
out of the 20 cross sections (rate 95%) and 11 out of the 20
cores (rate 55%).
Based on the total cross-dated elementary series,
master chronology length was 365 years, mean tree-ring
width was 0.89 mm, standard deviation 0.31 mm, mean
sensitivity 0.21 and the first-order autocorrelation 0.67
(Table 1). The above mentioned statistics do not differ
substantially if calculated separately for each tree age
class of 100 years. Tree-ring width in the three age classes
tested ranged from 0.86 to 0.90 mm (std 0.28 mm), mean
sensitivity from 0.19 to 0.21 and first-order autocorrelation
from 0.60 to 0.67 (Table 1). The EPS value for the common
period of the series (1815-2010) was 0.68 and exceeded
the threshold value of 0.85 [29] in the year 1981.
From the graphical representation of the tree-ring raw
mean chronologies and the 20 years mean moving average
for each age class (Figure 3), an intense appearance of low
frequency variation has been observed throughout the
period without noticing any periodicity. The examination of
SEEFOR 7 (1): 29-37
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TABLE 1. Descriptive statistics of valonia oak tree-ring width raw data, for all trees and for the three age classes.
Tree age
Number of trees
Period A.D.

Total

100-200

200-300

>300

30

7

20

3

1650-2014

1815-2013

1718-2014

1650-2010

Chronology length (years)

365

199

297

361

Mean ring width (mm)

0.89

0.90

0.93

0.86

Standard deviation

0.31

0.28

0.28

0.28

Mean sensitivity

0.21

0.19

0.21

0.21

First-order autocorrelation

0.67

0.67

0.67

0.60

DISCUSSION

FIGURE 2. Cross section of a valonia oak tree from the study
area.

the tree-rings growth trend indicated a growth reduction
from the beginning of the chronologies until the period
of 1880-1900. Then, an increase trend was observed
which was, however, halted in the period of 1990-2000
with a tendency to revert afterwards. Focusing on the
master residual chronology (Figure 4), it shows a more
intense inter-annual variation in the period of 1650-1745
compared to the following period with the exception of
the years 1990 and 2000 when particularly narrow tree
rings were observed. Characteristic narrow tree-rings were
also observed in the years 1661 and 1715, with particularly
wide rings appearing in the years 1660, 1687 and 1718.
Many of these years were used in cross-dating as pointer
years.

Tree-Rings to Climate Relationships

Statistically significant (p<0.05) positive correlations
were calculated between tree-ring width and January and
March precipitation (Figure 5). No significant correlations
were found between tree-ring widths and mean
temperature of any month. Regarding the scPDSI drought
index, a positive significant correlation (p<0.05) appeared
in June and July (Figure 6).

32

SEEFOR 7 (1): 29-37

This dendochronological study of valonia oak trees
created a new master chronology for the time period of
1650-2014 that may contribute to the densification of the
dendrochronological network in South-East Europe [18, 3841]. It may be used in comparison with new chronologies of
the species but also with other oak species. Furthermore,
it may contribute to climate reconstruction studies that
have been the subject of several researches in the eastern
Mediterranean region who used long tree-ring time-series
[42-48]. At this stage, due to low EPS value found before
1981, the constructed chronology needs to be upgraded
with more elementary chronologies from new cores or
cross sections.
Regarding the ages of valonia oak trees it appears that
the observed forest is composed of uneven-aged stands,
although they seemingly resemble to be even-aged. This
impression is given because of the single-layer structure
of the forest, the open canopy cover and the lack of
lower diameter class trees. The presence of old-age trees
in the study site and the region in general [20] indicates
that these stands have evolved after the French-Hellenic
exploitation of Western Greece forests in the 17th century
[6], a period during which many large-diameter trees
were harvested to produce shipbuilding timber. After this
period, according to data from the local Forest Service,
there has not been any systematic logging and the stands
were only used for the production of acorn cups for tannin
production collected mainly from large, sparsely scattered
trees. These old-age trees are nowadays reserved mainly
for ecological purposes.
The small tree-ring widths, on average did not exceed
1 mm (Table 1) and did not show any significant decreasing
trend with age, is a species-specific characteristic which is
slow-growing and usually developing on shallow, degraded
calcareous soils. Mean sensitivity (mean value 0.21) is
relatively high compared to the Greek coniferous species
[49] and is almost proportional to the values of Aleppo pine
in the sub-humid bioclimate type [50], whereas it is higher
than the mean sensitivity of other deciduous Greek oak
species [16]. The relatively high mean sensitivity values found
suggest a significant climatic signal, as reflected by valonia

http://www.seefor.eu
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FIGURE 3. Tree-ring width mean chronologies for three age classes; the bold line superimposed indicates the mean moving
average of 20 years and the dashed line shows the number of samples used in each chronology.
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FIGURE 4. Master residual chronology of tree-ring widths (TRW); the dashed line shows the number of samples used in the
chronology.
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FIGURE 5. Tree-ring to climate relationships calculated between master residual chronology and 28 climatic parameters
(monthly precipitation and mean monthly temperature) for the period of 1981-2013. Dashed horizontal lines indicate 95%
significance level, R=r/s, r= mean regression coefficient, s= mean standard deviation (for 50 simulations).
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FIGURE 6. Tree-ring to climate relationships calculated between master residual chronology and 14 climatic indices (monthly
scPDSI) for the period of 1981-2013. Dashed horizontal lines indicate 95% significance level, R=r/s, r= mean regression
coefficient, s= mean standard deviation (for 50 simulations).

oak tree-rings, and are indicative of the appropriateness of
the species to be used in dendrochronological studies. The
high first-order autocorrelation indicates a low frequency
variation in the tree-ring chronologies, revealing the
residual action of certain site factors during the formation of
successive tree-rings [13]. This variation can be interpreted
mainly by the effects of anthropogenic factors that have
affected those forests in the past, such as pruning for higher
acorn production and grazing, and the influence of different
environmental factors such as climate. The analysis of the
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low and high frequency variation in the chronologies, in
relation to other research or historical data, enhances the
hypothesis of climate effect. For example, the last decade
of the 20th century is a period of a decreasing tendency in
tree-ring width, noted and characterized as dry and warm
for Greece and East Mediterranean [51, 52]. Furthermore,
the year 1715, with the distinctive narrow tree-rings, was
marked with long dry periods and was characterised as a
year of great famine, especially for the central and southern
Greece [53].
http://www.seefor.eu
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Concerning tree-rings to climate relationships, January
precipitation that precedes the tree-ring formation
phase as well as March precipitation coinciding with the
commencement of tree-ring growth, play a prevailing role
in valonia oak tree-ring growth. The positive effect of winter
precipitation could be attributed to water available in the
soil for use during the tree-growing season. Moreover,
spring precipitation could attribute to the increased
water demands for various physiological processes such
as the intense cambium reactivation and growth release
after winter dormancy. For the same species in Jordan,
Touchan and Hughes [19] showed a relatively high positive
correlation between October and May precipitations. The
positive correlation of tree-ring widths with June and July
scPDSI drought index explains the positive effect of drought
reduction during the tree-ring growth period. Climate
to growth relationships calculated signify, in a way, the
xerothermic character of valonia oak. The adaptability of
the species to grow in xerothermic environments confirms
the results of the previous research on its ecophysiological
response to summer drought [54]. According to personal
observations in south Greece, valonia oak in periods of very
intense summer drought sheds its leaves and re-sprouts
smaller new ones, in late summer or early autumn along
with the first rains after drought.

CONCLUSION
Valonia oak in Western Greece is of particular
dendrochronological-dendroclimatological interest due to
the old age of the trees, but also due to its response to
climate variations. Tree-ring widths to climate relationships
analysed in this research help us to adequately decode the
role of climate on the inter-annual growth variability of
the species. Winter precipitation and drought during the
summer period play a major role in the radial growth of
valonia oak. The study of these relationships combined
with the scenarios of climate change can be a guide for
predicting valonia oak forests future growth, but also for
the usability of the species in reforestation practices in the
Mediterranean area. Nevertheless, this study contributes
to the dendrochronological research and, generally, to the
knowledge of the species autoecology.
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