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Abstract: Climatic parameters are the main environmental factors affecting tree growth. The main aim of
the presented study was to determine whether different oak species growing under contrasting environ-
mental conditions show different sensitivity to climatic parameters. Four oak stands with Quercus robur,
Quercus petraea, Quercus polycarpa and Quercus dalechampii growing in the same area were evaluated. Standard
dendrochronological methods were used for sample preparation, ring width measurements, cross-dating,
chronology development, and the assessment of growth-climate response patterns. Although the species
grew under different environmental conditions, their local tree-ring chronologies are highly correlated. The
radial growth responses to climatic parameters differ slightly, but the response depends more on local site
conditions than on the oak species. At the same time, the strongest correlations between radial growth and
climatic parameters were identical among species and sites. The amount of water available in the soil was
the main climate-dependent factor limiting radial growth. Approximately since the 1990s, the distribution
of rainfalls within the growing season has changed at the expense of spring precipitation. The significance
of relative soil moisture content during spring for oak growth increased and the significance of summer
values decreased.
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Introduction

Deciduous oaks (Quercus spp.) are among the most
important tree species for forestry in Central Europe.
Oaks grow at low altitudes, which are increasingly
vulnerable to drought given the regional topograph-
ic patterns and climatic predictions (e.g. Trnka et
al.,, 2009a,b). Climatic changes observed in the last
twenty years (Parry, 2000; Tolasz, 2007) as well as
those predicted for the future include an increase in
the frequency of “very wet days” followed by short or
long dry periods. These changes in the dynamics of
precipitation would be reflected in changes of avail-
able soil moisture (Trnka et al., 2009a; Trnka et al.,
2014) and in the radial growth of trees (Rybnicek et
al., 2010a, 2012a,b). Studies dealing with climate
characteristics in the Czech Republic and their im-
pact on plants (e.g. Brazdil et al., 2009; Hlavinka et
al., 2009; Mozny et al., 2009) showed that there is
no detectable reduction of spring precipitation after
1990, but that higher global radiation, temperature
and water vapour pressure deficit increased evap-
otranspiration rates. This together with an earlier
start of the growing season (e.g. Bauer et al., 2010;
Olesen et al., 2012) essentially leads to a faster de-
pletion of soil moisture reserves (e.g. Trnka et al.,
2014). Spring and summer dry spells then poten-
tially limit plant growth as shown on the example of
field crops and grasslands (e.g. Hlavinka et al., 2009;
Trnka et al., 2012). Drought increases the sensitivity
to some biotic diseases and insect pest attacks and,
as a consequence, it can lead to an increased risk of
tree disease and mortality (e.g. Thomas et al., 2002;
Allen et al., 2010, Kolér et al., 2013).

The existence of different climatic responses of the
deciduous oak species growing in contrasting sites in
the Czech Republic may be of key importance to as-
sess future tree vitality and further development of
diseases. Dendrochronological comparisons of oaks
published so far have been based on a comparison of
several oak species over large areas in Central Europe
(e.g. Cedro, 2007; Friedrichs et al., 2009; Cufar et al.,
2014; Wazny et al., 2014). Case studies in specific
small areas have seldom been performed (e.g. Sand-
ers et al., 2014), and never in the Czech Republic.

The main questions are: i) Do local tree-ring chro-
nologies of different oak species differ? ii) What are
the main climatic parameters affecting radial growth?
iii) How does growth response to climatic factors dif-
fer in different oak species under comparable climat-
ic conditions? iv) Have climatic parameters changed
in the past decades? v) Have changes in the climate
already affected the response?

Materials and methods

This research was conducted in four selected for-
est sites with a predominance of Quercus spp. in the
protected landscape area Cesky kras, Czech Repub-
lic (Fig. 1) in 2012. The maximum distance between
sites was less than 10 km. All trees within the sites
were located at altitudes from 305 to 350 m a.s.l. in
the beech-oak forest vegetation zone, with an aver-
age annual precipitation of 543 mm. The average an-
nual temperature during the 1961-2011 monitoring
period was 8.9 °C.

The four sites are a stand with Quercus robur on
enriched-colluvial soil, a Quercus petraea stand on nu-
trient-rich soil on limestone, a stand with Q. polycar-
pa and Q. dalechampii and their hybrids on dry and
shallow soil, and a stand with Quercus petraea on
normal mesotrophic soil (Tab. 1). Some studies con-
sider these oaks as hybrids, but several authors have
described both as separate species (Matyas, 1971;
Pozgaj & Horvdthovd, 1986; Dostdl, 1989; Koblizek,
1990; Jovanovi¢, 2000; Magic, 2006). The Q. poly-
carpa and Q. dalechampii were identified in this area
(Sima, 2007).

Twenty dominant and codominant trees were ran-
domly selected within each site. All samples were
extracted using a Pressler borer at breast height.
Because the between-tree variability within a site is
much higher than the within-tree variability around
the stem (Bosela et al., 2014), one core per tree was
extracted. Likewise Fritts (1976) suggested that for
climate studies, one core per tree is sufficient if more
than 14 trees are sampled. The samples were meas-
ured using the VIAS TimeTable measuring system,
and the measurement and synchronization of tree-
ring sequences were carried out using PAST4 (©SCI-
EM). The tree-ring widths were measured with 0.01
mm accuracy. After measuring tree-ring widths, indi-
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Fig. 1. Location of the study area and the sites
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Table 1. A detailed overview of the study sites. Edaphic category and Forest site complex are Czech ecosystem classifica-
tion categories (Typological System of Forest Management Planning Institute) based on Viewegh et al. (2003)

Position Altitud Slope Sl
. . tude  gradient  OPe Edaphic Prevailing  Forest site .
Site Location ———————— (m orienta- i | Quercus species
Lat-Ijong (deg., sl) De- % tion category  soil types complex
min., sec.) gree
N 49 54 40.519 cutrophic  [ageto-Querce-
1 Liten obora E 1408 16.511 310 7 11 SE deluvia cambisol tum acerosum Quercus robur
deluvium
Karlické N 49 56 46.573 . calcaric  Fageto-Quercetum
2 4doli  E141452067 00 12021 NE  calearia  obicol calcarium Quercus petraca
. lycarpa
Nad N 50 00 23.431 subxero-  cambic  Fageto-Quercetum Quercus po
3 Trhlinou E 14 10 00.308 350 21 36 SE thermica  ranker  subxerothermicum Quercus 4‘.11@
champii
Chrusten- N 50 00 22.944 eutroph- MES" " Fageto-Quercetum
4 ice E 1408 04968 20 71 N ica f;r?bpl}slfl eutrophicum Quercus petraea

vidual tree-ring series were cross-dated. The tree-ring
series which correlated significantly with each other
at the p=0.01 confidence limit was used to create an
average tree-ring series. The degree of similarity be-
tween the tree-ring series and chronologies was as-
sessed using the T-test according to Baillie & Pilcher
(1973) and T-test according to Hollstein (1980), the
coefficient of agreement (Gleichldufigkeit; Eckstein
& Bauch, 1969), and a visual comparison of tree-ring
series, which is crucial for the final dating (Rybni¢ek
et al., 2010b).

The tree-age-related growth trends and the au-
tocorrelation structures were removed by using
the ARSTAN application (Grissino-Mayer et al.,
1992) using a single detrending method (Holmes
et al., 1986). The site residual index of the tree-ring
chronologies were then used to calculate the cli-
mate-growth relationship. The negative exponential
function or a linear regression (Fritts et al., 1969),
which best resemble the growth trends (Fig. 2), was

used. Indices were calculated as a ratio between the
measured tree-ring widths and their corresponding
values fitted by the function. Site chronologies for
each stand were calculated using a biweight robust
mean. Expressed Population Signal (EPS; Wigley et
al., 1984) for the period 1916-2011, when all chro-
nologies have a minimum replication of 10 series,
inter-series correlation (Rbar) and Signal-to-noise
ratio (SNR; Fritts & Swetnam, 1989) were calculated
to assess the quality of each chronology (Tab. 2).
Climatic data needed for calculations for each
site were derived from the 500 m resolution gridded
daily dataset created by applying locally weighted
regression and accounting for the effect of altitude.
The original station based measurements used for
interpolation were subjected to quality control and
homogenization using ProClimDB (Stépanek, 2007).
The grided dataset covers the whole Czech Repub-
lic and is based 268 meteorological (providing fully
range of weather parameters) and 787 precipitation
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Fig. 2. Growth trends of the tree-ring width chronologies
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Table 2. Statistical characteristics of the site chronologies (TRW - tree-ring width chronology, TRWi - tree-ring width in-
dex chronology, MSL — mean segment length, AGR - average growth rate (mm), SD - standard deviation, Rbar - mean
inter-series correlation, EPS — Expressed Population Signal (for the period 1916-2011), AC1 - first autocorrelation,

SNR - Signal-to-noise ratio)

TRW TRWi Site chronology
MSL AGR SD Rbar EPS ACl1 SNR Start End Length
Site 1 117 2.01 0.81 0.64 0.92 0.65 9.74 1854 2011 158
Site 2 156 1.51 0.75 0.53 0.89 0.77 15.88 1807 2011 205
Site 3 156 1.18 0.52 0.69 0.93 0.62 10.93 1837 2011 175
Site 4 140 1.64 1.00 0.62 0.88 0.74 6.47 1851 2011 161

stations proving daily precipitation data only. Using
AgriClim (Trnka et al., 2011) and SoilClim (Hlavinka
et al., 2011) software packages, daily RSMC values
in 0-1.3 m below soil surface were calculated. The
RSMC is estimated in a daily time step accounting
not only for the balance between evapotranspiration,
precipitation and antecedent soil moisture but also
on the snow presence/absence, aspect and slope of
the site, critical soil water holding properties, as well
as phenological stage of the canopy. The routine is
based on the Allen et al. (1998) approach and has
been described in more detailed by Hlavinka et al.
(2011) and Trnka et al. (2015).

DendroClim2002 was used to calculate correla-
tion coefficients between the site residual oak chro-
nologies and climatic drivers (i.e. temperature, pre-
cipitation, global radiation and RSMC - relative soil
moisture content) in the period 1961-2011 (Biondi
& Waikul, 2004). The correlation coefficients were
calculated for a seasonal window from April of the
previous year until September of the year of tree-ring
formation (referred to as “the current year”), i.e., for
a period of 18 months. This interval has the highest
influence on the radial increment of oak in Central
Europe (Horacek et al., 2003; Gricar, 2010). The
correlations of the current year were also calculated
from March to May (when earlywood is assumed to
be formed) and from June to August (typical summer
months); additionally, correlations were analyzed
from July to September of the previous year (thought
to be a period of energy reserve formation for the
next season).

Results

Site chronologies were created from twenty trees
at each site. The lowest mean segment length (117)
corresponds to the highest value of the average
growth rate (2.01 mm) at site 1. An opposite de-
pendence can be observed at the most extreme site
3, where narrow tree-ring widths were expected. The
inter-series correlation (Rbar), Signal-to-noise ratio
(SNR) and the Expressed Population Signal (EPS)
reveal the signal strength (Tab. 2). The mean EPS for
the well replicated period (>10 series) reliably ex-

ceeds the threshold of 0.85 (Wigley et al., 1984) at
all sites. The values of the signal-to-noise ratio reach
above 6 and are comparable with those achieved in
other dendroclimatological analyses of oak, e.g. Ro-
zas (2005).

High similarity between site TRW chronologies
was found. When the tree-ring series overlap by at
least one hundred and twenty years, the critical value
of Student’s t-distribution with p=0.001 level of sig-
nificance is 3.373 (Smelko & Wolf, 1977). The values
of our t-tests markedly exceed the threshold which
shows a high reliability of the synchronization. The
correctness of the synchronization is also proved by
the agreement of the average tree-ring series in most
of the extreme values (Fig. 3). Strongly reduced in-
crements common for all sites were observed in e.g.
1964, 1976, 2004, 2007 (Fig. 3).

Statistically significant correlations of the tree-
ring width with average temperatures in summer
(July-September) of the previous year are negative
at all sites; the highest significance has been found
at site 3. Negative correlations prevail for the current
year. They are always significant for one or two sites
(Fig. 4).

The statistically significant tree-ring width cor-
relations with monthly precipitation sums are only
positive, with the unique exception of April of the
previous year at site 2. The highest correlations at
all sites have been found for October of the previous
year. The prevailing significant correlations for the
current year are those with spring precipitation, with
the exception of site 4, the most significant being the
correlations for sites 2 and 3.

Monthly RSMC shows the most significant effect
on tree growth. The highest correlations have been
found for site 3, from previous August to September
of the current year. The period from previous No-
vember to August of the current year plays the key
role at the other three sites with a predominant effect
of March, April, and May.

The negative influence of the global radiation on
tree-ring width prevails at all sites during the entire
period analysed. The importance of spring months
of the current year (mainly March and April) is com-
mon for all sites. Significant correlations with previ-
ous summer and autumn months were proved only
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Fig. 3. Synchronization of site TRW chronologies (T-test according to Baillie & Pilcher / T-test according to Hollstein /
synchronization of tree-ring series in % (Gleichldufigkeit))

Site 1 Site 2 Site 3 Site 4

. | Hlﬂn UYL O T T Hﬂnl ﬂlﬂ

g oilog i o T 0 .
g 11 A 1 1 O e
-0.2
-0.3
-0.4
OEAMJJASONDjfmamjjas&ggAMJJASONDJfmamJJas%&:AMJJASONDmeamJJas&ggAMJJASONDjfmamjJas&mj
»=< n=% »=% »=<
255 285 285 255
355 255 355 3=°
0.3
0.2
0.1 H
g 0
»

| NSRS NS T T
ST |Hu |UH | HlH I || || Hl [ Hﬂlﬂ HHDH I ‘lﬂ Hl ‘ |

-0.3
-0.4
'05AMJJASONDJ fmamj Jas&“gJAMJJASONDj fmamj jaso >AMJJASOND j fmamj jasa>2AMJJASONDj fmamj Jas&mj
$=% $=1 =1 »=%
o L i AL
383 353 £3 3853
0.5
0.4
0.3
N W 1 l...00 .1
S 01
g o Al [ | o0 o olp.all of
5 o I [ i
S
g 02
-0.3
-0.4
'O'SAMJJASONDJfmamjjasn.mjAMJJASONDjfmamjjasn.@gJAMJJASONDJfmamjjasn_@gvAMJJASONDjfmamj]asn.mg’
»=% 7= B33 w3z
255 N5 fic o=
285 ELH =H 333

0.6
0.5
0.4
03 I
sl T | P | o 1 Il ) (i
o
Z 0'(1; | 88| | | D ,DH I Dn,, HDDD, 77777777777777777 |
4 -0.1HUHU H U H
-0.2
-0.3
-0.4
'OSAMJJASONDmeamJJasn.@g’AMJJASONDJfmamjJasn.m:AMJJASONDmeamJJas&%%’AMJJASONDmeamJJas&mg’
»=% ®=% 6=3 H=<
oS oS o aTe
585 543 553 383

Fig. 4. Values of correlation coefficients of the site residual index tree-ring chronologies with Tavg = average monthly tem-
perature, Precipitation = monthly precipitation, RSMC = relative saturation of soil profile by soil water from top to
130 cm of depth and Srad = global radiation sums from previous April to September of the current year and the period
July-September of the previous year (JUL-SEP) and the period March-May (Mar-May) and June-August (Jun-Aug) of
the current year for 1961-2011. Values highlighted in black are statistically significant (o = 0.05)
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Fig. 5. (A) The progress of monthly temperature, precipitation and relative soil moisture content (RSMC in WMO (World
Meteorological Organization) normal period 1961-1990 (black line) and 1991-2011 (grey line). (B) Mean tempera-
tures, mean RSMC and sum precipitation for selected periods were correlated with the site chronologies. Statistically
significant correlation coefficients are highlighted (o = 0.05). (C) Temporal trends of the analysed climatic parameters
for the selected periods. (D) Temporal trends of the analysed climatic parameters for the whole vegetation period

at some sites (summer - sites 3 and 4, and autumn
- sites 1, 2 and 3).

Distinct changes in trends of average month-
ly temperatures and precipitation in the period
1961-2011 have been revealed (Fig. 5). The aver-
age monthly temperatures increased in the first
eight months of the year, with the most pronounced
increase in January by 1.44 °C. The spring (April-
June) and the summer (July-September) trends are
similar. The considerable reduction of spring precip-
itation (mainly April and May) is highly important
for the growth of oaks. By contrast, a high rise of
summer precipitation was observed especially in
June and July. In consequence of the changed pre-
cipitation distribution, also the RSMC considerably
decreased at the end of spring (May). The summer
values of RSMC have no significant trend (Fig. 5).
The changes in global radiation were negligible and
they are not presented in Fig. 5.

The decline in spring precipitation leading to the
reduction of RSMC resulted in a higher significance
of the relationships between April-May precipita-
tion (especially site 1) and April-June RSMC (all
sites except 2) with the tree-ring width (Fig. 5). By
contrast, the correlation coefficients of June-July
precipitation changed from positive to negative and
the correlation coefficients of July-September RSMC
decreased.

Discussion

Some of the ascertained correlations between
climatic parameters and tree-ring width are well
known. The positive significant correlations between
precipitation and tree-ring width or between RSMC
and tree-ring width predominate (e.g. Mérian et al.,
2011; Petrds & Mecko, 2011; Michelot et al., 2012;
Gillner et al., 2013; Sanders et al., 2014; Rybnicek et
al., 2015). A negative effect of summer temperatures
on tree-ring width has been reported in other Euro-
pean areas, such as France (Michelot et al., 2012),
Germany (Gillner et al., 2013), Slovakia (Petrds &
Mecko, 2011), and Austria, Hungary, Slovenia, Cro-
atia and Serbia (Cufar et al., 2014). Petrd$ & Mecko
(2011) also determined a positive effect of precipi-
tation at the end of the previous growing season on
radial growth. The positive significant correlations
with October precipitation were also found in many
European studies (Friedrichs et al., 2009; Mérian &
Lebourgeois, 2011; Petrd$ & Mecko, 2011; Michelot
etal., 2012; Gillner et al., 2013). Oaks can profit from
higher temperatures and sufficient precipitation in
the previous October. The photosynthetic activity
ending in the October and the character of weather
determine speed of leaf colour changes and the term
of leaf fall. Barbaroux and Bréda (2002) showed for
sessile oak in France that October is very important
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for the translocation of sugar and starch to the main
stem, i.e. for the final carbohydrate reserve in stem
wood. The higher temperature and sufficient precipi-
tation enable later leaf fall and higher final non-struc-
tural carbohydrate concentration. The significance of
water available for oaks from the soil in autumn of
the previous year has been confirmed by the positive
significant correlations between RSMC and tree-ring
width for October, November, and December (Fig. 4).
Significant negative correlations with radiation sums
in November and December (Fig. 4) show that early-
wood formation can be affected by soil moisture loss
caused by higher evaporation on bright days without
snow cover after the leaves fall (Vanassche, 2011).
The bigger global radiation sums lead to smaller wa-
ter supply in spring.

The correlation between tree-ring width index and
RSMC or radiation sum probably demonstrates the
positive influence of a sufficient water supply for the
optimal development of foliage at the beginning of
the growing season (Lebourgeois et al., 2003).

There were other significant relations between
RSMC and tree-ring width at the following time pe-
riods; it was the case of the dry site 3 for all months
until autumn, in the case of the other sites for some
of the months. As regards precipitation, significance
has been mainly observed for the precipitation sums
in spring (March-May) at all sites, except site 4.
Probable reasons for the higher values of correlation
coefficients of RSMC when compared to precipita-
tion are the higher evaporation in higher tempera-
tures and a high variability of rainfall intensity. The
same monthly precipitation sum may be caused by
numerous light and moderate rains or only several
heavy rains. The surface runoff in both situations
will differ as different amounts of water will be sup-
plied to the soil profile.

Growth response of site 1 with Quercus robur is
similar to site 2 with Quercus petraea; both of these
sites have more similar correlations than site 2 com-
pared to site 3 with Q. polycarpa, Q. dalechampii, and
site 4 with Q. petraea (Fig. 4). According to some of
the published studies, Quercus robur had a greater re-
sponse to climate, especially to precipitation, than
Q. petraea (e.g. Friedrichs et al., 2009); other studies
claim the opposite, that Q. petraea is the more sen-
sitive species (e.g. Popa et al., 2013; Sanders et al.,
2014). This discrepancy additionally leads us to the
understanding that the differences between sites are
more important than the difference between oak spe-
cies. From the perspective of site differences, mainly
the considerably stronger growth response to RSMC
at site 3, i.e. the site with dry shallow soil on a steep
south-eastern slope, is notable. The majority of trees
at this site have small tree-ring width variability (Tab.
2) and the tree-ring width is significantly affected by
RSMC in all months starting from previous August

to September of the current year (Fig. 4). The ex-
planation by site characteristics is also applicable to
the significant positive correlation between temper-
ature and tree-ring width at site 4 in March (Fig. 4).
The site has a north exposition, it is a valley bottom
where cool water flows and it is a location prone to
temperature inversion. The March temperatures can
thus be limiting for the beginning of ring formation.

In spite of the above listed differences of response
to climatic parameters, the TRW chronologies of the
individual sites manifest high values of statistical
indicators (t-tests and Gleichldufigkeit). Most of the
pointer years found in TRW chronologies also coin-
cide at the different sites (Fig. 3). The results show
that the similarity of the chronologies at the regional
level is mainly dependent on the oak species and site
conditions, and less on the distance of the stands.
Lower correlations were found for nearby sites 3 and
4 (distance app. 2 km) than for more distant sites 2
and 4 (app. 10 km). This relationship can be caused
either by the same oak species at the sites (both Q.
petraea) and a different species at site 3 (Q. polycarpa
and Q. dalechampii), or by the more extreme condi-
tions at site 3. Site 3 differs by a stronger dependence
of radial growth on soil moisture when compared
with the other sites. The species difference has like-
ly also caused the lowest resemblance in the TRW
chronology of site 1 (Q. robur) with the other TRW
chronologies; its distance is approximately the same
as in the case of sites 2 and 3 or 4. Despite all these
differences, the achieved values of statistical indica-
tors are very high (Fig. 3) and totally applicable for
the purposes of dendrochronological dating and cre-
ation of TRW chronologies.

The observed climate trends, i.e., the precipitation
decrease in the first half and the increase in the sec-
ond half of the growing season (Fig. 5), were report-
ed from other parts of the Czech Republic in the last
twenty years (Mozny et al., 2009, 2012; Bauer et al.,
2010; Trnka et al., 2014). As a consequence of the de-
creased April and May monthly precipitation sums,
the significance of spring rainfalls and spring RSMC
increased after 1990 (except site 2). Our results show
that the observed changes in the climate seriously
affect the climate response of tree rings. The long-
term trends in the frequency of drought-conducive
circulation patterns have contributed to a change in
the duration and intensity of drought episodes, espe-
cially during the early growing season (Trnka et al.,
2009a) and at drier sites. This is very important for
the radial growth of Quercus spp. as well as for the net
primary production of Central European forests as a
whole. As a number of studies predicted, increased
drying during the growing seasons all over Central
Europe (e.g. Seneviratne et al., 2006; Olesen et al.,
2012; Trnka et al., 2013) might lead to an increased
frequency of years during which the growth will be
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negatively affected. In fact, tree mortality and forest
decline due to severe drought events have been ob-
served in forest populations in Southern Europe (e.g.
Affolter et al., 2010) but also in Belgium (Kint et al.,
2012), Switzerland (Rigling et al., 2013) and the
pre-Alps in France (e.g. Charru et al., 2010). This,
together with other abiotic and biotic risks reported
by IPCC: Climate Change 2014. Intergovernmental
Panel on Climate Change; [cited 2014 Jan 18]. Avail-
able from: http://ipcc-wg2.gov/AR5/press-events/
press-Kkit, is likely to constitute a major challenge for
forestry in Europe.

The high resemblance of the stands analysed sup-
ports the present day practice i.e. that millenia-long
oak chronologies (e.g. Tegel et al., 2010; Biintgen et
al.,, 2011; Koldf et al., 2012a) can contain any spe-
cies from the group of ‘white oaks’. This approach is
partly forced by the fact that the wood of these spe-
cies is hardly distinguishable at the macroscopic lev-
el and distinction is also difficult at the microscopic
level. Differentiation of Quercus robur and Quercus pe-
traea has also been dealt with by e.g. Feuillat et al.
(1997) or Hro$ & Vavréik (2014), but without a clear
conclusion. The methodolgy of Feuillat et al. (1997)
was applied to research into subfossil oak trunks in
Tovacov (Koldr et al., 2012b), but the method suc-
cess rate is around 78% (Feuillat et al., 1997). The
method is also highly time consuming and difficult
to use for e.g. archaeological wood as its condition
often prevents this method application. Oak TRW
chronologies are often used for the reconstruction of
past climatic conditions (e.g. Biintgen et al., 2010;
Tegel et al., 2010; Wilson et al., 2012). There is the
question whether the species variability can reduce
the climatic signal contained within tree rings. The
results achieved indicate that the same species grow-
ing at different sites responds differently than two
different species growing at similar sites. In addition,
TRW chronologies manifest the same growth trends
throughout the species and sites.

Conclusions

1. At the level of tree-ring width, no significant dif-
ferences have been found between the particular
species and particular sites; by contrast, the par-
ticular TRW chronologies manifested a high re-
semblance.

2. The amount of water available in the soil (RSMC)
is the main climate affected limiting factor of ra-
dial growth in the conditions of Cesky kras. The
same situation can be expected in other locations
of Central Europe. With respect to the ongoing
and expected changes in rainfall distribution, the
RSMC is clearly a more suitable parameter to

evaluate tree growth response to drought than
precipitation sums.

3. The growth response of the particular oak species
to climatic factors (correlations) at the same or
close locations differed negligibly; in other words,
differences caused by oak species cannot be clear-
ly identified. On the other hand, the effect of
the site has proved to be essential. Mainly in the
case of moisture extreme sites (fast runoff, low
groundwater levels, low soil water holding capac-
ity), we can expect that radial growth will be more
responsive to the climate drivers during extreme
years.

4. After 1990 the distribution of rainfalls has
changed within the growing season at the ex-
pense of spring (April, May) rainfalls.

5. The significance of RSMC spring values for oak
growth has increased and the significance of sum-
mer values for oaks has decreased as a result. If
this trend continues, we can expect the reduction
of radial growth.
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