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Introduction
The development of methods used in dendrochronology especially during the last decades enables
the application of information contained in tree-rings to study the dynamics of forest stands and the
reconstruction of their history (Bergeron et al. 2002). An abrupt growth release in trees is used for
the identification of disturbances in the past. In closed canopied forest, trees which survive a
disturbance may increase their radial growth due to decrease of competition for space, light
nutrient and water (Lorimer 1985; Lorimer & Frelich 1989; Nowacki & Abrams 1997). Many
methods were developed to detect the moment of disturbance event and to measure its severity
(Rubino et al. 2004). An increase of growth rate in comparison to growth rates in previous years
with different thresholds were used in many studies (Schweingruber et al. 1990; Kienast &
Schweingruber 1986). Other methods are based on comparison of adjacent periods of growth
using running mean calculations. An increase in mean growth over periods of preceding and
subsequent years may indicate a severity of disturbance when its value exceeds a given threshold
(Lorimer & Frelich 1989; Nowacki & Abrams 1997). These methods were broadly used for
reconstruction of forest history and to determine a frequency and severity of disturbances. Past
disturbances regime significantly influences the structure, species composition and processes like
mortality and regeneration. Thus, the knowledge of disturbance history might be helpful to explain
the current state of forests and to improve management, conservancy and restoration of forests
stands. In this study we used a dendrochronological method to reconstruct a history of forests in
the Tatra Mts. (Western Carpathians) which are known to be affected by severe windthrows. We
hypothesized that past disturbances in this region influenced the radial growth of spruce trees.
Methods
Study site
The study plot was located in the Slovakian High Tatras in an area affected by the severe
windthrow which took place in November 2004. In the tree layer Norway spruce (Picea abies L.
(Karst)) prevails with an admixture of Scots pine (Pinus sylvestris L.) and European larch (Larix
decidua Mill). The ground vegetation is dominated by Vaccinium myrtillus, V. vitis-idaea,
Calamagrostis villosa and Homogyne alpina. The average annual temperature is 4.70C and the
annual average precipitation is 864 mm. Except for the windstorm event in 2004 the area was also
affected by windthrows of high and moderate severity known from historical sources during the 20th
century (Koren 2006).
Collecting data and analyses
On the area of 100 ha, 67 cross-sections were extracted from the stumps which were left after
clearance of the windthrow. To obtain the possible longest time series of tree rings stumps
representing the oldest generation of spruce trees were selected. The chosen stumps were
distributed evenly throughout the whole 100 ha area. All discs were dried and polished and then
tree-ring widths were measured with LINTAB and TSAP measurement system. The quality of
measurements was verified with COFECHA (Baillie & Pilcher 1973). An abrupt release signal was
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detected for all trees with the method proposed by Nowacki & Abrams (1997) - a percent growth
change (%GC) according to the formula:
%GC = [(M2 – M1)/M1] x 100
%GC = percentage growth change between preceding and subsequent 10 years mean, M1 =
preceding 10 years mean, M2 = subsequent 10 years mean.
%GC was calculated for each ring-width of all trees except 10 first and last rings in time series. To
detect an abrupt growth releases two thresholds for the %GC were used – 50% and 100%. As a
year of possible disturbance event we treated the year when the highest value of %GC appeared
and exceeded the threshold values. Number of trees containing a respectively release signal were
plotted in a time scale and were compared with historical records of severe windstorms. To verify
whether the intensity of release depends on tree age or not, all %GC values over 50% were
correlated with the age of tree in the moment of appearance of the event. The same highest %GC
values were correlated with a prior growth. To calculate the prior growth, width of 10 preceding
rings were averaged. For calculation of these correlations, data were transformed first to obtain the
normal distribution.
growth
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Figure 1: Average growth (grey line) and %GC (black line) for sampled trees.

Results
There were two periods of intensive growth acceleration detected with an average %GC (Fig. 1).
An average %GC increased over 100% around 1870 and was preceded by a slow growth period
with an average growth of approximately 1mm/year. After 1870 the average growth increased
abruptly, however for a short period, to over 2.5 mm/year. Next increase of %GC began around
1915 and was also preceded by growth depression (Fig. 1). The average growth increased at the
same time to values of ca. 2 mm/year. Since this time the average %GC did not increase
significantly, and the growth rate started to decrease gradually since 1980s. %GC values
calculated for individual trees shows a similar pattern (Fig. 2).
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Figure 2: Number of trees with a recorded release reaction - %GC exceeding 50% (gray bars) and 100%
(black bars).

First trees started to increase their growth abruptly in 1868 and during subsequent 10 years 70% of
spruces recorded a reaction over 100 %GC. Another 12 % showed a smaller reaction between 50
– 100%GC. In the period 1916 – 1924, 36% of all trees showed a reaction over 100%GC and
another 6% a reaction between 50 – 100 %GC. Except these two distinctive periods 13% of trees
showed a reaction over 50% in 1942 – 1945, and in case of three individuals the reaction was over
100%GC. After this time only single trees showed an increase of %GC above respective
thresholds. In some time series, %GC values exceeded a threshold of 100% many times. The
highest value of %GC was almost 3000% and in case of 12 individuals %GC exceeded 500% (Fig.
3, Fig. 4.). This shows a very high intensity of growth reaction. %GC was significant negatively
correlated with tree age and prior growth (Fig. 3, Fig. 4.). The correlation was stronger for prior
growth (r = -0.65, p<0.005) then for the tree age (r = -0.35, p<0.005).
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Figure 3: Relationship between %GC values and prior growth (r = -0.65, p<0.005).
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Figure 4: Relationship between %GC values and tree age (r = -0.35, p<0.005).

Discussion
Release pulses observed in studied spruce trees overlaps with records of severe windstorms
which are documented in historical sources. Severe windstorms were noted in 1915, 1919, 1941,
1971, 1981, and were responsible for serious losses of the timber volume (Koren 2006). The
abrupt growth release initiated around 1915 might be explained by the windthrow recorded for this
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year. This reaction in spruce trees was extended until 1927, what may indicate that windthrow in
1919 might have strengthened the reaction of survived trees. After 1941 a growth release was
noted for a smaller number of trees, but still some of them showed growth release exceeding
100%. The other period of the intensive increase of growth began in 1868. Historical sources do
not reach the 19th century so it was not possible to relate this event with confirmed disturbance.
Intensive reactions of trees in this period indicate a severe disturbance event, probably like this
one in the 20th century caused by a windthrow. Additionally high values of %GC observed in a
portion of trees indicate a high severity of noted disturbances. Such intensive and abrupt change in
growth pattern of trees which survived must have been related to the dramatic environmental
change and suggests that the stand was considerably thinned due to windstorm. Our results shows
different pattern, than observed at forests of Central Europe. Studies in mixed stands usually show
a high variation of frequency of wind disturbances (Splechtna et al. 2005). Low and moderate
severity of wind disturbances and frequent and asynchronous release signals in individual trees
indicate rather small-gap phase processes (Nagel & Diaci 2006) (Nagel et al. 2007) then infrequent
disturbances of high severity, like in our study. Similar dendroecological reconstructions from the
Alps showed additionally a high contribution of human activity in the past besides natural
disturbance factors (Motta & Nola 2001). According to the historical sources the Slovakian High
Tatras were prevented from intensive logging. In the 19th century the area was sparsely populated
and since 1949 it was protected as a national park. Our study confirms that the intensity of growth
acceleration induced by disturbances depends on the prior growth. Trees of slow growth and
suppressed trees react more intensively to an improvement of growth conditions (Lorimer & Frelich
1989; Black & Abrams 2003). However, the intensity of growth acceleration depends also on the
tree age. Younger trees have a higher potential to react with high growth acceleration to
disturbances then older individuals.
We conclude that with the use of dendrochronological methods it is possible to reconstruct a forest
history in the long time scale which exceeds many times the possible period of direct observation,
e.g. in permanent plots. A long scale of observation seems to be important especially in case of
detecting disturbances of low frequency like those, which appear in some regions of the Tatra Mts.
Forest history, obtained from dendrochronological reconstructions increases our knowledge of
forest dynamics and about processes within tree populations. Such knowledge may improve
management, conservancy and restoration of European forests.
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