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Abstract

This study presents results of a dendroclimatological study on the radial growth of European larch (Larix decidua
Mill.) in Lithuania. Analysis of response function has shown that tree-ring widths of larch are inversely correlated with
air temperature in the previous summer, and directly related to temperature in April-May and precipitation in June of
the current growth season. The sharp decreases in radial growth were mainly provoked by droughts in summer; positive
pointer years were triggered by warmer conditions and abundant precipitation in summer. The light rings in larch coincide
with negative pointer years and perhaps contain a non-climatic signal.
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Introduction

Although larch trees were planted in Lithuania as
early as at the beginning of the 19" century (Jan-
uskevicius 2004), little information is available on the
influence of climatic factors on tree-ring formation.
European larch is one of the most beautiful planted
trees in parks and forests. Tree rings of larch are val-
uable for dendrochronological investigations because
the trees are fairly old and tree-ring boundaries are
clearly visible (Biintgen et al. 2008, Serre 1978). Earli-
er studies usually were based on one or few research
plots and controversial results were obtained because
of different methods.

According to earlier results, the radial growth of
larch is less sensitive to winter colds than Scots pine
(Kaselyté 2003, Pukiené and Bitvinskas 2000). The
positive influence of precipitation in summer was ob-
served by Pukiené and Bitvinskas (2000) and later
confirmed by Kaminskaité (2002). The positive influ-
ence of cool weather in previous summer was also
noticed by Pukiené and Bitvinskas (2000). The afore-
mentioned results were confirmed by Vitas and
Zeimavicius (2011), who found an inverse link with air
temperature in previous July, which is significant in
many research plots.

Pointer years were detected from a regional chro-
nology of larch in Lithuania (Vitas and Zeimavicius
2011). They have proven that hot and dry summers
were responsible for sharp decreases in the radial

growth. However, the spatial distribution of pointer
years was not performed.

Many studies on tree rings of larch have been ac-
complished in the Alpine region (Biintgen et al. 2008,
Huesken, 1993, Kress et al. 2009, Serre 1978). It was found
that the main factor determining narrow tree rings is low
temperature in summer (Biintgen et al. 2008, Serre (1978).
In addition, Serre (1978) observed the negative influence
of cold winter and abundant precipitation in summer on
larch radial growth. Polster (1967) defined a higher wa-
ter demand of larch than of Scots pine. In Poland, an
inverse effect of previous summer temperature and pos-
itive influence of precipitation in summer were found
(Oleksyn and Fritts 1991, Koprowski 2012). In addition,
Oleksyn and Fritts (1991) have observed high mean sen-
sitivity of larch tree-ring widths in Poland.

According to Filion et al. (1986), light ring refers
to a latewood zone with thin-walled low lignification
cells. Light rings were observed in the growth of larch
in Estonia (Léinelaid 2007) and Lithuania (Vitas and
ZeimaviGius 2010). At present, it is still not clear do
they contain any climatic signal.

The aims of this study were to (1) assess the tree-
ring growth / climate relationships using response
function and pointer year analysis in a network of
research plots of larch in Lithuania and (2) to perform
a spatio-temporal analysis of the response function
and pointer years. Furthermore, this study was aimed
at investigating the inter-relationships between nega-
tive pointer years and light rings of larch.
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Materials and Methods

According to the differences in climate character,
the territory of Lithuania is divided into four main
regions: the Seaside lowlands, the Zemaiciai uplands,
the Middle lowlands and the Eastern Lithuania (Fig-
ure 1). The climatic differences in these regions are
mostly determined by increasing continentality, which
related to the distance from the Baltic Sea (Bukantis
1994).

For our research, 26 study plots (13 in forests and
13 in parks) were selected (Figure 1). Samples from 357
mature larch trees without visible signs of crown and
stem disturbance were taken by inserting an increment
borer at breast height. The biggest amount of materi-
al was collected in 2006-2011 (20 plots) and 6 plots
were cored in 1985-1990 and 2004.
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Figure 1. A network of research plots on European larch in
Lithuania. B are research plots, ® are meteorological stations
and climate regions: I is the Seaside lowlands, II is the
Zemaiéiai uplands, III is Middle lowlands and IV is the
Eastern Lithuania

All samples were prepared by cutting with a ra-
zor blade knife and chalk powder, which provided clean
and sharp surfaces. Tree-ring widths were measured
using an image analysis technique. The images from
the cores were taken with a flatbed scanner with
3,200 dpi resolution and then tree-ring widths from the
images were measured with Cybis CooRecorder 7.1
(Cybis Elektronik & Data AB). The series were syn-
chronized by visual comparison of ring-width graphs
(Pilcher 1990) and checked against each other for false
and missing rings with Cofecha 3.00P (Holmes 1983,
Grissino-Mayer 2001).

The compiled tree-ring-width series were stand-
ardised to remove the age trend and other non-climatic

growth variations (Chronol 6.00P); mean curves of
indices for each plot were constructed and expressed
population signal (EPS) was calculated. The signifi-
cance level for EPS is =0.85. For the statistical char-
acteristics of constructed local chronologies, please
refer to Vitas and Zeimavicius (2010). In order to prove
a similarity between the tree-ring pattern of larches
growing in forests and parks, correlations between the
local chronologies were calculated.

The mean curves of 17 research plots spanning
from 1950-2003 were used as dependent variables in
the analysis of response function. The chronologies
from 9 plots were not used in the calculations because
the last ring of 5 plots stands for 1985-1990 and the
EPS of 4 site chronologies was rather low (the relia-
ble segments of chronology did not covered 1950—
2003). Air temperature and precipitation from June of
the previous year to current September were used as
independent variables. The calculations were per-
formed with DendroClim2002 programme (Biondi and
Waikul 2004). The obtained coefficients of the response
function from 17 sites were averaged for four regions
of Lithuania. In this study we used mean monthly tem-
peratures and the sums of precipitation from the near-
est meteorological station located at the distance of
3-48 km from the study plots. The stability of relation-
ships was tested in three longest larch chronologies
(Nos. 2, 7 and 20) using moving intervals from 1895—
2006.

The influence of extreme climatic conditions on
the radial growth of larch was evaluated using point-
er year analysis (Cropper 1979). Event years for all
trees in each research plot were calculated for 1900—
2006, which is covered by the majority of local chro-
nologies. The calculations were accomplished using
Weiser 1.0 computer program (Garcia-Gonzales 2001).
Event year was judged as a pointer year if at least 75%
of trees in the plot exhibited an event value. In this
study, we have analysed pointer years if they were
observed in at least 1/3 of the research plots. For the
interpretation of pointer years, the data of 7 meteoro-
logical stations having longest records were used (Fig-
ure 1): Klaipéda (No. 12), Siluté (No. 28), Tel3iai (No.
14), Kaunas (No. 3), Panevézys (No. 29), Utena (No. 16)
and Vilnius (No. 7). Climate extremes were judged if
the differences of air temperature or precipitation from
the long-term mean exceed the standard deviation
(Bukantis 1998).

Therefore, to assess the interconnection between
light rings and sharp decreases in tree-ring width of
larch, negative pointer years of larch were compared
with corresponding ring widths of Norway spruce,
which is a non-host species to larch bud-moth (Zei-
raphera diniana Gn.).
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Results

The characteristics of constructed local chronolo-
gies are presented in Table 1. The longest chronology
spans from 1850-2006 with the oldest tree being 157
years old. Because of high similarity among tree-ring
series, the reliable segment of chronologies defined by
EPS = 0.85 is comparatively long for the majority of chro-
nologies (Table 1). Correlation coefficients have con-
firmed the similar growth dynamics of larch growing in
parks, forests and between parks and forests (r = 0.46,
0.44 and 0.42, respectively) (Table 2).

Table 1. Characteristics of the local chronologies of Europe-
an larch in Lithuania and meteorological stations. The num-
bers of plots used in the analysis of the response function
are shown in bold; N/A is span with EPS = 0.85 not available

No. of No. of Span Span with No. of

chronology trees EPS = 0.85 meteorological
station

1 12 1933-2006 1950-2006 1,18

2 21 1894-2006 1894-2006 2,19

3 2 1876-2006 N/A 3

4 18 1869-2006 1877-2006 4

5 8 1891-2006 1913-2006 4

6 25 1862-2006 1874-2006 5,13,20

7 24 1850-2006 1857-2006 3,21

8 20 1861-1987 1867—1987 1

9 6 1913-1989 N/A 4,24,25

10 24 1867-2006 1884-2006 6,20

1 11 1903-2007 1919-2006 7

12 17 1896-2006 1901-2006 8,9, 22

13 4 1893-2006 1951-2006 8,9

14 9 1913-1985 N/A 1

15 3 1916-2006 1947-2006 10, 11, 12

16 3 1899-1900 1903-1990 2

17 8 1892-1987 1920-1987 29

18 33 1912-2003 1922-2003 3,13

19 22 1865-2006 1870-2006 3,13

20 20 1862-2006 1865—2006 5,23

21 10 1891-2006 1900-2006 2

22 5 1885-2008 N/A 14

23 20 1858-2006 1864—2006 3

24 18 1899-2006 1904-2006 4,24,25

25 7 1885-2006 1898-2006 3

26 6 1877-2011 N/A 15, 16, 17, 26, 27

Coefficients of the response function between the
radial growth of larch and air temperature for differ-
ent regions of Lithuania are shown in Figure 2. Re-
sponse function demonstrated that the radial growth
of larch is inversely related to air temperature in pre-
vious June — September. Relationships in previous July
(Figure 2) are statistically significant in all regions and
stable from 1895-2006 (Figure 3). The influence of air
temperature in current April and May is positive (Fig-
ure 2) and increasing from 1895-2006 (Figure 3). The
relationships in January are higher in the Eastern
Lithuania indicating a higher negative influence of
winter colds in comparison to other regions (Figure
2). However, coefficients are decreasing (Figure 3)
demonstrating the declining negative influence of win-
ter colds on the radial growth of larch.

The influence of precipitation on the radial growth
of larch across Lithuania is usually positive but more
variable than the relationships with air temperature
(Figure 4). A positive influence of precipitation in pre-
vious June (Figure 4) is the highest and significant in
the Middle lowlands and the Eastern Lithuania. The
relationships are increasing from 1895-2006 (Figure 5).
A positive, significant (Figure 4) and increasing influ-
ence of precipitation in the current June (Figure 5) were
observed in the region of the Middle lowlands.

9 negative and 10 positive pointer years were
defined for the radial growth of larch in Lithuania. The
percentage of trees, demonstrating negative and pos-
itive pointer years altogether with extremes of air tem-
perature and precipitation is presented in Table 3. Cli-
mate extremes were judged if the differences from the
long-term mean exceed the standard deviation.

Pointer years repeated successively indicate the
high variability and sensitivity of tree-ring-width se-
ries in larch. The decrease of growth lasted for two
years in 1920-1921 and 1940-1941. The wide-narrow

Table 2. Correlation matrices between the tree-ring chronologies of larch; research plots located in parks are marked in bold

No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
2 043

3 022 035

4 021 040 0.13

5 019 041 057 050

6 051 053 022 036 031

7 032 054 019 053 035 048

8 039 078 041 045 055 054 049

9 030 059 0.16 035 023 030 031 056

10 048 049 018 034 028 067 041 053 046

11 043 043 023 034 039 043 027 049 036 041

12 041 058 032 063 063 043 054 078 057 051 058

13 030 057 028 055 056 047 044 066 042 043 062 074

14 030 033 052 051 052 038 036 042 024 035 057 043 038

15 021 030 025 037 044 019 025 031 035 029 031 046 037 035

16 032 072 051 033 057 054 040 073 049 050 031 062 044 035 027

17 039 070 046 038 054 046 035 078 041 035 065 070 062 051 039 064

18 022 040 032 015 036 043 025 049 028 054 039 031 037 054 010 038 039

19 040 069 043 036 035 051 050 070 052 056 051 061 041 052 027 072 064 055

20 025 022 020 026 035 049 035 037 008 054 034 037 023 042 003 029 024 047 036

21 039 060 046 026 058 055 038 070 038 049 042 057 045 040 023 079 070 047 059 042

22 020 036 017 036 036 041 032 050 029 046 021 042 042 030 028 037 036 040 032 026 047

23 023 050 028 043 057 059 043 064 040 060 047 062 058 048 022 059 055 049 058 065 065 036

24 022 074 032 059 063 038 057 075 049 038 048 071 068 039 042 056 068 030 058 034 061 042 061

25 035 044 036 033 031 049 038 055 045 062 046 050 036 046 021 043 046 052 063 050 041 042 065 041
26 024 056 030 031 038 057 031 071 044 043 056 055 049 051 031 054 070 051 053 033 065 035 051 050 044
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Figure 2. Average coefficients of response function between
the radial growth of larch and air temperature in different
regions of Lithuania; S/ is the Seaside lowlands, Zu is the
Zemaidiai uplands, M! is the Middle lowlands, EL is the
Eastern Lithuania, pr is previous year
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Figure 3. The moving intervals of response coefficients (av-
erages) between the radial growth of larch in three sites and
previous July (pr_Jul), current January (Jan), April (Apr)
and May (May) air temperature. Significant coefficients are
shown in bold
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Figure 4. Average coefficients of response function between
the radial growth of larch and precipitation in different re-
gions of Lithuania; S/ is the Seaside lowlands, Zu is the
Zemai&iai uplands, M/ is the Middle lowlands, EL is the
Eastern Lithuania, pr is previous year

tree rings repeated alternatively in 1963-1964, 1983—
1984, 2000-2001 and 2005-2006.

The majority of negative pointers years was pro-
voked by droughts in spring and summer (1900, 1915,
1927, 1940, 1941, 1964, 1967, 1969, 1976, 1992 and 2006).
The sharp growth decreases in 1933, 1952 and 1954
were triggered by anomalous colds in winter and spring.
In 1915, 1940, 1941, 1964, 1967 and 1969, droughts al-
together with colds were recorded (Table 3). The
growth decrease in 1920, 1921, 1984, 1995 and 2000
cannot be explained by climatic extremes.
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Figure 5. The moving intervals of response coefficients (av-
erages) between the radial growth of larch in three sites and
precipitation of previous June (pr_Jun) and current June
(Jun). Significant coefficients are shown in bold

Obviously, the arid periods lasting for several
months as well as droughts of one-month duration may
trigger the sharp decrease in tree-ring widths of larch.
For example, a sharp decrease in 1967 was caused by
a dry July, and in 1992 a long-lasting drought was
recorded (Table 3). Extremely cold winter and spring
conditions might be considered as indirect triggers of
pointer years because only three pointers years could
be exclusively attributed to the influence of cold win-
ters (Table 3). Because of globally rising air tempera-
tures, extreme winter and spring colds were not ob-
served after the negative pointer year in 1969.

Warm winters and springs caused positive point-
er years in 1910, 1936, 1957, 1963, 1975, 1983, 1988,
1997, 2001 and 2005. In 1910, 1957, 1975, 1983, 1988,
1997, 2001 and 2005, abundant precipitation has felt
in springs and summers. The both extremes occured
(were in operation) in 1910, 1957, 1975, 1983, 1988, 1997,
2001 and 2005 (Table 3). Hence, warm conditions in
winter and spring as well as adequate supply of mois-
ture favour the radial growth of larch in Lithuania.

Analysis of the spatial differences of pointer years
(data not provided in this article) indicated that
drought intensity in June—July was the most frequent
cause of spatial differences. This is because the scat-
tered showers are typical for July in Lithuania.
Droughts in August as well as colds in March and
other months are of secondary importance. The region-
al differences during positive pointer years were most-
ly determined by different amount of precipitation in
summer and temperature contrasts in March.

During the majority of negative pointer years of
larch, a significant decrease in radial growth of spruce
was also observed. However, in 1927 an equal number
of spruce trees (32%) showed tendencies of growth
increase and decrease. In 1933, 1940 and 1995, the
growth of more spruce trees increased rather than
decreased (Figure 6). Hence, it indicates that these
pointer years in larch may contain another ecological
signal.
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Table 3. Pointer years for European Years Z (%) Extremes of air temperature (+°C) and precipitation (tmm)
larch radial growth and extremes of air I ] m v \Y ] Vil Vil
temperature (in numerator) and precipi- 1900 (-) 75 NR NR NR NR -2.0 NR NR +1.8
tation (denominator) when their differ- 19100 64 :lzR7 +163 ms N;o '320 NR -55 -52
+ NR  #43 NR +2, +25 421 NR 1.6
ences fr(.)m. the mean exceed the staqd- NR NR 24 NR NR 166 +57 375
ard deviation; Z is % of trees with 1915 (-) 70 NR NR -3.7 NR NR NR NR NR
growth decrease (-) and increase (+), I- — NR  +23  +23 -19 NR -52 NR -62
. : . _ - 60 NR NR +3.2 +5.1 +2.8 -1.9 +1.9 NR
VIII are months, NR is no climatic ex 23 NR NR NR NR NR NR NR
tremes recorded 1921 (-) 47 NR NR +5.0 +3.0 +3.0 NR -2.0 NR
+44 -18 NR NR NR NR NR NR
1927 (-) 74 NR  NR 27  NR 3.7 A7 22 NR
-25 -26 +39 +34 NR +33 -53 NR
1933 (-) 78 37 NR NR 21 23 NR NR A8

-22 +25 NR NR +44 +60 NR NR
1936 (+) 66 +#48 NR +2.8 NR +2.0 +2.6 +2.1 NR

NR NR NR NR NR -34 NR NR
1940() 74 86 90 38 21 NR #22 NR -8
NR NR +24 -25 NR -45 +82 NR
1941() 70 79 NR NR 36 30 NR  #22 AR
NR -23 NR NR -34 -37 -35 NR
1952() 63  ¥38 NR 72 +20 27 19 NR AR
NR NR -36 NR NR NR NR NR
1954() 74 50 80 NR 28 NR #8 NR MR
NR -25 -26 NR NR NR +68 +96
1957 (+) 71 NR  +46 NR NR  NR NR NR NR
NR +24 -22 -22 NR NR NR +54
1963(+) 76 66 48 45 NR #31 NR  NR  #20
-28 NR NR -25 NR NR -45 NR
19%4() 71 NR 42 39 NR NR #24 NR -5
-28 NR -26 -32 -31 -46 -62 NR
1967() 61 -44 NR 31 NR 20 NR  NR MR
NR NR +26 NR NR NR -54 +71
1969() 45 54 NR 36 NR NR NR NR AR
-27 NR -26 +42 +41 -53 -46 NR
1975(+) 65  +61 +38 30 NR #24 NR  NR  *16
+30 -20 NR +36 NR -45 NR -74
197%6() 75 NR NR NR NR NR 24 NR -6
+47 -25 NR NR NR NR -56 NR
1983(+) 55 +51 NR NR NR #25 NR  NR  #15
+54 NR +54 +42 +38 NR -44 -62
1984() 71 NR NR NR  #22 22 21 22 AR
+62 NR -22 -25 +52 +49 +43 NR
1988(+) 65 NR NR NR NR #21 +24 NR AR
NR NR +22 NR -24 NR +114 +55
1992() 72 +43 +42 #30 NR NR  #22 NR  #20
-32 +20 +19 +34 NR -46 -54 NR
1995() 78 NR 58 27 NR NR #21 NR  NR
+34 +81 +40 NR NR +60 NR NR
1997(+) 61 NR 45 NR 23 NR NR  NR  #29
-26 NR NR +45 +36 NR -58 -75
2000() 70 NR +48 NR #1 NR NR MR NR
NR +29 +32 -23 NR NR +91 NR
2001(+) 74 NR NR NR #3 NR NR . %34 NR
NR +28 NR NR -26 +70 +65 NR
2005(+) 8  +42 NR 32 NR NR NR  #.9 NR
+29 NR NR NR +100 NR NR +114
2006() 8 NR NR NR NR NR #1734  #138
-28 NR NR NR NR +45 -65 +69
90

pos

B neg

Percentage of trees
W
S
.

Figure 6. Negative pointer years of European larch tenta-
tively containing another ecological signal and correspond-
ing percentages of European larch and Norway spruce trees 1927 1933 1940 1995
indicating a radial growth decrease Years
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Discussion and conclusions

Since the early dendrochronological works in
Lithuania, local conifers were the most preferred re-
search object. This was determined by easy visible ring
boundaries and the prevalence of coniferous tree spe-
cies in Lithuanian forests (butBunckac 1974). Due to
a limited number of available sites and usually a small
amount of trees in each site, investigations of growth
variations and relationships with climate in time and
space are more challenging (Vitas and Zeimaviius
2006) in comparison to native conifers (Vitas 2002).

Because European larch is a native species in the
Alps, the majority of studies on larch have been con-
ducted in alpine regions. For example, Serre (1978) in
French Alps explained narrow rings in larch with a wet
and cold previous autumn and winter, abundant pre-
cipitation in June—July, high temperature in March—
May and cool-wet summers. This is in accordance with
the investigation by Biintgen et al. (2008). Based on a
wide network of larch chronologies, they concluded
that summer temperatures are positively correlated with
larch tree-ring widths. Oleksyn and Fritts (1991) in the
south-west of Poland observed that the growth of
larch is directly related to precipitation in May—June
and temperatures in previous June—August had an
inverse effect. The most recent study conducted in
lowland Poland showed a negative influence of air
temperature in previous July—September, positive in
previous October, current March and May. Precipita-
tion has a positive influence (previous May, July—
September and May—July of current year) (Koprowski
2012). This is in agreement with our observations, e.g.
negative impact of air temperature in previous sum-
mer, positive in current spring as well as positive in-
fluence of precipitation in June of current vegetation
season (Figures 2, 4).

Results of several studies on larch in Lithuania
contradict each other because the chronologies might
potentially contain dating errors, studies were based
on a limited number of sites and trees and different
methods were used assessing the climate/growth re-
lationships: (i) direct relationship with cool and hu-
mid summers (Kaminskaité 2002, Pukien¢ and Bitvins-
kas 2000), (ii) positive influence of cold winters (Puk-
ien¢ and Bitvinskas 2000), (iii) inverse relationship with
precipitation and air temperature in March (Kaselyte
2003). The radial growth relationships of larch to air
temperature and precipitation in Lithuania are much
more complex than those of Norway spruce (Koprowski
and Vitas 2010, Ladnelaid and Eckstein 2012) and Scots
pine (Vitas 2006). Both native conifers are directly
responsive to air temperature in March—April and pre-
cipitation in June. In contrast, larch demonstrates high-

est negative relationships with air temperature in pre-
vious July (Figure 2). It is noteworthy that direct re-
lationships between the growth of larch and air tem-
perature in April and May (0.08 and 0.09) are much
lower than in spruce (0.16 and 0.08). Similarly, larch
growth shows lower relationships with precipitation
in June in comparison to spruce (0.10 and 0.22, respec-
tively). Analysis of moving intervals showed an in-
creasing importance of precipitation of June (Figure
5), which might be explained by more frequent and
longer-lasting droughts during the last decades (Sa-
biinaité and Vitas 2013).

The sharp decreases in the radial growth of larch
in Lithuania for the majority of pointer years during
the last century were provoked by hot and dry sum-
mers. Colds in winter and spring may be considered
as of secondary importance (Table 3). This is in ac-
cordance with Oleksyn and Fritts (1991) and Koprowski
(2012) who found that larch radial growth is directly
related to summer precipitation, whereas colds in
spring and summer play only a secondary role (Ole-
ksyn and Fritts 1991). European larch in Lithuania is
considered tolerant to winter colds as confirmed by
Pukiené and Bitvinskas (2000). This is in accordance
to Kaselyté (2003), who described the lower sensitiv-
ity of larch to winter colds in comparison to Scots pine.

Our research on larch tree-ring relationships with
climate is the first one in Lithuania utilizing a wide
network of research plots. The long-term relationship
between the radial growth of larch and climate in
Lithuania is more complex in comparison to native
conifers because European larch shows inverse links
with air temperature in previous summers (Figure 2).
Analysis of pointer years has shown that sharp de-
creases in the radial growth of larch are usually trig-
gered by summer droughts and increases are favoured
by higher air temperature as well as abundant precip-
itation in summer (Table 3).

However, negative pointer years of European larch
do not always contain a pure climatic signal. Accord-
ing to Baltensweiler et al. (2008), the defoliation of larch
induces an immediate reduction in latewood and a sig-
nificant decrease in ring width in the following grow-
ing season. On the other hand, ponderosa moth out-
breaks are related to drought events (Pohl et al. 2006)
because drought increases susceptibility to defolia-
tion by insects (Mattson and Hack 1987). However,
larch pests and diseases are not comprehensively in-
vestigated in Lithuania.

A. Laanelaid (2007) documented a phenomenon of
light rings in larch growth in Estonia. The similar char-
acter of light rings in larch (Figure 7) was described
in Lithuania by Vitas and Zeimavi¢ius (2010). Al-
though, positive pointer years in larch were explained
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Figure 7. A core No. 13 from research plot No. 6 with typ-
ical light rings in larch. The black arrows (from left to right)
correspond to 1992, 1995, 1998, 2000, 2002, 2004 and 2006.
The last ring (2007) is not formed completely

for all years by climatic extremes in this study, it was
not possible to explain the cause of several (1920, 1921,
1984, 1995, 2000) negative pointer years. Meanwhile,
the cause of negative pointer years usually could be
explained more easily in comparison to positive pointer
years (Vitas 2002).

Several pointer years repeated alternatively, when
a narrow ring is followed by a wide ring, e.g. in 1963—
1964, 1983-1984, 2000-2001 and 2005-2006 (Table 3).
It is evident that negative pointer years of larch in
Lithuania are related to the occurrence of light rings
(Vitas and Zeimavi¢ius 2010). During the majority of
detected negative pointer years, a significant decrease
in radial growth of spruce was also observed. How-
ever, in 1927, 1933, 1940 and 1995, the majority of
spruce trees indicated a growth increase rather than a
decrease (Figure 6). According to Biintgen et al. (2009),
if host trees (European larch) show a negative point-
er year, while non-host trees show a growth release
in the same year, this demonstrates that the tentative
cause of growth reduction perhaps was of non-climatic
nature. Therefore, it suggests that the aforementioned
pointer years in larch may contain an ecological sig-
nal rather than climatic one.

It is noteworthy that the cause and ecological
implication of light rings of larch in Lithuania as well
as their spatial distribution still require a serious ded-
icated study. To solve this task, it is necessary to
develop a statistical methodology for detection of light
rings based on earlywood / latewood ratio to perform
the spatio-temporal analysis of light rings and to ex-
pand the collaboration with researchers (scientists) in
the neighbouring countries.
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