BALTIC FORESTRY

I TRENDS OF DECLINE OF DOUGLAS FIR IN LITHUANIA /.../ I /. \/ITAS, K. ZEIMAVICIUS I

Trends of Decline of Douglas Fir in Lithuania:
Dendroclimatological Approach

ADOMAS VITAS' AND KESTUTIS ZEIMAVICIUS?

"Wytautas Magnus University, Faculty of Nature Sciences, Centre of Environmental Research, Group of
Dendroclimatology and Radiometrics, Z.E. Zilibero 2, LT-46324 Kaunas, Lithuania; Adomas Vitas@fc.vdu.lt
2Vytautas Magnus University, Kaunas Botanical Garden, Z.E. Zilibero 6, LT-46324 Kaunas, Lithuania;

Kestutis Zeimavicius@fc.vdu.lt

Vitas, A. and Zeimavitius, K. 2006. Trends of Decline of Douglas Fir in Lithuania: Dendroclimatological
Approach. Baltic Forestry, 12 (2): 200-208.

Abstract

Dendroclimatological research on Rocky Mountains Douglas fir (Pseudotsuga menziesii var. glauca (Beissn.) Franco)
and Green Douglas fir (Pseudotsuga menziesii (Mirb.) Franco) — introduced trees in Lithuania has been discussed in the
article. Multiple regression analysis has shown positive and significant influence of air temperature at the end of winter
— beginning of spring on the radial growth of Douglas fir, while the strong positive impact of precipitation in June
prevails in eastern Lithuania. Analysis on pointer years of the radial growth has indicated that decreases in the radial
growth of Douglas fir are driven by colds in winter — spring and droughts in summer Increases in the radial growth are
connected to warm winters and humid summers. Our research indicates that the importance of winter colds as the limiting
factor for the radial growth of Douglas fir at the end of the 20" century has decreased, while summer droughts gain
greater importance. According to the trends on the global climate change it is supposed that summer droughts will remain
the main limiting factor for the survival of Douglas fir in Lithuania in the beginning of the 2I*' century. Conditions
more favourable for the growth of Douglas fir are likely to be in the regions of West Lithuania: seaside lowlands and
Zemaic&iai Uplands.
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Introduction

Climate of the Earth is under the pressure of
anthropogenic activity provoking global climate
change, degradation of ecosystems and forest decline
(Goudie 2000, Lamb 1995, Parmesan and Yohe 2003,
Rebetez 2002, Root et al. 2003). The relationships
between the radial growth of trees and climatic con-
ditions have been investigated since the beginning of
the 20" century — research of A.E. Douglass. Due to
global climate change investigations on tree rings have
acquired greater importance at present (Beniston 2002,
Cherubini 2000, Hanson et al. 2001, Leslie 2005, Roig
et al. 2001, Yohe and Wright 2000).

Green Douglas fir (Pseudotsuga menziesii (Mirb.)
Franco) and two varieties — Rocky Mountains Douglas
fir (Pseudotsuga menziesii var. glauca (Beissn.) Fran-
co) and Fraser River Douglas fir (Pseudotsuga menziesii
var. caesia (Schwerin) Franco) are introduced trees in
Lithuania. Green Douglas fir grows naturally in the
western part of northern America between 19° and 55°
northern latitudes: from British Columbia along the
Pacific coast to California (Den Ouden and Boom 1978,

Hermann and Lavenger 1990, Humphries 1995). The
habitat of Rocky Mountains Douglas fir extends from
Rocky Mountains in Columbia to Central Mexico (Den
Ouden and Boom 1978, Hermann and Lavenger 1990,
Taylor 1993). Douglas fir was introduced in Europe by
D. Douglas in 1825-1827 (Hermann 1987, Humphries
1995) and firstly planted in Lithuania approximately 90-
100 years ago together with other introduced trees
(SInymkesuutoc u ap. 1990). According to the invento-
ry data, about 60 sites of mature Douglas fir trees were
recorded during the 20" century in Lithuania. Rocky
Mountains Douglas fir is more common than Green
Douglas fir in them (Januskevic¢ius 2004, Ramanauskas
1973, Snarskis and Galinis 1974, Tauras 1989).

There is only sparse number of sites where ma-
ture Douglas fir trees grow in Lithuania at present.
Trees have died off due to unknown reasons in sev-
eral parks, e.g. the Kur§énai Park, Sereitlaukis Park,
Bebrujai forest, Pienionys Park, Vyzulionys Park and
several other sites. Mature trees grow mainly in west-
ern and central part and are rare in eastern Lithuania
(Januskevi¢ius 2004, Ramanauskas 1973, Zeimavi¢ius
1995, Zeimaviéius 2002).
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The first dendrochronological research on Doug-
las fir in Lithuania was conducted in 1984. The research
has shown strong negative influence of colds in win-
ter and spring on the radial growth of Douglas fir
(Zeimavi¢ius 1995, XKeitmauutoc u byapronac 1990).
The investigations at the end of the 20™ century have
indicated decline and increased mortality of trees
(Zeimaviéius 2002). Decline of Douglas fir in Lithua-
nia is still not investigated. It is supposed that fre-
quent and long-lasting droughts at the end of the 20™
century in Lithuania have triggered decline of domes-
tic conifers (Ozolin¢ius 1998, Vitas 2004a) and more
frequent droughts are possible consequences of the
global climate change (Bukantis et a/. 2001, Hoerling
and Kumar 2003).

The aim of research is to investigate the main
climatic factors limiting the radial growth of Douglas
fir during the 20™ century in Lithuania and to evalu-
ate the possible impact of global climate change to the
state of Douglas fir in Lithuania.

Materials and methods

For the purpose of research 19 research plots of
Douglas fir were selected in Lithuania (Fig. 1). Seven-
teen plots represent stands of Rocky Mountains Doug-
las fir and two — stands of Green Douglas fir. Because
the earlier research on Douglas fir in Lithuania did not
demonstrate any significant differences between the
radial growth of Green Douglas fir and Rocky Moun-
tains Douglas fir (Zeimavi¢ius 1999), trees from both

Figure 1. Network of research plots (1-19) on Douglas fir
in Lithuania: ® — Rocky Mountains Douglas fir, @ — Green
Douglas fir. Regions of introduction: I — seaside lowland, II
— Zemai&iai Uplands, ITTa — northern region of middle low-
lands, IIIb — southern region of middle lowlands, IVa — north-
ern region of east Lithuania, IVb — southern region of east
Lithuania

species during our investigation were treated as in-
dividuals of Douglas fir.

The territory of Lithuania, according to the dif-
ferences in climate character (Bukantis 1994) is divid-
ed into six main regions (Januskevic¢ius 1999): seaside
lowlands, Zemaiciai Uplands, northern region of mid-
dle lowlands, southern region of middle lowlands,
northern region of east Lithuania and southern region
of east Lithuania (Fig. 1). The main differences in cli-
mate in mentioned regions are the following:

» Seaside lowlands are characterized with the
mildest maritime climate conditions: high amount of
precipitation, warmest winters (temperature of January
-2.8°C) and the longest period of vegetation (200-206
days).

+ Climate in the region of Zemaiéiai Uplands is
distinguished by the highest amount of precipitation
and longer lasting spring frosts.

* The smallest amount of precipitation (520-620
mm per year) is characteristic of the northern region
of middle lowlands.

* Warmer winters and summers than those in the
northern region are indicative for the southern region
of middle lowlands.

* The most continental climate conditions with the
shortest period of vegetation (185-192 days), coldest
winters (-5.0 to -6.8°C) and late frosts are characteris-
tic of East Lithuania.

By using an increment borer, samples were taken
at breast height. Tree ring widths were measured within
0.001 mm accuracy. For this purpose the LINTAB
tree ring measuring table and TSAPWin 0.30 compu-
ter program were applied (F. Rinn Engineering Office
and Distribution, Heidelberg). For the dating quality
control (Eckstein 1987, Lovelius 1997) we used the
COFECHA 3.00P program and for standardization —
the CHRONOL 6.00P computer program (R.L. Hol-
mes, Tucson). Each tree-ring series obtained from in-
dividual tree were standardized independently. The
standardization was carried out of two stages — ac-
cording to the methods, proposed by Holmes et al.
in 1986. At first negative exponential curve or line-
ar regression was used and after the spline, preserv-
ing 67% of variance at wavelength 21 years, was fit-
ted (Holmes 1994). Each tree-ring width series was
averaged into a local chronology of research plot. The
biweight robust mean for this purpose was used (Cook
1985, Riitters 1990). Similarity between local chro-
nologies was estimated using correlation coefficients
in 1949-1981. This period is covered by the biggest
amount of local chronologies: in later periods trees
at several research plots were already died. As a re-
sult masterchronology for Douglas fir was compiled,
which encompasses the radial growth from 15 re-
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search plots. We have excluded four local chronolo-
gies, the age of which reaches only 23-42 years.

Relationships between the radial growth and cli-
mate factors were assessed using the long-term mul-
tiple regression analysis and the short-term analysis,
well known as detection of event and pointer years
(Schweingruber 1990, Schweingruber 1993, Schwein-
gruber et al. 1990). The long-term link between the
radial growth of Douglas fir and climate (air tempera-
ture and precipitation) was ascertained applying re-
sponse function analysis (Fritts 1987, Fritts and Dean
1992). For this purpose PRECON 5.17B program (H.
Fritts, Tucson) was used. Calculations were performed
in the period 1940-1990 by using climate variables
from September of the previous year to September
of the current year. Climate data were selected from
the nearest meteorological stations. For the detec-
tion of event and pointer years we used method “nor-
malisation in a moving window” (Schweingruber ef al.
1990). Event years were detected calculating Z, in-
dex values (formula 1).

_ xi—mean[window] 1)

stdev[ window ]

where: Z, — index value in year i,

X, — original value (mm) in year i,

mean [window] — arithmetic mean (mm) of the ring
width within five-year window x_, X, X, X.,, X,

stdev [window] — standard deviation of the ring
width within five-year window x_, X, X, X.,, X,

The threshold value of Z, for negative event years
(i.e. years with narrow ring) is < -0.75 and for positive
(i.e. years with wide rings) — =0.75. Pointer years for
each research plot during 1911-2004 were detected
using a 50% threshold level of event years. For the
calculations we used program WEISER 1.0 (I.G. Gonzal-
es, Lugo) (Gonzales 2001).

For the climatological interpretation of detected
pointer years, climate data of the nearest meteorolog-
ical stations were used. Climate extremes were judged
if the differences of air temperature or precipitation
from the long term mean exceed the standard devia-
tion (Bukantis 1998). For the estimation of droughts
in spring and summer months, a method (Formula 2)
proposed by Walter (1974) was used.

P =T, Extreme drought )
T, <P =<2T, Drought
2T, <P, = 3T, Arid conditions

where: P, — amount of precipitation (mm) during the
month,

T, — average temperature (°C) during the analysed
month.

Results

Nineteen local chronologies on the radial growth
of Douglas fir were constructed. Due to low preva-
lence of Douglas fir, the number of trees in local
chronologies fluctuates from 2 to 23. The oldest trees
found were 95 years old. The average tree ring widths
of Douglas fir are 2-3 mm and the mean sensitivity of
local chronologies varies from 0.16 (more compla-
cent) to 0.35 (more sensitive) (Table 1).

Table 1. Characteristics of the radial growth of Douglas fir
in Lithuania (R — Rocky Mountain Douglas fir, G — Green
Douglas fir)

Research plot Number  Species Span, Age, Ring Mean
of trees years years  widths, sensitivity
mm
1 Dabikiné 7 R 1919-2004 86 1.78 0.20
2 Eglésiai 6 R 1913-2004 92 1.28 0.19
3 Alytus 9 R 1949-2003 55 3.22 0.21
4 Pienionys 5 R 1914-1990 77 2.08 0.27
5 Bebrujai 11 R 1913-1993 81 1.63 0.18
6 Birstonas 7 R 1974-2003 30 4.73 0.17
7 Dubrava 21 R 1963-1985 23 5.72 0.18
8 Gelugiai 2 R 1930-1990 61 4.92 0.35
9 Jundeligke 3 R 1962-2003 42 2.59 0.33
10 Kauno marios 7 R 1974-2003 30 5.74 0.16
11 Raudondvaris 2 R 1921-1981 61 1.94 0.27
12 Lentvaris 23 R 1910-2004 95 2.05 0.22
13 Berklainiai 11 R 1910-2004 95 1.70 0.22
14 Radviliskis 4 G 1924-1995 72 2.21 0.19
15 Rambynas-R 12 R 1927-2004 78 2.58 0.19
16 Rambynas-G 17 G 1927-2004 78 2.70 0.19
17 Uzutrakis 10 R 1916-1995 80 2.17 0.21
18 Uzugiris 16 R 1938-2004 67 2.70 0.24
19 Vyzulionys 14 R 1922-1992 71 2.53 0.21

Similarity between local chronologies is high and
significant among all pairs. The mean coefficients of
correlation among the radial growth of Douglas fir
are presented in Figure 2. All coefficients are statis-
tically significant (p=<0.01).

Coefficients of correlation

Research plo

Figure 2. Coefficients of correlation among the local chro-
nologies of Douglas fir in 1949-1981. Horizontal line indicates
level of significance at p<0.01

Masterchronology on the radial growth of Doug-
las fir encompasses data from 15 research plots (187
trees) (Fig. 3) and spans from 1910 to 2004. Aver-
age tree ring width is 2.22 mm and mean sensitivity
- 0.16.
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Figure 3. Masterchronology (mm) of the radial growth of
Douglas fir covering 187 trees and 15 research plots

Analysis of multiple regressions — response
function has shown weak links between the radial
growth of Douglas fir and climate factors during the
autumn of the previous year. Positive links were found
with air temperature in spring (February, March) and
of the end of summer (August in East Lithuania and
September in seaside lowlands region). Positive im-
pact of precipitation in June is strong and significant
in East Lithuania (Fig. 4).

negative

positive

Number of years

Regions

Figure 5. Number of negative and positive pointer years on
the radial growth of Douglas fir in regions of introduction (see
Fig. 1) in 1911-2004

of Zemaiciai Uplands). The highest frequency of neg-
ative pointer years and the smallest amount of posi-
tive pointer years were observed in central Lithuania:
northern region of middle lowlands and southern re-
gion of middle lowlands. There was found an inverse
link between the amount of negative and positive
pointer years in individual regions.
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Twenty pointer years were ascertained in 1911-
2004: fourteen negative (narrow tree rings) and six
positive (wide tree rings). The number of detected
pointer years in each introduction region is present-
ed in Figure 5. The minimal number of negative point-
er years was ascertained in West Lithuania (regions

regions. Asterisk (*) indicates sig-
nificance (p=0.05)

Negative pointer years could be grouped, accord-
ing to their spatial distribution, into five categories:

I. Pointer years covered the largest territory of
Lithuania and detected in five or six regions: 1964,
1976 and 1993.
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I1. Pointer years observed in four or three re-
gions: 1937, 1940, 1941, 1952, 1979 and 1980.

III. Pointer years detected in two or one region:
1947, 1956, 1960, 1986 and 1992.

Positive pointer years:

I. Pointer years covered the biggest territory of
Lithuania and were found in five regions: 1978.

I1. Pointer years detected in three or four re-
gions: 1974 and 1991.

I11. Pointer years observed in two or one regions:
1966, 1967 and 1975.

Interpretation of pointer years and climate ex-
tremes possibly connected with the decrease and in-
crease in the radial growth of Douglas fir is presented
in Table 2. It is evident that four negative pointer
years are related to summer droughts. Ten negative
pointer years are probably connected with the several
inter-connected factors: colds in winter and spring
and droughts in summer. Negative pointer years
(1992 and 1993) of the radial growth of Douglas fir
were caused by droughts in spring and summer.

Lavenger 1990, Humphries et al. 1995) is character-
ised by mild and humid climatic conditions (Waring
and Franklin 1979). It is established that Douglas fir
reaches 1000 years old in favourable growing con-
ditions (Ishii and Ford 2002). Douglas fir in its nat-
ural habitat and introduced in Europe suffers from
many diseases and pests: Melolontha melolontha
Linnaeus, Giletella cooleyi Gill, Choristoneura oc-
cidentalis Freeman, Dendroctonus pseudotsugae
Hopkins, Dioryctria abietella Denis and Schiffer-
miiller, Orgyia pseudotsugata McDunnough, Gillet-
teella cooleyi Gillette Oligonychus ununguis Jaco-
bi, Rhabdocline pseudotsugae Sydow and Phaeoc-
ryptopus gaeumannii (T. Rohde) Petr. (Butin 1996,
Forestry compendium 2005, Hadley and Veblen
1993).

Previous research in Lithuania has shown that the
radial growth rates of Green Douglas fir are slightly
higher than these of Rocky Mountain Douglas fir. It
was supposed that Rocky Mountain Douglas fir in
Lithuania is more resistant to droughts and colds

Table 2. Negative and posi-

) - Pointer Number of trees Climate extremes
tive pointer years on the ra-  year I M Ma b IVa IVb 2 3 4 5 6 7 8
dial growth of Douglas fir in 1937 - 70 100 84 A-ED A
the regions of introduction (I- 1940 - 71 100 80 86 42 20 A-ED
IVb) (see Fig. 1). Number of 1941 - 74 100 86 98 39 A AD A

o . 1947 - 100 86 -8.8 D
trees (%) with observed neg- 1952 100 7 75 76 AD
ative (-) and positive (+) 1956 84 82 ' 27 D
pointer years. Extreme colds 1960 - 88 70 A A A
in winter (February, March) 1964 - 82 96 99 100 93 100 -4.4 4.3 A-D A-ED A-ED A
and spring (April) are ex- 1966+ 86 73 +58
pressed as deviations of 1967+ 79 +2.9 +62

. ° 1974 + 82 77 76 71 +4.8 +2.5 +58 +58

monthly air temperature (°C) 1975 + 89 +3.7
from the long-term mean. Dry 1976 . 100 100 87 80 100 96 4.1 A A AD A
climatic conditions during 1978 + 92 8 72 93 176 +38 +39 +98
summer (May-August) are in- 1979 - 8 72 81 3.8 A-D  A-D
dicated with abbreviations: 1980 - 73 7189 -3.5 A
ED — extreme drought, D — igg? ; %0 84 m 78 7.0 A A
drought, A — arid conditions. 1992 - 87 100 A D-ED D A
Humid conditions during sum- 1993 - 78 100 83 76 84 A-D A

mer (June, July) are shown as
deviations of monthly amount
precipitation (mm) from the
long-term mean

Climate factors determining positive pointer years
are connected with warm winters and springs (1975),
humid summers (1966, 1978) and integrated effect of both
mentioned climate conditions (1967, 1974). The cause of
positive pointer year in 1991 remains uncertain.

Discussion

The natural habitat of Douglas fir — North Amer-
ica (Den Ouden and Boom 1978, Hermann and

(Ramanauskas 1973). Later research carried out on
the radial growth of Green Douglas fir and Rocky
Mountain Douglas fir did not reveal any significant
differences (Zeimavi¢ius 1999). A network of our re-
search covered 17 research plots of Rocky Mountain
Douglas fir and 2 research plots of Green Douglas
fir. We found that the radial growth patterns of both
species are very similar (coefficients of correlation
reach 0.50) and did not observe any significant dif-
ferences in response to climatic factors.

Rocky Mountain Douglas fir in the natural hab-
itat (Canada) is very sensitive to climatic conditions,
especially to precipitation in spring and air temper-
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ature in the beginning of summer (Zhang et al. 1999).
The radial growth of Douglas fir in Canada (Alfaro et
al. 1991) synchronizes well with western larch (Larix
occidentalis Nutt.).

Douglas fir is introduced in the European part of
Russia, Parks of Moscow, but dendrochronological
investigations on introduced species are absent there
(Dr. Andrei Beliakov, personal communication 2004).
The similar state with the research is in Latvia. How-
ever, scientists in Latvia have also noticed the wors-
ening state of Douglas fir in several old parks of Latvia.
This is observed as increased crown defoliation in
1993-1997. A part of Douglas fir trees in Latvia have
died off after invasions of pests (Dr. Maris Zunde,
personal communication 2004).

E. Feliksik and S. Wilczynski have conducted
comprehensive dendrochronological research on
Douglas fir in Poland recently (Feliksik and Wilczynski
2004a, Feliksik and Wilczynski 2004b, Feliksik and
Wilczynski 2004c, Feliksik and Wilczynski 2004d, Fe-
liksik and Wilczynski 2004¢e). The research has in-
dicated that the radial growth rates of Douglas fir
fluctuate from 0.28 mm to 3.96 mm and the mean
sensitivity is between 0.14 and 0.25. The radial
growth of Douglas fir is characterized by high simi-
larity between local chronologies (r=0.65-0.80) even
if the distance between them reaches 700 km (Felik-
sik and Wilczynski 2004a, Feliksik and Wilczynski
2004b). The main climate factor limiting the radial
growth of Douglas fir in Poland is air temperature in
February and March. The influence of precipitation
is regional: the inverse link with January and posi-
tive with April-July (Feliksik and Wylczynski 2004c,
Feliksik and Wylczynski 2004d). It was found that
negative pointer years of the radial growth of Doug-
las fir in Poland are connected with cold winters and
droughts during beginning of summer. Increase in the
radial growth (positive pointer years) is caused by
mild winter conditions and a huge amount of precip-
itation in summer (Feliksik and Wylczynski 2004e).
These results are very close to ours. The most sig-
nificant differences were observed in the links with
precipitation. We did not find any significant links
with precipitation in January, but on the other hand
we established significant influence of precipitation
in June (in the East Lithuania).

A comparison of main climatic factors limiting
the radial growth of Douglas fir with the factors
strongly connected with other conifer species, which
naturally grows in Lithuania have shown that Doug-
las fir takes the middle position between Norway
spruce and Scots pine. The radial growth of spruce
is strongly limited by summer droughts (Vitas 2002,
Vitas 2004a) and pine is sensitive to low air temper-

ature at the end of winter and spring (Karpaviéius et
al. 1996, Vitas 2004b).

We have noticed that the last two pointer years
(1992, 1993) on the radial growth of Douglas fir could
be explained only with the effect of summer droughts
(Table 2). Because these pointer years were not de-
tected by E. Feliksik and S. Wilczynski in Poland (Fe-
liksik and Wylczynski 2004¢) it could be supposed that
Douglas fir in Lithuania is more sensitive to droughts
than in Poland. The increase in the importance of
droughts on the radial growth of trees is connected
with global climate change and is observed already
from the middle of the 20™ century (Breshears et al.
2005, Schober 1963). R. Schrober has also suggested
that damaged caused to fir by colds reduces, while
the effect of precipitation increases in Europe.

Previous research conducted on Douglas fir in
Lithuania has indicated the decline of trees from 1988
to 1999. It was found that more than 50% recorded
mature trees have died during this period and in 1999
there remained only 59 trees compared to 118 trees
in 1988 (Zeimaviéius 2002). Trees died off and were
cut in three growing places during 1990-2000: the
Pienionys Park, Vyzulionys Park and Bebrujai Forest.
The growth patterns of Douglas fir in the VyZzulionys
Park and Bebrujai Forest (Fig. 6) show a sharp decrease
in the radial growth in 1992 compared to 1991. Such
decrease in the radial growth of tree persisting for
several years is operated by drastic changes in eco-
physiological conditions, which inhibit the cambial
activity (Schweingruber 1986). The radial growth of
several species has shown negative pointer years as
a consequence of extreme drought in 1992. This is
typical especially of Norway spruce growing in Lithua-
nia (Vitas 2001). This decrease in the radial growth of
Douglas fir could be also connected with the invasion
of pests. It is well known that the invasion of pests
lead to high mortality of trees already declined by
extreme climatic conditions (Brubaker 1978, Gedminas
et al. 2004, Schweingruber 1986). Scarce research on
the presence of pests on Douglas fir in Lithuania re-
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Figure 6. The radial growth dynamics of Douglas fir in the
Vyzulionys Park and Bebrujai Forest in 1980-1992
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vealed the existence of at least two diseases: Rhab-
docline pseudotsugae Sydow and Phaeocryptopus
gaeumannii (T. Rohde) Petr. (Zuklys 1975).

It is evident that the changes in several climatic
parameters of Lithuania at the end of the 20™ centu-
ry (Bukantis 1998, Bukantis et al. 2001) lead to the
decreased influence of winter colds along with the
increased importance of droughts during spring and
summer (Vitas 2004a, Vitas 2004b). Similar processes
have been observed in other countries and continents
(Barbu and Popa 2003, Cook et al. 1988). Because the
predictions of global climate change forecast more
frequent extreme climatic events in the future (Hoer-
ling and Kumar 2003, Hopkin 2004) probably summer
droughts will remain as the main limiting factor for the
flourishing of Douglas fir at the beginning of the 21
century in Lithuania. Because bigger amounts of pre-
cipitation and less frequent droughts are common to
the west regions (Bukantis 1994) along with the min-
imal number of negative pointer years of Douglas fir
we forecast more favourite growing conditions for
Douglas fir in West Lithuania — seaside lowlands and
Zemaiéiai Uplands regions in the near future.

Conclusions

1. Analysis of multiple regression has demon-
strated the positive impact of air temperature in Feb-
ruary and March also with the strong positive influ-
ence of precipitation in June (East Lithuania) on the
radial growth of Douglas fir.

2. Analysis of pointer years revealed the mini-
mal number of negative pointer years in the seaside
lowlands and Zemai¢iai Uplands regions. This shows
more favourite growing conditions for the Douglas
fir in West Lithuania.

3. Increased influence of droughts on the radial
growth of Douglas fir, which is demonstrated by neg-
ative pointer years in 1992 and 1993, probably is
connected with the global climate change.

4. Dry off of Douglas fir at the end of 20" co-
incides with period of extreme droughts, which have
played as a predisposing factor for the decline of
Douglas fir.
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TEHAEHIIUN OCJHABJEHUA JIZKETCYI'H B JIMTBE: IEHAPOKJINMATOJIOI' -

YECKHU MOAXO/L

A. Butac, K. KeiimaBuuroc

Pesrome

B crarbe 00CyKIaroTCsl pe3yibTaThl JeHAPOKIMMATHIECKOTO HCCIeIOBAHNS JDKETCYTH cu3oil (Pseudotsuga menziesii
subsp. glauca (Beissn.) u mxercyru Mensuca (Pseudotsuga menziesii (Mirb.) Franco) — HHTpOIyIIMPOBAHHBIX JIEPEBLCB B
JIutBe. AHanM3 MHOXKECTBEHHOH PErpecuu IoKas3aji MO3UTHBHOEC W CTATUCTHYECKH JOCTOBEPHOE BIIHSHHE TEMIIEPATyph
BO3/lyXa KOHI[a 3UMBbI — Hayajla BECHbI Ha paJualibHbIi IPUPOCT JUKETCYTH. [I03UTHBHOE BIMSIHHE OCA/KOB B HIOHE SIBISICTCS
BaKHBIM (HaKTOPOM B BOCTOYHOH JINTBE. AHAIN3 PEHEPHBIX JIET PaJHallbHOrO NPUPOCTA MOKA3aj, YTO MPUYHHON MaaCHHUS
paaranbHOTO MPUPOCTA JHKETCYTH SIBISIOTCS 3MMHHE MOPO3bl M 3aCyXM BECHOH W jieToM. Ha MOBBINICHHE pajHaIbHOrO
[PUPOCTa OIArONpPUSITHO BIMSIIOT TEIUIbIC 3MMbI M BIaXHbIC JieTa. Hamm ucciaenoBanus MOKa3al, YTO 3HAYCHUE 3UMHHX
MOPO30B, KaK JUMUTHPYIOIIEro (hakTopa sk paualibHOr0 MPUPOCTa JDKETCYTH B KOHIe XX BeKa CHH3UIIOCh, U B TO XK€ BPeMs
BO3POCJIO 3HAaYCHHE JETHHX 3acyX. OIeHKa TPeHI0B II00aIbHOTO H3MEHEHHUSI KIIHMaTa TI0Ka3bIBaeT YTo JICTHHE 3aCyXH OyayT
OJIHMM H3 OCHOBHBIX JINMHTHPYIOIIUX (aKTOPOB IJIsi COXPAHEHHs JDKETCYTH B ycioBusix JIutebl B Hadane XXI Beka. Cambie
GJIArONPHSATHBIC YCIOBHS JUIS JDKETCYTH MPOTHO3UPYIOTCS B PErHOHAxX 3amnajHoil JIUTBBI: MPUMOpPbE M BO3BBILICHHOCTH

JKemaiitun.

KawueBsble cioBa: KJIUMart, JLKETCyra MEH3Uca, JDKETCyTra cusas, 0COOBIH roa, paﬂI/IaJ'II)HHﬁ IpupocCT

I 2006, Vol. 12, No. 2 (23) I (SsN 1392-1355

208





