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Abstract

A decrease in the continentality of the Lithuanian climate is expected in response to climate change. Of all tree

species, Norway spruce (Picea abies (L.) H. Karst.) is one of the most sensitive to changes in the climate. For this
reason, studies on the crown condition of Norway spruce in different eco-climatic regions can help to identify factors
that could have substantial effects on the condition of forests in the future.

Data from Lithuanian regional forest monitoring (1989 — 2010) were used in this study. The crown condition of
Norway spruce, the occurrence of defoliation and the proportion of healthy trees have been assessed annually for an
average of 2,000 trees. Trends in the crown condition of spruce and the factors affecting spruce crown condition in
three largest eco-climatic regions of Lithuania are presented in this paper as the Zemai¢iy Highlands, the Middle Plain
and the South-East Highlands.

A significant decrease in the crown condition of Norway spruce, caused primarily by Ips typographus damage (1993
— 1997), was recorded in all eco-climatic regions. After the elimination of the 1993 — 1997 data (I. typographus damage),
the crown condition of Norway spruce shown a decreasing trend over the period of analysis. Crown defoliation increased
(r= 0.66, p= 0.004), and the proportion of healthy trees decreased (r= -0.49, p= 0.02) in the coarse of time. The biggest
Norway spruce crown condition decrease was observed in the Zemaié¢iy Highland region — the most maritime climate
region (A D = 4; A H = -14.5).

The deterioration of spruce crown condition associated with the decrease of climate continentality may indicate
that climate change is a possible factor influencing the degradation of the spruce crowns. Another potential driver for
the decrease in spruce crown condition is the precipitation during the second half of the vegetation period.

Key words: Norway spruce, defoliation, eco-climatic region, ICP-Forest

Introduction

In Lithuania, the continentality of the climate in-
creases from west to east. The annual and daily tem-
perature amplitude become broader, the winters become
colder, the duration of snow cover becomes longer and
the weather becomes drier. However, climate change
has decreased the continentality of the Lithuanian
climate, causing decreases in the amplitude of the
annual temperature and seasonal differences in pre-
cipitation. Observations indicate that this trend will
continue in the 21st century (Graham et al. 2008, Rim-
kus et al. 2006).

Recent studies have shown that Norway spruce
(Picea abies (L.) H. Karst.) is one of the most sensi-
tive species to climate change, in comparison with other
tree species in Northern (Kairitkstis 2000, Schlyter et

al. 2006, Jyske et al. 2010) and Central Europe (Bolli
et al. 2007, Albert and Schmidt 2010, Yousefpour et al.
2010). The basis for this sensitivity is that Norway
spruce is particularly sensitive to increases in temper-
ature and/or decreases in soil water availability. Spruce
has distinct western and southwestern limits that cor-
relate well with winter temperature isotherms. Accord-
ing to Dahl (1990), the southwestern distribution limit
of Norway spruce correlates with the -2°C isotherm for
the coldest month. The underlying physiological mech-
anism is still obscure, but spruce does not grow well
in areas with mild winters. In plantations, it grows quite
well beyond the natural limits of its distribution. Ap-
parently, however, it does not reproduce well by nat-
ural means (Dahl, 1990). Therefore, due to its low pro-
ductivity, it cannot compete with species that are grow-
ing at their ecological optimum. Therefore, the area
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occupied by spruce stands shrinks from the northern
taiga to the south. Dahl (1990) also notes that under
the conditions of a climatic scenario with a doubling
of the CO, level, the limit of the natural distribution
of spruce moves approximately 100-500 km in a north-
easterly direction. It is probable that shrinkage of
spruce habitat will result from the deterioration of the
condition of the spruce due to the presence of unfa-
vourable factors and due to the inability of the spruce
to compete with other species in a similar ecological
niche.

Climatic conditions, especially temperature and
precipitation during the growing season, influence tree
condition (Webster et al. 1996, Ozolincius et al. 1999,
Modrzynski 2003, Desprez-Loustau et al. 2006). Soil
humidity and precipitation are the most important fac-
tors in foliage formation during the first half of the veg-
etation period (Strand 1997). Artificial drought exper-
iments have shown that drought produces a substan-
tial increase of defoliation in Scots pine trees
(Ozolincius et al. 2009). Solberg (2004) also notes that
dry and warm summer weather is a significant stress
factor affecting Norway spruce condition, producing
defoliation, yellowing and mortality. Higher precipita-
tion usually serves to produce better tree condition,
i.e., a decrease in defoliation (Solberg 2004, Breda et
al. 2006, Seletkovic et al. 2009, Grodzki 2010). Howev-
er, an increase in the amount of precipitation may cause
an increase in defoliation (De Vries et al. 2003). Previ-
ous studies have shown that water deficiency not only
reduces water availability but also induces fine root
mortality. As a result, the time for spruce to recover
from a drought is longer (Gaul et al. 2008).

The aim of this study is to highlight the differ-
ences between the condition of Norway spruce (Pi-
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cea abies (L.) H. Karst.) in different eco-climatic re-
gions and to identify the meteorological factors affect-
ing spruce crown condition. The detection of signifi-
cant factors would enable the prediction of spruce
condition in a changing climate.

Materials and methods

K. Kausyla (Lietuvos TSR atlasas 1981) defined
four climatic regions in Lithuania: the Coast, the
Zemai&iy Highlands, the Middle Plain and the South-
East Highlands (Fig. 1). The climate continentality
index (CI) is different for each region: the Coast (CI —
22-24), the Zemaiciy Highlands (CI — 25-27), the Mid-
dle Plain (CI — 28-30) and the South-East highlands
(CI—31-32) (Gabrilavicius and Danusevicius 2003). The
Coast and the Zemaiciy Highland regions were merged
into a single region, the Zemai¢iy Highland region.
Gabrilavicius and Danusevicius calculated the index
of continentality with the following equation (XpomoB
1974):

K=A - singp/A
where K — index of continentality, A — average ampli-
tude of temperature (the temperature difference be-
tween the coldest winter month and the warmest sum-
mer month), and ¢ — geographical latitude.

The data analysed in this study were collected under
Forest Monitoring Level I as part of ICP-Forests. The
tree crown condition was evaluated annually (1989 —
2010) on the permanent observation plots on the na-
tional (4x4 km) and transnational grid (16x16 km). The
forest monitoring data were analysed for different Lithua-
nian climatic regions. The total number of spruce trees
assessed annually during this period was approximate-
ly 2,000 (a total of 44,000 assessments).

Figure 1. Eco-climatic regions in Lithuania (left map), transnational forest monitoring grid (16x16 km) and network of

meteorological stations in Lithuania (right map)
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In this network, a plot consists of four subplots
(Fig. 2) at a distance of 25 m to the north, west, south
and east from the centre of the plot. The subplot con-
sists of six predominant, dominant and co-dominant
trees closest to the centre of the subplots. Defolia-
tion is estimated in percentage classes. The trees with
a loss of foliage up to 10% are assigned to the 0 de-
foliation class and are considered healthy (Eichhorn
et al. 2010).

Figure 2. A sche-
matic representa-
tion of the perma-
nent observation
plot

Meteorological data (average temperature, amount
of precipitation) were obtained from a network of 35
meteorological stations situated throughout Lithuania
(Lithuanian Hydrometeorological Service 2001) (Fig. 1).

Data analysis

To derive changes in Norway spruce defoliation
from 1989 to 2010, a linear regression analysis (with
an F-test — analysis of the variance of a regression)
was performed with years as the explanatory variable
and crown defoliation as the dependent variable. An
analysis of variance (ANOVA with Student z-test (o=
0.05)) was also performed to justify the separability
of crown defoliation in different eco-climatic regions.
The results of these analyses are shown in Figure 3.

The crown condition (defoliation and proportion
of healthy trees) trend (R? r values) in the course of
time was calculated after elimination of the years (1993
—1997) in which I typographus had a very significant
effect on spruce condition (Table 1). AD (defoliation)
and AH (the proportion of healthy trees) were calcu-
lated from linear regression lines. To examine the di-
rect effect of climatic factors on spruce condition, the
years (1993 — 1997) with large attacks of bark beetles
were eliminated. A linear regression line has an equa-
tion of the form Y= a + bX, where X is the explanato-
ry variable and Y is the dependent variable. The slope
of the line is b, and a is the intercept (the value of y

if x = 0). From this equation, we calculated the mean
defoliation and the proportion of healthy trees at the
beginning (1989) and the end (2010) of the period of
analysis. AD and AH were calculated from the equa-
tion A= YI - Y2, where YI and Y2 are the values of
analyzing indicator linear regression trend (mean of
defoliation (for AD) or the number of healthy trees (for
AH)) in 1989 and 2010, respectively.

A backwards elimination multiple regression model
was used to define the relationship between the me-
teorological factors and the spruce condition indica-
tors (defoliation and proportion of healthy trees) in
different eco-climatic regions. We used the following
multiple regression model: Y = o + B, X, + ...+ /J’po,
where Y — response; X — explanatory variable, « is the
intercept; ﬂp are slopes (or coefficients).

The regression models include the mean annual
air temperature and precipitation, the annual tempera-
ture and precipitation of individual months (e.g., Jan-
uary, February) and the average temperature and pre-
cipitation during the current and during the previ-
ous hydrological year. For example, the current hydro-
logical year (X-IX months) consists of the indices for
October, November, December (X-XII) of the previous
year and January, February, March, April, May, June,
July, August and September (I-1X) of the current year.

To determine whether the spruce crown condition
indicators were correlated similarly with the meteoro-
logical factors in different eco-climatic regions, a clus-
ter analysis (Linkage rule — Single Linkage, distance
measure — Euclidean distance) was used. The calcula-
tions were performed on the linear correlation (Spear-
man) coefficient series obtained by analysing the re-
lationship between climatic factors (the average tem-
perature and precipitation for different months (peri-
ods)) and the indicators of spruce crown conditions
(defoliation and proportion of number of healthy trees)
in different climatic regions of Lithuania. A total of 3
series (1 series in each eco-climatic region) with 136
variables each was used in the analysis.

Results

Changes in defoliation and proportion of
healthy trees

The variation in the crown defoliation of Norway
spruce among different Lithuanian eco-climatic regions
is shown in Fig. 3.

During the entire study period (1989 —2010), the
average difference in defoliation between the Zemaiciy
and South-East Highland climatic regions was 2% (¢-
test, p< 0.05).

The outbreaks of /. typographus in Norway spruce
stands caused a remarkable deterioration of crown
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Figure 3. Mean defoliation of Norway spruce trees in different eco-climatic regions of Lithuania (1989-2010)

condition in 1993 — 1997. Compared with the begin-
ning of the study period, defoliation nearly doubled,
and the number of dead trees (tree mortality) increased
approximately 250 times (13.1% of all analysed spruce
trees were recorded as dead, whereas the correspond-
ing percentage in 1989 was only 0.052%). Similar re-
sults were obtained in all climatic regions. The most
recent data indicate less reliable changes in defolia-
tion. During 1998 — 2010, the mean defoliation varied
between 19 and 23%.

Over the entire period (1989 — 2010), no statisti-
cally significant trend in defoliation was found. How-
ever, after the elimination of the years 1993 — 1997,
when I. typographus had a very significant effect on
spruce condition, increasing defoliation over time was
observed in all eco-climatic regions (r= 0.66, p= 0.004)
(Table 1).

Significant differences in mean crown defoliation
and in the mean number of healthy spruce trees in
different eco-climatic regions were not found (Table

1), but the condition of the spruce tended to decrease
in all regions (the r value varied between 0.22 and 0.66).
The greatest changes were observed in the Zemaiéiy
Highland eco-climatic region (AD= 4.0; AH= -14.5%).
The smallest changes in tree condition were observed
in the South-East highlands eco-climatic region (A D
=1.5; AH =-5.1%). However, during the study period
(1989 — 2010), the trees in this area showed the poor-
est condition — the greatest defoliation and the small-
est number of healthy trees (the differences in defoli-
ation and number of healthy trees between this region
and Zemaiciy region were equal 2% and 7% respec-
tively).

Meteorological factors and crown condition

We used backwards elimination multiple regres-
sion models to define the relationship between mete-
orological factors and spruce condition indicators in
different eco-climatic regions (Table 2). The regression
models included the average temperature and amount

Table 1. Norway spruce erown "— Defoliation Number of healthy trees (%)
defoliation and number of healthy Co-climatic regions AD  Mean+SE - AH Mean (%) + SE
trees, mean changes in different  The Zemaitiy

eco-climatic regions (after elimi-  highlands 0.63+ 4.0 186£05 -0.65+ -145 26621
nation of data for 1993-1997, The Middle Plain 0.65* 5.1 20.3+0.6 -0.52* -10.3 23.2%22
when . typographus had a very  The South-East 027 15 202+04 -022 -51 21.8+18
significant effect on spruce con-  highlands

dition) Al regions 0.66+ 38 19.8+04 -0.56* -133 23.9+1.9

* Significant at the 0.95 probability level; A D Defoliation shift (1989-2010); A H Shift
in number of healthy trees (1989-2010)
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of precipitation during the current and during the pre-
vious hydrological year. Several variables were includ-
ed in the regression equations, but certain variables
were predominant: the precipitation during the current
year and during the previous year over the second half
of the vegetation period (months VI — VIII) and the
average temperature during the current and during the
previous hydrological year. The results of this analy-
sis show that the precipitation during the second half
of the vegetation period and the average temperature
during the current and during the previous hydrolog-
ical year were negatively correlated with spruce defo-
liation. The defoliation decreased with increases in the
precipitation over the second half of the vegetation
period and the average temperature during the current
and during the previous hydrological year. The sec-
ond crown condition indicator, the proportion of
healthy trees, was correlated with the average temper-
ature during the current and during the previous hy-
drological year. The precipitation during the second
half of the vegetation period had no significant effect
on the proportion of healthy trees. It is possible that

these indicators respond differently to environmental
changes.

Differences among different Lithuanian climatic
regions in the impact of meteorological factors on the
crown condition of Norway spruce are difficult to
demonstrate. A cluster analysis was used to clarify
these differences (Fig. 4). Calculations were performed
on several series of linear correlation coefficients (3
series by 136 variables) obtained by analysing the
relationship between climatic factors (temperature and
precipitation averages for different months (periods))
and spruce crown condition indicators (defoliation and
the number of healthy trees) in different climatic re-
gions of Lithuania.

The results of the cluster analysis indicate that
precipitation and temperature fluctuation have a rela-
tively similar effect on the number of healthy trees and
defoliation in the Middle Plain and the Zemai¢iy High-
lands but a relatively different effect in Southeast
Lithuania (Euclidean distance = 2.5 between the Zemai-
¢iy Highlands and the Middle Plain, 3.3 between these
regions and the South-East Highland region).

Table 2. Coefficients of the stepwise multiple regressions of defoliation and of the number of healthy trees

as a function of meteorological factors

Type of regression Linear regression model ° R*adj.
D (all climatic regions) D =26.8 — 0.65*TIV + 0.02*PVI -0.04*PVIIl — 0.02*PVI-VIlipr 0.39
H (all climatic regions) H=22.19 + 1.5*TX-IX + 1.77*TX-IXpr — 0.1 1*PIV — 1.18*TVllpr 0.26
D (the South-East climatic region) D = 45.8 — 0.02*PVI-VIII — 2.69*TX-IX 0.47
D (the Middle Plain climatic region) D =21.5-0.4*TI-0.2*TXllpr —0.01*PVII-VIII 0.40
D (the Zemaigiy highlands climatic region) D =17 —0.57*TX-IXpr + 0.1*PV-VI — 0.03*PVII-VIII + 0.07*PVpr 0.63
H (the South-East climatic region) H=7.8+ 2.4*TX-IX+ 0.95*Tlll - 0.17*PIV 0.42
H (the Middle Plain climatic region) H=44.4—-117*TVllpr + 0.11*PIXpr -0.09*PXpr 0.50
H (the Zemaigiy highlands climatic region) H = 18.3 + 0.98*Tlllpr +0.12*PllIpr 0.35

* D, average defoliation (%); H, number of healthy trees (%); T — temperature (°C) (by month or period);
P, amount of precipitation (mm) (by month or period); pr — previous hydrological year

The South-East highlands

The Middle Plain

The Zemaiciu highlands

Figure 4. Defoliation and the number of
healthy trees in response to climatic vari-

ability factors, compared across different
climatic regions

~
~
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Discussion

The results of this study showed that the great-
est negative changes in tree condition were associat-
ed with damage caused by bark beetles (/. fy-
pographus). This damage occurred from 1993 to 1997.
The damage can be considered a tertiary effect of cli-
matic factors because dry summers and abundant
windthrow create favourable conditions for the growth
of I. typographus populations. However, the principal
purpose of the study was to examine secondary ef-
fects of climatic factors on spruce condition (the rela-
tionship between climatic factors and tree condition
indicators). In our investigation, these factors were
considered secondary, although factors such as frost
or hail damage represent primary meteorological ef-
fects. For this reason, we eliminated the years of the
bark beetle outbreak to focus on the effects of climat-
ic factors on defoliation. We did not consider differ-
ences associated with the results within each year,
such as differences in tree age, stand density and
species composition, because the stands were random-
ly selected and a large sample size was used. This
approach was based on the assumption that the sam-
ples for a given year had similar characteristics.

After the elimination of variables, the multiple
regression analysis yielded reliable trends in defolia-
tion and in the proportion of healthy trees. The results
show that the deterioration of tree condition was ex-
pressed less strongly in the regions with a less strong-
ly marked continental climate. The climate of the
Zemaitiy eco-climatic region is less strongly continen-
tal than the climate of the Middle Plain and South-East
regions. The deterioration of Norway spruce in the
regions with higher continentality may indicate that
this decrease is one of the possible factors involved
in the degradation of spruce condition even if it does
not correspond to major differences in condition. Ac-
cording to previous research (Gabrilavicius and Da-
nusevicius 2003), trees from different eco-climatic re-
gions are adapted to specific climatic conditions. Pre-
vious observations indicate that the continentality of
the Lithuanian climate is decreasing as a result of cli-
mate change (Rimkus et al. 2006). The decreasing con-
tinentality of the climate and the increase in the aver-
age annual temperature (especially in winter) can pro-
duce conditions that exceed the limits of physiologi-
cal stress for spruce. Several researchers have sug-
gested that spruce is adapted to a cold climate (Kair-
iakstis 2000, Dahl 1990, Sykes et al. 1996).

Nevertheless, it is difficult to identify the causes
of tree deterioration because deterioration is influ-
enced by complex factors, including weather condi-
tions, air quality and biotic damage. Previous research

(Karazija et al. 1996) has shown that droughts in 1992
and 1994 produced a marked decrease in the ground-
water level and caused losses of moisture from the
shallow soil layers. As a result of these drought-in-
duced changes, it was difficult for trees to absorb
moisture reserves from the soil. For this reason, spruce
declined in Lithuania and was affected by 1. fy-
pographus. This decline also reflected the occurrence
of numerous windthrow events in 1993. Even in this
case, abiotic factors were ultimately the cause of the
insect damage. We estimate that in 1996, compared
with the beginning of the study period, defoliation was
twice as high and the number of dead trees was ap-
proximately 250 times higher (13.1% of all spruce
trees). The recovery of the tree condition began in
1997. Previous studies showed that the greatest de-
crease in crown condition and the highest tree mor-
tality generally occur a few years after storm-caused
disturbance (Schroeder 2003), although decreases in
host tree resistance due to summer drought can result
in prolonged mortality periods (Jkland and Bjernstad
2003, Rouault et al. 2006, Faccoli 2009). Other research-
ers have also identified meteorological factors as con-
tributing (Ogle et al. 2000) or predisposing (Villalba and
Veblen 1998) to tree mortality. For these reasons, me-
teorological factors do not completely explain the
variability of the condition of Norway spruce. The
regression analysis performed in this study showed
that climatic factors explain only about one-half of the
variability in crown condition. A few results of the
regression analysis can be noted. Summer droughts
act as a driver for the crown condition of spruce. Most
of the regression equations obtained in this study
included the amount of precipitation during the sec-
ond half of the vegetation period. The reliability of the
regression equation depends slightly on the climatic
region. The regression equations included not small
number of variables. The variables appearing in these
equations were not always the same. This result indi-
cates that the selection of variables can be random
because the relationship between the factor and the
response is weak.

For all these reasons, it is difficult to determine
whether the crown condition of Norway spruce is sim-
ilarly correlated with the fluctuations in meteorologi-
cal factors in all Lithuanian eco-climatic regions. Our
results suggest that in the Middle Plain and the
Zemaigiy eco-climatic regions, the number of healthy
trees and defoliation show relatively similar respons-
es to fluctuations in precipitation and temperature.
However, the responses in these regions are different
from the responses in South-East Lithuania. This re-
sult could indicate that the factors that have negative
or positive effects on spruce condition are not the
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same in different regions of Lithuania. Because trees
from different climatic regions are adapted to the spe-
cific climatic conditions of those regions, climatic
changes do not have similar effects on tree condition
in different regions. However, the reliability of the
results could be influenced by the proportions of dif-
ferent habitats in different regions, and information on
habitats was not considered in this study.

The detection of relationships between meteoro-
logical factors and the crown condition of Norway
spruce is complicated, and these factors potentially
interact with each other (temperature with precipitation,
for example). Within the context of different effects of
pollutants on forest ecosystems, their synergistic ef-
fects and their interactive effects with environmental
stressors, it is very difficult to discuss the correlation
of meteorological factors with tree condition (Miiller-
Edzards et al. 1997, Ozolin¢ius and Stakénas 2001).

Conclusions

A significant decrease in Norway spruce crown
condition, resulting primarily from /1. typographus
damage (1993 — 1997) was recorded in all eco-climatic
regions. After the elimination of 1993 — 1997 data (/.
typographus damage), the crown condition of Norway
spruce tended to decrease over the period of analy-
sis. Crown defoliation increased over time (r = 0.66,
p = 0.004), and the proportion of healthy trees de-
creased (r = -0.49, p = 0.02). The greatest decrease in
Norway spruce crown condition was observed in the
Zemaic¢iy Highlands region, the region with the most
maritime climate (A D =4; A H=-14.5).

The condition of Norway spruce was very similar
in the three Lithuanian eco-climatic regions examined.
However, the deterioration of crown condition asso-
ciated with the spatial gradient of the decrease in the
continentality of the climate may indicate that this
aspect of climate change is one of the possible deg-
radation factors for spruce. Summer drought also in-
fluences the crown condition of spruce.
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COCTOSIHUE KPOH EJIM EBPOIIEVICKOM (PICEA ABIES (L. H. KARST.) B PA3HBIX
IKOKIIMMATHYECKHUX PEI'MOHAX JIMTBbI: BJIUAHUE METEOPOJIOI'MYECKHUX
PAKTOPOB

B. Crakenac, II. Kamaiituc u P. O3oaun4uroc
Peswome

Knumaronoruueckue ucciefoBaHUS MTOKa3bIBAIOT, YTO KOHTUHEHTAJIbHOCTh KiKMMara B JlutBe ymeHbmaercsa. Eib
eBpoIlelicKas ABJIAETCS OJHOM U3 CaMbIX UyBCTBUTENBHBIX K H3MEHCHHUIO KJIUMAaTa JpeBecHbIX nopoA. [Toatomy uccnenosanus
COCTOSIHUS KPOH €JIU €BPOILECHCKOM B pa3HBIX SKOKIUMATUYECKUX PerroHax JINTBBI ¢ pa3IMuHOM KOHTUHEHTAIbHOCTBIO KIIUMAaTa
MOJKET CIIOCOOCTBOBATh BBIBICHHUIO (DAaKTOPOB, OKA3BIBAIONINX B OyIyINEM CyIIeCTBEHHOE BIMSHUE HA COCTOSHHE JIECOB.

AHanU3UpOBAINCH JaHHbIE PErHOHAJBFHOIO MOHHTOPUHTIA JiecoB 3a mepuox 1989-2010 r. B kauecTBe moxasareneit
COCTOSTHHS KPOH HCIIOJIb30BATHCH A(OIISIMS KPOH M KOJIMYECTBO 30POBBIX AEPEBbEB (B % OT BCEX OIIEHEHHBIX). B kax oM
rojly OLICHUBAJIOCh COCTOsIHME B cpegHeM okoso 2000 eneil. MI3MeHeHUe COCTOSHUS 1€PEBbEB M METCOPOIOTUYECKHUX
rapaMeTpoB M3ydajoch B 3 HKOKJIMMAaTH4YeCKUX pernoHax JIUTBbl - XKemaiTckoi BO3BBIIIEHHOCTH, CpeaHEIUTOBCKOM
HI3MEHHOCTH 1 FOro—BOCTOUHBIX BO3BBIIIEHHOCTEH.

CyuiecTBeHHOE YXYIUIEHHE COCTOSHHS KPOH €IH, B OCHOBHOM BBI3BAHHOE€ MOBPEXIAEHUAMHU . typographus,
YCTaHOBJICHBI BO BCEX HKOKJIMMATHUECKHX PErHMOHaX. DIMMUHUPOBAHKUE JAHHBIX 3a MEPUOJ BCHBILKY /. typographus (1993-
1997 r.) moka3any TeHASHIHUIO YXYALICHHUs! COCTOSIHUS KpoH eneil. [Ipu 3ToM B TedueHHe uccieayeMoro neprosaa aed omsiust
KpoH yBenuuuiocs (r = 0.66, p = 0.004), a KOIMIECTBO 3AOPOBBIX AepeBbEeB yMeHbIIMWIOCH (r = -0.49, p = 0.02).
Hambonsmee yxynmenue cocTosSHHS KpoH enn Habmonanock B paifoHe JXKemaiTCKOH BO3BBIIIEHHOCTH, T. €. B MEHEe
KOHTHHEHTAIbHHOM KInMaTtuieckoM peruoHe (A D =4; A H = -14.5).

[Ipeanonaraercs, 4To yXyALIEHUE COCTOSHHA KPOH eleil MpH B3auMOICHCTBHM C yMEHBIIEHHEM KOHTHHEHTAJIbHOCTH
KJIHMaTa MOXeT OBITh BO3MOXKHBIM (aKTOPOM Jerpajanuu elbHUKOB. Kak (akTopbl BIMSHHSA Ha COCTOSIHHUE KPOH
paccMaTpUBAIOTCA TAKXKE JIETHUE 3aCyXU M KOJIMYECTBO OCAJKOB 3a BTOPYIO IOJOBUHY BEreTallHUOHHOIO IIEPHOJA.

KiroueBble ciioBa: Enb eBpomnetickas, aeponanus, sxoxnnmaTayeckue peruonsl, ICP-Forest
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