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Abstract

The objective of the study was to construct the chronologies of three pine species used for coastal dune stabilization
on the Polish Baltic coast: native Scots pine Pinus sylvestris and two species alien to the European flora — jack pine
Pinus banksiana and pitch pine Pinus rigida. The width of annual growth rings and growth responses to changing
environmental conditions was compared in the forest stands of these three species growing in the coastal crowberry pine
forest Empetro nigri-Pinetum. The prospects of all three species as pioneer tree species on dunes were also discussed.

At the beginning of the growing season in 2008, 61 trees were sampled and consequently 5,077 annual growth rings
were measured. The longest chronology of 98 years (1910-2007) was developed for Pinus sylvestris and the shortest of
88 years (1920-2007) for Pinus banksiana. Dendrochronological curves for samples of Pinus sylvestris and Pinus rigida
are the most coincident (¢ = 7.9, Gl = 74%), whereas Pinus sylvestris and Pinus banksiana are least coincident (¢ = 4.4,
Gl = 69%).

The analysis of meteorological conditions in the year preceding the pointer year provided evidence that thermal
conditions in the winter season and early spring are the main factor affecting the annual tree-ring width. Higher than
the average temperature in January and February, and particularly in March, induces an increased cambial activity in the
investigated pine species and the development of wider tree-rings in the following growing season. Low temperatures in
winter and early spring reduce the growth.

Growth-climate relationships determined on the basis of pointer years are proved correct by the correlation analysis
and response functions. In the case of air temperature, statistically significant values are recorded in winter and spring
months. In addition, thermal conditions in July and August appear to be important for Pinus banksiana, and August
temperature for Pinus rigida. Higher rainfall in the preceding summer and high precipitation in late winter and early
spring have a positive effect on the tree-ring width for all the examined species.

Key words: tree-ring width, meteorological conditions, Scots pine (Pinus sylvestris L.), jack pine (Pinus banksiana
Lamb.), pitch pine (Pinus rigida Mill.), coastal dunes

Introduction

Anthropogenic destruction of the coastal forests
on the southern Baltic coast led in the Middle Ages
and the following centuries to almost total deforesta-
tion of this zone and activation of aeolian processes.
In order to prevent negative effects caused by migra-
tion of dunes, extensive stabilization of shifting sands
by planting pine monocultures has been started in the
mid-19" century. Scots pine Pinus sylvestris was the
primary component of the destroyed forest stands in
the alluvial parts of the coast. Reintroduction of the
species has helped to reconstruct the coastal crow-

berry pine forest (Empetro nigri-Pinetum Wojt. 1964)
on sites where they are the most common type of
natural forest vegetation in the Polish zone of the
Baltic coast (Piotrowska 1989, 2003) together with the
mixed birch-oak forests (Betulo pendulae-Quercetum
roboris R. Tx. 1930).

Besides Pinus sylvestris, other species of trees
and shrubs are also used in Poland to stabilize dunes.
Other pine species planted in recent decades as a fore-
crop are mostly mountain pines, Pinus mugo and Pi-
nus uncinata. In the 19" century and the first half of
the 20" century, jack pine Pinus banksiana and pitch
pine Pinus rigida brought to Europe from North Amer-
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ica have been introduced. These species, however,
proved to be of a little value in forestry and currently
they are no longer planted as trees of economic im-
portance. Due to their minimum requirements, the high
growth rate of young specimens and resistance to
diseases, they have long been used as pioneer spe-
cies in unstable, nutrient-poor habitats (Bellon et al.
1977, Seneta and Dolatowski 1997).

The Scots pine Pinus sylvestris is a species na-
tive to Europe and Asia, and is the most widely dis-
tributed pine in the world. It grows naturally from
Scotland almost to the Pacific Ocean and from above
the Arctic Circle in Scandinavia to the Mediterranean.
The Scots pine is adapted to a wide variety of climates
as indicated by its extremely large natural range. It
grows in areas with annual precipitation ranging from
200 to 1,780 mm and survives in Siberia where winter
temperatures have been recorded as low as -64° C, and
it is found at medium altitudes in the Mediterranean
region. In Europe, the Scots pine grows on a wide
variety of soil types. It is found on the oldest rocks,
on peat lands and also on the most recent glacial de-
posits, but it is most successful on well-drained sands
and gravels (Steven and Carlisle 1959, Steinbeck 1966).

The jack pine Pinus banksiana is the most wide-
ly distributed pine in North America, with its native
range in Canada east of the Rocky Mountains from the
Northwest Territories to Nova Scotia, and the north-
east of the United States from Minnesota to Maine,
with the southernmost part of the range just into
northwest Indiana. In the eastern part of its range, jack
pine grows in a maritime climate but elsewhere it is
found in diverse continental climates characterized by
short, warm to cool summers, very cold winters, and
low rainfall. The average annual maximum temperatures
range from 29° to 38° C, and average annual minimum
temperatures are from -21° to -46° C. Average annual
precipitation ranges from 250 to 1,400 mm. Jack pine
is usually found on sandy soils, but it also grows on
loamy soils, on thin soils over the granites and meta-
morphosed rocks, over limestone, on peats, and on
soil over permafrost (Rudolph and Laidly 1990).

The pitch pine Pinus rigida also grows over a
wide geographical range in North America from cen-
tral Maine to New York and extreme south-eastern
Ontario, south to Virginia and southern Ohio, and in
the mountains to eastern Tennessee, northern Geor-
gia, and western South Carolina. Because it grows
mostly on the poorer sandy or shallow soils, its dis-
tribution is spotty. Pitch pine grows on sites with a
wide range of moisture conditions. It is found on ex-
cessively drained sands and gravels as well as on muck
soils in the swamps. The climate in the range of pitch
pine is humid. Average annual precipitation is usually

between 940 and 1420 mm and is well distributed
throughout the year. The duration of the frost-free
season ranges from 112 to 190 days and temperatures
range from winter lows of -40° C in the northern part
of the range to summer highs above 38° C in most
sections (Elias 1980).

In the zone of coastal dunes on the Polish Baltic
coast, there are several dozen old forest stands com-
posed of both the native pine species Pinus sylves-
tris and other coniferous tree species introduced to
stabilize the sandy substrate (e.g. Pinus banksiana
and Pinus rigida). Therefore, it is possible to compare
the responses of native and introduced species, grow-
ing in the same habitat conditions, to climatic factors
changing over the years.

The objective of the research was to construct the
chronologies for one native and two introduced pine
species, and to compare the width of their annual
growth rings and growth responses to changing
weather conditions, as well as to assess the prospects
of all three species as pioneer tree species on dunes.

Materials and Methods

Study area

The analysed forest stand covers a narrow zone
of the coastal dunes between the town of Kolobrzeg
and the village of Dzwirzyno, along a stretch of ca. 3
km long and 200-500 m wide in the central-western
part of the southern Baltic coast (Figure 1).

The crowberry pine forest with the dominant Pi-
nus sylvestris in the tree layer is a natural forest com-
munity of the coastal dunes. Initial stages of the podzol
soil (Albic Arenosol) development dominate in the
substrate. The habitat is fresh, poor in nutrients, with
pH 3.3-3.9 in organic horizons and pH 4.4-5.2 in min-
eral horizons. The grain size composition of the par-

Figure 1. Study area on a regional scale: 1 — sea and lake
waters, 2 — forest, 3 — built-up areas, 4 — rivers, 5 — roads,
6 — location of studied pine stands
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ent rock consists of sand in 97.5%, silt in 1.5% and
the floatable fraction in 1% (Bosiacka 2005).

Apart from dominant Pinus sylvestris (20 sampled
trees), also a few pine and spruce species of alien
origin are present in the tree layer of the described
fragment of the crowberry pine forest: Pinus rigida
(35 specimens with a trunk circumference of 60-140 cm
and a height of 14-17 m; 20 sampled trees), Pinus
banksiana (28 specimens with a trunk circumference
of 60-120 cm and a height of 14-18 m; 21 sampled
trees), Pinus strobus (over 50 specimens up to 180 cm/
20 m), Pinus nigra (over 50 specimens up to 190 cm/
21 m), Picea sitchensis (17 specimens with a trunk
circumference of 50-250 cm and a height of 18-20 m),
Picea glauca (10 specimens with a trunk circumfer-
ence of 50—130 cm and a height of 7-21 m).

Climate

The average annual temperature for this area is
8.2 °C (it ranges from 6.4 °C to 10.9 °C); July and Au-
gust are the warmest months (17.1 and 17.0 °C, respec-
tively), and January is the coldest month with the tem-
perature dropping below 0 °C (-0.2 °C). The winter usu-
ally begins at the end of the first week of January and
lasts till the beginning of February. The last frosts have
been recorded between 5 and 15 May (Kozminski et
al. 2012). The total annual precipitation comes to 676
mm (it ranges from nearly 400 mm to over 920 mm per
year). July is the wettest month (89 mm) and February
is the driest one (35 mm). The average snow cover
duration is less than 45 days.

Radial growth analysis

Samples were collected at 1.3 m from the ground
surface (at breast height) using Pressler borers. Dry
samples were inserted into the stands and their surface
was removed by dissecting knives in order to obtain a
clear picture of annual growth rings. The width of an-
nual growth rings was measured with an accuracy of
0.01 mm using a binocular with smooth zoom (up to
x45), a movable measuring table connected with a re-
versible counter and the software Dendrometr (Mindur
2000). Samples were measured starting from the pith end
of the core and moving towards the bark; at the same
time, all types of anomalies in the anatomic structure
of wood tissues were registered. Applying the stand-
ard ,,cross-dating” methods, correlation coefficients, the
Student t-test and graphic similarity of individual den-
drochronological sequences, the species chronologies
were developed (from the 42 most correlated samples)
and tested using the software COFECHA from the pack-
age DPL (Holmes 1983, 1994). In addition, the follow-
ing parameters were calculated using the software
COFECHA: the average growth ring width, autocorre-

lation (the correlation between the width of annual
growth rings in a given year with the growth rings from
the previous year — the first order autocorrelation),
standard deviation and average sensitivity (which re-
flects the average percentage change in the growth
width between the measured tree ring and the next one,
Fritts 1976). Also the coefficient of similarity Gl (Gleich-
ldufigkeitswert) was calculated for chronologies (Hu-
ber 1943, Kaennel and Schweingruber 1995, Wilczynski
2010). The GI- value above 60—65% indicates a high
similarity between the compared curves.

Indexing was performed with the software Arstan
(Cook and Holmes 1986). Residual chronologies (RES)
that result from a double indexing of the series were
used for further analysis; autoregressive modelling was
applied to eliminate the autocorrelation.

The relationships between climate and tree-ring
width were explored using the response function anal-
ysis (Fritts 1976, Blasing et al. 1984, Cook and Kairi-
ukstis 1992). The response functions can be calculat-
ed with the aid of the DPL computer package (RESPO
module, Holmes 1983, 1994). The technique includes
multiple regression analysis in which the mean monthly
air temperature and monthly sum of precipitation are
the independent variables. RESPO calculates coeffi-
cients of linear correlation (k) and multiple regression,
r, as well as the multiple regression coefficient of de-
termination (7?). The response function analysis was
applied to ascertain the effects of climatic factors on
the tree-ring curves in 16-month periods (from June
of the year preceding the increment to September of
the current growth year) over 61 years (1947-2007) for
temperature and over 54 years (1954-2007) for precip-
itation. The study was made using climatic data ob-
tained from the nearest meteorological station in Koto-
brzeg located about 8 km east of the study area. Pos-
itive values of the linear correlation coefficient (k) and
multiple regression coefficient (r) express a simulta-
neous increase in the tree-ring width and in the mete-
orological parameter. The value of r’ expresses the
strength of the relationship between the climatic com-
ponents analysed and the tree-ring width.

A pointer year is the year in which the tree-ring
width in most trees of a population is clearly different
(wider or narrower) than the rings developed in earli-
er and later years (Kaennel and Schweingruber 1995).
Pointer years are important in dendrochronological
dating as well as in identification and elimination of
errors in dating of individual samples. Anomalies in
the tree-ring width curves appear in years with favour-
able or adverse environmental factors including me-
teorological conditions as the most important and
most variable. The pointer year analysis was performed
using the TCS software (Walanus 2002); the pointer
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years were identified from at least 10 trees, the mini-
mum convergence threshold being set at 90%.
Sampling was performed at the beginning of the
growing season in 2008, a total of 61 trees were sam-
pled and 5,077 annual growth rings were measured.

Results

Chronologies

The longest chronology of 98 years (abbreviation
PS) was developed for Pinus sylvestris and represented
the period of 1910-2007 (Table 1). The chronology
representing Pinus rigida is one year shorter — PR:
97 years (1911-2007). These forest stands were plant-
ed during the same period estimated at 1901-1903.
Pinus banksiana trees were planted several years later
(ca. 1914/15); therefore the obtained dendrochronolog-
ical curve (abbreviation PB) is only 88 years long
(1920-2007). The annual ring-width of the studied pine
species is similar, i.e. ca. 1.3 mm; the highest annual-
growth recorded for pitch pine is 1.4 mm (Table 1).

Dendrochronological curves for Pinus sylvestris and
Pinus rigida were characterised by the highest simi-
larity (t = 7.9, Gl = 74%) while Pinus sylvestris and
Pinus banksiana — by the lowest (¢t = 4.4, Gl = 69%)
(Table 2). The first 15-20 annual growth rings of each
chronology can be classified as juvenile wood with
very wide annual growth rings and reduced tree-ring
width at the end of this period. The subsequent years
in pine chronologies are reflected in the stabilized
annual ring-width at the level of 1-2 mm with annual
differences determined mainly by changing meteoro-

Table 2. Similarity of pine chronol- t’/Gl PS PB PR
ogies presented as #-value and GI- PS X 44 79
value PB 69 X 47

PR 74 72 X

logical conditions. In the 1970s and the 1980s, the
annual growth rings were reduced to ca. 1 mm and less,
and this trend has prevailed in the chronology of PS
and PB to date; only Pinus rigida is characterised by
higher growth dynamics (wider tree rings) since the
late 1980s (Figure 2).

Table 1. Statistical characteristics of

Lab. Species No. of  Time span No. of Mean tree-ring
absolute and indexed pine chronologies code years samples width (min.-
max.) (mm)

PS Pinus sylvestris 98
PB Pinus banksiana 88

1910-2007 16
1920-2007 1"

1.29 (0.83-1.52)
1.35 (0.80-1.52)

PR Pinus rigida 97 1911-2007 15 1.39 (0.63-1.85)
Lab. Absolute Residual
code chronology chronology
Std. 1% order Mean Std. 1% order Mean
deviation  autocorrelation sensitivity deviation  autocorrelation sensitivity
PS 0.652 0.773 0.266 0.185 0.086 0.201
PB 0.754 0.820 0.274 0.193 -0.001 0.227
PR 0.635 0.774 0.256 0.191 0.031 0.224
B -
PS

tree-ring width {mm)

—

- e aPR

74N>

e Yal

1810 1920

1930

1940

1950

1860 1870 1980 1980

2000

years

Figure 2. The tree-ring
widths of pine chronol-
ogies: PS — Pinus sylves-
tris, PR — Pinus rigida,
PB — Pinus banksiana
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Dendroclimatology

A total of 61 pointer years were obtained for pine
chronologies including 37 negative (-) and 24 positive
(+): PS (14-, 6+), PB (8-, 7+) and PR (15-,11+). During
the 17 years, pointer years were present in at least two
chronologies (1928-, 1929-, 1940-, 1943+, 1952-, 1955+,
1956-, 1957+, 1963-, 1976-, 1981+, 1985-, 1987- and 1998-
) or even three chronologies (1954-, 1969- and 2007+).
The analysis of meteorological conditions in the year
preceding the signature year clearly indicated that the
thermal conditions in the winter season and early spring
are the main factors affecting the annual ring width.
Higher than the average temperature of winter months
(January and February), and in particular early spring
temperature (March) induces an increased cambial ac-
tivity in the studied pine species and the development
of a wider annual growth ring in the following growing
season. The year of 2007 is an example of a positive
signature year when the tree-ring width increased in all
the analysed pine populations. The year was charac-
terised by a very warm winter: the average air temper-
ature of January was +5.1 °C, which is the maximum
value for the period of post-war observations, and warm
February (+1.2 °C), and by a very warm and early spring
(average temperature in March was +6.9 °C and it was
the highest temperature during the observation period).
Based on the average annual temperature, the year of
2007 (+9.7 °C) can be classified as the warmest over a
long period. The annual precipitation was higher by ca.
140 mm than the average precipitation; April was rela-
tively dry, although a large amount of rainfall was ob-
served in the summer months. Thus the year can be
considered as warm and wet.

Low temperatures in winter and early spring re-
duce the growth in three pine species. Such condi-
tions and the related growth responses took place i.e.
in 1954 and 1969. Hormones and metabolism start to
change in pines along with the increasing day length
and the increased amount of sunlight reaching the
Earth’s surface, which result in the increased sensi-
tivity to low temperatures. Exposure of trees to severe
frost in late winter and early spring weakens the health
condition of trees and reduces the width of annual
growth rings developed in the forthcoming growth
season. Low precipitation during the spring and sum-
mer months (e.g. dry April and May in 1954; dry June
and extremely dry July in 1969) might be yet another
factor responsible for the growth reduction.

The growth-climate relationships determined on
the basis of signature years are confirmed by correla-
tion analysis and response functions (Figure 3). Pos-
itive values of correlation and regression dominate in
all the analyses for air temperature; statistically sig-
nificant values are recorded in winter (between Decem-

ber of the year preceding the growth and February of
the current year) and in the spring months: March and
April. Additionally, thermal conditions in July and
August appear to be important for Pinus banksiana,
and temperatures in August — for Pinus rigida.

As a rule, precipitation in the previous season has
a positive impact on the annual ring width, and also
high precipitation at the end of winter and the begin-
ning of spring (February and March) increases the
cambial activity. High coefficients obtained for tem-
perature and precipitation in February and March are
associated with the weather conditions preferred by
these three pine species: dominant westerly circula-
tion over Central Europe and related inflow of warm
and humid air masses from the North Atlantic.

Coefficients of determination indicate a strong
impact of meteorological conditions during the devel-
opment of annual growth rings: the strongest for Pi-
nus rigida (integrated 79%, 55% for temperature and
24% for precipitation) and Pinus sylvestris (totality
76%, 36% for temperature and 40% for precipitation),
slightly lower values were obtained for Pinus banksi-
ana (Fig. 3).

Discussion and conclusions

Due to minor economic importance of jack pine
Pinus banksiana and pitch pine Pinus rigida in Eu-
rope, and their limited distribution outside their natu-
ral range, the available literature deals mainly with
dendroclimatological analysis of the studied species
from the region of their natural occurrence, i.e. Cana-
da and the United States (Abrams and Orwig 1995,
Despland and Houle 1997, Hofgaard et al. 1999, Tardif
and Conciatori 2001, Copenheaver et al. 2002, Lloyd
and Bunn 2007, Savva et al. 2008, Genries et al. 2012).

As evidenced by the research on Pinus banksi-
ana growing in the boreal forest of Quebec (Canada),
the species is sensitive to temperature and precipita-
tion at the end of the preceding growing season and,
similar to the results obtained in the presented study
on the Polish coast, to thermal conditions at the be-
ginning of the current growing season (Hofgaard et
al. 1999). According to Despland and Houle (1997), the
thermal summer conditions have a significant effect on
the radial growth rate and the maturation of seeds in
this region. At the border between two Canadian prov-
inces — Quebec and Ontario, the annual growth rings
of Pinus banksiana were positively correlated with
high precipitation in June of the preceding year and
high temperature in April, whereas warm September
and wet October in the preceding year, as well as high
total precipitation in June reduced the annual ring
width (Genries et al. 2012). The positive impact of
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Figure 3. Results of correlation and response function analysis for pine chronologies and air temper-
ature (T) and precipitation (P); bars denote correlation coefficients; line represents response function;
significant values (a = 0.05) marked as black squares and gray bars; p — previous year
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spring thermal conditions on the annual growth rings
of this species growing on the borderland between
Quebec and Ontario was reported also by Tardif and
Conciatori (2001). According to the authors, the
amount of rainfall in June was the main factor posi-
tively correlated with the radial growth rate, which is
basically consistent with the results obtained in the
present study, whereas Genries et al. (2012) obtained
inverse relationships (the smaller the precipitation the
higher the growth).

The research on the growth-climate relationships
for Pinus banksiana from the regions situated further
west of Ontario revealed that the annual ring-width
was primarily determined by the amount of precipita-
tion in March, June and December in the year preced-
ing the growth (Savva et al. 2008).

Dendrochronological reports from the USA (the
state of Michigan) on the species of Pinus banksiana
indicate the problem with a false ring (Copenheaver
et al. 2006). The authors, however, found no signifi-
cant correlation between the presence of a false ring
in the studied populations and the temperature and
precipitation. As evidenced by other studies conducted
in the USA (the state of New York), trees of Pinus
banksiana were sensitive to winter temperatures (No-
vember-March) (Pederson et al. 2004) in a similar way
as in the presented research on the Polish coast.

Research on the other species — Pinus rigida in
the USA (the state of New York) revealed that the
species is sensitive to prolonged and severe drought
(Abrams and Orwig 1995). In the state of Virginia, lo-
cated south of the state of New York, the width of
annual growth rings in trees of this species depends
on the thermal and pluvial conditions in the summer
and autumn months in the year preceding the growth
(Copenheaver et al. 2002).

There are almost no dendrochronological data in
the Polish literature related to these studied North
American pines, mostly due to their relatively low in-
cidence and decreasing economic importance. Only
Oleksyn (1980) analysed the relationship between the
width of annual growth rings in Pinus sylvestris and
Pinus rigida, and the Wolf number and the number
of sunspots, revealing an increase in the tree-ring width
as a result of higher solar activity. Therefore, the re-
sults obtained in this study constitute an important
contribution to the knowledge about the relationship
between the meteorological conditions and the annu-
al growth rings of Pinus bankasiana and Pinus rigi-
da growing in the area outside the range of their nat-
ural distribution.

As evidenced by the comparison between the
responses of native Pinus sylvestris and introduced
Pinus banksiana and Pinus rigida to changing mete-

orological conditions on the Polish coast, the width
of annual growth rings in all three pine species is sim-
ilar. Pinus banksiana seems to grow faster in the first
decades and it would be more useful for dune refor-
estation, but it is also the least long-lived species (we
have noticed the largest number of dead trees of this
species in comparison with the other studied pine
species in the analysed forest stand on the coastal
dunes). The main contraindications to the use of al-
ien species for reforestation of coastal dunes, how-
ever, are the conservation requirements of habitats of
Community importance (Natura 2000). All coastal dune
habitats with characteristic natural vegetation grow-
ing on them on the Polish Baltic coast are listed in the
European Habitats Directive (Council Directive 92/43/
EEC) and all efforts should be made to preserve them
in their natural state.
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JEHJIPOXPOHOJOTUYECKHUIN AHAJN3 TPEX BUJOB COCHBI, HCIIOJb3YEMBIX B
KAYECTBE BHUJOB-IMOHEPOB JJIs1 CTABUJIN3AIIMU JIOH B NIPUBPEXXHOM 30HE
HA FO’)KHOM IMOBEPEXBE BAJITUMCKOTO MOPS

A. Henpo, b. bocuauka u M. MucauBui
Peziome

Llenpio nccaenoBaHus SBIAIOCH COCTABIEHHE XPOHOJIOTUH JUIS TPEX BUIOB COCHBI, HCIIONB3YEMBIX JUISl CTaOMIN3alUH
JIIOH Ha HOJIBCKOM mobepexbe bantuiickoro Mopsi: MmectHOH Pinus sylvestris M IByX UHTPORAYUHUPOBaHHBIX — Pinus banksiana
¥ Pinus rigida. Ilonyasuuy JaHHBIX BUIOB, IPONU3PACTAIONINX HA OEIHBIX MECYaHBIX MOYBAX MPUOPEKHBIX JIOHHBIX MACCHBOB
B aCCOIMANH BOPOHUYHBIX COCHSKOB, CPAaBHHUBAJIUCH 110 MIMPUHE TOANYHBIX KOJIEI[ X PEaKIHsIM IIPUPOCTa Ha U3MEHSIOMNECS
YCIIOBHSL OKpY>Karolled cpeibl B pa3HbIe HEPHOBL.

B navane BereranmonHoro ce3oHa 2008 1. OpuTH B34THI IPOOBI 61 nepeBbeB; moiydeHsl 5077 Koliel roJOBOro MpUpOCTa.
Camas ArHHAs XpOHOJIOTHS, HacuuThIBaromasi, 98 net, penpesentupytomas 1910-2007 rr., cocraBnena ans Pinus sylvestris,
camas koporkas — 88 net (1920-2007) — anst Pinus banksiana. CocHbl OOBIKHOBEHHAs! U CMOJIHCTAsl OTJIMYAIOTCS Hanbomee
BBICOKMM CXOJICTBOM JICHIPOXPOHOJIOTHYECKUX KpUBHIX (1 = 7,9; Gl = 74%), Torna xak cocHbl oObIKHOBeHHast 1 baHkca —
camuM HU3KUM (¢ = 4,4; Gl = 69%).

Bcero miis cocTaBieHHBIX XPOHOJOTHH BBISBICHO 61 pemepHX JieT, B TOM 4yucie 37 oTpuUaTeNbHBIX (-) u 24
MOJIOXKUTENBHBIX (1). B 17-Tn nepuogax penepHsie rofa BEIABUINCE OAHOBPEMEHHO, 10 KpaifHel Mepe, B ABYX XPOHOJIOTUIX,
a B 3-X — BO BCEX aHATM3UPYEMBIX AEHAPOXPOHONIOTHYECKNX KPUBBIX (1954 -, 1969 - n 2007 +). AHanu3 METEOpPOIOTHUECKIX
HoKa3arenel roja, MpeanIecTBYIOMEro perepHOMY, MTO3BOJISIET pacCMAaTPUBATh TEPMUUYECKHE YCIIOBUS 3MMHETO Iepuoja H
HaJajla BECHBI B Ka4eCTBE JOMHUHHUPYIOMETo (aKTopa, ONpEAeNIsSIoNnero MUPHHY TOIWYHBIX Kojel. IloBwimeHHas
TeMIeparypa, Habmonaemast B sHBape, (eBpajie 1 0COOCHHO B MapTe, CTUMYIHPYET aKTHBHOCTh KaMOHWS y MCCIENYyEeMBIX
BHUJOB COCHBI M CIIOCOOCTBYET IMOSIBICHHIO OOlee IHPOKOTO TOAOBOTO MPUPOCTa B HACTymaromeM ce3oHe. Huskue
TeMIlepaTypbl 3MMHET0 NeproJa M Hayajia BECHbI BBI3BIBAIOT PEAYKIHUIO IPUPOCTA.

3aBHCHMOCTB «IIPHPOCT-KIIMMATy», ONPEeIeNICHHasi HA 0CHOBAaHUHU PETIEPHBIX T'O0B, ITOTBEP)KAACT aHAIN3 KOPPEISLIIH 1
(yHKIUM OTKINKA. B cirygae Temmeparypsl Bo3yxa CTaTHCTHYECKH 3HaYMMBIE Pe3yJIbTaThl HOSBISIIOTCS B 3SUMHUHN 1Tepuoy (¢
Jexabps MpeIIecTBYIOMIEro roja 10 (eBpais TEKyIIero roja), a TakKe B BECEHHHE MeCsIbl — MapTe U anpeie. Kpome sToro,
Juis cocHbl baHkca CyliecTBEHHOE 3HaYEHHE MMEIOT TEPMUYECKHE yCIOBHSA HIONS U aBryCTa, a JUIs COCHBI CMOJHCTOH —
TeMIlepaTypsl aBrycTa. Bosbioe KOJMYecTBO OCAAKOB B MPEIBIIYIIEM JISTHEM CE30HE, a TAKXKe MOBBIIICHHBIC OCAJKH Ha
HepPEeX0/l 3UMbI M BECHBI OKa3bIBAIOT MOJIOKHUTEIBHOE BIMSHUE HA IIHPHHY TOJJOBOTO IPHPOCTA.

KuioueBble ¢J10Ba: MMPHUHA TOMMYHBIX KOJIEL[, METEOPOIIOTHIECKHE YCIIOBUS, COCHA 0ObIKHOBeHHas (Pinus sylvestris L.),
cocua bankca (Pinus banksiana Lamb.), cocHa cmomnuctas (Pinus rigida Mill.), npubpexHbie TIOHBI
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