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Dendrochronology of Scots pine (Pinus sylvestris L.)
in the mountains of Poland
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ABSTRACT: In the area of southern Poland 33 pine stands growing at the altitudes from 350 to 1,200 m above sea level in the
Carpathian and Sudeten Mountains were selected as the object of studies. Thirty-three site chronologies of tree-rings, representing
each site were constructed. A decrease in the similarity of dendrochronological signal chronologies occurred with the growing
distance between the sites. Correlation and convergence analysis and the Principal Components Analysis permitted the differentiation
of two chronology groups: the Western (Sudeten) and the Eastern (Carpathian) ones. On the basis of the site chronologies regional
chronologies for the Carpathian and Sudeten Mts. were constructed. The investigated pines from the two regions manifested great
sensitivity to winter frost and in summer to the deficiency of heat and water. The chronologies were strongly integrated by the pattern
of air temperatures, being differentiated by the pluvial conditions.
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The width of tree-rings changes from year to year sup-
plying valuable information concerning the history of tree
growth. The obtained data evidence the effect of various
factors on the process of plant growth. In the course of re-
search the records are usually limited to agents significantly
affecting the life processes of the investigated organisms.
In natural conditions of forest life elements of the habitat
exert a complex effect on the organisms. Relations between
them, however, make it difficult to examine them.

The climatic factor is the reason of the annual varia-
tion in the width of tree-rings while the remaining fac-
tors of a different character disturb the climatic signal
contained in the chronologies of the radial increments
of trees. Moreover, the tree-rings — climate associations
are dynamic phenomena, which depend on the character
of factors limiting the growth of plants and on the varied
sensitivity of individuals to them.

The subject of the present work was the similarity of the
annual thythm of changes in the width of rings of the pines
growing in the regions of the Carpathian and Sudeten Mts.
The sensitivity of trees to the meteorological conditions
in the mountains was also investigated.

MATERIAL AND METHODS

The pine (Pinus sylvestris L.) is classified as the species
of moderately cool continental climate. In Poland it grows

from the Baltic Sea to the Tatra Mts., where it reaches the
altitude of about 1,500 m above sea level (BORATYNSKI
1993). In the mountains of southern Poland numerous pine
stands of local provenance are encountered though they
grow there outside the limit of the compact distribution
range of the species.

The area of Poland is characterized by the climate of
transitory character with the confronting continental air
masses from the East and marine ones from Western
Europe. The Sudeten Mts. situated further to the west
manifest many traits of the marine climate. There the an-
nual total precipitation is much higher and its distribution
throughout the year is more uniform. In the Carpathians
the summer is slightly warmer while the winters are de-
cisively more severe (Fig. 1).

The investigation was conducted on 33 selected sites.
They were located in single-species or mixed pine stands
at age over 80. In the Carpathian region 28 and Sudeten
5 sites were established (Fig. 1). They represented habitats
of the foothills and of the lower tree line, lying in the belt
between 350 and 1,200 m above sea level (Table 1).

On cach site covering the area of a few to tens of the
stand ares 20 predominant trees with properly developed
crowns, without any signs of disease or damage were se-
lected. Two core samples were taken from the trunk using
the Pressler accretion borer at the height of 1.3 m above
the soil. An increment meter was used in measuring annual
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33

MBF — mountain broadleaved forest, MMBF — mountain mixed broadleaved forest, MCF — mountain coniferous forest, UBF — upland broadleaved forest, /' — coefficient of variability,

Autocor. 1 ord — autocorrelation of the 1% order

tree-rings exact to 0.01 mm. The correctness of measure-
ments, the time synchronization of the dendroscales (time
series of the width of rings in the core increment) and
the degree of their homogeneity were tested using the
COFECHA program (HOLMES 1986).

The calculation of actual chronologies of tree-rings
widths for each site and their indexation (the tree-rings
series being standardized and autoregressively trans-
formed) were carried out using the ASTRAN program
(COOK, HOLMES 1986). The chronology stresses the
traits characteristic of the dendroscales (tree-rings series)
of individual trees included in its composition. At the
same time it weakens the individual variability associ-
ated with the effect of poorer environmental factors. On
the other hand the aim of the indexation was to manifest
the climatic signal contained in the chronologies. The
period 1921-1990 was analyzed. The actual and indexed
chronologies were characterized, their basic statistics
being given in Table 1.

In order to determine the degree of similarity of the
chronologies the calculation concerned the nonparamet-
ric percentage of agreement (%GL) (ECKSTEIN, BAUCH
1969) between the actual chronologies and the coefficients
of linear correlation (k) between the indexed chronologies.
For the separation of homogeneous groups of pine stands
Principal Components Analysis (PCA) (HOLMES 1986)
was carried out for 33 indexed chronologies.

In estimating the climate — increment associations the
linear correlation method and the multifactor regression
method — “response function” (FRITTS 1976) were used.
The climatic data i.e. monthly air temperatures and month-
ly total precipitation were derived from the Carpathian
and Sudeten meteorological stations of the Institute of
Meteorology and Hydrology (Fig. 1).

RESULTS

At each site the dendroscales (tree-rings series) of
trees were highly and statistically significantly (P < 0.01)
correlated, showing a high similarity of their increment
responses and indirectly manifesting their adaptability to
the site conditions (ERMICH et al. 1976).

The pattern and statistics of the actual chronologies
show that in the tree populations investigated the occur-
ring numerous individual traits are associated with their
age, the history of the stand, and the trophy of the habitat
(Fig. 2, Table 1).

The mean ring widths of the individual actual chronolo-
gies were characterized by the great variation (the range
of 0.21-2.76 mm). This also concerned the coefficients
of variability (V) of average increments (the range of
17-61%). Also the coefficients of autocorrelation of
the 1% order varied at a fairly high level (in the range of
0.35-0.94) and the mean sensitivities from 0.11 to 0.19
(Table 1). In spite of the great variability of the analyzed
traits the actual chronologies were characterized by a high
conformity in the direction of the annual variation of tree-
rings widths (Fig. 2). The conformity was observed in the
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Fig. 1. Map of the investigated sites and meteorological stations in the area covered by the studies; climatic diagrams of the Sudeten

and Carpathian Mts.

pattern of chronologies and in the values of the nonpara-
metric percentage of agreement (%GL) (Fig. 3).

The high conformity of the dendroscales and chro-
nologies shows the occurrence of an over-regional factor,
whose dominating and at the same time identical impact
on the activity of cambium was noted in the trees from all
the investigated sites.

The standardized chronologies have a uniform mean
value of increment indices equal to one. The coefficients
of variability of the mean indices of the individual chro-
nologies are fairly low (the range of 11-20%). A similar
observation was made in the case of autocorrelation
indices (the range from 0.14 to —0.20), while the mean
sensitivities of these chronologies slightly (by about
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1930 1980 1970
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Fig. 3. Dependence between the value of the nonpa-
rametric percentage of agreement (%GL) between
the chronologies and the distance between the sites.
The GL value = 65% for the significance level (P
<0.01)

Fig. 4. Site index chronologies of the ring widths

10%) increased in relation to the sensitivities of the actual =~ mutual conformity in the annual changes of the value of
chronologies (the range 0of 0.12-0.21) (Table 1). The stan-  increment indices (Fig. 4).

dardized chronologies became more stable after the trends The correlation coefficients (k) and the nonparametric
and long-term fluctuations were eliminated from them, the ~ percentage of agreement (%GL) calculated between the
annual variability of tree-rings (the climatic signal) being  chronologies show the greater similarity the nearer were
stressed thereby. They are also characterized by a high  the sites located. Though it was observed sometimes that
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Fig. 5. Dependence between the value of the correla-
tion coefficient (k) between the chronologies and the
distance between the sites. The value of k= 0.3017
for the significance level (P < 0.01)
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Fig. 6. Scattering of the value of the
first and second eigenvector in Principal
Components Analysis (PCA) for 33 in-
dexed chronologies
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the sites lying at a distance of even more than 500 km
showed a highly significant statistical (P < 0.01) simila-
rity (Figs. 3 and 5).

On the basis of the value of nonparametric percent-
age of agreement (%GL) and correlation coefficients
(k) between the site chronologies and also of the results
of PCA for indexed chronologies two groups of sites
were segregated (Fig. 6). PCA showed that the first

; .I~.-II-'I-, w

vector described the common variability of all 33 stan-
dardized chronologies in 50%. At the same time it in-
tegrated the investigated chronologies. The other vector
only described 8% of the total variability of the chro-
nologies and with respect to its value the chronologies
were segregated into two distinct groups. The first group
included 5 chronologies from the Sudeten Mts. and the
other 28 chronologies from the Carpathians (Fig. 6).

A s
T .-_._Il"l"lr it
J | Lil -.'. i, i r -\.'1'.-'-. oy
0 T ¥ T ¥ ¥ T T Fig. 7. Regional tree-ring chronologies for
1IR30 IS0 Q1970 1990 1910 19 pUSD 1000 0 the Carpathian Mts. (heavy line) and Sudeten
Years Mts. (llght line)
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The distribution of the investigated chronologies is as-
sociated with the latitude. This statement varies from the
results of similar studies conducted on pine in the territory
of Spain. There the factor differentiating the variability of
pine chronologies were the moisture conditions connected
with the elevation of pine sites above sea level (RICHTER
et al. 1991).

In a further stage of the study on the basis of the local
chronologies two regional tree-rings chronologies and
also index regional chronologies were constructed for
the Carpathian and Sudeten Mts. The pine chronology
for the Carpathian Mts. included 168 years (from 1830
to 1998) and for Sudeten 161 years (from 1835 to 1996)
(Figs. 7 and 8).

Both regional tree-rings chronologies show a very
distinct similarity. The calculated the nonparametric per-
centage of agreement (%GL) between them was 76.7%
(P <0.01) for the period 1837-1996. Similarly the coef-
ficient of linear correlation (k) calculated for the regional
standardized chronologies was high, amounting to 0.58
(P<0.01).

Carpathians

0J

Correlation and multiple regression coefficient

|
II"I

Fig. 8. Regional indexed chronologies for the
Carpathian Mts. (heavy line) and Sudeten Mts.
(light line)

1550

It was found on the basis of linear correlation and mul-
tiple regression analysis (response function) that the warm
and wet vegetation period (April-August) preceded by the
warm autumn and winter (October—March) beneficially
affected the radial increment of Carpathian pines (Fig. 9).
In the Sudeten Mts. dry and cool summer (June—August)
and severe winter (January—March) limited the activity of
pine cambium there (Fig. 10). In both regions dry Septem-
ber of the current vegetation period favourably affected
the prolongation of cambium activity in the trees (Figs.
9 and 10). Thus, the thermic-pluvial conditions prevail-
ing not only in the vegetation period but also in months
preceding it have a modelling effect on the activity of
cambium expressed by the width of three-rings developed
by the pines. It should be stressed that in pine active cam-
bium divisions occur also in September.

The meteorological conditions of the individual years
(1921-1990) were confronted with the respective val-
ues of main components calculated in PCA. On this
basis it was determined that the factor described by
the first vector was the thermal air condition integrat-

Muﬂm

Fig. 9. Response function (line) and corre-
lation function (bars) for Carpathian’s pines

Rainfall Temperature
for the months from August (A) of the year
preceding the increment to September (S) of
1 the current vegetation period. Black bars and
ASOMND T FMAMI T AS ASOHDEI FMAMI TASR white squares — values significant for the level

Months
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Sudeten

03 Rainfall

Fig. 10. Response function (line) and
correlation function (bars) for Sudeten’s
pines for the months from August (A) of
- the year preceding the increment to Sep-
tember (S) of the current vegetation peri-
od. Black bars and white squares — values
significant for the level (P <0.01)

Temperature

Correlation and multiple regression coefficient
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Months

ing the chronologies investigated. This meteorological
element has the strongest impact on cambium activity
in pine, being also stable on fairly large areas. The ele-
ment differentiating the chronologies and described by
the second vector was the atmospheric precipitation.
The pluvial factor is usually more territorially varied
than the temperature and in wet mountainous regions
(Fig. 1) affects the increment in a less measure than the
thermal air conditions.

CONCLUSIONS

The elaborated tree-rings chronologies permitted the
determination of tree sensitivity to the meteorological
conditions in a given region. Also they can be used in
various dendroclimatological studies.

The similarity in the rhythm of changes in the width of
tree-rings depends on the distance between the investi-
gated stands. The more distant they are, the lower is the
similarity. In the present study it was frequently main-
tained at a high, statistically significant level (P < 0.01)
even in the case of distance exceeding 500 km.

The pines growing in wet and cool areas of the Car-
pathian and Sudeten Mts. are sensitive to similar elements
of the climate. Their radial increment is chiefly limited by
severe winters and dry or cool summer.

The separated two groups of site chronologies are to
a greater degree associated with the latitude than with
altitude above sea level. Atmospheric precipitation was
the element differentiating the investigated chronologies
while the thermal air conditions played the integrating
role, strongly and similarly modelling their variability.

SUMMARY

The work concerned the problem of similarity in the
rhythm of changes in the tree-rings width of pine (Pinus
sylvestris L.) growing in the area of the Sudeten and Car-
pathian Mts. in southern Poland (Fig. 1). The investiga-
tion covered 33 pine stands lying between 350—1,200 m
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above sea level (Table 1). Site chronologies of the annual
wood increment were constructed for the all investigated
stands (Figs. 2 and 4) and two regional’s chronologies
(Figs. 7 and 8).

The decreasing similarity of the dendrochronological
signal chronologies was recorded with the growing dis-
tance between the sites. Though in many cases a high simi-
larity of the chronologies was found even with the distance
exceeding 500 km (Figs. 3 and 5). Analysis of the linear
correlation, nonparametric percentage of agreement, and
Principal Components Analysis permitted the segregation
of two groups of the chronologies: the western and the
eastern ones (Fig. 6). The first group was composed of the
chronologies of Sudeten pines and the other of Carpathian
chronologies. The division was of geographical character
(along a parallel of latitude). The thermal factor integrated
the chronologies while the pluvial conditions differenti-
ated them, this being reflected in the varied increment
response of pines in the two regions.

It was determined on the basis of correlation analysis
and response function that mild winter and of warm and
wet vegetation period favourably affected the width of
tree-rings of the investigated pines. Also dry and sunny
weather in September prolonged the vegetation, benefi-
cially influencing the radial increment (Figs. 9 and 10).
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Dendrochronologie borovice lesni (Pinus sylvestris L.) v polskych horach
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ABSTRAKT: Dendrochronologicka Setfeni byla provedena ve 33 borovych porostech lokalizovanych 350-1 200 m nad mo-
fem v jiznim Polsku, v hordch Sudetské a Karpatské soustavy. Z vysledki letokruhovych analyz byly sestaveny ¢asové fady
reprezentujici vybrané porosty. Z jejich porovnani je zfejmy pokles podobnosti fad se vzristajici vzdalenosti lokalit. Na zakladé
statistického zpracovani ziskanych dat (analyzy hlavnich komponenttl, vypocty korelaci a konvergenci) byl prokazan rozdil
mezi dvéma skupinami dendrochronologickych fad — zépadni (Sudetska pohofi) a vychodni (Karpatska pohoti). Pro obé tyto
oblasti pak byly sestaveny reprezentativni dendrochronologické fady. Vysledky Setieni prokazaly vysokou citlivost sledovanych
borovych porosti k zimnim mraztim a nedostatku tepla a vlahy v 1ét€. Zavislost vysledkut letokruhovych analyz a teploty byla

vyrazné ovlivnéna dest'ovymi srazkami.

Kli¢ova slova: borovice lesni; dendrochronologie; dendroklimatologie

Prace se zabyva problémem podobnosti zmén tloustky
letokruhtt borovice lesni (Pinus sylvestris L.), rostouci
v oblasti sudetskych a karpatskych pohoti v jiznim Polsku
(obr. 1). Vyzkumna Setfeni byla provedena ve 33 borovych
porostech v nadmoiskych vyskach 350—1 200 m (tab. 1).
Pro vSechny vybrané lokality byly sestaveny reprezenta-
tivni letokruhové fady (obr. 2 a 4) a rovnéz tak i pro obé
z4jmovée oblasti (Sudety a Karpaty, obr. 7 a 8).

Z vysledkt je zfejmy pokles podobnosti letokruhovych
fad se vzristajici vzdalenosti lokalit, i kdyz v nékterych
pfipadech je podobnost fad zfejma i pfi vzdalenosti nad
500 km (obr. 3 a 5). Linearni korelace, neparametrické
testy shody a analyza hlavnich faktorti prokazaly odlis-

nost dvou skupin letokruhovych fad — zapadni a vychodni
(obr. 6). Prvni skupina je v sudetskych a druhé v karpat-
skych pohotich. Rozdéleni dendrochronologickych fad ma
geograficky raz podle zemépisné délky. Teplotni faktor ma
spojujici charakter, srazkovy faktor charakter rozd¢lujici.
Oba odrézeji rozdilné piirtsty borovic ve dvou zminénych
geografickych regionech.

Na zéklad¢ vysledki korelacni analyzy bylo konstato-
vano, ze mirné zimy, tepla a vlhka vegetacni obdobi pfi-
znive ovliviluji tloustku letokruhti sledovanych borovic.
Rovnéz suché a teplé pocasi v zafi prodluzuje vegetacni
dobu a pfiznive se projevuje na radidlnim ristu borovice
lesni (obr. 9 a 10).
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