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Abstract: The current paper presents investigation of the response of silver firs growing near Kartuzy
in the Kaszubskie Lakeland (northern Poland) to climate conditions. Tree-ring width series covering
the period of 1914-2006 were built and correlated with mean monthly temperature and precipitation.
Dependence of the growth of analysed firs on winter, early spring and summer temperature was ob-
served. Significant relation to moisture availability was detected only for January. Analysis of pointer
years revealed similar driving forces that were obtained by correlation and response function investi-
gation. Reaction of firs from the Kaszubskie Lakeland to the extreme climate conditions is analogous
to the exhibited at other sites of this species localised outside distribution range. Investigated silver
firs seem to have found favourable growth conditions in the studied area and further cultivation of
that species in northern Poland may turn to be successful.
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1. INTRODUCTION

Silver fir (4Abies alba Mill.) plays an important role in
Polish forestry because of its high productivity and wood
quality. It is a typical mountain species and constitutes, as
the main component, forests growing in southern part of
Poland (Raport..., 2008). However, forest utilisation
caused that nowadays this species grows all over the
country, even outside its natural range. Even though sil-
ver fir very often forms pure, single-species stands, it is
rather considered, together with oak and beech, as a valu-
able addition in Scots pine-dominated stands.

Climate conditions are considered as one of the most
influential factors that shape tree-growth (Fritts, 1976).
Knowledge about effect of the climate on the cambium
activity and, as a result, on the growth of trees is of a
great importance for silviculture. Such knowledge is
especially crucial in terms of silver fir decline observed
within natural range of that species in the 1960s and
1970s (Jaworski, 1982; Eckstein et al., 1983; Dobrowol-
ska, 1998) and slight improvement reported in the follow-
ing decades (Zawada, 2001). Analysis of the adaptation
of a given species to the environmental conditions outside
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its natural distribution range may also serve as an assess-
ment tool for validation of its possible introduction or
further exploitation in such areas. Tree-ring studies with
their year-to-year resolution prove to be a very efficient
method of such analysis as the width of the annual radial
increment is the direct effect of the tree-environment
interactions (Schweingruber, 1996).

The aim of the study was (i) to establish tree-ring
chronology of silver fir from the Kaszubskie Lakeland
and (ii) to analyse the influence of the climate conditions
on tree-ring widths.

2. STUDY SITE

The study was performed in the Kaszubskie Lakeland
(northern Poland). The site was located outside the natu-
ral distribution range of silver fir in Poland (Fig. 1). The
Kaszubskie Lakeland characterises with variable land-
scape and environmental conditions. Significantly higher
elevation (Wiezyca — 329 m a.s.l.) and relative heights
constitute abounding relief, which, in addition, is full of
lakes and wetlands connected to the impermeable bed-
rock. Glacial and fluvioglacial origin of the bedrock re-
sults in poor, often acidulated soils whose scattered dis-
tribution influences the vegetation in a great measure
(Kondracki, 2000). Mean annual temperature calculated
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Fig. 1. Localisation of the study site (dot) and natural distribution range
of silver fir in Poland (grey area).

for the period 1901-2002 comes to about 7°C. In July
temperature exceeds 16°C, while in January drops
slightly below —2°C. Average annual sum of precipitation
reaches 630 mm, of which 273 mm falls in the growing
season (Fig. 2). Scots pine accompanied by Norway
spruce and common beech dominates in the species struc-
ture of local forests.

3. MATERIAL AND METHODS

In summer 2007 we selected four sampling plots in
the Kartuzy Forest District. Silver fir participation in the
species structure of chosen stands varied from 10 to 40%.
No fir seedlings or understorey was observed. On each
plot we sampled 15 dominant and healthy trees from the
upper canopy layer. One increment core per tree was
taken with Pressler borer from the breast height. The
cores were sanded with finer grade until the tree-ring
boundaries became easily distinguishable and then
scanned. CooRecorder image analysing program was
used for ring width measurements.

Individual series were cross-dated visually with the
CDendro software and statistically basing on Gleich-
lacufigkeit coefficient (Kaennel and Schweingruber,
1995) and t-value (Baillie and Pilcher, 1973). Synchroni-
sation was also checked with COFECHA program
(Holmes, 1999). Series that showed dissimilarity were
excluded from the further analysis as they might limit the
common signal exhibited by the chronology. In total, 57
individual tree-ring width series were used in the chro-
nology formation.

To pronounce climate-related high-frequency signal
and to minimise long-term age-dependent trend, each
tree-ring width series was standardised in the two-staged
detrending using the negative exponential curve and the
linear regression function (Cook and Kairiukstis, 1990).
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Fig. 2. Mean monthly temperature and precipitation in the Kaszubskie
Lakeland (1901-2002).

Then the indices were prewhitened using an autoregres-
sive model and averaged across all series using bi-weight
robust mean estimation (Cook, 1985). Standard and re-
sidual chronologies were computed with CRONOL soft-
ware (Holmes, 1999).

Response function concept (Fritts, 1976) was used to
investigate the influence of climate on the growth of
silver firs in the Kaszubskie Lakeland. Residual chronol-
ogy was correlated with climate descriptors. The analysis
included thermal and pluvial conditions spanning from
June of the previous growth year to September of the
current growth year. DendroClim2002 (Biondi and Wai-
kul, 2004) software was used for correlation and response
coefficient calculations. Climate data used in the study
originates from the CRUTS 2.1 set and spans 1901-2002
period (Mitchell and Jones, 2005). Mean monthly tem-
perature and precipitation values were obtained for the
grid with the centre at 18.25°E, 54.25°N.

Extreme environmental factors are supposed to cause
the formation of exceptionally wider or narrower ring as
the response to unusually favourable or unfavourable
conditions (Schweingruber et al., 1990). Pointer year
analysis was carried out to determine situations where
conspicuously smaller or larger increment occurred. A
given year was considered as a pointer one when it was
shown by more than 80% of at least 10 trees. Calculations
of the pointer years were performed on raw data in
WEISER program (Gonzales, 2001).

4. RESULTS

Chronologies

Chronologies covering the period of 1914-2006 were
built for silver fir from the Kaszubskie Lakeland (Fig. 3).
Mean tree-ring width of the individual series constituting
the regional chronology was quite similar ranging from
2.43 to 3.07 mm. Mean sensitivity within the entire data
set equals 0.282 and running Expressed Population Signal
(EPS; cf. Cook and Kairiukstis, 1990) index value ex-
ceeded 0.95 over the whole analysed period. This con-
firms the confidence that further growth-climate analyses
for the developed chronologies represent the population
signal quite well.
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Fig. 3. Standard chronology and pointer years of silver fir from the
Kaszubskie Lakeland. Black boxes indicate negative and white —
positive pointer years.

Response to climate

Growth of silver firs in the Kaszubskie Lakeland
turned to depend on the thermal conditions in winter-
early spring period and in summer (Fig. 4a). Positive
significant correlation between tree-ring widths and tem-
perature was found for the period from January to March
and for July of the current growth year. In turn, negative
relationship with temperature was observed for July and
August of the previous growth year as well as for June of
the current growth year. Pluvial conditions were impor-
tant only in winter and the water surplus in that time
seemed to be unfavourable factor for silver fir growth.
Significant negative correlation was observed for precipi-
tation only in January (Fig. 4b).

Pointer years

In total, 11 relatively narrow or wide rings were found
in chronologies of silver fir growing in the Kaszubskie
Lakeland (Fig. 3). Only two of them (1959, 1965) were
found to be the positive pointer years. Profound decrease
in growth was observed especially in the 1940s when
three pointer years (1940, 1942 and 1947) were deter-
mined. Also in the 1960s analysed trees experienced
greater impact of limiting environmental conditions. Two
negative pointer years (1964, 1969) were found out in
that period. Year 1956 has a specific character as all of 57
analysed trees reacted in the same way producing very
narrow ring.

5. DISCUSSION

Presented values of the mean annual diameter incre-
ment of silver firs from the Kaszubskie Lakeland are
slightly lower than those obtained for trees growing in
north-eastern Poland (Koprowski and Glawenda, 2007).
In turn, they are similar or merely higher than values
reported for stands growing within the natural distribu-
tion range of that species in southern Poland (Feliksik,
1993; Szychowska-Krgpiec, 1999). Analysed stands seem
to fully recover from the decline phenomenon occurring
in the 1960s, which is indicated by the increasing growth
in last 20 years (Fig. 3). Analogous trend observed for
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Norway spruce (Koprowski, 2008) and Sitka spruce (Fe-
liksik and Wilczynski, 2008) may indicate that northern
Poland is characterised by favourable vegetation condi-
tions for species that are outside their natural range there.

Feliksik (1990) and Feliksik et al. (2000) reported the
role of winter temperature in the process of silver fir
wood formation. Koprowski and Glawenda (2007)
showed the importance of the thermal conditions in Feb-
ruary and March on the growth of silver fir outside its
natural distribution range as well. Also negative character
of 1940, 1942, 1947 and 1956 pointer years indicates the
unfavourable influence of coldness on growth of analysed
silver firs. Winters in these years were very severe. In the
studied region mean monthly temperature reached —9.7°C
(January 1942) and —10.1°C (February 1947), while aver-
age values of this parameter for the period 1901-2002
are —2.2°C and —1.7°C respectively.

Many papers report drought vulnerability of silver firs
and this fact results very often in precipitation reconstruc-
tion (Buentgen et al., 2009; Hoffmann et al., 2009). Pre-
sented results do not show any significant response of
analysed trees on water deficit. Koprowski and Gtawenda
(2007) observed similar relationship for firs in north-
eastern Poland and explained this fact with enough
amount of moisture in the habitat and optimal distribution
of water delivery during the year. Gaussen-Walter cli-
mate diagram (Fig. 2) for the Kaszubskie Lakeland does
not show any possible lack of moisture over the year and
especially growing season. However, what does not occur
in wider temporal scale, may sometimes appear in case of
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Fig. 4. Correlation (bars) and response (line) coefficients between tree
growth indices and mean monthly temperature (a) and total monthly
precipitation (b). Grey bars and squares indicate values significant at
P=0.05; p - previous year.
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individual years. In 1956, apart from severe winter, ana-
lysed firs also suffered from extremely low precipitation
in May (ca. 20% of long-term average). Also 1964 and
1979 negative pointer years seem to be caused by insuffi-
cient moisture availability. However the absence of the
widely recognised drought years (e.g. 1992 reported by
Drobyshev et al., 2008) may support the concept of Ko-
prowski and Glawenda (2007).

6. CONCLUSIONS

Dendroclimatological investigation on silver fir grow-
ing in the Kaszubskie Lakeland showed that thermal and
pluvial conditions of winter have the most important
influence on the radial growth of this species in that re-
gion. Analysed trees seem to prefer warm and dry winters
and, to some extent, warmth in early spring and the mid-
dle part of the growing season. Studied stands seem to
have recovered from the growth decline of the 1960s
exhibiting constant increase in diameter increment over
last 20 years. Similarity in growth rate between trees
growing inside and outside the natural distribution range
may indicate good adaptation of silver fir to the environ-
mental conditions of the Kaszubskie Lakeland. This, in
turn, may support the idea of further attempts of this
species cultivation in northern Poland.
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