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Abstract

The study was aimed at determining age of the trees growing on the cupola of the Stazki raised bog, at elucidating
anthropogenic influences on the water level in the bog, and at exploring effects of climatic factors on the Scots pine
tree-ring growth. Samples were collected, with Pressler’s bores, from 22 Scots pines and from a single downy birch.
Tree-ring widths, measured to 0.01 mm, were used to compile — based on the classic dating methods — 143-year-long
(1862-2004) ST chronologies. The mean annual ring growth was found to amount to 0.87 mm. The chronologies obtained
served as a basis with which to analyse signature years and response functions. Dendroclimatological analyses produced
no unequivocal and statistically significant results: the signature years and response function analyses failed to identify
a dominant factor and to indicate unambiguously a period during which the weather components studied exerted a decisive
effect. Because of that, no climatic reconstructions were carried out. The ring growth of the trees examined was found
to be primarily affected by changes in the water level, related mainly to anthropogenic activities. The bog evolution
(drying-out and Scots pine invasion) was reconstructed with this assumption in mind. A mass appearance of trees on the
bog was dated in the last decade of the 19th century. It was assumed to be triggered by draining operations carried out
to lower the water level so that peat could be cut. As a result, conditions amenable for the bog surface to be colonised
by Scots pine seedlings were created. The data obtained are important from the standpoint of raised bog conservation;
they demonstrate that pine forests growing on raised bogs are not always the final stage of succession, but provide

evidence of disturbed bog hydrology and serve as an indicator of a perturbed bog ecosystem.

Key words: peatland, Baltic bog, dendrochronology, tree-ring width, Pinus sylvestris L., environmental
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Introduction may be a final stage of a bog evolution or may be

Ombrotrophic, dome-bearing raised bogs in Po-
merania are remarkable objects of interest for the peat-
land science. They are located in the continental cli-
mate, on the southernmost boundary of cupola-bear-
ing raised bog range in Europe (Jasnowski et al. 1968;
Kulczynski 1949). The contemporary form of the Bal-
tic bogs is a result of anthropogenic effects (Herbi-
chowa 1998). Most of these bogs have been dehydrat-
ed; although some of them have been subjected to peat
cutting, the operation was seldom carried out on a large
commercial scale. Some of the bogs have retained their
natural state, as determined by the process of peat
mass accumulation (Tobolski 2003, 2004).

Tree growth on peat bogs depends on the climate
and on anthropogenic activities. Peatland forestation

caused by anthropogenic transformation of bog sur-
face by, e.g., peat cutting or surface drainage. Such
activities result in lowering of the water level in the
peat profile, whereby peat-forming species disappear
and disintegration of the peat mass prevails over its
accumulation. The oxygenated, top peat layer (ac-
tothelm) increases in thickness, thereby rendering the
bog surface amenable for colonisation by tree seed-
lings. Because of the high tolerance to acidity and
moisture exhibited by the Scots pine, it is a most fre-
quent dominant of tree stands growing on raised bogs.

Most of the raised bogs in Poland are overgrown
by Scots pine stands that show an admixture of birch.
It is not clear to what extent dehydration has influenced
the succession; mechanisms of tree response to climatic
changes have not been elucidated, either. These ques-
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tions have not been addressed in Poland yet. Tree ex-
pansion onto peatland surfaces has been observed also
in Canada (Pellerin and Lavoie 2003) and in the Jura
Mountains in Europe (Freléchoux ef al. 2003).

Knowledge on the origin of Scots pine woods is
of a key importance for active protection of Baltic
bogs. In this context, dendroecological research pro-
vides information on causes of hydrological perturba-
tions and makes it possible to date the onset of tree
expansion. Knowledge of past events in ecosystems
is indispensable for understanding their functioning
and should be utilised whenever peatland conserva-
tion plans are developed and relevant methods select-
ed (Willis et al. 2007; Willis and Birks 2006).

Dendrochronological analysis provides informa-
tion on tree age and tree-ring width. That information
serves as a groundwork for concluding, within a peri-
od covered by a chronology analysed, on climatic and
other (e.g., changes in hydrology or habitat fertility,
increased air pollution, insect gradation) effects on
tree-ring width.

This study was aimed at determining age of the
trees growing on the dome of a raised bog and at ex-
ploring effects of man-made water level changes and
climate on the Scots pine tree-ring width.

Area of study

The study was carried out in the Stazki Baltic bog,
located in northern Poland (54°25' 27.7"N; 18°05'
00.2"E) ca 35 km south of the Baltic Sea coast (Figure
1). The site is located on a morainic plateau (214.6 m
highest elevation), in the Kashubian Lakeland, 13 km
NW of Kartuzy. The plateau is bordered from the south
and from the west by River Leba, River Dgbica dis-
charging into the Leba near Staniszewo and border-
ing the pleateau from the east. The north-western rib-
bon depression is filled with waters of the lakes
Mitoszewskie and Lewinko; the lakes give rise to
Stream Mtyndéwka that discharges, near the village of
Bolszewo, into Stream Goscina that empties into Riv-
er Reda west of Wejherowo. The morainic plateau is
an important watershed. It is slightly undulating and
features numerous drainless depressions filled with
Sphagnum mires. Many of them have been destroyed
due to unregulated peat cutting, and transformed into
meadows or heathlands (Szafranski 1961).

Methods of study

In July 2005, Pressler’s bore samples were collect-
ed from 22 Scots pines and from a single downy birch
growing on the dome of the Stazki raised bog. The
bore was applied at the height of 1.3 m from the bog
surface. Tree-ring width was measured at the Univer-
sity of Szczecin’s Laboratory of Climatology and Ma-

Figure 1. The setting of the study site. Legend: 1, contour
lines; 2, village; 3, ditch and stream; forest; 4, Stazki bog; 6,
coring site

rine Meteorology. The measurements were performed
with dendrochronological research equipment using
the DendroMeter software (Mindur 2000). Each meas-
urement, taken to 0.01 mm, was performed twice, from
the part closest to the heart wood towards the bark.
A total of 2,856 tree-ring width measurements were
performed. In addition, the presence of very narrow
rings and those with very wide or diverse late wood
was recorded. Once high values of statistical indica-
tors (linear correlation coefficient k, values of t, and
coefficient of Gl) were obtained, and following the
analysis of dendrochronological curves, effected with
the TRRAD module of the TREE RINGS package
(Krawczyk 1995, Krawczyk and Krapiec 1995 and Den-
droGragh, Walanus 2001), results of the two measure-
ments were averaged to obtain a growth sequence for
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the tree examined. Subsequently, classical dendro-
chronological techniques were used to compile a lo-
cal chronology which was tested with the COFECHA
software (DPL package; Holmes 1983, 1994). The chro-
nology was indexed (ARSTAN module of the DPL
package; Holmes 1983, 1994) to highlight annual var-
iability in tree-ring width and to eliminate long-term
trends (e.g., a centennial trend). The compiled chro-
nology served as a basis with which to carry out
dendroclimatological analyses of signature years and
response functions.

A signature year is a year in which the tree-ring
width of most trees in a population is clearly different
(wider or narrower) than that found for neighbouring
years (Huber and Giertz-Siebenlist 1969, cf. Kaennel
and Schweingruber 1995, Meyer 1997-1998). Signature
years are an important component of dendrochrono-
logical dating and play a significant part in identify-
ing and eliminating errors in dating of individual sam-
ples. Anomalies in ring growth curves emerge during
years with favourable or unfavourable external factors,
meteorological conditions being most important and
variable among them. The signature year analysis was
conducted with the aid of the TCS software (Walanus
2002); signature years were determined from a mini-
mum of 10 trees, the minimum concordance threshold
being set at 90%.

The climate vs. tree-ring width relationship was ex-
plored also with the response function analysis (Fritts
1976, Fritts and Xiangding 1986, Blasing ef al. 1984,
Cook and Kairiukstis 1992, Zielski and Krapiec 2004).
The response function can be calculated with the DPL
software package (RESPO module; Holmes 1983, 1994).
The procedure involved multiple regression analysis with
mean monthly air temperature and monthly sum of pre-
cipitation as independent variables. RESPO calculated
the linear coefficient of correlation (k), the coefficient
of multiple correlations (r), and the multiple regression
coefficient of determination (r?). Effects of climatic fac-
tors on tree-ring width sequence were studied with the
response function analysis for 16-month-long periods
(from June of the previous year to September of the cur-
rent year). Positive coefficients of linear (k) and multi-
ple (r) correlations correspond to a simultaneous in-
crease in the tree-ring width and the meteorological
factor analysed. Negative values of k and r evidence a
decrease in the values of meteorological components
in parallel with increasing tree-ring width. Value of 12
determines the strength of the relationship between the
climatic factors and the tree-ring width.

Climatic data

Dendroclimatological analyses involved meteoro-
logical data collected over 1948-2002 (55 years) by the

Institute of Meteorology and Water Management
(IMWM) station in Legbork, 26 km NW of the Stazki
bog. According to division of Poland into climatic
regions carried out by Guminski in 1948, the area of
study is located in the Pomeranian climatic region (IV)
(Kondracki 1988), with the mean annual temperature
of +7.7°C (range: +6.0 to +9.1°C), January as the cold-
est month with the mean temperature of —1.2°C (range:
-9.4 to +4.3°C), and July as the warmest month with
the mean temperature of +16.8°C (from +14.2 to
+20.4°C). The growing period is shorter than 200 days.
The multi-annual mean sum of precipitation for Lgbork
is 690 mm; it drops to 422 mm in extremely dry years
(e.g., 1964) and increases to 956 mm in extremely wet
years (e.g., 1998). February and March are the driest
months (36 mm precipitation), July being the wettest
one (with an average precipitation of 86 mm). The snow
cover persists for up to 75 days, but due to the ad-
vection of polar-marine air masses, the temporal and
spatial distributions of the snow cover are very vari-
able.

Chronology

The ST chronology was compiled for the Scots
pines growing on the St'aki bog. The chronology is
made up of 13 individual dendrograms (selected from a
total of 28 tree-ring width curves by the classic den-
drochronological dating procedure) representing the
period 1862-2004 (143 years). The year 2005 was not
included into the chronology because the growing pe-
riod of that year was in progress during sampling,
whereby the entire ring width accretion could not be
recorded. The mean tree-ring width was found to amount
to 0.87 mm. The shortest growth curve, SS5, was 29
years long, the longest (SS14) being equal in duration
to the ST chronology (143 years) (Figures 2 and 3). The
number of rings in a tree cannot be equalled with the
age of that tree (although the rings were counted from
the heart wood), because the samples were collected
1.3 m from the bog surface, so the actual age was as-
sumed to be equal to the number of rings plus 7-10
years. There is a large age difference (38 years) between
the oldest tree sampled (SS14), its age estimated at
about 150 years, and younger (e.g., SS9) trees. The
chronology shows a number of years (1920, 1940, 1954,
1964, 1969, 1976, 1987, 1993, 2000, and 2003) with tree-
ring widths lower than the mean; there are also years
marked by peaks on the dendrograms (1932, 1939, 1953,
1958, 1967, 1972, 1985, 1991, and 1997) (Fig. 2). The
downy birch individual sampled was about 40 years old
(the ring count amounted to 30).

The chronology compiled served as a basis for
dendroclimatological analyses and environmental re-
constructions.
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Results

Analysis of signature years

Analysis of signature years revealed 23 years in
which more than 90% of the trees showed an identical
growth trend (14 years with a negative trend and 9 years
with a positive one) (Figure 4). As there are no detailed
meteorological data for the period prior to 1948 at the
Lebork station, no weather analysis could be carried out
for the following signature years: 1936, 1937, 1939, 1940,
1943, and 1945. In the remaining years entered into
calculations, analysis of relationships between the tree-
ring width on the one hand and the temperature and
sum of precipitation on the other produced no unequiv-
ocal results. Negative years were present in those pe-
riods with a mean annual temperature much lower than
the multi-annual mean (e.g., 1987, the coldest year in
the period 1948-2002) and in very warm years (e.g.,
2000). The temperature history of winter months varied
as well: there were years with a very severe and long
winter (e.g., 1964) and with a warm winter (e.g., 1993
and 1998). The temperature in spring and summer could
be higher or lower than the mean. The annual sum of
precipitation in negative years was found to vary from
422 mm (the driest year during the period of observa-
tions) to 956 mm (the maximum annual sum of precipi-
tation). Similarly, the sum of precipitation in spring-
summer varied from year to year. Similarly, no signifi-
cant tree-ring width versus climate relationships were
detected in the positive signature years.

Analysis of response function

The coefficient of determination (r?), which reflects
the strength of association between air temperature and
precipitation on the one hand and the tree-ring width
on the other, was high (62%). However, the correlation
and regression coefficients were rather low. With respect
to temperature, most of the coefficients (except those
for March) were negative, which means that low tem-
perature in the preceding year of growth (particularly
in July and September) as well as in spring of the cur-
rent growth season produced a positive effect in the
tree-ring width (Figure 5). Most important was the tem-
perature of September of the preceding year: the high-
er the mean temperature of September, the poorer tree-
ring width growth in the following season (a relation-
ship discernible also in the signature year analysis).
Correlation and regression coefficients of the relation-
ships involving atmospheric precipitation were mostly
positive. Two seasons produced particularly distinct
relationships: autumn (September and October) of the
preceding year and spring (March-May) of the current
one (Figure 5). High precipitation in those periods en-
hanced the formation of wide tree rings.

-0.3

Figure 5. Results of response function analysis for: T, air
temperature; P, precipitation. Bars depict correlation coeffi-
cients; lines show regression coefficients; significant values
are indicated by grey bars and solid black squares. Coeffi-
cient of determination: r*= 62%

Environmental reconstructions

The tree-ring width vs. climate relationships pro-
duced by the dendrochronological analysis of the Scots
pine growing on the Stazki bog were not useful in cli-
mate reconstructions. The analyses of signature years
and response functions failed to identify a dominant
factor and to unequivocally determine the period dur-
ing which the weather components considered were
of a key importance for the relationships analysed.

Trees growing on raised bogs with very high
ground water levels are less sensitive to weather con-
ditions, compared to trees growing on mineral soils.
Due to their shallow root system, the trees of the first
group respond to variations in the ground water level
which, in drained bogs, is primarily dependent on an-
thropogenic activities. The lack of ground water level
data for the Stazki bog makes it impossible to analyse
the water level vs. tree-ring width relationship in de-
tail. It was, however, assumed that a drop in the
ground water level (bog drainage) would correspond
to a positive phase of the tree stand growth, while a
rise in the ground water level would result in inunda-
tion of the root system (thus restricting oxygen up-
take) and would correspond to a negative growth
phase.

The reconstruction was based on the analysis of
the chronology obtained as well as on the 9-yr mov-
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ing average of the chronology, the latter allowing to
identify periods of varying growth trends (Figure 6).

1859 1869 1879 1889 1899 1909 1919 1929 1939 1949 1959 1969 1979 1989 1999

Figure 6. Indexed local chronology for the Scots pine at Stazki
(black line) and the 9-year moving average (bold black line)

The first solitary individuals of Pinus sylvestris
L. appeared on the Stazki bog in the middle of the 19*
century (e.g., the tree denoted SS14), which could
have resulted from an initial attempt at changing the
bog hydrology. A mass appearance of the Scots pine
occurred in the last decade of the 19" century as a
result of drainage, i.e., lowering of the ground water
level in aid of peat digging, which resulted in the con-
ditions amenable for pine seedlings to colonise the
bog surface. The 9-yr moving average showed a grow-
ing trend of the pine chronology in the years 1910-
1920 and 1929-1937, which indicates the presence of
a population of young trees with a high growth po-
tential, developing on the bog. In subsequent years,
both the chronology and the 9-yr moving average
became less variable, evidencing hydrological stabil-
ity. It was only in the early seventies of the 20" cen-
tury that a small increasing trend of the growth curves
was observed, evidencing bog draining processes to
have been resumed. The last 30 years of the chronol-
ogy show a slight reduction of the tree-ring growth
and a negative trend of the 9-yr moving average, in-
dicating that the drainage ditches were being over-
grown and the hydrological conditions were reverting
to/regencrating the original status as a result of the
cessation of anthropogenic activities.

Discussion and summary of the results

The Scots pines growing on raised bogs are very
variable, but — as a rule — are smaller, have shorter
needles, twisted trunks, and irregularly shaped cano-
pies, compared to the pine growing elsewhere (Roos-
aluste 1982). The first are the so-called famine tree
forms, resulting from the permanently high ground
water level, high water acidity, and the lack of miner-
als in the soil substrate (Freléchoux et al. 2003, Frelé-
choux et al. 2000, Ladnelaid 1982, Linderholm et al.

2002). Those trees pursue an ecological strategy which
is different than that adopted by trees growing on
minerals soils: their growth is very slow and the life
span much longer (Freléchoux et al. 2003).

Numerous authors associated the presence of
Scots pine under such unfavourable habitat conditions
with bog overdrying, caused by natural processes or
— particularly frequently during the last 200 years —
by anthropogenic effects (Freléchoux et al. 2003,
Freléchoux et al. 2000, Jasnowska and Jasnowski 1981,
Jasnowski ef al. 1968, Sarkkola et al. 2004). Drainage,
most often associated with peat digging, results in
overdrying of the upper layers of the peatland, arrested
swamping process and peat accumulation, and marshy
soil formation (Jasnowski ef al. 1968). One to three
decades after draining, the habitats transformed that
way become colonised by the Scots pine, a pioneer-
ing species (Freléchoux et al. 2003, Sarkkola et al.
2004).

Annual width increments of the Scots pine grow-
ing on raised bogs are small; they show strong growth
depressions and frequently miss rings (Cedro in press,
Obidzinski et al. in press, Linderholm et al. 2002). The
tree-ring width vs. climate relationships are weaker and
equivocal, compared to those revealed by trees grow-
ing on mineral soils (Ldénelaid 1982, Linderholm 2001,
Linderholm ef al. 2003, Obidzinski ef al. in press). The
major factor affecting the tree-ring width is a change
in the ground water level, the change being driven by
climate when under normal conditions and by anthro-
pogenic activities when on drained bogs (Freléchoux
et al. 2003, Linderholm 2001, Linderholm et al. 2003,
Obidzinski et al. in press).

Our results cast a new light on the history of
Pomeranian raised bogs and show the tree stand on
the Stazki bog cupola to be primarily anthropogenic
in origin. Even if the Scots pine had been present there
in the past, their origins would have been different,
primarily related to climate changes. Drainage of and
peat digging in the Stazki bog resulted in the Scots
pine expansion. Global warming cannot be ruled out
as a factor contributing to the lowering of the ground
water level in the bog, but anthropogenic activities
obliterated a potential signature of the climate.

The data obtained are important for raised bog
conservation and demonstrate that pine forests grow-
ing on raised bogs are not always the final stage of
succession, but may be evidence of a change in hy-
drological conditions of the bog and of a disturbance
in the peat bog ecosystem. Our current research (La-
mentowicz et al. in prep) is aimed at unravelling, with
the aid of stable isotopes and biotic proxies (pollen,
plant macroremants, and testate amoebae), relation-
ships between dendroecological record and peat ac-
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cumulation rate. Stratigraphic data will help us to pin-
point, with a high accuracy, the moment at which the
disturbance of the bog began, and to address the
question of the history of forests on the bog itself and
in its vicinity.
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JTEHIPODKOJOTHUS COCHbI OBBIKHOBEHHOM HA BEPXOBOM TOP®SITHUKE
CEBEPHOM MOJBIIN 3A MOCJEJIHHUE 100 JET: BJIUSHUE YEJTOBEKA U

I'MAPOJIOI'MYECKHUE U3MEHEHUSA

A. Heapo, M. JIameHTOBHY

Pesome

C 22-yx coceH, IpOU3paCTAIONIUX HA BepXxoBoM TopdsHuKe « CTOXKI», B3SATHI KEPHEI ¢ MoMoIkio Oypasa [Ipecciepa.
[lupuHa rogoBBIX NPUPOCTOB M3MepsAIach ¢ TOUHOCTHIO A0 0,01 MM, mociie 4ero, MCHOJb3ys KJIaCCUUYECKUE
JICHJPOXPOHOJIOTHIECKUE METOMbI, OblIa MOCTPOEHAa XPOHOJOTHS, SIBIISIOMIASNCS OCHOBAHUEM JUIs ICHAPOKIMMATHYECKUX
QHAJM30B: PEHEpHBIX JeT M (QYHKIMU OTKINKa. XpoHomorus, obo3HadenHas cumBoiaoM ST, HacumteiBaeT 143 roma (1862-
2004), cpeauss mWKUpUHA FOJJOBOIO MPUPOCTA AEPEBLEB, BXOAIIUX B €€ cocTaB, focturaetr 0,87 MM. 3aBUCUMOCTH «IIPUPOCT-
KJINMaT», TOJy4eHHbIe Ha OCHOBAaHUHU JIEHIPOXPOHOJIOIMYECKOr0 aHalu3a COCHBI, HE MO3BOJISIIOT OAHAKO IPOU3BECTU
KIMMaTHYeCKyl0 peKoHCTpyKIuio. C IIOMOIIBIO aHAIN30B PENEepHBIX JeT W (QyHKIUU OTKIMKAa HE yHaloch 0OHapyXHUTh
JOMUHHUPYIOMHUHA (HAaKTOp W OJHO3ZHAYHO ONPESIUTHh MEPUOJ 3aBUCHMOCTH JJIS HCCIEIyeMBIX 3JIE€MEHTOB IOTOJIBI
(Temmeparypbl Bo3ayxa U aTMOC(epHBIX 0caakoB). [TTaBHBIM (aKTOPOM, MPERONPEASISIONNM IIHPHHY TO0BOTO HPUPOCTA,
SBJIIOTCS U3MEHEHUS YPOBHS I'PYHTOBBIX BOJ, 3aBUCHUMbIC IPEUMYLICCTBEHHO OT JEATENbHOCTH ueioBeka. OTIesIbHbIe
JIepeBbs MOSBIIIMCH Ha Top(siHuKe B cepeanHe XX Beka, Toraa kak MX MaccOBOE PacIpOCTPaHCHNE OTMEUAeTCs B MOCIIEHEeH
nexane XIX Beka U eCTb OHO PE3y/NbTAaTOM IIPOBEIECHHOM MENIMOpallud U CHUXCHUSA YPOBHS I'PYHTOBBIX BOJA B CBS3H C
paspaborkamu Topda, a TeM CaMHUM BO3HHKHOBEHHUS YCJIOBHH, CIIOCOOCTBYIONIMX 3aCEJIEHUIO TTOBEPXHOCTH TOP(SHHUKA
cessHamMu cocHsl. [locnennue 30 JIeT XpOHOJOTHH - 3TO HEOOJNBIIOE YMEHBIIEHNWE MUPHHBI TOJOBBIX HPHPOCTOB H
OTPHLATENIbHBINA TPEH]T CKOJIb341IeH CpeHel, yKa3bIBalolUe Ha 3apacTaHie MEIHOPALMOHHbBIX KAHAIOB U YPOBHS BOJbI, UTO
SBISICTCS PE3YIbTaTOM MPEKpallleHHs BMEIIATe/IbCTBA YEI0BeKa.

KaroueBble cjioBa: BEpXOBOI TOP(SIHHUK, AEHAPOXPOHOIOTHS, IIMPUHA TOJOBOTO mpupocta, Pinus sylvestris L.,
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