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ANNOTATION 
Kučerová A. (2011): Water régime of Pinus rotundata dominated peatbogs in the Třeboň Basin and 
water relations of their dominant species. PhD. thesis. Faculty of Science, Charles University, Czech 
Republic, 105 pp. 
 
I studied the ecohydrology of the Pinus rotundata dominated peatbogs in the Třeboň Basin 
Biosphere Reserve (i.e., transpiration of the dominant tree species, soil water chemistry, water table 
modelling and water retention capacity). Additionally, long-term vegetation changes after natural 
disturbances such as windstorms, insect infestation and fire were evaluated along with their impact 
on peatbog hydrology. 
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GENERAL INTRODUCTION 
 
Peatlands are estimated to occupy roughly 500 million ha, or 3.8 %, of the global land surface 
(Paavilainen et Päivänen 1995). Peatlands occur primarily in boreal regions where cold and 
waterlogged conditions promote accumulation of soil carbon (Gore 1983, Jeník et Soukupová 1989, 
Dierssen et Dierssen 2001). In central Europe, peatlands represent extrazonal ecosystems (sensu 
Jeník 1995) with a unique species composition similar to that in bogs of boreal regions (Spitzer et 
Jeník 2002). Whereas the northern peatlands form an extensive part of landscape with a strong 
influence on its energetic and material budgets (e.g., Valentini et al. 2000, Vitt et Wieder 2006), the 
peatlands in central Europe represent mostly isolated islands within the zone of temperate forests, 
with a rather marginal role in the whole landscape functioning. Nevertheless, isolated central 
European peatbogs are unique long-term habitat islands which have acted as palaeorefugia during 
the postglacial development (Nekola 1998). They enabled the long-term survival of relic boreal and 
subarctic species in the nemoral forest zone (e.g., relic insect species in Spitzer et Jaroš 1993).  

Peatlands are most fundamentally described by their hydrology. Ombrotrophic bogs depend 
solely upon precipitation for water and associated nutrients, whereas minerotrophic fens also 
receive varying amounts of ground- and/or surface water inputs. These differences in water supply 
underlie large differences in soil chemistry, nutrient availability and plant species composition 
(Dierssen et Dierssen 2001, Chapin et al. 2004). 

Treeles peatbogs are typical especially of Atlantic, precipitation-rich areas, whereas trees form 
an important part of the peatbog vegetation in northern, central and eastern Europe with lower 
precipitation. Specific types of raised bogs are found in these areas: (i) raised bogs with forested 
margins typical of boreo-subatlantic and boreo-subcontinental areas and (ii) so called treed or 
wooded peatbogs (Waldhochmoore sensu Neuhäusl 1972, lesní vrchoviště in Czech) in 
subcontinental and submontaneous areas. Their typical feature is a flat or only slightly 
domed/convex surface. The Pinus rotundata-dominated peatbogs can be regarded as their central 
European analogy. Presence of trees in such peatbogs, especially of the Pinus genus, is considered 
as a natural phenomenon under a continental climate with more or less pronounced dry summer 
periods. Water shortage restricts the growth of Sphagnum plants during summer, which in turn 
favours both the establishment and the growth of seedlings of trees and dwarf shrubs (Neuhäusl 
1972). In general, tree growth is poor, largely due to inadequate aeration of the rooting zone caused 
by persistently high water table. Trees are of limited height (up to 10 m) and form a rather sparse 
tree cover. Nevertheles, the established tree layer has a strong impact on: (i) the site hydrology by 
intensive tree transpiration followed by water-level drawdown and (ii) radiation environment of the 
moss layer (increased shading). Therefore, wooded peatbogs exist under a very specific water 
balance régime which enables both the long-term survival of water-demanding sphagna and, at the 
same time, the establishment and survival of trees, especially of endemic Pinus rotundata*.  

A massive dieback of Pinus rotundata was observed in many peatbogs in the Třeboň Basin in 
the mid-1980´s (Liška et al. 1989, Ferda 1991, Rektoris et al. 1997). Long-term changes of water 
régime are considered to be the most probable reason for this phenomenon. Additionally, the 
decline of Pinus rotundata has been recorded area-wide in other disturbed bogs during the last 30 
years, e.g., in Schwarzwald (von Sengbusch et Bogenrieder 2001), Schweizer Jura (Freléchoux et 
al. 2003) and south-western Poland (Boratyński 1994). This area-wide dieback of Pinus rotundata 
has stimulated several studies of different aspects of Pinus rotundata ecology (e.g., Schmid et al. 
1995, Rektoris et al. 1997, Businský 1998, von Sengbusch et Bogenrieder 2001, von Sengbusch 
2004, Mach 2007, Bastl 2008), also including this thesis.  

* Different synonymas are recently used for Pinus rotundata Link. – e.g., Pinus uliginosa Neumann in 
Poland (Boratyński 1994) or Pinus uncinata var. rotundata in Switzerland (Freléchoux et al. 2003). Pinus 
hartenbergiensis Liebich was found as the correct name for the bog pine at the rank of species by Businský 
et Kirschner (2006). They also proposed the new combination Pinus uncinata subsp. uliginosa Businský 
within the Pinus mugo complex. 
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At the very beginning of my thesis, the only information about the hydrology of the Pinus 
rotundata-dominated peatbogs was published by Neuhäusl (1975). These data were based on the 
field work made in the Velké Dářko peatbog at the beginning of the 1950´s. 

Therefore the general aim of my thesis was to fill this information gap by studying various 
aspects of the water régime of Pinus rotundata-dominated peatbogs in the Třeboň Basin Biosphere 
Reserve (i.e., transpiration of the dominant tree species, soil water chemistry, water retention 
capacity). The study is based on regular monitoring of the water table, water discharge, soil water 
chemistry and precipitation (study sites Červené blato and Žofinka peatbogs). Additionally the 
transpiration of adult Pinus rotundata trees was measured at the experimental plot in the Červené 
blato peatbog (330 ha, 465–475 m a.s.l.).  

Nowadays, the Pinus rotundata-dominated peatbogs represent almost natural (peaty) forests 
surrounded by forest plantations. Long-term vegetation changes after natural disturbances such as 
windstorms, insect infestation and fire are only occasionally reported for central European forests. 
Therefore the evaluation of vegetation changes after disturbances, typical of boreal forests, and their 
impact on peatbog hydrology was also included in this thesis (study site Žofinka peatbog, 130 ha, 
470–475 m a.s.l.). 

The results of these efforts have been summarized in four articles, two of them have already been 
published in an international journal and two of them have been as chapters in reviewed books.   

 
The thesis consists of four original studies: 
 

I. Kučerová A., Čermák J., Nadezhdina N. and Pokorný J. (2010): Transpiration of Pinus 
rotundata on a wooded peat bog in Central Europe. – Trees 24(5): 919–930. 

II. Kučerová A., Rektoris L., Štechová T. & Bastl M. (2008): Disturbances on a wooded 
raised bog – How windthrow, bark beetle and fire affect vegetation and soil water 
quality? – Folia Geobotanica 43: 49–67. 

III. Kučerová A., Rektoris L. & Přibáň K. (2000): Vegetation changes of Pinus rotundata 
peatbog in Žofinka Nature Reserve, Třeboň Biosphere Reserve. – Příroda 17: 119–136, 
Praha. 

IV. Kolmanová A., Rektoris L. & Přibáň K. (1999): Retention ability of Bog Pine peat bog 
ecosystem and its response to downpour precipitation. – In: Vymazal J. [ed.], Nutrient 
Cycling and Retention Ability in Natural and Constructed Wetlands., 177–182 p., 
Backhuys Publ., Leiden. 

 
 
More specifially, in the studies presented I asked following questions: 

1. How high is the transpiration of Pinus rotundata? Is it reasonable to expect unlimited 
transpiration thanks to high soil water saturation? Can the transpiration sums and precipitation be 
used as a proxy for the water table fluctuation?  

2. Has a tree layer break-up any effect on the water régime of a peatbog? What is the perspective of 
the endemic Pinus rotundata in a windthrow–bark beetle affected sites? 

3. What was the post-fire colonization in a P. rotundata-dominated peatbog? Are there any 
differences in vegetation and soil water quality at three differently disturbed peatbog sites: a 
burned site, a windthrow–bark beetle affected site, and an undisturbed P. rotundata bog forest? 

4. What are the basic rules of the water retention capacity in P. rotundata dominated peatbogs? Can 
these peatbogs function as a big sponge catching and absorbing most of the rainfall? 
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RESULTS 
 
The following section is composed of four abstracts from the published articles, regarding the main 
topics of particular chapters of the thesis.  
 
Study I: Transpiration of Pinus rotundata on a wooded peat bog in central Europe  
 
Kučerová A., Čermák J., Nadezhdina N. and Pokorný J. 2010, Trees 24(5): 919-930. 
 
Transpiration of a central European endemic tree species, Pinus rotundata Link, growing in a 
wooded peat bog in the Třeboň Basin, Czech Republic, was studied in 1999–2000. Transpiration 
was measured by sap flow techniques (heat field deformation method) on individual trees and 
scaled up to stand level. The radial patterns of sap flow density showed narrow peaks in the outer 
part of the xylem, sapwood accounted for 47–60 % of the xylem radius and 72–84 % of the xylem 
basal area. Adult trees tolerated well both short-term flooding during the growing season and 
drawdown of the water table to a depth of 60 cm below ground level. The maximum and mean daily 
transpiration rates were 3.0 and 1.8 mm per day, and were thus similar to published data for Scots 
pine. Scaled-up daily canopy transpiration was non-linearly related to potential evapotranspiration, 
demonstrating a substantial limitation of transpiration under high evaporative demand. Therefore, 
the correlation of canopy transpiration with global radiation was significant only when vapour 
pressure deficit (VPD) was below a threshold value of 0.4 kPa. For higher VPD values, canopy 
transpiration remained almost constant, regardless of any further increase in VPD. This indicates 
that there was an upper limit to transpiration in the investigated trees, even under unlimited soil 
water supply. The seasonal total transpiration (25 April–20 October 2000, 180 days) amounted to 
322 mm, or 62 % of the potential evapotranspiration over this period. This canopy transpiration was 
compensated by 319 mm of precipitation. The difference between the accumulated precipitation and 
the accumulated transpiration (derived from seasonal sap flow measurements) closely mimicked the 
seasonal course of the water table. 
 
 
Study II: Disturbances on a wooded raised bog – How windthrow, bark beetle and fire affect 
vegetation and soil water quality? 
 
Kučerová A., Rektoris L., Štechová T. and Bastl M. 2008. Folia Geobotanica 43: 49-67. 

 
A Pinus rotundata dominated peatbog (Žofinka Nature Reserve) in the Třeboň Basin, Czech 
Republic, was affected by “natural” disturbances: wind damage (1984), followed by a bark beetle 
attack, and fire (1994, 2000). Phytosociological relevés were used to document the vegetation. Soil 
water chemistry was compared in three differently affected stands: (1) an undisturbed Pinus 
rotundata bog forest, (2) a windthrow–bark beetle affected stand and (3) a site burned by wildfire in 
2000. The species composition of the windthrow–bark beetle affected sites and the undisturbed P. 
rotundata bog forest differed mainly in the shrub and tree layers. The burned sites were partly 
colonized by anemochorous species (e.g., Taraxacum sp.div.) that disappeared within two or three 
years after colonization. Bare peat was colonized by bryophytes (e.g. Marchantia polymorpha and 
Funaria hygrometrica) typical of the disturbed sites, and by Polytrichum sp. div. and Aulacomnium 
palustre. Most plant species characteristic of the P. rotundata bog forest occurred at the burned 
sites eight years after the fire, but in different abundances. The dominant species of the former 
community – P. rotundata – was mostly absent. Compared with windthrow followed by the bark 
beetle attack, fire promoted rapid expansion of the grass Molinia caerulea. Soil water in both the 
undisturbed P. rotundata bog forest and the windthrow–bark beetle affected sites had a similar 
composition: very low pH, high P concentrations, low concentrations of cations (Ca2+, Mg2+and K+) 
and inorganic nitrogen. The concentrations of soluble reactive phosphorus (SRP) and NH4-N were 
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negatively correlated with the groundwater table. Total P, SRP and NH4-N concentrations in the soil 
water were by one order of magnitude higher at the burned site than those in the P. rotundata bog 
forest, while the concentrations of K+, Mg2+ and Ca2+ were only about two times as high. High 
concentrations of P and N in the soil water found three years after the fire indicated a long-term 
elevated nutrient content in the soil water. 
 
 
Study III: Vegetation changes of Pinus rotundata peatbog in Žofinka Nature Reserve, Třeboň 
Biosphere Reserve 
 
Kučerová A., Rektoris L. and †Přibáň K. 2000. Příroda 17: 119–136, Praha. 
 
The Žofinka bog was recognised as the best preserved locality of the Pinus rotundata bog forest in 
the Třeboň Basin at the beginning of the 1970´s. The development of this locality starting from the 
1970´s and the description of vegetation changes there were the main objectives of the study. 

Unpublished material of the late S. Kučera was used for the evaluation of the vegetation in the 
1970´s. During the vegetation period of 1998, the vegetation mapping was performed to detect 
vegetation changes in the reserve in the last 20 years.  

The previous Pino rotundatae-Sphagnetum community, only marginaly influenced by humans in 
the past, was strongly affected by natural disturbances (wind, insect infestation and partly by fire). 
Especially the most valuable stands of the former Pinus rotundata forest were strongly affected by 
both windbreaks and insects. Canopy break-up resulted in the expansion of ericoid dwarf shrubs. 
Besides the changes in the radiation environment and temperature amplitudes in the understorey, 
the changes of water table fluctuation were also remarkable. Additionally, the accumulation of 
highly flammable dead wood increased the probability of a next fire (first fire in 1994). 

Nowadays, substitutive stands, replacing the previous Pinus rotundata forest, are the main 
vegetation type on the locality. We can conclude that the regeneration of the community is 
succesfull on most of the area. A remaining question is, how strong could the excavation of 
peripheral channels in the 1970´s have affected the vegetation change described above. 

 
 

Study IV: Retention ability of Bog Pine peat bog ecosystem and its response to downpour 
precipitation 
 
Kolmanová A., Rektoris L. and Přibáň K. 1999. In: Vymazal J. [ed.], Nutrient Cycling and 
Retention Ability in Natural and Constructed Wetlands., 177–182 p., Backhuys Publ., Leiden. 
 
The water retention ability of a continental raised bog, as studied in the Červené blato peatbog, 
varies greatly during the year. During winter, the peat profile was saturated, the water table was 
near the surface and most of the rainfall water was discharged from the frozen bog surface; 
consequently the water retention  capacity of the peatbog was very low. During the vegetation 
period, the water retention capacity of the peatbog depended on the actual position of the water 
table. Water table was found to be very sensitive to evapotranspiration, which rapidly depleted the 
moisture content in the upper layers of the peat profile. Therefore the water table declined rapidly 
during periods of low (up to cca 10 mm per week) or zero precipitation. Then the water retention 
capacity became relatively high in periods of deep water table (up to cca 70 mm per week). By 
contrast when the water table was high (e.g., after heavy rains) the water retention capacity was 
very low and almost all precipitation water was discharged from the peatbog. Similarly, the 
retention capacity of liquid precipitation was almost zero during winter. The typical feature of 
summer discharge was the tendency to fall from maximum values to almost zero values within 
relatively brief periods (cca two weeks).  
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GENERAL DISCUSSION 
 
Transpiration of the dominant tree 

Maximum daily transpiration of the largest sample tree (dbh = 30.3 cm) was over 48 kg d-1 on 
cloudless days with high evaporative demand. Considering the relatively small height of P. 
rotundata trees (15 m maximum), their seasonal and daily transpiration rates were high compared 
with published rates for P. sylvestris (c.f. Verbeeck et al. 2007). Nevertheless, although the trees 
were well supplied with water during the whole growing season, the canopy transpiration amounted 
to only 62 % of the potential evapotranspiration. This indicates that there was an upper limit to 
transpiration in the investigated trees, even when the soil water supply was not limiting. Water 
transport efficiency is likely to limit the rate of transpiration in trees, especially in conifers with 
narrow tracheids. However, stomatal conductance may also decline in response to increasing VPD 
of the air (Lambers et al. 1998). Water loss is, therefore, restricted when dry air is likely to imposse 
water stress (Schulze 1986) and transpiration could be constant over a wide range of VPDs. The 
limited transpiration of Pinus rotundata under conditions of high VPD (or advection of dry air) 
could be advantageous in maintaining a suitable water balance in a peatbog. By contrast, several 
wetland broadleaved trees and shrubs like Alnus glutinosa, Frangula alnus, Betula sp. and Salix sp. 
can transpire at high rates even when VPD is high (Čermák et al. 1984; Přibáň and Ondok 1986). 
Thus, long-term changes in tree composition leading towards domination of a peat bog by these 
broadleaved trees/shrubs [III] could accelerate water table drawdown and cause further vegetation 
changes.  
 
Water balance of Pinus rotundata dominated peatbog 

Ombrotrophic peatlands are not common in central or southern Europe. Continental and 
subcontinental climates with prolonged warm and dry summers are not suitable for widespread peat 
formation and bog development. This holds also for the Třeboň Basin with rather low precipitation 
(mean 650 mm/year) and high mean temperatures (mean <8ºC). In the Třeboň Basin peatbogs 
therefore exist within a summer moisture-deficit régime where the evapotranspiration is the 
dominant discharge term. As such, these peatbogs are extremely susceptible to both climatic 
variability and human impact that may upset the tight balance between precipitation and 
evapotranspiration. 

The independent estimate of stand level evapotranspiration (simple soil water budget) was very 
similar to the estimate derived by scaling up the sap flow measurements. For the period of 01 April–
07 August 2000, the value obtained from the soil water budget was 247.6 mm (i.e., 1.9 mm.d-1) and 
from the scaled-up sap flow data it was 257.8 mm (i.e., 2.0 mm.d-1). This means that tree 
transpiration accounts for almost 100 % of the whole-stand evapotranspiration and that the 
(evapo)transpiration of both the herb and the moss layer may be almost negligible. By contrast, 
Grelle et al. (1997) estimated the understorey contribution at 15 % of total evapotranspiration for a 
50-year-old boreal forest in Sweden, and a similar understorey evapotranspiration was estimated by 
Vincke and Thiry (2008) for a Scots pine forest on sandy soil (18–20 % of the stand water use). 
This discrepancy may be partly attributed to the water uptake by the vegetation from the 
unsaturated layer above the water table, not included in the simple calculations of the soil water 
balance. Nevertheless, the dominant understorey species in our experimental plot was Vaccinium 
myrtillus. This deciduous ericoid shrub had probably very low transpiration during April because 
leaf expansion is completed only in the middle of May. Also, the soil was completely covered by a 
moss layer, which hampered soil evaporation. Evaporation from the moss layer may be limited to 
times of maximum water saturation in early April and/or after heavy rainfall. Therefore, we 
conclude that the scaled up tree transpiration data provide a reliable indication of 
(evapo)transpiration from this central European bog forest. 
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Soil water chemistry 

Two interesting results were found for soil water chemistry of the Pinus rotundata bog forest: 
(i) Very low pH (mean 3.42), in comparison with the studies made in similar vegetation (cf. 

Neuhäusl 1975; Bufková et al. 2005), the lowest pH values were measured directly in the P. 
rotundata bog forest in both the Červené blato and Žofinka peatbogs;  

(ii) Rather high concentration of soluble reactive phosphorus (SRP, mean 0.08 mg.l-1 ) even in the 
undisturbed P. rotundata bog forest (cf. Gorham et al. 1984; Tahvanainen et al. 2002; Bragazza 
et al. 2003). 

According to Gorham et al. (1984), very low pH values in soil water are typical of continental bogs. 
The mineralization could proceed here faster than in mountain peatbogs because of the higher 
temperature and wider groundwater fluctuations. Additionally, owing to lower precipitation, the soil 
profile was not intensely washed by rainwater. The mineralization products (especially H+, coloured 
humid acids, but also SRP and NH4-N) could therefore accumulate in the soil water. This 
corresponded with the negative correlation of the concentrations of NH4-N, SRP and total P with 
groundwater table in P. rotundata bog forest. Additionally, high acidity, elevated concentrations of 
dissolved P and simultaneously low availability of cations were probably a consequence of the 
long-term influence of previous drainage. Similarly, von Sengbusch and Bogenrieder (2001) 
connected the acidification of the upper peat horizon and decreased availability of both calcium and 
magnesium with the previous drainage of the P. rotundata forests in the southern Schwarzwald 
Mts., Germany. 
 
Natural disturbances – windthrow, bark beetle, fire 

The Žofinka study site offered an excellent opportunity to study the effects of different disturbance 
factors on initially similar sites. In our study, natural post-fire succession in a wooded raised bog 
was reported for the first time from central Europe. 

In some aspects, the post-fire succession in the P. rotundata bog forest seems to resemble the 
post-clearing succession in mountain spruce forests (Fischer et al. 2002, Jonášová and Prach 2004). 
Fire created large-scale open habitats very suitable for invading species, similar to the habitats 
usually produced by forest clearing. During the post-fire succession, weeds quickly disappeared and 
grasses (Calamagrostis villosa in spruce forests, Fischer et al. 2002, compared to Molinia caerulea 
in the P. rotundata bog forest) started to dominate in the herb layer. Both vascular plants and 
mosses characteristic of the P. rotundata bog forest steadily increased their abundance and cover 
during the post-fire succession. However, the abundance of more light- and nutrient demanding 
species (e.g., Molinia caerulea) increased markedly in comparison with the former P. rotundata 
bog forest. Additionally, abundance of the dominant species of the former community – P. 
rotundata – decreased considerably in favour of P. sylvestris and Betula sp. div.  

Unlike fires, both windthrow and bark beetle outbreak affected directly only canopy trees. A new 
tree layer established itself, consisting especially of young individuals of P. rotundata (partly also 
P. sylvestris), which had already been present in the stands prior to the disturbance (Kučerová, 
unpublished data, similarly Fischer et al. (2002) for spruce in the Bavarian forest). However, new P. 
sylvestris seedlings were more abundant than new P. rotundata seedlings. This resulted in higher 
admixture of P. sylvestris in the new tree layer. The probability of a next introgressive hybridization 
of the P. rotundata population with P. sylvestris can thus increase – the process already documented 
for several P. rotundata populations in the Třeboň Basin (Businský 1998, Rektoris et al. 2003). 
Almost all species of both the herb and moss layers successfully survived (or recolonized the site) 
18 years after canopy break-up. Nevertheless, some species (especially Frangula alnus and Molinia 
caerulea) occurred in higher abundances at the windthrow–bark beetle affected sites. The pits left 
behind by uprooted trees were primarily suitable for the colonization by Sphagnum sp. due to the 
high groundwater table. 
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Dieback of Pinus rotundata and its future 

Pinus rotundata represents one of the stress-tolerant species which can sustain a high water table 
([I], Bastl 2008), high acidity and lack of nutrients (von Sengbusch 2004). All these environmental 
conditions are typical of ombrotrophic peatbogs. Even if the growth of P. rotundata was enhanced 
after drainage (e.g., Freléchoux et al. 2000a, Freléchoux et al. 2000b, von Sengbusch 2004), the 
drainage is invietably followed by the expansion of other more competitive species (Pinus 
sylvestris, Picea abies, Betula pendula). Additionally, after the drainage, the cover of ericoid shrubs 
increased followed by the retreat of vigorous Sphagnum carpet (cf. Domin 1904). The subsequent 
increase of Vaccinium myrtillus cover can limit the seedling recruiment of Pinus rotundata (cf. 
Schmid et al. 1995, Bastl et al. 2009, [III]). Thus, a high groundwater table plays a crucial role in 
the long-term stability of natural P. rotundata populations (Rektoris et al. 1997).  

The intensive hybridization with P. sylvestris is the next serious threat to the population 
survival, especially at lower altitudes (Businský 1998). Additionally, several P. rotundata stands 
have been recently destroyed by wind, heavy snowfall, insect infestation and fire in the peatbogs 
studied [II, III]. Even if the destruction of the tree cover induced a rise of the water table [III], 
which may support Sphagnum growth, the combination of the high proportion of hybrids (Rektoris 
et al. 2003) and the simultaneous low proportion of seedlings makes the future of P. rotundata 
highly uncertain, especially in the Třeboň Basin peatbogs.  
 
 
CONCLUSIONS 

1. The transpiration of Pinus rotundata was similar to published data for Scots pine from 
comparable climatic and soil moisture conditions. There was an upper limit to its transpiration in 
the investigated trees under high evaporative demand, even at an unlimited soil water supply. The 
tree transpiration was the main water flux in the seasonal water balance of this forest stand: the 
difference between the accumulated precipitation and accumulated transpiration (derived from 
seasonal sap flow measurements) closely mimicked the seasonal course of the water table. 

2. Tree layer break-up (due to windthrow and bark beetle attack) had a strong effect on the water 
balance of the peatbog studied – the water table fluctuations were markedly reduced (during the 
vegetation period) due to reduced evapotranspiration. Higher water table during summer along with 
numerous pits left behind by uprooted trees positively affected the regeneration of the moss layer 
(esp.of Sphagnum spp.). The species composition of the moss and herb layers was similar to that 
without wind damage after 18 years of natural succession. The relic stands of Ledum palustre with 
associated insects were not negatively influenced by tree layer break-up. However, the documented 
long-term changes of the tree and shrub layer were most probably partly irreversible (retreat of 
Pinus rotundata combined with an increase in P. sylvestris density).  

3. Occasional fires substantially changed both the species composition and soil water chemistry. 
The species composition of the tree and herb layers changed more after fire than after wind damage. 
At the burned sites, a short-term increase of weeds was followed by a decrease of species diversity 
and an increased dominance of some competitive species (e.g., Molinia caerulea). The 
concentrations of nutrients released by burning (especially N and P) increased markedly in the soil 
water compared to stands affected by both windthrow and bark beetle attack. 

4. Generally, the studied peatbogs are not simply like a big sponge, catching and storing rainfall 
water, and then releasing it in dry periods to brooks, thus smoothing stream flows. Instead, the 
water retention follows similar rules in these peatbogs as in other types of ecosystems, i.e., it was 
low in the case of high soil water saturation while it increased in the case of low soil water 
saturation. 
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