
Introduction

Disturbances are a common phenomenon in European 
temperate and boreal natural forests [1], and they are generally 
a natural and integral part of forest ecosystems [2]. Natural 
disturbance factors such as windbreak play a major role in the 
successional cycle of natural forests [3] and in plant community 
dynamics [4,5]. In addition, emulation of natural disturbances 
forms part of management practices in many Canadian and 
European forests to ensure a healthy level of biodiversity [6,7], 
since these disturbances can create heterogeneity in plant 
communities [1,8]. Fires can be especially crucial in nutrient 

cycling. Here, large amounts of organically bound nutrients are 
mineralized and enter the soil column [9]. Disturbances also 
deeply influence plant community diversity [10], and accord-
ing to the Intermediate Disturbance Hypothesis, the highest 
diversity can be expected at sites which are neither too rarely 
nor too frequently disturbed [11,12]. This hypothesis relies 
on the assumption that one or a few species will dominate the 
community in the absence of disturbance [13]. Natural distur-
bances contribute to the selective pressure between organisms 
[14], and a mosaic of microhabitats with open stands and areas 
with standing and felled trees can result from small dimensional 
disturbances. Consequently, there is a more resistant forest and 
age structure [15].

The wind disturbance in November 2004 triggered a signifi-
cant change in ecological conditions in a large area of mountain 
spruce forests in the High Tatras. The aim of this work is to 
compare the vegetation four years after the calamity in four 
areas affected by windbreak. It focuses firstly on the influence 
of fire and wind disturbance on vegetation composition and 
secondly on the effects of different management techniques on 
tree regeneration and on the subsequent resurgence of typical 
spruce forest species. Species diversity in the early successional 
stage following creation is also discussed herein.
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Material and methods

Study sites
The mountain spruce forest affected by wind destruction 

is situated in the High Tatras (Fig. 1), in the protected Tatra 
National Park in northern Slovakia. Strong winds, described 
as “bora” winds, affected the southern slopes of the mountains 
below 1300 m a.s.l. [16]. The gusts reached 170 km/h, and af-
fected an area of 12600 ha from villages Podbanské to Tatranská 
Lomnica [17]. Soils on this land are classified as rocky podzolic 
cambisols formed from glacial and fluvoglacial sediments, 
with a soil texture ranging from loam to sandy loam [18]. The 
mean annual precipitation in this area fluctuates from 800 to 
1000 mm dependent on altitude [19] and the mean annual 
air temperature is 2°C, with highest values registered in July 
with minima in January [20]. According to the geo-botanical 
map of Slovakia [21], the potential natural vegetation in this 
area consists of fir forests, fir-spruce forests (Abietion albae, 
Vaccinio-Abietenion p.p.), and spruce forests with Vaccinium 
myrtillus (Piceion excelsae p.p.) mainly in the association Vac-
cinio myrtilli-Piceetum Šoltés 1976. The actual vegetation on the 
study area before the windstorm consisted of planted spruce 
stands 40–110 years old [17] resulting from human intervention 
in previous centuries. The main devastation problem emanated 
from excessive exploitation of previously existing trees and the 
subsequent planting of a spruce monoculture. This human 
intervention lasted from the 16th century to the establishment 
of the national park in 1949. The situation then improved, but 
the main objective of the Tatra National Park trust was to raise 

a green forest without dead wood. This was in accordance with 
knowledge of the best way of managing forests at that time [22]. 

Sampling variants
Following the wind disturbance in the Tatra National Park in 

November 2004, part of the windblown area was left for natural 
development and the predominant part was cleared. In July 
2005, a vast portion of this cleared area was affected by large 
fire which was most likely due to human negligence in attend-
ing an open fire. Based on these combined circumstance four 
sampling variants of approximately 100 hectares were located 
at altitudes of 950–1100 m a.s.l. All sites were located in areas 
of equal wind disturbance intensity, with the similar ecological 
conditions of southern and south-eastern slopes inclined up to 
15 degrees. This provided the following four habitat types after 
the windstorm and fire:

(i) A disturbed site near Tatranská Lomnica was left to 
natural succession without intervention (NEXT – non-extracted 
area). This uncleared area was very rich in many types of mi-
crohabitats where many plant species with different demands 
could thrive. These included a wind-blown bare-soil area, a 
shaded and an open area and an area with decaying logs.

(ii) A site near the village Tatranské Zruby, where the fallen 
trees were entirely extracted and new trees were planted. This 
area was hit by a forest fire in July 2005, which affected approxi-
mately 225 ha of its area (FIR – fired area). This was a surface 
fire, as the root system was not destroyed [23]. Following the 
fire, this area was subjected to the following treatment; planted 
samples of Picea abies, Larix decidua, Pinus sylvestris and Acer 
pseudoplatanus, mowing and subsequent biomass removal.

Fig. 1 Location of study area within the Slovak Republic.
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(iii) A reference site near Vyšné Hágy in an adjacent undis-
turbed area (REF – reference forest). This area was unaffected 
by both wind and fire disturbance, and it served for comparative 
purposes.

(iv) A site near Danielov dom, where the fallen trees were 
entirely extracted and new trees were planted (EXT – extracted 
area). We have recorded seedlings of Picea abies, Pinus sylvestris 
and Larix decidua originated from plantation. This area was 
also cleared by mowing and removal of the biomass.

Vegetation sampling
During the vegetation season in July, August, and September 

2008, twenty-five plots with 200 m2 surface area were chosen 
at random on each of these four areas, and data was collected. 
All plots were then sampled according to the 7-degree Braun-
Blanquet Cover Abundance Scale [24,25]. The presence of 
seedlings was recorded as well. The syntaxa nomenclature was 
as in Jarolímek and Šibík [26], and plant nomenclature generally 
following the checklist in Marhold and Hindák [27].

Data analysis
The main gradients in species composition were analyzed by 

detrended correspondence analysis (DCA) in the CANOCO 
4.5 program package [28]. Canonical correspondence analysis 
(CCA) was used to elucidate the relationships between biologi-
cal assemblages of species and their environment. Two plots 
were determined by DCA analysis as outliers according to the 
first analysis and these were subsequently excluded from the 
data set. The remaining 98-sample dataset was analyzed by 
unimodal methods (DCA and CCA) because the length of the 
gradient exceeded 3 SD units [29]. Data on species coverage 
was transformed from the scale used for sampling into per-
centage values using the median values of the scale intervals. 
The percentage values were then logarithmically transformed 
[y' = log(A × y + C); A = 1.0, C = 1.0] to emphasize the role 
of less frequent taxon in the dataset and to weaken the role of 
the dominant species. Ellenberg indicator values were used in 
DCA as supplementary data for the interpretation of ecological 

differences between the variants [30]. Ellenberg indicator values 
and Shannon-Wiener’s index of diversity [31,32] were calculated 
in the JUICE 6 program [33]. CCA was conducted to analyze 
relationships of the plant communities with environmental 
variables. These environmental variables included: moss layer 
cover, deadwood cover, type of management (NEXT, FIR, REF, 
EXT), information on mowing in the area and the occurrence 
of native and planted seedlings. Supplementary data included 
in this analysis comprised total cover and also the cover of 
tree, shrub and herb layers. Since ecological factors such as 
slope, altitude and aspect were similar in all plots, these factors 
exerted no direct influence on the distribution of the samples 
in the ordination diagram, and they were therefore eliminated 
from analysis. Statistica 8.0 (http://www.statsoft.com) was used 
for correlation analyses and Box and Whisker plot construc-
tion. The Box and Whisker Plots were used for comparison 
of interesting variables in each management type (NEXT, 
FIR, REF, EXT). Box and Whisker plots were constructed for 
environmental variables such as Shannon-Wiener’s index of 
diversity, species’ number, average cover of particular vegetation 
layers and the cover values for the most abundant and impor-
tant species. Tukey’s HSD post-hoc test was used to determine 
the differences between study sites at the significance level of 
α = 0.05. The Spearman rank correlation test (non-parametric 
measure of correlation) was used to determine the correlation 
between environmental variables. Finally, the synoptic table 
was generated in the JUICE 6 program [33], and each taxon 
was characterized by the percentage frequency and index of 
median cover. Species exhibiting greater than 20% frequency 
are marked in bold type.

Results

DCA ordination
The results of DCA analysis of the study plots and species are 

shown in Fig. 2. The plots on the NEXT and EXT management 

Fig. 2 Detrended correspondence analysis (DCA), ordination diagram of the species, supplementary variables and study plots (Species Weight 
Range from 5%). EXT – extracted plots; FIR – fired plots; NEXT – non-extracted plots; REF – reference plots.

http://www.statsoft.com
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areas have the same floristic variability as the reference plot. 
According to the first axis, their distance is very similar to the 
REF. The main differences between EXT and NEXT exist in 
the distribution of the plots on the ordination diagram. In the 
EXT area, the plots are more scattered compared to the NEXT 
and REF. This is most likely due to the similar and more stable 
plant composition on the NEXT and REF. The first axis of the 
highest variability refers mainly to the clear differences between 
the FIR and REF plots, which are most distant from each other. 
Based on the distributions of the Ellenberg indicator values, the 
DCA axis 1 shows significant correlations with habitat attributes. 
Species typical for the association Vaccinio myrtilli-Piceetum, 
such as Picea abies, Vaccinium myrtillus, Maianthemum bifolium, 
Dryopteris carthusiana agg. and Oxalis acetosella are concen-
trated close to the right side of the ordination diagram, while 
species connected with burning, such as Calluna vulgaris and 
the forest clearing vegetation with Chamerion angustifolium, 
such as Salix caprea and Rubus idaeus occur on the left side. 

This assertion is supported by Ellenberg indicator values of 
light and temperature, which negatively correlate with this axis. 
The afore-mentioned heliophilous species recorded the highest 
abundance on FIR plots. The amount of nutrients and the soil 
reaction were also significant factors, with both having a nega-
tive correlation with the first axis. Species with higher demands 
for nutrients and soil reaction are placed on the left side of the 
ordination diagram. Axis 2 explains only a small proportion of 
variability compared to axis 1. The eigenvalues of axes 1 and 2 
are 0.432 and 0.098, respectively. The cumulative percentage 
variance of species data for axis 1 is 20.4%, and for 2 is 25%.

CCA ordination
The results of CCA for species and environmental and 

supplementary variables are presented in Fig. 3. Discrimina-
tion here can be shown in a similar manner to that utilized 
in the DCA diagram. The first axis is positively correlated 
with samples of REF, and also with the presence of species 

Fig. 3 Canonical correspondence analysis (CCA), ordination diagram of the species, supplementary variables, environmental variables and 
study plots (species fit range from 10%). C DW – cover of dead wood; C herb – cover of herb layer; C moss – cover of moss layer; C shrub – 
cover of shrub layer; C total – total cover; C tree – cover of tree layer; EXT – extracted plots; FIR – fired plots; Mowed – mowed plots; Native 
– occurrence of native seedlings; NEXT – non-extracted plots; Planted – occurrence of planted seedlings; REF – reference plots.
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typical in Central-European mountain spruce forests, such 
as Dryopteris carthusiana agg., Gentiana asclepiadea, Oxalis 
acetosella, Picea abies and Vaccinium myrtillus. Open areas (FIR, 
EXT and NEXT) containing the dominant species Chamerion 
angustifolium, Calamagrostis arundinacea and other species 
of forest clearings, including Rubus idaeus and Salix caprea, 
appear on the left side of the CCA diagram. The FIR plots 
are most distant from the reference forest, as occurred in the 
DCA, while the logged plots (NEXT and EXT) are quite close 
to each other. The main difference between these plots is in 
the management treatment. EXT plots correlate with seedling 
planting and biomass mowing. The NEXT plots underwent no 
intervention management so the species regenerated naturally, 
with deadwood cover dominating this site. According to the 

CCA ordination diagram, axis 2 is related to species richness. 
The number of species positively correlating with this axis is 
at the top of the diagram, and here the most extracted and 
non-extracted samples occur. This suggests that the highest 
diversity occurred in these plots. The eigenvalues of axis 1 and 
2 were 0.339 and 0.098, respectively. The cumulative percentage 
variance of species data of axes 1 and 2 is 48.4 % and 62.3 %, 
respectively.

The results of one-way ANOVA
The number of species and the values of Shannon-Wiener’s 

index are highest for the NEXT plots, followed by EXT, REF 
and FIR (Fig. 4a–b). According to the results of Tukey’s HSD 
post-hoc test, the differences in the number of species and 

Fig. 4 Box and Whisker plots representing: Shannon-Wiener’s index of diversity for clusters (a), number of species (b), cover of Calamagrostis 
villosa (c), cover of Calamagrostis arundinacea (d), cover of Oxalis acetosella (e), cover of Vaccinium myrtillus (f). Labels a–c indicate homogenous 
groups according to post-hoc comparisons using ANOVA (Tukey test, P < 0.05).
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Shannon-Wiener’s index values are statistically significant at 
α = 0.05 only between the FIR and NEXT plots and between 
the FIR and EXT plots. Fig. 3c–f and Fig. 4a–f show the covers 
of dominant and interesting species in each management type. 
Based on these results, it can be concluded that species typical 
for Central-European mountain spruce forests, such as Oxalis 
acetosella (Fig. 4e), Vaccinium myrtillus (Fig. 4f) and Dryopteris 
carthusiana agg. (Fig. 5a) mainly dominated in the reference for-
est (REF) and in the non-extracted plots (NEXT). The coverage 
of Calamagrostis villosa and Calamagrostis arundinacea forest 
grasses increased, particularly after the wind disturbance. The 

highest abundance of heliophilous and hygrophilous species 
Calamagrostis villosa is recorded on NEXT, followed by REF 
and EXT, while Calamagrostis arundinacea is most abundant 
on the EXT and NEXT areas. The species most typical for forest 
clearings, Rubus idaeus, Chamerion angustifolium and Salix 
caprea (Fig. 5b–d), dominate mostly on the burned areas (FIR). 
The occurrence of Calluna vulgaris is quite interesting, since its 
abundance significantly increased here after the fire disturbance 
compared to other areas (Fig. 5f). The coverage of individual 
layers is shown in Fig. 6a–f. One quite notable result concerns 
the moss and deadwood layer covers which were significantly 

Fig. 5 Box and Whisker plots representing: cover of Dryopteris carthusiana agg. (a), cover of Rubus idaeus (b), cover of Chamerion angustifolium 
(c), cover of Salix caprea (E1; d), cover of Avenella flexuosa (e), cover of Calluna vulgaris (f). Labels a–c indicate homogenous groups according 
to post-hoc comparisons using ANOVA (Tukey test, P < 0.05).
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higher on uncleared areas compared to other disturbed areas 
(Fig. 5e–f). The percentage frequency and median covers of the 
other species are shown in Tab. 1. The occurrence of Norway 
spruce (Picea abies) in the herb and shrub layer in REF, EXT 
and NEXT plots is similar. Differences between these types 
emanate from the origin of the seedlings, where most seedlings 
in the EXT plots come from planted trees while all trees in the 
NEXT plots have natural origin. Differences are mainly found 
in tree layer coverage, which is significantly higher in the REF 
plots. It is possible to describe the occurrence of Larix decidua 
species in the same manner. This species is the most abundant 

in the reference forest tree layer. Abundant species in the herb 
layer occur only in EXT and FIR, and this was achieved only 
by their planting. Sorbus aucuparia of the Vaccinio-Piceetea 
class is an interesting diagnostic tree. While this species is most 
abundant on the NEXT, EXT and REF plots, negligible cover 
is recorded on the fired plots. While planted species including 
Pinus sylvestris and Acer pseudoplatanus are noted on the FIR 
and EXT plots, a special tree composition is found on the 
burned plots, where species such as Salix caprea, Sambucus 
racemosa and Populus tremula commonly predominate together 
with Larix decidua and Pinus sylvestris conifers.

Fig. 6 Box and Whisker plots representing: total cover (a), cover of tree layer (b), cover of shrub layer (c), cover of herb layer (d), cover of moss 
layer (e), cover of dead wood (f). Labels a–c indicate homogenous groups according to post-hoc comparisons using ANOVA (Tukey test, P < 0.05).
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Spearman’s correlation coefficient between environmental factors
Correlation statistics, using the same environmental fac-

tors as in the ordination analyses, are presented in Tab. 2. 
Observations concerning these data are summarized here. The 
correlation matrix allows us to describe non-extracted plots as 
areas with a large moss layer and deadwood cover. These plots 
are covered entirely by naturally regenerated trees. The FIR 
area lacks moss and deadwood and recorded the lowest values 
of naturally regenerated seedlings and shrub layer cover. The 
FIR plots negatively correlated with diversity with significantly 
lower values than the NEXT, EXT and REF. Similar to the non-
extracted area, the reference forest negatively correlates with 
human intervention from tree planting, mowing and biomass 
removal. The largest coverage of the moss and tree layers 
occurred on REF plots, while the extracted plots negatively 
correlated with moss layer cover. A statistically significant 
positive correlation was recorded between extracted plots, 
mowing biomass and new seedling plantation.

Discussion 

Natural regeneration of the trees
Our study demonstrates the highest abundance of naturally 

regenerated spruce seedlings on uncleared areas, which may be 
a result of increased microhabitats, whereas according to Ilisson 
et al. [34] Picea abies do not prefer any particular microsite. 
One of the key factors responsible for the lower regeneration 
of spruce in the extracted plots is the absence of dead wood, 
since it decreases the pressure of competitive species, for which 
decomposing material is not an optimal substrate [1,35–37]. 
The importance of dead wood in forest regeneration increases 
at higher altitudes [38], and it also maintains the necessary 
microclimate and protects the seedlings from intensive sunlight. 
According to Rusek and Brůhová [39], the extraction of wood 
biomass negatively influences the structure of epigeic fauna 
which is an obligatory function of natural spruce forests. Bače 
et al, [40] reported that the highest number of spruce seedlings 
is found on lying dead wood, followed by seedlings at the foot 
of standing trees and then those on the ground surface. The 
lowest coverage of spruce was recorded on FIR plots. The reason 
for this may be tussock-forming grasses such as Calamagrostis 
villosa and Calamagrostis arundinacea, which regenerate well 
after fire, and their dense roots and an abundance of Chamerion 
angustifolia decrease the survival ratio of spruce seedlings 
[41,42].

Sorbus aucuparia is a diagnostic species in spruce forests 
[26]. This is mainly found in sites with increased light, and it 
also thrives after disturbances [21]. Its regeneration is clearly 
observed on EXT and NEXT plots, but poorly on the FIR areas. 
The regeneration of Sorbus aucuparia could also be affected by 
competition with herbal vegetation [43], or by the presence of 
dead wood which, according to Lonsdale et al. [44], positively 
influences this species.

While species such as Salix aurita, Betula pubescens and 
Populus tremula were the most abundant on the extracted sites 
according to Jonášová and Prach [45], our study shows that 
Betula pubescens is most abundant on the non-extracted plots. 
A possible explanation for this is the affinity of this species 
to damp microhabitats, such as on bare soil under uprooted 
trees. According to Ulanova [1], this microhabitat is typical 
for heliophilous species with small seeds, especially birch, 

Type of management NEXT FIR REF EXT
Number of relevés 25 25 25 25

EA Chamerion angustifolium (E1) 100 2 100 3 32 r 100 2

Avenella flexuosa (E1) 100 2 76 + 100 1 100 1

VP Vaccinium myrtillus (E1) 100 1 88 + 92 1 100 +

Luzula luzuloides (E1) 100 + 64 + 72 + 96 +

VP Maianthemum bifolium (E1) 100 + 72 + 92 + 88 +

VP Calamagrostis arundinacea (E1) 96 2 88 2 36 2 100 2

VP Calamagrostis villosa (E1) 92 2 64 1 96 1 88 1

EA,VP Rubus idaeus (E1) 88 + 92 1 24 r 88 +

VP Picea abies (E1) 100 + 4 r 88 + 88 +

VP Dryopteris carthusiana (E1) 84 + 12 r 76 + 36 r

Betula pendula (E1) 60 r . . 8 r

VP Picea abies (E2) 44 1 . 44 1 32 +

Senecio sylvaticus (E1) 40 r 32 r 8 r 20 r

VP Sorbus aucuparia (E2) 36 + 12 + 4 1 24 +

Urtica dioica (E1) 20 + . 4 r 4 r

Calluna vulgaris (E1) 88 + 96 + . 88 +

EA Salix caprea (E1) 68 + 88 + 12 + 44 r

Sambucus racemosa (E1) 28 r 76 + . 40 +

Veronica officinalis (E1) 32 r 56 + 16 r 44 r

Larix decidua (E1) . 44 + 4 + 24 r

Salix caprea (E2) 4 + 32 + . .
VP Oxalis acetosella (E1) 64 + . 100 1 8 r

VP Picea abies (E3) 20 1 . 88 3 4 +

Homogyne alpina (E1) 28 + . 88 + 4 +

Larix decidua (E3) . . 64 1 8 1

VP Sorbus aucuparia (E1) 52 r 16 r 64 r 64 r

Melampyrum sylvaticum (E1) 24 + . 52 + 40 +

Trientalis europaea (E1) 20 + 4 r 48 + .
VP Gentiana asclepiadea (E1) 4 r . 48 r 4 +

VP Polygonatum verticillatum (E1) . . 28 r .
Vaccinium vitis-idaea (E1) 44 + . 48 + 52 +

Carex species (E1) 28 r 32 + . 48 +

Sambucus racemosa (E2) 12 + 20 + . 48 +

Solidago virgaurea (E1) 4 r 20 r 8 r 36 +

VP Luzula sylvatica (E1) 20 r 28 r 16 r 36 r

Galeopsis tetrahit (E1) . . . 28 r

Potentilla erecta (E1) 4 r . . 24 r

Pinus sylvestris (E1) 4 + 20 r . 20 r

EA,VP Senecio ovatus (E1) 4 r 12 r 4 r 20 r

Betula pendula (E2) 8 + . . 8 +

Populus tremula (E2) 8 + 4 + . .
EA Galium odoratum (E1) 8 r . . .

Senecio vulgaris (E1) 4 + . . .
Huperzia selago (E1) 4 + . . .

EA,VP Dryopteris filix-mas (E1) 4 + . 4 r .
Corylus avellana (E1) 4 r . . 4 r

Hieracium murorum (E1) 4 r 4 r . .
EA Scrophularia nodosa(E1) 4 r . . 4 r

Juncus conglomeratus (E1) 4 r . . .
Epilobium collinum (E1) 4 r . . .
Populus tremula (E1) . 16 r . .
Taraxacum species (E1) . 8 r 4 r 8 r

Hieracium lachenalii (E1) . 8 r . .
Mycelis muralis (E1) 4 r 8 r . .
Hypochaeris radicata (E1) . 8 r . .
Hieracium murorum (E1) . 8 r 4 r .
Linaria vulgaris (E1) . 4 + . .
Acer pseudoplatanus (E1) . 4 + . .

Tab. 1 Synoptic table of compared vegetation types.
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willow and alder. Lässig and Močalov [46] recorded species 
diagnostic of the class Epilobitea angustifolii Salix caprea, only 
on non-extracted sites. Our results are similar, since it was 
present mainly on NEXT plots and to a much less extent on 
EXT plots. However, the greatest abundance of Salix caprea 
was found on FIR plots, most likely due to this species’ affinity 
with nitrophilous habitats. Similarly, the nitrophilous Sambucus 
racemosa has the highest coverage here since it most likely 
profited from nutrients released by the fire. Since the FIR plots 
were returned to earlier succession stages by the fire, this could 
be the reason for the lowest coverage of some typical spruce 
forest species such as Picea abies and Sorbus aucuparia. The most 
abundant seedlings in FIR were the non-demanding pioneer 
tree species of Populus tremula, the resistant Salix caprea and 
the nitrophilous Sambucus racemosa species.

Changes in herb vegetation
Rubus idaeus and Chamerion angustifolium were very fre-

quent on all disturbed plots, and according to reports by Mayer 
et al. [47], Rubus idaeus was the most abundant species follow-
ing soil disturbance. Disturbed soil provides ideal conditions 
for germination of its seeds and also for the vegetative spread 
of this shade-intolerant species. The growth of Rubus idaeus 
is stimulated by nitrates [48], and this is most likely why this 
species has the highest coverage on FIR plots. Chamerion 
angustifolium mainly occupies humus and moisture patches 
with lower nitrogen content. It colonizes new sites due to the 

production of a very high amount of seeds with good spread-
ing capability [42]. This nitrophilous species has the highest 
abundance on sites affected by fire [49]. There are also other 
species such as Calluna vulgaris and Veronica officinalis which 
penetrate calamity sites, and these are particularly noted on 
the FIR site here. The presence of Veronica officinalis on sites 
disturbed by fire was also noted by Marozas et al. [49], who 
recorded this species occurrence only on burned areas rather 
than on control plots. However, some forest species including 
Gentiana asclepiadea, Oxalis acetosella, Dryopteris filix-mas and 
Polygonatum verticillatum were completely absent here. The 
highest abundance of some forest species and species typical in 
nutrient-poor sites such as Oxalis acetosella, Homogyne alpina, 
and Trientalis europaea was registered on the control plots 
(REF), with their next highest abundance on non-extracted 
plots. According to studies by Hannerz and Hånell [50], species 
such as Oxalis acetosella, Maianthemum bifolium and Vaccinium 
myrtillus decrease dramatically in coverage in clear-cut areas. 
In our study, although the Maianthemum bifolium and Vac-
cinium myrtillus species diagnostic of the Vaccinio-Piceetea 
class mainly dominated on the non-extracted areas, they also 
occurred on all management types including the burned plots. 
The dominant grasses Calamagrostis villosa and Calamagrostis 
arundinacea are constant species in spruce forest where they 
spread when the canopy becomes thinner following disturbance. 
The abundance of these grasses increases in proportion to the 
extent of the disturbance.

Species diversity
The lowest Shannon-Wiener’s values were recorded on the 

burned plots where the forest fire caused significant damage to 
the vegetation on this area. Significant differences in Shannon-
Wiener’s diversity values were recorded only in this site, and 
not on the EXT and NEXT plots which were also disturbed. 
Moreover, forest fires alter ecological conditions of affected 
areas [51], and this favors the regeneration of a relatively small 
number of competitive nitrophilous species. In our work, this 
was mainly evident in Chamerion angustifolium. Investigations 
by Ilisson et al. [34] showed that the Shannon-Wiener’s diversity 
is highest in areas with moderate damage then followed by 
heavily damaged areas. The diversity of intermediately disturbed 
forests is higher than in the final succession stages. According 
to Widenfalk and Weslien [52], species diversity is significantly 
higher in the early successional stages than in mature forests. In 
this study, the highest species diversity is in the affected areas 
(NEXT and EXT), followed by the control plots (REF). The 
highest diversity in disturbed areas is most likely caused by 
the richness of microhabitats arising after the disturbance and 
forming beneficial conditions for heliophilous, thermophilous 
and sciophilous species [1].

Conclusions

The most important results of our investigations include 
the extensive influence of fire disturbance on vegetation. The 
burned plots registered the greatest differences compared to 
all other research areas, thus indicating that the fire caused a 
significant alteration in soil and ecological attributes including 
nutrient content and pH. In addition, the fire pushed suc-
cession to its very initial stages. The burned plots were quite 
different to the other research plots in many respects includ-
ing plant composition and species abundance and diversity. 

Type of management NEXT FIR REF EXT
Number of relevés 25 25 25 25

Trifolium montanum (E1) . 4 r . .
Tanacetum vulgare (E1) . 4 r . .
Trifolium pratense (E1) . 4 r . 4 r

Leontodon autumnalis (E1) . 4 r . .
VP Prenanthes purpurea (E1) . . 8 r .

Petasites albus (E1) . 4 r 4 + 4 r

Dryopteris dilatata (E1) . . 4 r .
VP Gymnocarpium dryopteris (E1) . . 4 r .

Asplenium viride (E1) . . 4 r .
Ranunculus repens (E1) . . . 8 +

Epilobium alsinifolium (E1) 4 + 4 r . 8 r

Crepis paludosa (E1) . 4 r . 8 r

Plantago major (E1) . . . 8 r

Campanula patula (E1) . . . 8 r

Hypericum maculatum (E1) . . . 8 r

Pinus sylvestris (E2) . . . 4 1

Cirsium vulgare (E1) . . . 4 +

Acetosa pratensis (E1) . . . 4 +

Cerastium cerastioides (E1) . . . 4 r

Medicago lupulina (E1) . . . 4 r

Persicaria maculosa (E1) . . . 4 r

Stellaria graminea (E1) . . . 4 r

Tab. 1 (continued)

Species are sorted according to their percentage values of frequency in 
the plots with individual management (upper index means median of 
species cover). The species with frequency higher then 20% are shaded. 
EA – diagnostic species for class Epilobitea angustifolii; VP – diagnostic 
species for class Vaccinio-Piceetea.
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Regarding forest management, results from this study didn’t 
provide strong evidence concerning the completely negative 
effect of forest practices on vegetation regeneration after the 
wind disturbance, or better said perhaps those effects were 
not sufficiently highlighted. Despite this deficit, this study 
unambiguously revealed that the wind-disturbed areas here 
were able to regenerate perfectly and sufficiently without human 
intervention, what was evident from of all our analyses. The 
essential difference between extracted and non-extracted sites 
was that intensive forest management, such as the extraction 
of the fallen trees and the planting of new seedlings, requires 
large investment in both financial expense and working capital, 
while the uncleared areas obviously do not. On the base of this 
results, we can conclude, that the natural regeneration is the 
best management practice in the national parks as the quality 
of growing forest is natural and healthy. The economic aspect 
of these results is not negligible, as well.
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