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Scots pine monocultures are very common forests 
in Central Europe. Some of them are introduced in 
fertile sites and constitute secondary communi-
ties for broadleaved or mixed forests (Zerbe 2002; 
Węgiel et al. 2009). Studies conducted in these 
phytocoenoses are mainly focused on directional 
transformations resulting from broadleaved forest 
regeneration. Except for secondary Scots pine com-
munities in fertile sites, Scots pine forests of Central 
Europe are diversified in terms of the geographical 
locality connected with the influence of oceanic 
or continental climate (Roo-Zielińska, Solon 
1997; Matuszkiewicz 2001). Furthermore, they 
are often intensively managed, with clear-cutting, 
site preparation, artificial re-planting and inten-

sive thinnings. It has been recently suggested that 
Scots pine communities on mineral, oligotrophic 
sites undergo both directional transformations 
(Matuszkiewicz et al. 2007) as well as short- and 
long-term fluctuations (Solon 2010a,b). However, 
the general model of changes resulting from cycli-
cal management practices is still unclear. There are 
few papers related to vegetation or species associ-
ated with developmental stages of managed stands 
(Fałtynowicz 1986; Łaska 2006; Stefańska 
2006; Stefańska-Krzaczek 2011).

In general, human disturbance in commercial 
forests determines biodiversity and community 
succession (Christensen, Emborg 1996; Uotila, 
Kouki 2005; Widenfalk, Weslien 2009). Clear-
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cutting and soil preparation cause sudden changes in 
site conditions, which are optimal for ruderals (Halp-
ern, Spies 1995; Dyguś 1997), but unfavourable for 
later-successional forest species (Moola, Vasseur 
2004). However, artificial regeneration shortens the 
period of non-forest microclimate, which can benefit 
the regeneration of species common to forest under-
stories. Crown closure can initiate the development 
of forest microclimate, but the conditions are addi-
tionally modified by pre-commercial thinnings which 
reduce tree density and competition between trees 
and improve species richness (Thomas et al. 1999; 
Widenfalk, Weslien 2009). 

Differing patterns of species diversity can be 
found in forests across temporal scales: diversity 
may be highest in the early stages of succession, 
may increase with succession or be equally high 
during both the early post-disturbance and climax 
stages (Roberts, Gilliam 1995). It depends on 
many factors, including the site quality gradient, 
the nature and intensity of the disturbance and the 
component species. 

I propose that in the Scots pine monocultures 
on oligotrophic sites, understorey species diversity 
will be greater after clear-cutting and re-planting 
than in the oldest stands, because of simultaneous 
colonization and regeneration. After crown closure 
and during stand maturation species diversity will 
probably decrease because of the disappearance 
of non-forest species, but a decline in the general 
species number will be counteracted by the occur-
rence of late-successional species. Based on these 
hypotheses, the following questions were posed: 
(I)  How does species diversity change after clear-

cut logging and re-planting, and then during 
subsequent stand maturation? 

(II)  What are the main stages of succession? 
(III)  What are the indicative species of early-suc-

cessional and late-successional stages? 

MATERIAL AND METHODS

Study area and management practices

The research plots were located throughout the 
northern part of Bolesławiec Forest Inspectorate, an 
11,507 hectare tract in the south-western part of Po-
land (15°29'29''E 51°21’20''N). In the region, the cli-
mate is suboceanic with total annual precipitation of 
about 600 mm and mean temperature 2.4°C in Janu-
ary and 14.5°C in July. The prevailing winds are from 
the west and south-west. The terrain is gentle and 
the highest altitude does not exceed 200 m a.s.l. Soils 

are composed mostly of fluvioglacial and glacial de-
posits or aeolian sands. Fifty-five percent of the total 
area is covered by oligotrophic forest sites (low nu-
trient level) with moderate supply of soil moisture 
(mesic), classified as fresh coniferous forest. The 
sites are associated with podzols built of loose sands. 
A potential forest association of that site type is Leu-
cobryo-Pinetum and it was identified in the studied 
sites (Stefańska-Krzaczek 2011). The Scots pine 
stands of the study area were planted at a density 
of 10,000 saplings per ha on clear-cuts after log-
ging slash was removed and which were ploughed 
to prepare the soil for tree replanting. Developing 
Scots pine stands were tended with pre-harvest 
cuttings. The early pre-commercial thinnings were 
performed in stands before crown closure to remove 
some undesirable trees. The late pre-commercial 
thinnings were performed in stands after crown clo-
sure (> 10 years old) to reduce density to the number 
of 6–7,000 stems·ha–1. Commercial thinnings were 
performed in older stands (> 20 years old) to support 
the growth of a proper number of high quality trees 
distributed regularly in a stand. During the early 
commercial thinning, approximately 15 m3·ha–1 was 
removed and during the late commercial thinnings 
this number reached 20–25 m3. Finally there were 
about 400 stems·ha–1 in pre-logged stands.

Field work

The study sites were categorised according to 
the following age classes: Ia (≤10 years old) in-
cludes young stands before crown closure where 
early pre-commercial thinning is performed once; 
Ib (11–20 years old) includes young stands of inten-
sive height growth after recent crown closure where 
late pre-commercial thinning is performed once; II 
(21–40 years old) includes young stands of inten-
sive height growth where early commercial thinning 
is performed once in each decade; III (41–60 years 
old) includes maturing stands after the culmination 
of height growth where late commercial thinning is 
performed once in each decade; IV (61–80 years old) 
includes pre-mature stands of increasing biomass 
where late commercial thinning is performed once 
in each decade; and V (81–120 years old) includes 
mature stands before logging. 

Each age class was represented by 20 circular 
plots, each with a radius of 8 m. All plots were 
placed in randomly selected stands growing in ho-
mogeneous site conditions. Soil diagnoses for these 
sites, based on soil characteristics, were taken from 
the current management plan. The plot locations 
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were chosen randomly with the exclusion of eco-
tones and stand gaps. The cover of the forest floor 
species (including vascular plants, bryophytes, li-
chens and young trees up to 0.5 m of height) was 
recorded using the following seven-point scale: 
(5) cover from 75.1 to 100.0%., (4) cover from 50.1 
to 75.0%, (3) cover from 25.1 to 50.0%, (2) cover 
from 10.1 to 25.0%, (1) cover from 1.1 to 10.0%, 
(+) cover up to 1.0%, (r) one specimen per plot 
(Braun-Blanquet 1951, adapted). 

Data analysis

To examine the changes of biodiversity after 
clear-cut logging and during stand maturation, a 
set of attributes was analysed, namely: number of 
species, species cover, Shannon index (H), partici-
pation of species synecological groups. 

The mean number of all species, the separate tree, 
vascular plant, bryophyte and lichen categories 
were calculated for each age class. The normality of 
distribution was checked by the Shapiro-Wilk test. 
In order to compare the average number of vas-
cular plant, bryophyte and tree species, the Krus-
kal-Wallis test with multiple comparisons as post 
hoc tests was conducted. To compare the average 
number of lichen species and all species, analysis 
of variance and Fisher’s least significant difference 
test as post-hoc test were conducted.

The mean percentage cover for vascular plants, 
bryophytes, lichens and young trees was calculated 
for each age class. The mean cover values for par-
ticular scale points were: (5) 87.5%, (4) 62.5%, (3) 
37.5%, (2) 17.5%, (1) 5%, (+) 0.5%, (r) 0.1%. The mean 
cover of all species was not presented, because the 
vascular plant layer, as well as the bryophyte-lichen 
layer was estimated separately in the field and the 
sum of all species per plot might exceed 100%. The 
differences between means were tested using the 
Kruskal-Wallis test with multiple comparisons as 
post hoc tests. The non-parametric statistics were 
performed because the cover was estimated and 
expressed in scale points, not measured. 

The Shannon index (H) (Magurran 1988) was 
calculated according to the formula: 

H = Σ(ci /C) × ln (ci /C) 

where: 
ci – mean cover for i species on a plot,
C – sum of mean covers for all species. 

The mean cover values for particular scale points 
were: (5) 87.5%, (4) 62.5%, (3) 37.5%, (2) 17.5%,  
(1) 5%, (+) 0.5%, (r) 0.1%.

The Shannon index was calculated for each plot, 
and the mean values for each age class were then 
calculated. The differences between means were 
tested using the Kruskal-Wallis and multiple com-
parisons as post hoc tests. 

Moreover, to assess the turnover of phytocoe-
nosis types during stand development, the mean 
percentage participation of defined synecological 
groups (Matuszkiewicz 2001) in total cover and 
total number of species was calculated for the stag-
es. The following groups were distinguished: spe-
cies of coniferous forest (Vaccinio-Piceetea), spe-
cies of suboceanic heaths (Nardo-Callunetea) and 
species of sandy grasslands (Koelerio-Corynepho-
retea). The differences between means were tested 
using the Kruskal-Wallis test and multiple compar-
isons as post hoc tests. The statistical significance 
of differences in the aforementioned attributes of 
species diversity in stand age classes was used as 
the basis for combining the classes into principal 
successional stages at the study sites. The analysis 
of species number and cover as well as Shannon in-
dex and participation of synecological groups were 
repeated in these stages to demonstrate general 
diversity changes across the successional gradient. 
The differences between means were tested by the 
Kruskal-Wallis test except for all species number 
where ANOVA was used. 

All statistical analysis was performed using STA-
TISTICA (Hill, Lewicki 2007).

To identify which species were indicative of new 
combined successional stages, the phi coefficient 
was calculated for each species using presence/
absence data. The calculations of the coefficient 
and Fisher’s exact tests for the significance of dif-
ferences were performed in JUICE (Tichý 2002). 
The values of the phi coefficient range from –1 to 1, 
but they are multiplied by 100 in the program, only 
positive values are displayed (Tichý, Holt 2006). 

The taxonomic nomenclature used in this study 
conforms with Mirek et al. (2002), Fałtynowicz 
(2003), Ochyra et al. (2003), and Szweykowski 
(2006). 

RESULTS

The quantitative age classes did not represent 
distinct successional stages, however, the variation 
in different attributes of species diversity and the 
proportions of each synecological group were used to 
divide the data into 3 stages of succession: 1 – stands 
before crown closure (≤10 years old stands), 2 – young 
closed-canopy stands (11–40 years old stands) and 
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3 – mature closed-canopy stands (> 41  years old 
stands) (Tables 1 and 2).

The first stage (stage 1) was characterised by the 
highest number of vascular plant species and high-
er number of lichen species and all species than in 
stage 3. The differences were statistically signifi-
cant (Fig. 1). The cover of vascular plants did not 
differ in comparison with stage 3, but the cover of 
bryophytes was significantly lower and the cover 
of lichens was significantly higher (Fig. 2). In the 

first stage the Shannon diversity index reached 
the highest value of statistical significance (Fig. 3). 
The number of coniferous forest species (Vaccinio-
Piceetea) was lower than in stage 3 and the differ-
ence was significant (Fig. 4). The same tendency 
was noted in the cover of coniferous forest species 
and there was also a significant difference between 
stage 1 and stage 3 (Fig. 5). In contrast, the number 
of sandy grassland species (Koelerio-Corynephore-
tea) was higher than in stage 3 and the difference 

Table 1. Mean number, mean cover of species and the mean Shannon diversity index H (± SD) in stand age classes

Stand age class (years) ≤ 10 11–20 21–40 41–60 61–80 81–120

Number of species

All species 22a ± 3 22a ± 4 22a ± 4 21ab ± 5 20bc ± 4  18c ± 4

Trees 2a ± 2   2a ± 1   2a ± 1    3a ± 1   3a ± 2    2a ± 1

Vascular plants 5a ± 2 4ab ± 2   3b ± 1    3b ± 1   3b ± 1    4b ± 1

Bryophytes 8ab ± 2 9ab ± 2 10a ± 2 10a ± 2 8ac ± 2   8bc ± 1

Lichens    7ab ± 2 7ad ± 3   7a ± 2 5bcd ± 4 5bc ± 3    4c ± 3

Percentage cover

Trees 1a ± 1  1a ± 1   1a ± 0    1a ± 1   2a ± 2    1a ± 1

Vascular plants 24a ± 17    9b ± 15   5b ± 8 13abc ± 17 14ab ± 16  30ac ± 21

Bryophytes 21a ± 12 41ab ± 17 47bc ± 26   55bd ± 15 68cd ± 19   66cd ± 19

Lichens  23 ± 12 4ab ± 2   6a ± 6   3ac ± 2 3ad ± 2 2bcd ± 1

H 2.0a ± 0.3   1.6b ± 0.3 1.8cd ± 0.2   1.9ac ± 0.2 1.7bc ± 0.2  1.7bd ± 0.2

Values within each group followed by the same letter are not significantly different according to the Kruskal-Wallis test 
(trees, vascular plants, bryophytes) or ANOVA (all species, lichens) at P < 0.05

Table 2. Mean percentage participation of synecological groups (± SD) in species number and cover

Stand age class (years) ≤ 10 21–40 21–40 41–60 61–80 81–120

Coniferous forest species Vaccinio-Piceetea

Total species number (%)  28a ± 8 30ab ± 11 40bc ± 9 48cd ± 11 44ce ± 7 51de ± 8

Species cover (%)    26a ± 21   29a ± 26   47ab ± 22 62bc ± 23     76c ± 23    84c ± 12

Suboceanic heath species Nardo-Callunetea

Total species number (%) 25ac ± 5 24a ± 5 26ab ± 5 22a ± 5 30bc ± 5 27ac ± 6

Species cover (%)    56a ± 24   56a ± 25   41ab ± 20 33ac ± 21   21bc ± 22    14c ± 11

Sandy grassland species Koelerio glauce-Corynephoretea canescentis

Total species number (%)  20a ± 9 21a ± 8 14ab ± 6 8bc ± 4   8bd ± 5   7cd ± 4

Species cover (%)      9a ± 11   7a ± 7     7ab ± 12 1bc ± 1    1c ± 1    1c ± 1

Other species

Total species number (%)   26a ± 8   25a ± 10 20ab ± 9 21ab ± 11 19ac ± 9 14bc ± 9

Species cover (%)    9a ± 8   8a ± 7    6b ± 6 3ac ± 3   2bc ± 1    1c ± 1

Values within each group followed by the same letter are not significantly different according to the Kruskal-Wallis test at 
P < 0.05
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Fig. 2. Mean percentage cover of species 
in three successional stages

Values within each group followed by 
the same letter are not significantly dif-
ferent according to the Kruskal-Wallis 
test at P < 0.05

Fig. 1. Mean number of species in three 
successional stages 

Values within each group followed by 
the same letter are not significantly dif-
ferent according to the Kruskal-Wallis 
test (trees, vascular plants, bryophytes, 
lichens) or ANOVA (all species) at 
P < 0.05
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Table 3. Percentage frequency and fidelity (phi coefficient multiplied by 100) of species in three main successional 
stages. See Material and Methods for more explanations of variables

Successional stage 1 (≤10 years) 2 (11–40 years) 3 (> 40 years)

No. of plots 20 40 60

  Frequency (%) Fidelity Frequency (%) Fidelity Frequency (%) Fidelity

Coniferous forest species (Vaccinio-Piceetea) 

Pleurozium schreberi 75 – 65 – 100 35.4

Vaccinium myrtillus 80 – 60 – 83 34.8

Cladonia gracilis 35 – 78 33.1 50 –

Dicranum polysetum 35 – 68 – 85 32.9

Leucobryum glaucum 25 – 18 – 42 21.4

Dicranum scoparium 85 – 90 – 98 17.9

Melampyrum pratense 10 – 3 – 17 16.6

Vaccinium vitis-idaea 80 – 60 – 85 14.4

Other species (frequency in stages 1, 2, 3): Cladonia arbuscula (30, 38, 30), Cladonia furcata (5, 8, 3), Cladonia rangiferina 
(10, 35, 27), Deschampsia flexuosa (85, 88, 88), Dicranum spurium (60, 88, 78), Monotropa hypopitis (0, 3, 0)

Heathland species (Nardo-Callunetea)

Placynthiella oligotropha 95 92.5 5 – – –

Calluna vulgaris 100 39.6 80 6.4 48 –

Ptilidium ciliare 35 – 60 – 87 37.8

Hypnum jutlandicum 80 – 95 – 100 21.3

Agrostis capillaris 5 – 10 16.2 – –

Other species (frequency in stages 1, 2, 3): Carex pilulifera (20, 15, 5), Cladonia chlorophaea (35, 63, 55), Cladonia deformis 
(15, 33 18), Cladonia pyxidata (35, 30, 33), Pohlia nutans (95, 100, 95)

Sandy grassland species (Koelerio glauce-Corynephoretea canescentis)

Polytrichum piliferum 90 75.7 23 – 2 –

Cladonia subulata 15 – 73 58.2 13 –

Ceratodon purpuraeus 75 52.9 38 – 3 –

Spergula morisonii 35 45.1 5 – – –

Rumex acetosella 25 33.2 5 – 2 –

Corynephorus canescens 25 32.2 8 – – –

Cephaloziella cfr. divaricata 45 – 65 29.3 23 –
Cladonia cervicornis ssp. 
verticillata – – 10 26.3 – –

Cladonia pleurota – 8 22.6 –

Cladonia macilenta 85 – 95 16.5 82 –

Other species (frequency in stages 1, 2, 3): Cladonia coccifera (5, 5, 3), Cladonia phyllophora (0, 13, 5), Cladonia uncialis 
(0, 10, 3)
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Successional stage 1 (≤ 10 years) 2 (11–40 years) 3 (> 40 years)

No. of plots 20 40 60

  Frequency (%) Fidelity Frequency (%) Fidelity Frequency (%) Fidelity

Accompanying species

Trapeliopsis granulosa 95 80.9 18 – 5 –

Calamagrostis epigeios 70 56.1 25 – 3 –

Placynthiella uliginosa 65 51.2 8 – 22 –

Cladonia cornuta – – 20 37.8 – –

Polytrichum juniperinum 75 31.5 60 10.2 23 –

Campylopus introflexus 40 29.6 28 8.5 – –

Placynthiella icmalea 55 29.6 30 – 20 –

Cladonia fimbriata – – 23 28.5 8 –

Cladonia crispata 5 – 25 25.9 8 –

Campylopus flexuosus – – – – 8 23.9

Brachythecium salebrosum – – 8 22.6 – –

Peltigera didactyla – – 8 22.6 – –

Other species (frequency in stages 1, 2, 3): Aulacomnium palustre (0, 0, 2), Brachythecium rutabulum (0, 18, 13), Brachythe-
cium starkei (0, 0, 2), Cetraria islandica (20, 13, 27), Cladonia coniocraea (5, 10, 2), Cladonia digitata (0, 3, 3), Cladonia 
glauca (5, 8, 0), Cladonia ochrochlora (5, 5, 13), Cladonia portentosa (0, 3, 2), Dicranella heteromalla (20, 25, 32), Festuca 
ovina (0, 3, 5), Gnaphalium sylvaticum (0, 3, 0), Herzogiella seligeri (0, 0, 3), Hieracium pilosella (0, 3, 0), Holcus mollis (5, 
0, 0), Hypnum cupressiforme (0, 0, 3), Juncus effusus (5, 3, 0), Lophocolea bidentata (0, 0, 2), Lophocolea heterophylla (0, 23, 
17), Orthodicranum flagellare (5, 0, 5), Orthodicranum montanum (0, 8, 5), Placynthiella dasaea (40, 38, 47), Plagiothecium 
curvifolium (0, 8, 10), Polytrichastrum formosum (5, 18, 20), Rorippa palustris (5, 0, 0), Sciuro-hypnum oedipodium (0, 23, 
20), Urtica dioica (0, 3, 0), Veronica officinalis (5, 0, 0)

zero fidelity value – given to species with significance 0.05 according to Fisher’s exact test

Table 3 to be continued

was significant (Fig. 4). Similarly, the cover of these 
species was higher and there was also a significant 
difference (Fig. 5). The number of heathland species 
(Nardo-Callunetea) was similar in stage 1 and stage 
3 (Fig. 4), however, the cover of these species was 
significantly higher than in stage 3 (Fig. 5). Non-
forest species, especially cryptogams, were charac-
teristic of stage 1: Ceratodon purpureus, Placynthi-
ella oligotropha, P. uliginosa, Polytrichum piliferum 
and Trapeliopsis granulosa (Table 3). These species 
manifested high fidelity, which meant that they 
were exclusive for the first stage of succession.

The second stage (stage 2) was characterised by 
a significant decrease in the vascular species num-
ber compared to stage 1. The number of all species 
and lichen species was still higher than in stage 3 
and the differences were statistically significant 

(Fig. 1). The cover of bryophytes was significantly 
higher than in stage 1, and the cover of lichens was 
significantly lower, likewise the cover of vascular 
plants (Fig. 2). The Shannon index was significantly 
lower than in stage 1 (Fig. 3). Similarly to stage 1, 
the number of coniferous forest species was still 
lower than in stage 3, the number of sandy grass-
land species was higher and the differences were 
statistically significant (Fig. 4). The cover of conif-
erous forest species was significantly lower than 
in stage 3 and the cover of sandy grassland species 
was significantly higher, likewise heathland species 
(Fig. 5). Cladonia species were characteristic of the 
second stage, however, site conditions were opti-
mal especially for C. subulata (Table 3).

The third stage (stage 3) was characterised by 
the lowest number of all species and lichen species 
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and the differences were significant. The number of 
vascular plant species was similar to stage 2, there 
were no significant differences between stage 2 and 
stage  3 (Fig. 1). The cover of bryophytes in stage 
3 was highest and the cover of lichens was lowest 
during succession and there were significant dif-
ferences between stages 1 and 3 as well as stages 2 
and 3. The cover of vascular plants was significantly 
higher than in the second stage, but did not signifi-
cantly differ from the cover in stage 1 (Fig. 2). The 
Shannon index was higher than in the second stage, 
but there was no significant difference, however the 
Shannon index was significantly lower than in the 

first stage (Fig. 3). The number of coniferous forest 
species was highest and the number of sandy grass-
land species was lowest across the temporal gradi-
ent and the differences were statistically significant 
(Fig. 4). Moreover, the cover of coniferous forest 
species was highest and the cover of sandy grass-
land species was lowest with statistical significance 
(Fig. 5). The number of heathland species (Nardo-
Callunetea) was similar to stage 1 (Fig. 4) but their 
cover was lower (Fig. 5). The species characteristic 
of the third stage were Dicranum polysetum, Pleu-
rozium schreberi, Ptilidium ciliare and Vaccinium 
myrtillus, although their fidelity was not very high 
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and they were also quite frequent in stage 1 and 2 
(Table 3).

DISCUSSION

Species diversity after clear-cutting has been 
found to be lower than prior to clear-cutting in 
some cases (Hannerz, Hånell 1997; Bråken-
hielm, Liu 1998). Others have described an in-
crease in species diversity in the early phases of 
succession (Haeussler et al. 2002; Uotila, Kou-
ki 2005; Widenfalk, Weslien 2009). In the pres-
ent study, as it was hypothesised, species diversity 
was found to be higher after clear-cutting than be-
fore, resulting from a combination of residual for-
est species common to intact forests and pioneers. 
Clear-cutting and site preparation promote non-
forest species characteristic of the respective site, 
but this increase of biodiversity does not mean that 
the ecosystem is improved. Various authors have 
concluded that the impact of management prac-
tices is negative for forest diversity, because it can 
eliminate rare and sensitive species. Those species 
ecologically limited to a narrow set of intact for-
est conditions have not had enough time to recover 
during a relatively short time since the last distur-
bance (Battles et al. 2001; Roberts, Zhu 2002; 
Moola, Vasseur 2004; Sullivan et al. 2008). In 
the oldest age classes in this study, species diversity 
is low even if individual moss and lichen species 
are included. Species characteristic of the late suc-
cession stage distinguished in this study are gen-
erally common in Scots pine forests (Matuszkie-
wicz 2001) and they are not confined to the oldest 
stands but also present in the first stage of succes-
sion. Low species diversity of the final stage of suc-
cession is then related to the absence of specific 
species, exclusive for old stands. Thus, the hypoth-
esis that a decline in species richness after crown 
closure can be counteracted by the occurrence of 
late-successional species could not be supported. 
Vascular plants of the Vaccinio-Piceetea class, 
which could be considered as late-successional 
species, are representatives of Lycopodiaceae and 
Pyrolaceae, which are in the middle of their range 
in the study area (Hultén, Fries 1986). Neverthe-
less, these species are suggested to prefer continen-
tal and sub-continental conditions (Solon 1998), 
therefore suboceanic climate may be unfavourable 
for their recruitment in the region. Regardless of 
this fact, human disturbance related to the silvi-
culture can be a threat to the occurrence of these 
species especially that there are no fragments of 

ancient Scots pine woodlands in the region which 
could serve as reservoirs. Some researchers have 
concluded that the proximity of such banks of dia-
sporas is crucial for the effective late-seral species 
regeneration (Dzwonko 1993; Graae, Heskjær 
1997; Jakubowska-Gabara, Mitka 2007; Or-
czewska, Fernes 2011). In this case the mainte-
nance of these species in managed forests requires 
paying attention to each individual locality and 
keeping local conditions untouched during man-
agement practices (Gorzelak 2009). It is crucial, 
because, as it was aforementioned, current rotation 
ages are often shorter than the time required for 
their recover. As a consequence the vegetation of 
managed forests may remain permanently altered 
compared to natural forests (Hart, Chen 2006).

The formation of the canopy layer is described as a 
critical moment for vegetation, because of a reduc-
tion in light intensity (Økland et al. 2003). A signifi-
cant decrease both in Shannon index and cover of 
vascular plants in the second stage of the study sites 
supports this statement. However, the stand shield 
appears to be favourable for the development of 
bryophytes (Andersson, Hytteborn 1991; Nel-
son, Halpern 2005). They become abundant in 
the second stage of succession in the studied sites. 
The young closed-canopy stands are also optimal 
for Cladonia species. Intensive transpiration of a 
young tree stand decreases the level of groundwater, 
while intensive thinnings result in drying out of the 
top soil layers (Puchalski, Prusinkiewicz 1990), 
which is probably beneficial for Cladonia species 
development. Therefore, young managed Scots pine 
stands in the habitat of Leucobryo-Pinetum can play 
an important role to maintain the diversity of Cla-
donia species which withdraw together with the dis-
appearance of Cladonio-Pinetum phytocoenoses in 
Central Europe (Matuszkiewicz et al. 2007). 

In general, the succession process in managed 
forests is constrained by human interference. For 
example, some successional phases after affores-
tation of the abandoned farmlands exhibit lower 
species richness than in spontaneous succession 
(Faliński et al. 1993). Nevertheless, the introduc-
tion of pine trees causes a decline in the number 
of non-forest species and an acceleration of forest 
species development. The slow process of canopy 
formation is replaced by tree planting and the for-
est microclimate develops quite early. According 
to Faliński (1986), forest species enter the com-
munity when the forest vertical structure is devel-
oped. In the studied area the stratification forms 
after about 10 years, when the crowns join togeth-
er. Moreover, the introduction of trees in the area 



354 J. FOR. SCI., 58, 2012 (8): 345–356

where the forest community has existed also pro-
motes forest species development and forest com-
munity rebuilding. In the area where non-forest 
communities have existed for a long time, forest 
species become significant in the forest floor after 
50 years (Kawecka 1990).

In summary, stand age classes did not represent 
distinct successional stages, however, the variation 
in different attributes of species diversity suggested 
a division of the stands into 3 stages of succession: 
stands before crown closure, young closed-canopy 
stands and mature closed-canopy stands. Stands 
before crown closure showed higher species diver-
sity than mature closed-canopy stands. Each stage 
of the succession was distinguished by specific spe-
cies composition but the first stage was unique be-
cause of a group of species with very high fidelity. 
The final forest communities were not determined 
by the exclusive late-successional species. Forest 
management (logging, reforestation and thinnings) 
was an important factor in the diversity changes 
and course of succession.
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