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Windthrows are common, natural disturbances in forest ecosystems. One of the effects of these

disturbances is the exposure of mineral soil, which is gradually colonised by plants and other

organisms via secondary succession. The aim of this research, conducted in the windthrows in

the Kampinos National Park (central Poland), was to determine the changes in composition,

richness, and abundance of the bryophytes and lichens inhabiting the mineral habitats of uprooted

trees and to identify the level of its distinctiveness from the surrounding forest floor. The largest

number of species (28) was found in pits; fewer species were found on the lower part of the uproot

mounds (21), and in the vicinity of the uprooted trees (16). Many species differed in abundance

and in their fidelity to the selected habitat types. Significant changes in the species richness and

composition of the habitat types were observed between the first and third year after the dis−

turbance. A large number of species inhabited the pits, and there was a gradual increase in the

lower parts of the uproot plates. The communities of the pits and lower parts of the mounds were

similar in the first year after the windthrow. After three years the pits became more similar to the

undisturbed sites, whereas the opposite tendency was observed in relation to lower parts of the

mounds. There were important differences in (a) condition between the studied habitats as

estimated using ecological indicator values, and (b) the share of species with different types of

growth forms and life strategies.

Introduction

Windthrows (i.e., trees uprooted by wind) are one of the most common natural disturbances in

forest ecosystems (Schaetzl et al., 1989b; Fischer et al., 2002). Although in close−to−natural

forests, the size of windthrow disturbances is usually relatively small, they still cause significant

changes in the local habitat composition and diversity (Attiwill, 1994; Fischer et al., 2002).

Wind−felled trees become a source of new lying dead wood in the forest ecosystem. There are
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also patches of exposed mineral soil that are associated with fallen trees. They originate within

the uproot plates and pits of newly uprooted trees (Pawlik, 2012). The local soil exposures are

the initial habitats, which are then gradually colonised by plants and other organisms (Ulanova,

2000; Ouden and Alaback, 2004; L�hmus et al., 2010; Simon et al., 2011; Šebková et al., 2012;

Plotkin et al., 2017). They are particularly suitable for colonisation by bryophytes (Bazzaz, 1983;

McCarthy, 2001; Kimmerer, 2005; Staniaszek−Kik et al., 2017).

The colonisation of local soil exposures is highly dynamic (Bazzaz, 1983). The initial stages

of succession are characterised primarily by the expansion of species, especially bryophytes, spe−

cialised in the settlement of sites with less competition such as disturbed, mineral soil (Grime,

1979; Ulanova, 2000). A large share of these are pioneer, light−demanding species, which are not

usually found in the forest communities (Brokaw, 1985; Ulanova, 2000). Due to the specific

nature of the changes in these habitats over time, the pioneer species gradually disappear from

the environment, giving way to the typical forest taxa (Brokaw, 1985).

Bryophytes inhabit the initial terrestrial habitats that are formed as a result of disturbances

relatively quickly (Lindholm and Nummelin, 1983; Jonsson and Esseen, 1998). They are favoured

by the lack of competition and the regenerative potential of many species that have vegetative

reproduction (Newton and Mishler, 1994; During, 1997; Jonsson and Esseen, 1998; Glime, 2017).

The life strategies of bryophytes are also often adapted to colonising new habitats (During, 1997;

Glime, 2017). Lichens are also able to colonise the pits and mounds of uprooted trees, especially

stones, roots, small fragments of wood, soil, and humus (Staniaszek−Kik and Szczepańska, 2011),

although this process tends to be rather slow.

Research on disturbances in forest ecosystems has been mainly concerned with changes in

the structure of the vegetation and flora of vascular plants, with much less frequent reference

to other groups of plants or fungi (Attiwill, 1994). The windthrows in the Kampinos National

Park (KNP) made it possible to observe the processes that take place in this type of disturbed

habitat. The research aimed to determine the bryophyte and lichen species richness of the two

initial epigeic habitats (mineral parts of uproot mounds and uproot pits), to assess the fidelity 

of individual species for the specific habitat types, to characterize the ecological conditions 

of habitats based on ecological indicator values of species, and to assess changes in species com−

position.

Materials and methods

The research was conducted at two windthrow sites in KNP (central Poland), which had origi−

nated in 2017 in Rózin (forest compartment 258) and Grabina (forest compartment 125). Both sites

are under active conservation. However, no activities were carried out within them after the wind−

throws. The dominant vegetation of the Rózin site was acidophilous oak forest Calamagrostio−
−Quercetum Hartm. 1934 Scam. et Pass. 1959 and in case of the Grabina site was wet mixed oak−

−pine forest Querco−Pinetum (W.Mat. 1981) J.Mat 1988 molinietosum. The age of stands was 104 and

84 years, respectively. The distance between sites was ca. 5.5 km. Thirty uprooted trees were

chosen where the immediate surroundings were covered to the least extent by other fallen trees

(ten on the Grabina site and twenty on the Rózin site): ten for sessile oak Quercus petraea (Matt.)

Liebl., ten for silver birch Betula pendula Roth, and ten for Scots pine Pinus sylvestris L. The mean

±SD height of the mineral part of uprooted tree mounds was 130 ±31 cm, and the mean ±SD depth

of its was 42 ±13 cm. Fieldwork was conducted during the vegetation seasons of 2018 and 2020

(the first and the third year after disturbance). A set of floristic lists of bryophytes and lichens

was prepared for the two uprooted tree habitats each identified by an initial character: uproot
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pits (P) and the mineral (lower) parts of the uproot mounds (M). We treated the mineral part of

the mound as the part located from the pit site. In both cases, the soil mineral material was derived

from deeper parts of the root plate. The average area of sampled uproot pits was 1.4 m2; for

uproot mounds 2 m2. For the control site, a set of undisturbed (U) plots adjacent to the uproots

was established (2 m2 each, located within 1 m from the edge of a pit of an uprooted tree), and

additional lists of species were prepared. There was no deadwood recorded within undisturbed

plots. The Barkman et al. scale was used with cover as a recommended measure of species

abundance (Barkman et al., 1964; Dengler et al., 2008). This scale is similar to the original Braun−

−Blanquet, the main advantage being the use of twice narrower ranges for the higher cover classes.

Only the first−year (2018) sampling of the control sites could be defined as reflecting an undis−

turbed habitat (natural surroundings), because the neighbourhood of the sites was frequently

disturbed by trampling by scientists carrying out observations (this study was part of a larger

project). Most of the species were identified in the field, and small samples of the remaining ones

were collected for further morphological and anatomical laboratory analyses. The frequency of

species recorded within the variants was defined as the percentage of inhabited sites. 

Species richness was calculated using the rarefaction curves method (Colwell et al., 2004).

This approach allows comparing the visual alignment of 95% confidence intervals of species

richness means. It is especially useful for comparing the species richness of unequally sampled

environments. The arithmetical (Tüxen and Ellenberg, 1937) transformation of vegetation data

was used, with average cover % values in the classes. Then the average cover of species was cal−

culated. The ecological indicator values (EIV) of the bryophyte species inhabiting the sample

plots were used to assess the habitat conditions, according to Ellenberg and Leuschner (2010).

The EIV for lichen Placynthiella dasaea (Stirton) T�nsberg were obtained from Fabiszewski and

Szczepańska (2010), after simple transformation from 1−5 to 1−9 scale, based upon comparable

ecological conditions between Poland and Germany. Light (L), humidity (F) and acidity (R) val−

ues were used in this study. The commonly recommended arithmetic mean was used to calculate

the EIV (Chytrý et al., 2018), which were compared using the non−parametric Kruskal−Wallis,

followed by Mann−Whitney (post hoc) tests for multiple comparisons (�=0.05). False discovery

rate correction (FDR) was used for p−values adjustment. The fidelity of individual species for the

specified habitat types was determined using the phi coefficient. In this case, presence/absence

data were used. The significance of phi was determined using Fischer’s exact test in accordance

with Chytrý et al. (2002). Only statistically significant values (p<0.05) were included in the results.

The diversity of bryophyte and lichen communities was assessed using the NMDS ordination

technique. This method enables graphically representing relationships (distribution of similar−

ities) between samples in reduced multidimensional space, allowing for easier interpretation of

results. The species frequencies within each of the sample groups were used as the measure of

abundance in this analysis. Fifteen groups were identified: three tree species, three habitat

types, and two research periods for pits and uproot mounds. The directions of the differentia−

tion of the individual EIV were arrayed on an NMDS plot. Euclidean distance was used in the

ordination. The statistical and numerical analyses were performed using JUICE 7 (Tichý, 2002;

Tichý and Holt, 2006), PAST 4 (Hammer et al., 2001), and EstimateS 9 (Colwell, 2013) software.

The nomenclature for the liverworts is according to Söderström et al. (2016); for the moss−

es, it follows Hill et al. (2006) and for the lichens, it was adopted after Fałtynowicz and

Kossowska (2016). Classification of growth forms were taken after Smith (2004), and life strate−

gies after Dierßen (2001).
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Results

There were 31 bryophytes (3 liverworts and 28 mosses) and one lichen species recorded in the

analysed parts of the uprooted trees and in their vicinity (Table 1). In the vicinity of the uprooted

trees, there were 16 species; 28 species were found in the pits, and 21 species occurred on the

lower parts of the uproot mounds.

There were significant differences in the species richness of habitat types (Fig. 1). There

were fewer species in lower parts of the uproot plates in 2018 than in 2020, and also fewer species

than in pits in 2018 and 2020. Undisturbed surroundings did not differ from the other micro−

habitats in terms of species richness, which was intermediate in these habitats. 

Some of the species were characterized by high and significant fidelity to particular habitat

types. The species significantly related to the undisturbed habitats were Hylocomium splendens
(Hedw.) Schimp., Hypnum cupressiforme Hedw., Plagiomnium affine (Blandow ex Funck) T. Kop.,

Pleurozium schreberi (Willd. ex Brid.) Mitt. and Sciuro−hypnum oedipodium (Mitt.) Ignatov & Huttunen

(Table 1). With the exception of H. splendens, these were also the most common species in the

vicinity of a windfall. In terms of abundance, H. cupressiforme, P. affine, P. schreberi, Pseudoscleropodium
purum (Hedw.) M.Fleisch. and S. oedipodium dominated.

The initial habitats within the fallen trees were favoured by Bryum moravicum Podp.,

Ceratodon purpureus (Hedw.) Brid., Dicranella heteromalla (Hedw.) Schimp., Dicranoweisia cirrata
(Hedw.) Lindb., Pellia epiphylla (L.) Corda, P. affine, Plagiothecium curvifolium Schlieph. ex Limpr.,

P. schreberi, Pohlia nutans (Hedw.) Lindb., Polytrichastrum formosum (Hedw.) G.L.Sm., Polytrichum
juniperinum Hedw., Polytrichum piliferum Hedw., S. oedipodium and P. dasaea (Table 1). The most

commonly recorded were C. purpureus, D. heteromalla and P. nutans, and the most abundant were

C. purpureus, D. heteromalla, P. curvifolium, P. schreberi, P. nutans, P. juniperinum and S. oedipodium.

Differences in habitat conditions between the selected habitat types, estimated by EIV of

recorded species, were also visible (Fig. 2). There were significantly higher values of light (L)

in the pits and lower parts of mounds compared to the control sites, both one and three years

after a disturbance. The difference between disturbed and undisturbed sites increased with

time (Fig. 2a). The opposite relationships were found in the case of moisture (F) and acidity (R)

(Fig. 2b−c). These differences were also significant.

Differences in the share of species with different types of growth forms and life strategies

were observed between the analysed habitat types (Fig. 3). Plagiotropic (pleurocarpous) bryophytes

predominated on the undisturbed patches, while the pits and lower parts of mounds were prima−

rily inhabited by orthotropic (acrocarpous) species (fig. 3a). Species with a ‘perennial’ life strategy

definitely dominated in undisturbed habitats and ‘colonists’ were found more often in disturbed

ones (Fig. 3b).

Based on NMDS analysis (Fig. 4), changes in species composition of the bryophytes and

lichens in the two types of disturbed habitats were divergent. The communities of the pits and

lower parts of the mounds were similar in the first year after the windthrow. However, in the third

year after the disturbance the pits became more similar to the undisturbed sites. The opposite

tendency was observed in the lower parts of the uproot mounds.

Discussion

Uprooted trees are a permanent element of the early post−windthrow landscape. These objects

play an important role in the regeneration of vegetation after a disturbance (Bazzaz, 1983). A whole

range of microhabitats, characterised by reduced competition, originates as a result of the exposure
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Frequency [%] Cover [%]
U1 P1 P2 M1 M2 U1 P1 P2 M1 M2

Atrichum undulatum (Hedw.) P.Beauv. 7 23 20 3 23 0.12 0.43 0.63 0.02 0.46

Aulacomnium androgynum (Hedw.) 
0 3 10 0 10 – 0.02 0.02 – <0.01

Schwägr.

Brachythecium salebrosum (Hoffm. ex 
3 3 3 7 7 0.02 0.02 0.02 0.03 0.02

F.Weber & D.Mohr) Schimp.

Bryum argenteum Hedw. 0 0 0 0 3 – – – – <0.01

Bryum moravicum Podp. 0 3 1022.8 0 0 – 0.02 0.29 – –

Ceratodon purpureus (Hedw.) Brid. 0 17 5328.2 7 6339.3 – 0.12 3.73 0.03 3.98

Dicranella heteromalla (Hedw.) Schimp. 13 27 4719.9 10 4719.9 0.15 3.32 4.62 0.66 1.31

Dicranella schreberiana (Hedw.) Dixon 0 3 0 0 0 – <0.01 – – –

Dicranoweisia cirrata (Hedw.) Lindb. 0 0 0 0 1028.6 – – – – <0.01

Dicranum polysetum Sw. ex anon. 7 3 3 0 0 0.20 0.10 0.10 – –

Dicranum scoparium Hedw. 13 17 23 3 13 0.13 0.13 0.04 0.02 0.03

Funaria hygrometrica Hedw. 0 3 0 0 0 – <0.01 – – –

Herzogiella seligeri (Brid.) Z.Iwats. 0 0 3 0 0 – – 0.02 – –

Hylocomium splendens (Hedw.) Schimp. 723.2 0 0 0 0 0.02 – – – –

Hypnum cupressiforme Hedw. 7028.4 33 47 23 37 2.65 0.87 0.89 0.07 0.40

Lophocolea heterophylla (Schrad.) 
0 7 7 0 3 – 0.03 0.03 – 0.02

Dumort.

Marchantia polymorpha L. 0 3 0 0 0 – 0.02 – – –

Pellia epiphylla (L.) Corda 0 1333.1 0 0 0 – 0.22 – – –

Placynthiella dasaea (Stirton) T�nsberg* 0 0 3 0 4055.7 – – <0.01 – <0.01

Plagiomnium affine
6033.7 17 4719.0 7 17 3.45 0.05 0.40 0.02 0.05

(Blandow ex Funck) T. Kop.

Plagiomnium cuspidatum (Hedw.) 
7 3 3 0 0 0.03 0.02 0.02 – –

T.J.Kop.

Plagiothecium curvifolium
3 10 2328.3 0 3 0.02 1.25 1.37 – 0.02

Schlieph. ex Limpr.

Pleurozium schreberi (Willd. ex Brid.) 
5032.6 23 3716.7 0 3 5.35 2.84 3.63 – <0.01

Mitt.

Pohlia annotina (Hedw.) Lindb. 0 0 0 3 7 – – – 0.02 0.02

Pohlia nutans (Hedw.) Lindb. 27 73 8016.0 57 8723.0 0.38 2.82 1.86 0.58 2.89

Polytrichastrum formosum (Hedw.) 
13 7 23 3 2717.0 0.13 0.31 0.08 <0.01 0.17

G.L.Sm.

Polytrichastrum longisetum
0 3 10 0 10 – <0.01 0.02 – 0.03

(Sw. ex Brid.) G.L.Sm.

Polytrichum juniperinum Hedw. 3 3 27 23 4732.1 0.02 0.02 0.12 0.18 1.50

Polytrichum piliferum Hedw. 0 0 10 3 2330.7 – – 0.12 <0.01 0.07

Pseudoscleropodium purum (Hedw.) 
17 10 17 0 0 1.55 0.74 0.25 – –

M.Fleisch.

Sciuro−hypnum oedipodium (Mitt.) 
8034.8 40 7731.5 13 17 5.49 1.16 1.84 0.05 0.15

Ignatov & Huttunen

Tetraphis pellucida Hedw. 0 0 3 0 0 – – <0.01 – –

� of species / average � cover: 16 24 24 13 21 19.71 14.49 20.10 1.68 11.14

Table 1.

Frequency [%] with statistically significant fidelities (Fisher test p<0.05) and average cover [%] of
bryophyte and lichen* species within initial habitats of uprooted trees (P – pit, M – lower part of mound)
and the adjacent undisturbed plots (U); sampling periods: 1 – 2018, 2 – 2020
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of mineral soil within the uproot. Varying degrees of humidity and light availability are the most

important differentiation factors (Beatty and Stone, 1986; Ulanova, 2000). It has been observed

that uprooted trees are colonised relatively quickly, especially by bryophytes (Bazzaz, 1983; Rambo

and Muir, 1998), which was also confirmed by this study. Mosses and liverworts were observed

in the next growing season, one year after the disturbance. The only lichen species (P. dasaea)

appeared two years after the disturbance, which is probably the result of the general lack of lichens

in the surrounding terrestrial habitats and the much slower colonisation rate of the lichens from

other habitats. A similar lack of epigeic lichens was described, for example, by Boch et al. (2013)

from Germany.

Greater species richness is a common feature of disturbed sites (Lindholm and Nummelin,

1983; Jonsson and Esseen, 1998; Mills and MacDonald, 2004). Our results confirmed an increase

in the species richness in the initial habitats of the uprooted trees. Uproot pits were species−rich

both in 2018 and 2020. Species richness significantly increased between 2018 and 2020 in the case

of mineral parts of uproot mounds.

Among the species that colonise the initial habitats of uprooted trees in the KNP, there is

a group that is particularly associated with these habitats. Most of them rapidly colonise mineral

soil in disturbed places, especially C. purpureus, D. heteromalla, P. nutans and P. juniperinum (Jonsson,

1993; Fenton et al., 2003; Ryömä and Laaka−Lindberg, 2005). On the other hand, of interest here

is the appearance of species that usually prefer different substrate types, such as Aulacomnium
androgynum (Hedw.) Schwägr., Herzogiella seligeri (Brid.) Z.Iwats., Tetraphis pellucida Hedw. and
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Fig. 1.

Rarefaction curves of bryophyte and lichen species
richness recorded within A – undisturbed habitats,
B – pits, C – lower part of uproot mounds.
1 – mean (2018), 2 – 95% confidence interval (2018), 3 – mean
(2020), 4 – 95% confidence interval (2020). 
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P. dasaea (they usually grow on dead wood) and D. cirrata (epiphyte). A similar occurrence of epi−

phytes and epixyles in disturbed terrestrial habitats was described by von Oheimb et al. (2007).

Many authors have described the encroachment of typically non−forest species into disturbed

habitats in forests that have mineral soil (Ross−Davis and Frego, 2004; Ryömä and Laaka−Lindberg,

2005; Staniaszek−Kik et al., 2016; Zielińska et al., 2017). A similar phenomenon was observed in

this study, in this case, they included Bryum argenteum Hedw., D. schreberiana, Funaria hygrometrica
Hedw., Marchantia polymorpha L., P. annotina and P. piliferum. Some of these were observed only

in the first year after the disturbance.

The uprooted trees are described as dynamic habitats that change over time (Bazzaz, 1983;

Šamonil et al., 2010). These changes concern, among others, shape, substrate stability, soil prop−

erties (moisture content, organic matter content) or light availability (Beatty and Stone, 1986;

Schaetzl et al., 1989a). As a result, their biota also changes over the years, which was observed

in this study despite the short period of research. Diverse changes in the species composition

and abundance of species both in the pits and lower parts of the uproot plates were observed.

Some species such as D. schreberiana, F. hygrometrica, M. polymorpha and P. epiphylla disappeared

from the pits after the first year of the research. This situation may have been caused by fallen

leaves as their accumulation was observed in most of the examined pits. The negative impact
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Fig. 2.

Box plots of ecological indicator values of cryp−
togams: A – light (L), B – humidity (F), C – acidity
(R), within: U – undisturbed habitats, P – pits, 
M – lower (mineral) part of uproot mounds, in: 
1 – 2018, 2 – 2020
Mann−Whitney post−hoc tests with FDR correction for multiple
comparisons: homogenous groups �=0.05.

A)

C)

B)
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of litter cover on the occurrence of bryophytes and other plants is a phenomenon that has often

been described in the literature (Peterson and Campbell, 1993; Jonsson and Esseen, 1998; von

Oheimb et al., 2007; Márialigeti et al., 2009; Simon et al., 2011; Kövendi−Jakó et al., 2016). The

organic layer usually inhibits the development of plants by limiting access to light, but it is also

a barrier that limits the inflow of spores to the mineral soil and thus their germination. This can

have a significant impact on the species richness and dynamics of plant communities (Beatty

and Sholes, 1988; Facelli and Pickett, 1991).
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A) B)

Fig. 3.

A – differentiation of growth forms (Or – orthotropic, Pl – plagiotropic, Cr – crustose), and B – life strate−
gies (C – colonist, F – fugitives, P – perennials, S – short−lived shuttle) within: U – undisturbed habitats,
P – pits and M – lower part of mounds in: 1 – 2018, 2 – 2020 (percentage share of species).  

Fig. 4.

Differentiation of bryophyte and lichen communities (based on species frequencies) within initial part of
uprooted trees and their surroundings: U – undisturbed plots, P – uproot pits, M – lower part of uproot
mounds, years 1 – 2018, 2 – 2020; B – birch, O – oak, P – pine; environmental indicator values plotted as
lines: L – light, F – humidity, R – acidity (2d NMDS, stress: 0.1513; R2: NMDS 1=0.40, NMDS 2=0.26).
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Slight changes in the composition and abundance of the bryoflora were also observed in

the surroundings of the uprooted trees. However, these results were excluded from the study

because they were at least partially of anthropogenic origin. Several years of comprehensive

research has been carried out in the area of the windthrows and their surroundings, which has

resulted in their being relatively strongly trampled. In 2020, three new, light−demanding species

appeared, which are often mentioned as colonisers of disturbed habitats: Campylopus introflexus
(Hedw.) Brid., C. purpureus and P. juniperinum. Particularly noteworthy species is C. introflexus,
a moss of foreign origin that is dynamically spreading in Europe, including Poland (Mikulášková

et al., 2012; Żarnowiec et al., 2019). Disturbances, even periodic ones, generally favour not only

the diversity of indigenous biota, but also the entry and spread of alien species (Lozon and MacIsaac,

1997; Lonsdale, 1999; Eschtruth and Battles, 2014). C. introflexus is found in disturbed habitats with

reduced competition relatively often (Hasse, 2007; Jukoniene· et al., 2015; Alegro et al., 2018).

The process of encroachment of a species into initial habitats can be conditioned by a decrease

in competition connected with disturbance, and also by, e.g., the physical properties of new habi−

tats such as light intensity or substrate humidity and acidity (Beatty and Stone, 1986; Schaetzl

et al., 1989a; Peterson et al., 1990). The diversity of species composition that was observed in the

pits and lower parts of the mounds largely resulted from differences in the microhabitat condi−

tions. This was indicated by a comparison of the average values of selected EIV of the species

growing on the different types of habitats. In the case of light, an increase in the mean value was

recorded in both the pits and lower parts of the uproot plates compared to the surroundings.

Windthrows are known to significantly improve the local light conditions on the forest floor

(Peterson et al., 1990; Ulanova, 2000), which means that light−demanding species, including

non−forest ones, can easily settle in the vicinity of the uprooted trees (in this study, particularly

B. argenteum, F. hygrometrica and P. piliferum), or non−indigenous species (C. introflexus). The impor−

tance of increased light availability for shaping the biodiversity of disturbed forest habitats has

been emphasised by other authors (e.g., Schaetzl et al., 1989a; Jonsson and Essen, 1990; von Oheimb

et al., 2007).

In the case of humidity, a decrease in the average value was recorded in both the pits and

lower parts of the uproot plates. This indicates that these habitats (especially the uproot plates)

are less humid compared to their surroundings. Exposed mineral soil is more susceptible to drying.

This finding confirms the dependencies that have also been described by other authors (Beatty

and Stone, 1986; Peterson et al., 1990; Peterson and Campbell, 1993; Samonil et al., 2010).

Similarly, in the case of acidity, a decrease in average value was recorded in both the pits and on

lower parts of the mounds compared to the undisturbed sites. Greater acidification of mineral

soil on disturbed sites was also described by Beatty and Stone (1986) and Šamonil et al. (2010).

The results obtained using the EIV confirm that the diversity of the communities that formed

in the disturbed habitats was a response to the changing quality of the newly emerged habitats

(Yamamoto, 1992; Muscolo et al., 2014).

The colonisation of initial habitats, such as the exposure of mineral soil in the new uprooted

trees, depends on three sources of diaspores: establishment from the close vicinity of clonally

reproducing individuals, germination from the soil bank of diaspores, and the inflow of wind−

dispersed propagules from the outside (Rydgren and Hestmark, 1997; Ross−Davis and Frego,

2004). It is also possible that epizoochory may be involved in bringing in plant fragments, thus

resulting in the establishment of bryophytes (Heinken et al., 2001; Heinken and Zippel, 2004).

The observed emergence of non−forest species such as F. hygrometrica or B. argenteum in the dis−

turbed habitats of this large forest complex indicates a relatively distant source of some of the

diasporas. Numerous authors have reported the possibility of the long−distance transport of the
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relatively light, anemochoric propagules (spores or other gemmae) of bryophytes and lichens

(Miller and McDaniel, 2004; Hutsemekers et al., 2008; Glime, 2017). These propagules germi−

nate under favourable conditions or enter the soil bank of diaspores (During, 2001; Ross−Davis

and Frego, 2004; Kövendi−Jakó et al., 2016). Regeneration from the spore bank seems to be par−

ticularly important in the group of species that are typical for the early succession stages such

as P. nutans or P. juniperinum (Jonsson, 1993; Rydgren and Hestmark, 1997).

A disturbance promotes the establishment of species with less competitive ability such as

bryophytes and lichens (Grime, 1979; Strazdiņa, 2010). Bryophytes colonise mineral soil rela−

tively quickly (Jonsson and Essen, 1990, 1998), as confirmed by this research. Because of the

reduced competition, the diversity of species inhabiting the surveyed initial habitats of uproot−

ed trees, both in terms of form and life strategies, differed in relation to the neighbouring sites.

The surroundings were dominated by plagiotropic perennials, while in the disturbed habitat

patches, orthotropic forms were predominant and the proportion of colonists was much greater,

which was similar to other studies (e.g., During, 1979; Jonsson and Essen, 1990; Mills and

MacDonald, 2004).

Despite the relatively short period of the observations of the cryptogam communities of

the habitats in the KNP, some dynamic trends could be observed. The similarity between the

pits and the adjacent undisturbed environment increased over time, while the distinctiveness

of the lower parts of mounds became more visible. This is probably the result of habitat changes

and the growing difference between the pits and lower parts of mounds, especially with regard

to moisture of the substrate (Peterson et al., 1990; Peterson and Campbell, 1993; Šamonil et al.,
2010).

Authors’ contributions

B.F. – concept, fieldworks, statistics, literature review, writing; P.Z. – fieldworks, statistics, liter−

ature review, writing.

Conflict of interest

No conflict of interest declared.

Funding and acknowledgements

The study was supported by the Forest Fund PGL LP as part of the project ‘Transformations

of the environment after windthrow and assessment of the microsuccession of biotas of organisms

inhabiting fallen trees – Stage III’.

References
Alegro, A., Šegota, V., Papp, B., Deme, J., Kovács, D., Purger, D., Csiky, J., 2018. The invasive moss Campylopus

introflexus (Hedw.) Brid. (Bryophyta) spreads further into South−Eastern Europe. Cryptogamie, Bryologie, 39 (3):
331−341. DOI: https://doi.org/10.7872/cryb/v39.iss3.2018.331.

Attiwill, P.M., 1994. The disturbance of forest ecosystems: the ecological basis for conservative management. Forest
Ecology and Management, 63: 247−300. DOI: https://doi.org/10.1016/0378−1127(94)90114−7.

Barker Plotkin, A., Schoonmaker, P., Leon, B., Foster, D., 2017. Microtopography and ecology of pit−mound struc−
tures in second−growth versus old−growth forests. Forest Ecology and Management, 404: 14−23. DOI: https://doi.org/
10.1016/j.foreco.2017.08.012.

Barkman, J.J., Doing, H., Segal, S., 1964. Kritische Bemerkungenund Vorschläge zur quantitativen Vegetationsanalyse.
Acta Botanica Neerlandica, 13: 394−419. DOI: https://doi.org/10.1111/j.1438−8677.1964.tb00164.x.

Bazzaz, F.A., 1983. Characteristics of populations in relation to disturbance in natural and man−modified ecosystems.
In: H.A. Mooney, M. Godron, eds. Disturbance and ecosystems. Components of response. New York: Springer−Verlag,
pp. 259−275.

292



Ecological succession of bryophytes 

Beatty, S.W., Sholes, O.D.V., 1988. Leaf litter effect on plant species composition of deciduous forest treefall pits.

Canadian Journal of Forest Research, 18: 553−559. DOI: https://doi.org/10.1139/x88−080.

Beatty, S.W., Stone, E.L., 1986. The variety of soil microsites created by tree falls. Canadian Journal of Forest
Research, 16: 539−548. DOI: https://doi.org/10.1139/x86−094.

Boch, S., Müller, J., Prati, D., Blaser, S., Fischer, M., 2013. Up in the tree – the overlooked richness of bryophytes

and lichens in tree crowns. PLoS ONE, 8 (12): e84913. DOI: https://doi.org/10.1371/journal.pone.0084913.

Brokaw, N.V.L., 1985. Gap−phase regeneration in a tropical forest. Ecology, 66 (3): 682−687. DOI: https://doi.org/

10.2307/1940529.

Chytrý, M., Tichý, L., Dřevojan, P., Sádlo, J., Zelený, D., 2018. Ellenberg−type indicator values for the Czech

flora. Preslia, 90: 83−103. DOI: https://doi.org/10.23855/preslia.2018.083.

Chytrý, M., Tichý, L., Holt, J., Botta−Dukát, Z., 2002. Determination of diagnostic species with statistical fideli−

ty measures. Journal of Vegetation Science, 13: 79−90. DOI: https://doi.org/10.1111/j.1654−1103.2002.tb02025.x.

Colwell, R.K., 2013. EstimateS: Statistical estimation of species richness and shared species from samples. Version 9.

Persistent URL <purl.oclc.org/estimates>.

Colwell, R.K., Mao, Ch.X., Chang, J., 2004. Interpolating, extrapolating, and comparing incidence−based species

accumulation curves. Ecology, 85: 2717−2727. DOI: https://doi.org/10.1890/03−0557.

Dengler, J., Chytrý, M., Ewald, J., 2008. Phytosociology. In: S.E. Jřrgensen, B.D. Fath, eds. General Ecology. Vol. 4
of Encyclopedia of Ecology. Oxford: Elsevier, pp. 2769−2779. DOI: https://doi.org/10.1016/B978−008045405−4.00533−4.

Dierßen, K., 2001. Distribution, ecological amplitude and phytosociological characterization of European bryophytes.

Bryophytorum Bibliotheca, 56, 289 pp.

During, H.J., 1979. Life strategies of bryophytes: a preliminary review. Lindbergia, 5: 2−18.

During, H.J., 1997. Bryophyte diaspore banks. Advances in Bryology, 6: 103−134.

During, H.J., 2001. Diaspore banks. The Bryologist, 104 (1): 92−97.

Ellenberg, H., Leuschner, C., 2010. Vegetation Mitteleuropas mit den Alpen in ökologischer, dynamischer und his−

torischer Sicht. Ed. 6. Stuttgart: Ulmer, 109 pp.

Eschtruth, A.K., Battles, J.J., 2014. Ephemeral disturbances have long−lasting impacts on forest invasion dynamics.

Ecology, 95 (7): 1770−1779. DOI: https://doi.org/10.1890/13−1980.1.

Fabiszewski, J., Szczepańska, K., 2010. Ecological indicator values of some lichens noted in Poland. Acta Societatis
Botanicorum Poloniae, 79 (4): 305−313. DOI: https://doi.org/10.5586/asbp.2010.038.

Facelli, J.M., Pickett, S.T.A., 1991. Plant litter: its dynamics and effects on plant community structure. The Botanical
Review, 57: 1−32. DOI: https://doi.org/10.1007/BF02858763.

Fałtynowicz, W., Kossowska, M., 2016. The lichens of Poland. A fourth checklist. Acta Botanica Silesiaca Monographiae,
8: 1−122.

Fenton, N.J., Frego, K.A., Sims M.R., 2003. Changes in forest floor bryophyte (moss and liverwort) communities

4 years after forest harvest. Canadian Journal of Botany, 81: 714−731. DOI: https://doi.org/10.1139/B03−063.

Fischer, A., Lindner, M., Abs, C., Lasch, P., 2002. Vegetation dynamics in Central European forest ecosystems

(near−natural as well as managed) after storm events. Folia Geobotanica, 37: 17−32. DOI: https://doi.org/10.1007/

BF02803188.

Glime, J.M., 2017. Adaptive strategies: spore dispersal vectors. Volume 1. Chapt. 4−9. In: J.M. Glime, ed. Bryophyte
ecology. Physiological ecology. Ebook sponsored by Michigan Technological University and the International

Association of Bryologists, pp. 1−43.

Grime, J.P., 1979. Plant strategies and vegetation processes. Chichester: John Wiley & Sons, 464 pp.

Hammer, �., Harper, D.A.T., Ryan, P.D., 2001. PAST: Paleontological Statistics software package for education

and data analysis. Palaeontologia Electronica, 4 (1): 1−9.

Hasse, T., 2007. Campylopus introflexus invasion in a dune grassland: succession, disturbance and relevance of existing

plant invader concepts. Herzogia, 20: 305−315.

Heinken, T., Lees, R., Raudnitschka, D., Runge, S., 2001. Epizoochorous dispersal of bryophyte stem fragments

by roe deer (Capreolus capreolus) and wild boar (Sus scrofa). Journal of Bryology, 23 (4): 293−300. DOI: https://

doi.org/10.1179/jbr.2001.23.4.293.

Heinken, T., Zippel, E., 2004. Natural re−colonization of experimental gaps by terricolous bryophytes in Central

European pine forests. Nova Hedwigia, 79 (3−4): 329−351. DOI: https://doi.org/10.1127/0029−5035/2004/0079−0329.

Hill, M.O., Bell, N., Bruggeman−Nannenga, M.A., Brugués, M., Cano, M.J., Enroth, J., Flatberg, K.I.,

Frahm, J.−P., Gallego, M.T., Garilleti, R., Guerra, J., Hedenäs, L., Holyoak, D.T., Hyvönen, J., Ignatov,

M.S., Lara, F., Mazimpaka, V., Munoz, J., Söderström, L., 2006. An annotated checklist of the mosses of

Europe and Macaronesia. Journal of Bryology, 28: 198−267. DOI: https://doi.org/10.1179/174328206X119998.

Hutsemekers, V., Dopagne, C., Vanderpoorten, A., 2008. How far and how fast do bryophytes travel at the land−

scape scale? Diversity and Distribution, 14: 483−492. DOI: https://doi.org/10.1111/j.1472−4642.2007.00454.x.

Jonsson, B.G., 1993. The bryophyte diaspore bank and its role after small−scale disturbance in a boreal forest. Journal
of Vegetation Science, 4: 819−826. DOI: https://doi.org/10.2307/3235620.

293



Barbara Fojcik, Piotr T. Zaniewski

Jonsson, B.G., Essen, P.−A., 1990. Treefall disturbance maintains high bryophyte diversity in a boreal spruce forest.

Journal of Ecology, 78: 924−936. DOI: https://doi.org/10.2307/2260943.

Jonsson, B.G., Esseen, P.A., 1998. Plant colonisation in small forest−floor patches: importance of plant group and

disturbance traits. Ecography, 21: 518−526. DOI: https://doi.org/10.1111/j.1600−0587.1998.tb00443.x.

Jukoniene· , I., Dobravolskaite· , R., Sendţikaite· , J., Skipskyte· , D., Repečkiene· , J., 2015. Disturbed peatlands as

a habitat of an invasive moss Campylopus introflexus in Lithuania. Boreal Environment Research, 20: 724−734.

Kimmerer, R.W., 2005. Patterns of dispersal and establishment of bryophytes colonizing natural and experimental

treefall mounds in northern hardwood forests. The Bryologist, 108 (3): 391−401. DOI: https://doi.org/10.1639/0007−

2745(2005)108[0391:PODAEO]2.0.CO;2.

Kövendi−Jakó, A., Márialigeti, S., Bidló, A., Ódor, P., 2016. Environmental drivers of the bryophyte propagule bank

and its comparison with forest−floor assemblage in Central European temperate mixed forests. Journal of Bryology,

38 (2): 118−126. DOI: https://doi.org/10.1080/03736687.2015.1115804.

Lindholm, T., Nummelin, M., 1983. Changes in the community structure of forest floor vegetation after repeated litter

disturbance by raking. Silva Fennica, 17 (4): 289−300. DOI: https://doi.org/10.14214/sf.a15177.

L�hmus, P., Turja, K., L�hmus, A., 2010. Lichen communities on treefall mounds depend more on root−plate than stand

characteristics. Forest Ecology and Management, 260: 1754−1761. DOI: https://doi.org/10.1016/j.foreco.2010.07.056.

Lonsdale, W.M., 1999. Global patterns of plant invasions and the concept of invasibility. Ecology, 80 (5): 1522−1536.

DOI: https://doi.org/10.2307/176544.

Lozon, J.D., MacIsaac, H.J., 1997. Biological invasions: are they dependent on disturbance? Environmental Reviews,
5: 131−144. DOI: https://doi.org/10.1139/a97−007.

Márialigeti, S., Németh, B., Tinya, F., Ódor, P., 2009. The effect of stand structure on ground−floor bryophyte

assemblages in temperate mixed forests. Biodiversity and Conservation, 18: 2223−2241. DOI: https://doi.org/10.1007/

s10531−009−9586−6.

McCarthy, J., 2001. Gap dynamics of forest trees: a review with particular attention to boreal forests. Environmental
Reviews, 9: 1−59. DOI: https://doi.org/10.1139/er−9−1−1.

Mikulášková, E., Fajmonová, Z., Hájek, M., 2012. Invasion of central−European habitats by the moss Campylopus
introflexus. Preslia, 84: 863−886.

Miller, N.G., McDaniel, S.F., 2004. Bryophyte dispersal inferred from colonization of an introduced substratum on

Whiteface Mountain, New York. American Journal of Botany, 91 (80): 1173−1182. DOI: https://doi.org/10.3732/

ajb.91.8.1173.

Mills, S.E., MacDonald, S.E., 2004. Predictors of moss and liverwort species diversity of microsites in conifer−dominated

boreal forest. Journal of Vegetation Science, 15: 189−198. DOI: https://doi.org/10.1658/1100−9233(2004)015[0189:

POMALS]2.0.CO;2.

Muscolo, A., Bagnato, S., Sidari, M., Mercurio, R., 2014. A review of the roles of forest canopy gaps. Journal of
Forestry Research, 25 (4): 725−736. DOI: https://doi.org/10.1007/s11676−014−0521−7.

Newton, A., Mishler, B., 1994. The evolutionary significance of asexual reproduction in mosses. The Journal of the
Hattori Botanical Laboratory, 76: 127−145. DOI: https://doi.org/10.18968/jhbl.76.0_127.

von Oheimb, G., Friedel, A., Bertsch, A., Härdtle, W., 2007. The effects of windthrow on plant species richness

in a Central European beech forest. Plant Ecology, 191: 47−65. DOI: https://doi.org/10.1007/s11258−006−9213−5.

Ouden, J. den., Alaback, P.B., 2004. Successional trends and biomass of mosses on windthrow mounds in the temperate

rainforests of Southeast Alaska. Vegetatio, 124: 115−128.

Pawlik, Ł., 2012. Przekształcenia powierzchni stokowych w Sudetach w wyniku procesu saltacji wykrotowej. Landform
Analysis, 20: 79−94.

Peterson, C.J., Campbell, J.E., 1993. Microsite differences and temporal change in plant communities of treefall pits

and mounds in an old−growth forest. Bulletin of the Torrey Botanical Club, 120 (4): 451−460. DOI: https://doi.org/

10.2307/2996750.

Peterson, C.J., Carson, W.P., McCarthy, B.C., Pickett, S.T.A., 1990. Microsite variation and soil dynamics within

newly created treefall pits and mounds. Oikos, 58 (1): 39−46.

Rambo, T.R., Muir, P.S., 1998. Forest floor bryophytes of Pseudotsuga menziesii−Tsuga heterophylla stands in Oregon:

influences of substrate and overstory. The Bryologist, 101 (1): 116−130. DOI: https://doi.org/10.2307/3244083.

Ross−Davis, A.L., Frego, K.A., 2004. Propagule sources of forest floor bryophytes: spatiotemporal compositional

patterns. The Bryologist, 107 (1): 88−97. DOI: https://doi.org/10.1639/0007−2745(2004)107[88:PSOFFB]2.0.CO;2.

Rydgren, K., Hestmark, G., 1997. The soil propagule bank in a boreal old−growth spruce forest: changes with depth

and relationship to aboveground vegetation. Canadian Journal of Botany, 75: 121−128. DOI: https://doi.org/

10.1139/b97−014.

Ryömä, R., Laaka−Lindberg, S., 2005. Bryophyte recolonization on burnt soil and logs. Scandinavian Journal of
Forest Research, 20 (S6): 5−16. DOI: https://doi.org/10.1080/14004080510043361.

Šamonil, P., Král, K., Hort, L., 2010. The role of tree uprooting in soil formation: a critical literature review.

Geoderma, 157: 65−79. DOI: https://doi.org/10.1016/j.geoderma.2010.03.018.

294



Ecological succession of bryophytes 

Schaetzl, R.J., Burns, S.F., Johnson, D.L., Small, T.W., 1989a. Tree uprooting: review of impacts on forest ecology.

Vegetatio, 79: 165−176.
Schaetzl, R.J., Johnson, D.L., Burns, S.F., Small, T.W., 1989b. Tree uprooting: review of terminology, process,

and environmental implications. Canadian Journal of Forest Research, 19: 1−11. DOI: https://doi.org/10.1139/x89−001.
Šebková, B., Šamonil, P., Valtera, M., Dušan, A., Janík, D., 2012. Interaction between tree species populations

and windthrow dynamics in natural beech−dominated forest, Czech Republic. Forest Ecology and Management, 280:
9−19. DOI: https://doi.org/10.1016/j.foreco.2012.05.030.

Simon, A., Gratzer, G., Sieghardt, M., 2011. The influence of windthrow microsites on tree regeneration and estab−
lishment in an old growth mountain forest. Forest Ecology and Management, 262: 1289−1297. DOI: https://doi.org/
10.1016/j.foreco.2011.06.028.

Smith, A.J.E., 2004. The moss flora of Britain and Ireland. Cambridge: Cambridge University Press, 1012 pp.
Söderström, L., Hagborg, A., von Kontar, M., Bartholomewbegan, S., Bell, D., Briscoe, L., Brown, E.,

Cargill, D.C., Costa, D.P., Crandall−Stotler, B.J., Cooper, E.D., Dauphin, G., Engel, J.J., Feldberg, K.,
Glenny, D., Gradstein, S.R., He, X., Heinrichs, J., Hentschel, J., Ilkiu−Borges, A., Katagiri, T.,
Konstantinova, N.A., Larraín, J., Long, D.G., Nebel, M., Pócs, T., Puche, F., Reiner−Drehwald, E.,
Renner, M.A.M., Sassgyarmati, A., Schäfer−Verwimp, A., Segarra Moragues, J.G., Stotler, R.E.,
Sukkharak, P., Thiers, B.M., Uribe, J., Váňa, J., Villarreal, J.C., Wigginton, M., Zhang, L., Zhu, R.L.,
2016. World checklist of hornworts and liverworts. PhytoKeys, 59: 1−828. DOI: https://doi.org/10.3897/phytokeys.
59.6261.

Staniaszek−Kik, M., Szczepańska, K., 2011. Lichen biota of tree fall disturbances in the Polish part of the Karko−
nosze Mts (West Sudety Mts). Časopis Slezského Zemského Muzea, Sér. A, 60: 139−146. DOI: https://doi.org/10.2478/
v10210−011−0014−7.

Staniaszek−Kik, M., Zielińska, K.M., Misztal, M., 2016. How do ditches contribute to bryophyte diversity in man−
aged forests in East−Central Europe? European Journal of Forest Research, 135: 621−632. DOI: https://doi.org/
10.1007/s10342−016−0959−6.

Staniaszek−Kik, M., Żarnowiec, J., Stefańska−Krzaczek, E., 2021. Diversity and composition of moss guilds on
uprooted trees in Central European mountain forests: effects of uprooting components and environmental variables.
Annals of Forest Science, 78 (2): 45. DOI: https://doi.org/10.1007/s13595−021−01062−3.
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Streszczenie

Sukcesja ekologiczna mszaków i porostów w obrębie mineralnych
siedlisk inicjalnych na wiatrołomach (Kampinoski Park Narodowy,
środkowa Polska)

Wiatrołomy to jedno z najczęściej spotykanych naturalnych zaburzeń występujących w ekosyste−

mach leśnych. W wyniku powalenia drzew powstają odsłonięcia mineralnej gleby związane z wy−

krotami (w misie wykrotu i na spodzie karpy korzeniowej). Są to siedliska o charakterze inicjalnym,

stopniowo kolonizowanym przez wiele grup organizmów, w tym mszaki i porosty.
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Celem badań było określenie bogactwa gatunkowego mszaków i porostów dwóch inicjal−

nych siedlisk naziemnych (mis wykrotowych i mineralnych, spodnich części karp), określenie

wierności poszczególnych gatunków względem badanych siedlisk, charakterystyka warunków

ekologicznych panujących w tych siedliskach na podstawie ekologicznych liczb wskaźniko−

wych, a także prześledzenie zmian w ich składzie gatunkowym.

Badania prowadzono na terenie wiatrołomów powstałych w 2017 r. na terenie Kampino−

skiego Parku Narodowego (uroczyska Rózin i Grabina). Inwentaryzacji poddano 30 wykrotów

(po 10 wykrotów brzozy, dębu i sosny) oraz ich najbliższe otoczenie (w promieniu 1 m). Dla mis

wykrotowych, mineralnych części karp i ich najbliższego otoczenia sporządzono listy florystyczne

mszaków i porostów. Za miarę obfitości przyjęto pokrycie. W pracy wykorzystano dane z pierw−

szego i trzeciego roku po wystąpieniu wiatrołomu. W przypadku sąsiedztwa wykrotów, ze względu

na późniejsze antropogeniczne zaburzenia, wykorzystano dane jedynie z 2018 r. Bogactwo ga−

tunkowe obliczono metodą krzywych rarefakcji. Wierność gatunków względem badanych siedlisk

obliczono w oparciu o wskaźnik phi. Warunki siedliskowe scharakteryzowano za pomocą ekolo−

gicznych liczb wskaźnikowych. Zmiany w składzie gatunkowym zbiorowisk mszysto−porostowych

prześledzono za pomocą ordynacji NMDS.

Odnotowano łącznie 31 gatunków mszaków (3 wątrobowce i 28 mchów) oraz 1 gatunek

porostu (tab. 1). Największa liczba gatunków występowała w misach wykrotów (28), na spodach

karp rosło 21 gatunków, zaś w otoczeniu wykrotów – 16 gatunków. Wiele gatunków charaktery−

zowało się istotnym przywiązaniem do analizowanych siedlisk. W trakcie kolejnych sezonów

badawczych odnotowano istotne zmiany w bogactwie gatunków na analizowanych siedliskach

(ryc. 1). Szczególnie duży istotny wzrost odnotowano w obrębie spodnich części karp. Wartości

ekologicznych liczb wskaźnikowych gatunków istotnie różnicowały się pomiędzy misami i na

spodach karp w porównaniu z otoczeniem (ryc. 2). Na analizowanych typach siedlisk zaobser−

wowano różnice w udziale gatunków o różnym typie wzrostu i strategiach życiowych (ryc. 3).

Wyniki analizy NMDS (ryc. 4) wskazują na rozbieżne zmiany w obrębie składu gatunkowego

mszaków i porostów siedlisk związanych z wykrotami. Zbiorowiska mis wykrotowych i spodniej

części karp były do siebie bardziej podobne w pierwszym roku po wystąpieniu wiatrołomu.

Natomiast w trzecim roku po wiatrołomie podobieństwo florystyczne mis przesunęło się w kie−

runku otoczenia wykrotów. Odwrotną tendencję zaobserwowano w stosunku do spodniej części

karp.

Przeprowadzone badania potwierdziły, że odsłonięcia mineralnej gleby w wykrotach są sto−

sunkowo szybko kolonizowane przez mszaki. Ponadto w kolejnych latach odnotowano istotne

zmiany w składzie gatunkowym i obfitości występowania gatunków zarówno w misach, jak i na

spodach karp. Z biegiem czasu wzrastało podobieństwo między misami i otoczeniem, przy jed−

noczesnym zwiększaniu się odrębności spodu karp. Na podstawie zróżnicowania ekologicznych

liczb wskaźnikowych w obrębie badanych siedlisk inicjalnych przyjęto, że czynnikami mogą−

cymi mieć największy wpływ na odmienną kolonizację siedlisk wykrotowych były oświetlenie,

wilgotność i kwasowość podłoża. Znaczenie miały najprawdopodobniej również źródło diaspor 

i potencjał kolonizacyjny gatunków.


