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Abstract: The vegetation of natural fir-beech forests on the western edge of the Carpathians was repeatedly 
surveyed in 1972(4) and 1994(5) on 34 plots in the Razula and Salajka reserves. Concurrently repeated 
whole-area dendrometric measurements of all live and dead trees were made together with maps of forest 
development stages. The maps were used to compare vegetation changes. The objective was to assess the tree 
layer dynamics, to discern vegetation development trends from cyclical changes, and to assess the changes of site 
conditions through phytoindication. 

The fir (Abies alba) population showed disrupted continuity of development associated with its pronounced 
withdrawal and replacement by beech (Fagus sylvatica). Rather than a cyclical change, the phenomenon is 
a trend that can be expected to become more dominant in the future. The reason for the interchange of the two 
species is seen in a fading response to the medieval colonization of Carpathian ridges connected with the 
exploitation of local forests for gazing and intensive litter raking. 

The herb layer was significantly modelled by changes occurring over time and by the dynamics of forest 
development stages. Species diversity in Razula was observed to increase. Salajka exhibited an invasion of 
acidophilous taxa (Luzula luzuloides, Vaccinium myrtillus) and decreased frequency of demanding taxa 
( Galeobdolon montanum, Dentaria enneaphyllos, Galium odoratum). 

Changes in the coverage of Dryopteris filix-mas, Rubus idaeus and Senecio ovatus were interpreted as 
cyclical changes. No significant shifts were found in the species diversity between the stages. The herb layer at 
a disintegration stage was homogenized and exhibited the lowest tendency to gain relative control of the 
undergrowth; the tendency was highest at the optimum stage. 

The stages of forest development exhibited changes in soil nitrogen and soil reaction. 
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INTRODUCTION 

Beech and f ir-beech forests represent  the dominant  communi ty  o f  the potential  natural  

vegetat ion from the planar  to montane zones o f  Central  European temperate  forests (BOHN et 
al. 2002/2003). The main  species o f  these forests are European beech (Fagus sylvatica L.) and 

silver fir (Abies alba MILL.). The alternation o f  their dominance is documented to have 

occurred al ready in the per iod o f  6900-6000 BP (VAN DER KNAAP et al. 2004). A further 

dominance  (3000--4000 BP) o f  Fagus sylvatica and Abies alba in the mid-elevat ions  o f  

Central Europe and in the concerned area (the Moravsko-Slezsk6 Beskydy  Mts.) was 

described by  RYBN|~EK & RYBNf~KOVA (1995, 2004) and by  POKORNq (2002) on the basis 

o f  palaeobotanical  data. 
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Based on tree layer studies in near-natural fir-beech forests a theory of the "small 
developmental cycle" of the temperate mixed forest was developed (LEIBUNDGUT 1993, 
OTTO 1994, KORPEE 1995). The model was further slightly modified according to regional 
conditions (cf. PODLASKI 2004). The field distinction of developmental stages and phases 
dwells on the tree layer dynamics (LEIBUNDGUT 1993, OTTO 1994, KORPEE 1995). In the 
climax type of natural fir-beech forest, three developmental stages are distinguished, which 
markedly differ in live-dead wood volumes and in their proportions. At the growth stage 
(duration ca. 50-100 years) the volume of live wood is increasing and the volume of dead 
wood is decreasing. At the optimum stage (duration ca. 40-80 years) the volume of live wood 
is culminating while the volume of dead wood is at minimum. At the disintegration stage 
(duration ca. 50-100 years) the volume of dead wood is gradually increasing and the volume 
of live wood is decreasing. The stages of development break further down into phases that 
characterize different variants of development within the respective stages (e.g., 
disintegration stage - phase of expiration) (OTTO 1994, KORPEE 1995, PODLASK12004). The 
distinction of developmental stages and phases has been made by visual estimation until the 
1990s (LEIBUNDGUT 1959). The procedures we use today are more exact; they include e.g., 
dendrochronological analyses (PODLASKI 2004) and statistical methods (PODLASKI 2006). 
The latest methods make use of maps of repeatedly measured trees (VRgKA et al. 2006) in 
which the tree layer (dendromass) dynamics can be visualized. It is exactly the tree layer 
dynamics that is a determining factor in the distinction of individual stages and their partial 
phases. 

Fundamental works concerned with the cyclical development of fir-beech forests dwelled 
on the study of tree layer dynamics. LEIBUNDGUT (1993) for example studied tree layer 
dynamics in four fir-beech localities of European importance (Boubin - Czech Republic, 
Dobro6 - Slovak Republic, Pe6ka - Slovenia, Peru6ica - Bosnia and Herzegovina), 
demonstrating beech/fir alternation and the decreasing representation of fir. Similarly, 
KORPEE (1995) evaluated a 40-year series of repeated measurements in the four most 
preserved fir-beech forest reserves in the Northern and Western Carpathians, documenting an 
overall decrease of fir and increasing representation of beech and understanding the exchange 
as a part of the cyclical development. Vegetation changes in the same localities were also 
studied by UJHAZY et al. (2005) who demonstrated a correlation of some herb layer species 
with the developmental stages of the natural fir-beech forest. Of the latest works, PODLASKI 
(2004), JAWORSKI et al. (2002) and SZWAGRZYK & SZEWCZYK (2001) showed the 
decreasing representation of fir and the invasion of beech in the Polish part of the Carpathians, 
interpreting the change as a cyclical development. 

A range of studies on the dynamics of beech- and fir-beech forests, based on 
phytosociological relev6s, have brought new information about developmental trends. 
However, the studies have been made not only in natural forests but also in forests under 
long-term management schemes. For example VIEWEGH (1999) demonstrated changes in 
forest vegetation composition in the Western Carpathians, interpreting them as a trend caused 
by anthropogenic impacts. MAYCOCK et al. (2000) described trends in the changing 
representation of fir, beech and spruce in relation to individual ecological factors, which are 
not of a cyclical character and cannot be unambiguously limited in time. HI~DL (2004a) 
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assessed vegetation changes occurring in the long-term managed beech woods of the 
Rychlebsk6 hory Mrs. after 60 years and interpreted them as the consequence of change in 
ecological conditions - mainly soil acidification and nutrient leaching. 

The works dealing with the developmental trends do not assess cyclical changes - and can 
hardly do so, being worked out as syntheses from managed forests. Conversely, it is evident 
that most works dealing with the cyclical development of natural forests do not assess 
possible linear trends in the development of communities. Only in one case the distinction of 
trends and (cyclical) developmental processes was studied by L1u & BRAKENHIELM (1996) 
who repeatedly studied the vegetation of natural mixed and coniferous forests in Sweden, 
interpreting the detected changes largely as being under the influence of natural processes 
(cyclical development) - not a trend. 

However, the above works (exception LIU & BRAKENHIELM 1996) concerned with the 
cyclical development of the forest did not take into account either the former human impact 
(grazing in the forest, litter raking) or the existing secondary impacts (depositions of sulphur 
and nitrogen compounds in the soil, excessive game stock, minimum number of predators, 
etc.). Especially the natural fir-beech forests of the Carpathians, and hence also their 
dynamics within the small developmental cycle, have been considerably affected by humans 
since the medieval times. The Wallachian colonization that progressed along the rounded 
Western Carpathian ridges, the greater part of which did not reach the upper forest boundary 
(unlike the sharp peaks of the Alps beyond the upper forest boundary), had a specific impact. 
The Wallachian colonization was associated with the pasture of large herds of sheep for which 
forests on the mountain ridges were stumped. However, the grazing took place also in the 
surrounding forests that also became subject to litter raking (ZLATNIK 1934, 1935, ~ALOUD|K 
1966, 1984). The Wallachian colonization of the western edge of the Carpathian belt is 
documented from the end of the 15th century (~LOUDiK 1966, 1984). This could have had an 
impact on the course of the cyclical development in beech (Fagus sylvatica) and fir (Abies 
alba) forest. 

The general hypothesis of the paper dwells on the presumption that it is not only the 
cyclical development that can be observed in the remainders of natural forests in the Western 
Carpathians but that there are also some "linear" trends to be discerned there. The paper 
focuses on (i) tree layer dynamics [changes of beech (Fagus sylvatica) and silver fir (Abies 
alba) representation especially], (ii) distinction of the "time-defined" cyclical changes from 
the "time-unlimited" developmental trends in the herb layer, and (iii) site condition changes 
detected through phytoindication. 

MATERIALS AND METHODS 

Study area 

The surveys took place in two National Nature Reserves (NNR): Salajka (21.9 ha; under 
strict protection since 1937), and Razula (23.5 ha; under strict protection since 1933). Both 
reserves are the best remainders of natural silver fir-beech forests at the north-western edge of 
the Carpathians. According to long-term repeated measurements (since the 1970s) these 
reserves offered the best information about the spontaneous development of natural silver-fir 
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beech forests in the Western Carpathians. Therefore, we assume that generalization about the 
natural processes is possible based on these two forests. 

The Carpathians belong to the Central- and Eastern-European region of mixed 
broadleaved-coniferous forests (OTTO 1994). The westernmost ridges of the Carpathian 
massif (the Moravsko-Slezsk6 Beskydy Mts. and the Javorniky Mts.; Fig. 1) are situated on 
the border of the Czech Republic with Slovakia. Average annual precipitation ranges from 
1050--1370 mm, the mean annual temperature from 5-6~ (VESECK'Y et al. 1960; 
www.chmu.cz/meteo/ok/). The Moravsko-Slezsk6 Beskydy Mts. and the Javorniky Mts. are 
a component part of the sizeable flysh belt of the Western Carpathians. Insertions of 
argillaceous shales exist between these layers. Skeletic Cambisols and Haplic Cambisols 
(ANONYMOUS 1998, DRIESSEN et al. 2001) are the predominant soils. The areas are situated 
on gentle to steep slopes oriented to NE and SE (Salajka), N and NW (Razula). Fir-beech 
stands are a dominant forest community in this area and contain the most valuable remnants of 
natural forests in the Western Carpathians. The phytocoenoses can be classified to the 
associations Dentario enneaphylli-Fagetum and Dentario glandulosae-Fagetum 
(ELLENBERG 1996). 

Field sampling: developmental stages of the forest 

In the tree layer all standing and lying trees with a diameter at breast height (DBH) > 10 cm 
were mapped across the entire areas of Salajka (1974) and Razula (1972) (PRimA 1985). 
A comparison with repeated maps (1:1000) from the 1990s (Salajka - 1994, Razula - 1995) 
provides information about the dynamics of all trees in space and time (increase of living 
trees, decomposition of dead trees, etc.). It is the main level for the identification of 
developmental stages and its phases in the maps of trees (VR~KA 1998, VRgKA et al. 2001). 
This information was compared with the visual assessment in the field. After this the stages 
and phases were plotted into the maps (VR~KA et al. 2001) over the whole area of the surveyed 
reserves. Individual permanent sample plots projected into the map of trees were allocated the 
respective stage. For more robust results, the assessment was made only for three stages of 
development with no further refinement into phases. The proportions between stages do not 
markedly differ between the two localities; the share of the disintegration stage slightly 
increased in the 1990s. The maps of tree positions and the developmental stages and phases 
were prepared in Arc GIS (http://www.esri.com/) software. 

Field sampling: relev6s 

Vegetation data were collected in the field in the form of circular phytosociological relev6s 
from permanent sample plots, each of 25 m in diameter. The number of plots in the Salajka 
NNR and Razula NNR was 19 and 15, respectively. The placement of the plots was chosen by 
E. Prfi~a in the 1970s in such a way that the plots covered the ecological gradients and were 
therefore representative for the localities (PR0~A & HOLU~A 1976, PR0~A 1985). The 
repeated surveys were made in Razula in 1972 and 1995 (VRgKA et al. 2001), and in Salajka in 
1974 and 1994 (VRgKA 1998). The plots were precisely localized (with a plot centre 
determination accuracy of approx. 1 m) according to the maps of trees in the scale 1:1000. 
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Fig. 1. Location of study areas. Grey shading: the Protected Landscape Area Beskydy. Two studied forest 
reserves are shown. 

Possible bias due to inaccurate relocation or incorrectly established size of plots was 
eliminated in this way (cf. CHYTR~" 2001, HI,DE 2004a, VAN DER MAAREL 2005). 

The vegetation was recorded in the 1990s using the 1 l-member ZLATNIK (1953) scale (an 
adjusted Braun-Blanquet scale), in the 1970s using the coarser 7-member Braun-Blanquet 
scale (BRAUN-BLANQUET 1964). The vertical structure of phytocoenoses was classified as 
follows (cf. RANDU~KA et al. 1986, HENNEKENS & SCHAMINI~E 2001): 1 Tree layer - high 
(dominant and co-dominant trees); 2 Tree layer - middle (sub-dominant trees, higher than 
a half-height of trees in the main level); 3 Tree layer-  low (tree height ranging from 1.30 m to 
a half-height of co-dominant trees); 4 Shrub layer - high (woody species of  height ranging 
from 0.20 - 1.30 m); 5 Shrub layer - low (woody species up to a height of 0.20 m, individual 
conifers with at least one lateral shoot, individual broadleaves without cotyledons); 
6 Seedling layer; 7 Herb layer. This numerical marking of vegetation layers is used further in 
the paper. Mosses and lichens were not recorded. 

Data analysis 

Vegetation changes were studied regarding the years of measurement (1970s or 1990s) and 
between the forest development stages (3 options) using the indices of floristic similarity, 
diversity, species fidelity, average cover and constancy, and applying multivariate ordination 
analyses. Species abundance-dominance was quantified using BRAUN-BLANQUET (1964) 
7-degree scale. 

The qualitative JACCARD (1901) similarity index and its quantitative modification 
(GLEASON 1920) were used to assess the difference between the years of  measurement. 
Moreover, the Steinhaus quantitative similarity index (MOTYKA 1947) was used for the same 
purpose. This index effectively reacts to changes of dominant species. 
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Table 1. Settings of ordination analyses; 68 relevrs in all analyses, Nspccj~ - number of species, CCA - Canonical 
Correspondence Analysis, DCA - Detrended Correspondence Analysis; vegetation layers: 1 Tree layer - high, 
2 Tree layer- middle, 3 Tree layer - low, 4 Shrub layer - high, 5 Shrub layer - low, 6 Seedling layer, 7 Herb layer 
(see text). 

Analysis Analyzed N~or Analysis Transformation Environmental data Covariable data 
no. data type 

1 All layers 90 CCA Logarithmic year of measurement stage of development 
2 90 CCA Logarithmic stage of development year of measurement 
3 90 CCA Logarithmic stage + year none 

4 Tree species layers 28 CCA Logarithmic year of measurement stage of development 
5 28 CCA Logarithmic stage of development year of measurement 
6 28 CCA Logarithmic stage + year none 

7 Herb layer 62 CCA Logarithmic year of measurement stage of development 
8 62 CCA Logarithmic stage of development year of measurement 
9 62 CCA Logarithmic stage + year none 
10 62 DCA none none none 

Taxon fidelity, "phi" coefficient - s e n s u  CHYTR~ et al. (2002), the value o f  constancy, 
average cover and the Shannon-Wiener index o f  diversity (e.g. BEGON et al. 1990) were 
computed using the Juice 6.2 software (TICH~" 2002). Shannon-Wiener index values were 
tested for homogeneity (ANONYMOUS 2000) and then tested by t-test and A N O V A  analysis 
(STATSOFT 2003), as well as the values o f  equitability and the species numbers in relevrs. 

Ordination analyses (Table 1) were processed in CANOCO for Windows 4.5 and 
CanoDraw for Windows 4.0 (TER BRAAK & ~MILAUER 2002, LEPS & ~MILAUER 2003). Tree 
layers were not compounded. Data transformation was made by a logarithmic transformation 
according to the formula: y '  = log(y + 1) where " y '  " i s  a quantitative variable o f  the given 
taxon introduced into the analysis, and " y  " is a percentual value o f  the taxon coverage 
determined in the field. The y '  values were centred and standardized according to the species 
and samples. With the exception o f  the environmental and covariable data application, 
supplementary data were used in DCA (Table 1, analysis 10); they were tree species layer 
coverages and year o f  measurement. The significance o f  variables was tested using the Monte 
Carlo test with 4999 permutations. Graphic outputs show scores on the first two axes. Only 
the most weighted species (inclusion rules in CanoDraw for Windows 4.0) in analyses are 
shown. 

Changes o f  environmental conditions were studied between the years o f  measurement and 
between the stages o f  forest development using the calculation o f  Ellenberg indicator values 
(EIV). EIVs of  taxa were used according to ELLENBERG et al. (1992). The possible indirect 
measurement o f  site conditions by means o f  econumbers was verified in a range o f  studies 
although the limitations o f  the approach have also been pointed out (SCHAFFERS & S~KORA 
2000, WAMELINK et al. 2002, 2005, CHYTR~" et al. 2003, EWALD 2003, SMART & SCOTT 
2004). EIVs were tested for homogeneity (ANONYMOUS 2000), the statistical significance o f  
variables being subsequently tested using t-tests and A N O V A  analysis using Statistica 6.0 
(STATSOFT 2003) software. 

The critical level o f  significance in all analyses was set at a = 0.05. 
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Table 2. Variance and its partitioning by CCA explained by year of measurement and stage of development (see 
Table 1), including different sets of vegetation layers (1-7, delimitation see text). F test statistics, P - level of 
significance (Monte Carlo permutation test), explained variabilities represent the partial effect of environmental 
variables (year, stage) in species data or the common effect of year and stage. Shared effect = common effect of 
year and stage partial effect of stage - partial effect of year. The period of measurement and the forest 
development stage are significant variables in analyses of all vegetation layers, tree layers and herb layers. 

Analysis Analyzed Environmental Covariable Explained P-value F-value 
no. data data data variability (%) 

l All layers Year Stage 4.70 0.0002 3.31 
2 (1-7) Stage Year 4.05 0.0034 1.80 
3 Year + stage / 9.11 

Shared effect / 0.36 

4 Tree layers Year Stage 6.63 0.0002 4.68 
5 (1-6) Stage Year 5.15 0.0182 2.09 
6 Year + stage / 12.42 

Shared effect / 0.64 

7 Herb layer Year Stage 2.95 0.0012 2.09 
8 (7) Stage Year 3.99 0.0014 2.07 
9 Year + stage / 7.06 

Shared effect / 0.11 

RESULTS 

Dynamics of tree species 

The year of survey is a significant variable (Table 2). The increase of  Fagus sylvatica 
frequency in tree layer-1 is markedly high (Table 3 - see Appendix, Fig. 2). Although the 
frequency ofAbies alba, Picea abies and Acerpseudoplatanus slightly increased in this layer, 
their degrees of cover significantly decreased. The cover shrink is particularly obvious in 
Abies alba (Table 3, Fig. 2) with the species being bound in the tree level namely to the 
disintegration stage (Table 4). The stages of  development are also one of  the statistically 
significant variables (Table 2). 

In the middle tree layer (2) the original and nearly equal position of  Fagus sylvatica and 
Abies alba (assessed by the frequency of  occurrence) changes into an unambiguous 
predominance of  Fagus sylvatica (Table 3). In the middle tree layer beech is bound 
particularly to the growth stage and partly also to the disintegration stage (Table 4 - see 
Appendix, Fig. 3). This layer exhibited a profound decrease of  Picea abies and Acer 
pseudoplatanus cover between the years of  survey (Table 3). 

The lower tree layer (3) shows a considerable decrease in the frequency ofAbies alba in 
which a decreased degree of coverage was observed similarly as in Picea abies and Fagus 
sylvatica (Table 3, Fig. 2). However, the frequency of  Fagus sylvatica markedly increased. 
Beech dominates the lower tree layer on nearly all plots in the 1990s. In this layerAbies alba is 
bound to the optimum stage where the values of  its cover are very low (Table 4, Figs. 3, 4). 
Conversely, with its high degree of  coverage, Fagus sylvatica dominates the lower tree layer 
at the disintegration stage (Table 4, Figs. 3, 4). 
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Fig. 2. Vegetation changes between two periods of measurement, with forest development stage as a covariable; 
CCA analysis of all vegetation layers (Table 1, analysis 1). Species with a fit >7% are shown, numbers 1-6 
denote vegetation layers (see text). The increase in shrub and seedling (4-6) layers and the increase of Fagus 
sylvatica in tree layers are shown in the 1990s. In contrast, the share ofAbies alba in the tree layers and the share 
of some taxa characteristic for base- and nutrient-rich soils (Galeobdolon montanum, Dentaria enneaphyllos) 
decrease in the 1990s. 

The coverage of  shrub layers (4 and 5) considerably increased in the 1990s (Table 3, Figs. 
2, 4). Although Fagus sylvatica was still dominant, it was increasingly accompanied by Acer 
pseudoplatanus, Sambucus racemosa and Sorbus aucuparia, at some places newly also by 
Abies alba. A massive invasion ofFagus sylvatica was observed at the disintegration stage, 
the shrub layers however gaining ground also at other stages in the 1990s. 

Similarly, the layer of  seedlings (6) was taking ground throughout the area in the 1990s 
across the developmental stages with the frequency of  occurrence being higher in Abies alba 
than in Fagus sylvatica. The range of  species also includes Acerpseudoplatanus and Picea 
abies. 

Obviously, the dendromass dynamics, and hence the dynamics of  the forest developmental 
stages, is now moderated mainly by Fagus sylvatica. In this respect, the long-term gradual 
replacement ofAbies alba by Fagus sylvatica is a trend possibly reaching beyond the span of  
the developmental stages. Taking into consideration the different age potential of  the two 
main tree species, this exchange may affect the duration of  developmental stages in the future. 
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Fig. 3. Differences in vegetation among the forest development stages, with the period of measurement as 
a covariable; CCA analysis of all vegetation layers (Table 1, analysis 2). Species with a fit _> 4% are shown, 
numbers 1~  denote vegetation layers (see text). The differences between the forest development stages were 
found not only in the vertical stand structure (e.g. Fagus sylvatica is bound in the middle and lower tree layers to 
the growth and disintegration stage) but also in the herb species coverage. The forest development cycle 
particularly connects with the changes in frequency and cover ofSenecio ovatus, Dryopterisfilix-mas, Rubus 
idaeus, Mercurialis perennis and Maianthemum bifolium. 

Cyclical changes versus trends in the herb layer 

Herb layer variability can be to a greater part explained by water  regime and by  the 
coverage o f  the tree layers (Fig. 5). Hygrophilous taxa occur in Fig. 5 on the 1st non-canonical 
(i.e., horizontal) axis furthest on the right. The horizontal axis in Fig. 5 covers 14.6% of  the 
total variance. Species with the highest score on this axis are Equisetum sylvaticum and 
Chaerophyllum hirsutum, dominating the open and water-affected stands. At the other end, 
there are shade-tolerant Oxalis acetosella and Dentaria enneaphyllos. Subsequently, on the 
vertical axis, the herbaceous undergrowth is differentiated particularly according to the 
coverage o f  shrub layers and the year o f  survey (Fig. 5). 

Year  of  measurement  and stage o f  development  were significant variables in the CCA 
(Table 2, analyses 7 and 8). Changes in the presence o f  plant taxa between the 1970s and the 
1990s are smaller than those in their dominance (Table 7). Dominant  species are usually 
present in relevfs  from both surveys - changing however  profoundly their coverages and 
finally withdrawing (Steinhaus formula in Table 7). The decreased coverage o f  some 
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Fig. 4. Species composition explained by the joint effect of the period of measurement and the stage of forest 
development; CCA analysis of all vegetation layers (Table 1, analysis 3). The grey arrow denotes the trend 
between the 1970s and 1990s, and grey circle the cyclical change between the three forest stages. Species with 
a fit ~ 7% are shown, numbers 1-6 denote vegetation layers (see text). The changes of shrub and seedling (4-6) 
layers, the changes of Fagus sytvatica and Abies alba in the tree layers, the changes in share of Galeobdolon 
montanum, Dentaria enneaphyllos and Galium odoratum relate to developmental trends. The forest 
development cycle particularly connects with the changes in the cover of tree layers and in the coverage of 
Senecio ovatus, Dryopteris filix-mas, Rubus idaeus, Mercurialis perennis and Maianthemum bifolium. 

site-specific dominants (Petasites albus, Oxalis acetosella, Impatiens noli-tangere, 
Chaerophyllum hirsutum, Table 3) and the increased species diversity (Tables 3, 5) led to the 
plot approximation in ordination axes in Fig. 5. The relev6s are more similar in the 1990s 
(Fig. 5). The localities do not develop quite consistently. Salajka shows greater qualitative and 
smaller quantitative changes than Razula (Table 7). Differences are found between the 
localities in the development of  equitability and also in the number of  species. The herb layer 
in the two localities exhibited an increase of  Shannon-Wiener index between the years of  
survey (Fig. 6, Table 5). The decreasing frequency and cover of  Dentaria enneaphyllos, 
Galeobdolon montanum and Galium odoratum can be considered a definite developmental 
trend (Table 3, Figs. 2, 4). Conversely, the frequency of  Veronica montana and Luzula 
luzuloides is increasing (Table 3, Fig. 2). 

The optimum stage is the worst floristically separated. Communities at the disintegration 
stage typically show higher values of  Shannon-Wiener index (Table 6), which follows from 
the combination of  higher species diversity and equitability. Senecio ovatus, Dryopteris 
filix-mas and Mercurialis perennis have a high value of  fidelity in this stage (Table 4). In the 
herbaceous undergrowth of  the growth stage, the values of  Shannon-Wiener index are 
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Fig. 5. The first two main directions of variance of the herb layer as plotted on horizontal and vertical axes, 
respectively, of DCA analysis (Table 1, analysis 10). Supplementary variables are year of measurement and 
coverage (%) of tree species layers. Species with a weight > 4% are shown. Grey polygons outline the area 
occupied by the plots of the respective periods (dark grey- 1994-1995, light grey - 1972-1974). Herb layer 
variability can be particularly explained by water regime (hygrophilous taxa occur furthest to the right) and by 
the coverage of the tree layers. The relevrs are more similar in the 1990s. 

suppressed by low species diversity and in that of  the optimum stage by low equitability 
(Table 6). However, none of  the two variables was significant among the stages. The herb 
layer has the lowest average cover at the growth stage (Table 4). The forest development cycle 
particularly connects with the changes in frequency and cover ofSenecio ovatus, Dryopteris 
filix-mas, Rubus idaeus, Mercurialis perennis, Maianthemum bifolium (Table 4, Figs. 3, 4). 

Changes of environmental conditions 

Based on the phytoindication, significantly decreased soil reaction and increased light and 
temperature were found between the periods of  survey in Razula and/or Salajka. Significant 
changes were found in soil reaction and soil nitrogen between the stages of  forest 
development. 

Ellenberg indicator values for light increased between the 1970s and the 1990s at 24 plots, 
and dropped only in 9 plots. In accordance to this, EIV for temperature significantly increased 
in Salajka. The species composition of  the vegetation does not indicate any changes in soil 
moisture or soil nitrogen content between the periods of  survey. In the other EIVs the 
localities have not developed quite consistently. Ellenberg indicator values for soil reaction 
significantly decreased in Salajka (Fig. 6, Table 5). A range of taxa  newly recorded in 1994 
can be considered acidophytes (Luzula luzuloides). In contrast, a pronounced decrease was 
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Table 5. Parameters of the herb layer vegetation between the years of measurement; number of plots: Razula = 
15, Salajka = 19; testing by t-test, s.d. - standard deviation, P - level of significance (P < 0.05 printed in bold), 
t - test statistics, EIV - Ellenberg indicator value. Significant changes were found between periods of 
measurement in the case of number of species, Shannon-Wiener index, equitability, light, temperature and soil 
reaction in Razula and/or Salajka. 

Locality Characteristic Year 
1972 1995 

Mean s.d. Mean s.d. t-value P-value 

Razula 

Salajka 

No. of species 11.1 3.9 15.2 5.4 -3.63 0.0027 
Equitability 54.7 5.4 55.0 5.9 -0.12 0.9041 
Shannon-Wiener index 1.9 0.4 2.1 0.4 -2.63 0.0198 
Light (EIV) 3.4 0.4 3.6 0.3 -2.26 0.0401 
Temperature (EIV) 4.7 0.2 4.8 0,1 -0.99 0.3404 
Moisture (EIV) 5.7 0.3 5.6 0.2 0.88 0.3963 
Soil reaction (EIV) 5.7 0.3 5.8 0.4 -1.31 0.2097 
Soil nitrogen (EIV) 5.7 0.3 5.8 0.2 -1.25 0.2311 

1974 1994 
Mean s.d. Mean s.d. t-value P-value 

No. of species 12.9 4.3 13.7 3.9 -0.67 0.5092 
Equitability 56.9 8.6 61.4 6.7 -2.45 0.0236 
Shannon-Wiener index 2.0 0.3 2.3 0.3 -2.63 0.0161 
Light (EIV) 3.7 0.6 3.9 0.3 -1.80 0.0867 
Temperature (EIV) 4.5 0.2 4.7 0.2 -2.49 0.0215 
Moisture (EIV) 5.9 0.6 5.8 0.4 1.24 0.2308 
Soil reaction (EIV) 5.9 0.6 5.3 0.7 4.49 0.0002 
Soil nitrogen (EIV) 5.8 0.3 5.7 0.4 0.80 (14327 

recorded in the frequency and coverage o f  some taxa characterist ic for base-  and nutrient-rich 

forest soils ( Galeobdolon montanum, Dentaria enneaphyllos). The frequency o f  Dentaria 
enneaphyllos also markedly  decreased in Razula  but the general  trend toward acidif icat ion 

was not demonstrated.  

Statist ically significant differences were revealed among the developmental  stages by  
single-factor  A N O V A  analysis  in the case o f  EIV values for ni trogen and soil react ion 

(Table 6). Similar  results (statistically significant EIV for soil  react ion and nitrogen) are also 

provided  by  the mult i -factor  A N O V A  analysis  using the local i ty or the year  o f  survey as 

a second factor. 

DISCUSSION 

Changes of tree species 

The results demonstrate  a discontinued representat ion o f  fir (Abies alba) in the vert ical  

stand structure and its long-term withdrawal  and replacement  by  beech (Fagus sylvatica). The 

descr ibed changes are interpreted as a trend exceeding one cycle o f  the forest  development .  

The changes originate from the historical impact  o f  humans,  more precisely in the inertial 
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Fig. 6. Herb layer diversity and Ellenberg indicator values (EIV) in dependence on the year of  measurement; 
number of  plots: Razula (R) = 15, Salajka (S) = 19, (a) change of  Shannon-Wiener index, (b) change of  EIV for 
light, (c) change of EIV for soil reaction. Full squares - median, open boxes - interquartile range (25%-75%), 
whiskers - non-outlier range (coefficient 1). The herb layer in both localities exhibited an increase of  
Shannon-Wiener index and an increase of  Ellenberg indicator values for light in the 1990s. Ellenberg indicator 
values for soil reaction significantly decreased in Salajka in the 1990s. 
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Table 6. Parameters of the herb layer vegetation jointly for Razula and Salajka, among stages of forest 
development; testing by ANOVA, number of cases: growth stage = 19, optimum stage = 9, disintegration stage = 
40; s.d. - standard deviation, P - level of significance (P < 0.05 printed in bold), F - test statistics, EIV - 
Ellenberg indicator value. Significant changes were found between the forest development stages in the case of 
the soil reaction and soil nitrogen. 

Stage 
Growth Optimum Disintegration 

Characteristic Mean s.d. Mean s.d. Mean s.d. F-value P-value 

No. of species 11.2 3.3 13.9 5.0 13.8 4.8 2.376 0.101 
Equitability 56.7 8.8 54.1 5.0 58.5 7.1 1.494 0.232 
Shannon-Wiener index 1.9 0.3 2.0 0.4 2.2 0.4 3.077 0.053 
Light (EIV) 3.6 0.4 3.5 0.3 3.7 0.4 0.965 0.386 
Temperature (EIV) 4.6 0.3 4.7 0.1 4.7 0.2 0.480 0.621 
Moisture (EIV) 5.8 0.5 5.6 0.2 5.6 0.3 1.575 0.215 
Soil reaction (EIV) 5.3 0.7 5.8 0.4 5.7 0.5 3.959 0.024 
Soil nitrogen (EIV) 5.6 0.4 5.8 0.3 5.8 0.2 5.231 0.00g 

effect of  the Wallachian colonization in spite of  the forests in question having been left to 
spontaneous development since the 1930s (PR0~A 1985). 

Due to sheep grazing and litter raking in the period from the 15th to 19th centuries beech 
was replaced mostly by fir, which underwent a massive invasion and a rise in the so-called 
"grazing generation" of  fir. Conversely, since the 19th century (actual end of  litter gathering 
and grazing in the forest) fir has been replaced mostly by beech and in our opinion the decline 
in its representation still has not bottomed out. Moreover, the forest regeneration conditions 
experienced an essential change in the 19th century - with accumulating litterfall more 
favourable for beech (litter no longer raked) and hoofed game stock (no longer limited by 
predators) essentially hampering the natural regeneration of not only fir. The last forty years 
of  the 20th century witnessed a process of  fragmentation of the developmental stages - the 
stand texture was profoundly differentiated due to the disintegration of the "grazing" fir 
generation, and conditions arose that were favourable for the regeneration of  both beech and 
fir, as seen from the increased cover of  shrub layers in the whole-area. Another positive effect 
was the decrease in hoofed game stock after 1989 (VR~KA et al. 2000). Other regions, e.g. 
northern Italy (MOTTA & GARBARINO 2003), or the middle of  the Czech Republic (MALEK 
1962, 1971, 1981) show a similar pattern where the historical disturbance of  the 
developmental cycle of  fir-beech forests by humans results in the current dominance of  beech 
in forest stands on the sites of  fir-beech forests. 

The results found on the basis of  repeated phytosociological relevrs correlate with the 
results from the repeated dendrometric measurements of  the tree layer (VR~KA 1998, VR~KA 
et al. 2000, 2001). 

Cyclical changes versus developmental trend for the herb layer 

The herb layer was significantly modelled by changes in time and by the dynamics of  forest 
development changes, i.e., by the dynamics of  dominant tree species. Developmental stages 
(OTTO 1994, KORPEE 1995) are a good concept for studying the woody component of the 



Trends and cyclical changes in natural fir-beech forest 351 

Table 7. Floristic similarity of phytosociological relev6s on plots in Razula and Salajka between the years of 
measurement; number of plots: 1970s = 34, 1990s = 34; indexes: Jaccard index of qualitative floristic similarity, 
Gleason index of quantitative floristic similarity, Steinhaus index of quantitative floristic similarity, s.d. - 
standard deviation. Changes in the presence of plant taxa between the 1970s and 1990s are smaller than those in 
their dominance. Salajka shows greater qualitative and smaller quantitative changes than Razula. 

Locality Razula Salajka 
Index Mean s.d. Mean s.d. 

Jaccard 45.47 11.31 41.70 10.54 
Gleason 71.39 27.36 81.42 16.20 
Steinhaus 37.47 18.50 38.47 21.16 

ecosystem, and they seem to be a coarse framework that discloses the broader relations in 
a discrete study of the herbaceous layer. 

Species diversity increased between the years of  survey, which is in good agreement with 
the recent findings of  WILD et al. (2004) from the ~umava Mts. but does not correspond with 
those of  HI~DL (2004a), VIEWEGH (1994, 1996), VACEK & LEPg (1987, 1991, 1992) and 
VACEK et al. (1996, 1999) from other regions of  the Czech Republic. The most frequently 
mentioned reason for the decreased species diversity is usually the air pollution load (SMITH 
1974, 1981, SCHULTZE 1989, OKLAND & EILERTSEN 1996, VACEK et al. 1999, NYGAARD & 
ODEGAARD 1999). According to VACEK & MATI~JKA (2003), the decrease of  species 
diversity between the years 1951-1970 was followed - after the reduced air pollution load - 
by the increase of  species number. The trend established by us may also relate to the overall 
regeneration of forests in the study area (Razula) after the suppression of air-pollution 
concentrations after 1989. The close correlation between species diversity and the soil 
reaction (BRUNET et al. 1996, BORCHSENIUS et al. 2004) may also be the cause of  only an 
insignificant increase in the species number in Salajka where the EIV value for soil reaction 
decreased. 

No significant difference in species diversity was found among the forest development 
stages. Similar findings were presented by UJHAZY et al. (2005) who demonstrated only 
a very limited turnover of  species in the forest development cycle, and by COLLINS & 
PICKETT (1987) or MOORE & VANKAT (1986) who do not find in the gap (usually the 
disintegration stage) any markedly higher species diversity than in the none-gap (fully 
enclosed crown canopy). This does not answer the concepts of  REMMERT (1991) who 
conversely anticipates a dramatically growing species number in the open beech stand at the 
disintegration stage. The insignificant increase in species between the stages may result from 
the limited size of  gaps in the stands under study, which does not provide for direct insolation 
of the undergrowth (SAMEK & JAVOREK 1964, BATELKA 1979, NAKASHIZUKA 1985, 
DROSSLER & VON LOPKE 2005). 

The herb layer at the disintegration stage exhibits the highest values of the 
Shannon-Wiener index. The tendency to gain the control of  the undergrowth by a taxon is 
lowest here, which apparently demonstrate the results from a wider range of  site conditions of  
these forest stands. Similar findings are reported by AUBERT et al. (2003). Such tmdergrowth 
with a number of  common taxa appears more homogeneous in vegetation syntheses although 
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the tree layer is considerably diversified. At the optimum stage, the individual taxa of the herb 
layer show the highest tendency to "relative" capturing of  the undergrowth. Different species 
can dominate in different relev6s. As a result of the described tendencies the optimum stage is 
as a whole the worst separating stage of  the development. 

The decreased presence and cover ofDentaria enneaphyllos is interpreted as a trend and 
corresponds well with the findings ofHI~DL (2004a,b). It is likely to be caused by the change 
of site conditions (see below). A pronounced decrease was recorded in the share of Galium 
odoratum and Gateobdolon montanum, which are considered by UJHAZY et al. (2005) to be 
taxa typical of the optimum stage. This was not corroborated by our findings; the decrease in 
their representation rather suggests a trend. The affinity of  ferns toward the fir-beech woods at 
the growth stage (UJHAZY et al. 2005) can be with respect to the analyses carried out defined 
as an affinity to forests with the developed shrub layers, i.e., also to forest stands at the 
disintegration stage. In line with the findings of UJHAZY et al. (2005), an increase was 
observed in the representation ofnitrophilous and heliophilous taxa at the disintegration stage 
(Senecio ovatus, Rubus idaeus). This change, too, is interpreted by us as a manifestation of the 
cyclical development of  the forest. 

Changes in environmental conditions 

The significant increase of EIV for light in the 1990s across the developmental stages is 
likely to be related to trends in the development of  tree layers. A total enclosure of the tree 
canopy has not occurred yet in the process of tree species exchange (namely with Fagus 
sytvatica replacingAbies alba), which is also corroborated by the development of shrub layers 
in the 1990s. 

VAN DOBBEN et al. (1999) observed that the decrease of  EIV values for soil reaction 
correlates with the actual course of soil acidification. According to SCHAFFERS & S~KORA 
(2000), the course of  EIV changes for soil reaction better correspond to Ca content 
(exchangeable Ca 2+ plus Ca from carbonates) as compared to the measured soil reaction. The 
EIV decrease for soil reaction measured by us between the years of survey relates to the 
withdrawing Dentaria enneaphyllos, Galeobdolon montanum and Galium odoratum. In 
combination with the expanding Vaccinium myrtillus and Luzula luzuloides the development 
can be considered a manifestation of site acidification (Salajka). A similar valuation of the 
decreased representation of Dentaria enneaphyllos was published by HI'DE (2004a,b). 
FALKENGREN-GRERUP & TYLER ( 1991) and FALKENGREN-GRERUP ( 1995 ) found a positive 
correlation between soil reaction and the representations of Galium odoratum, Dentaria 
bulbifera, Lamium galeobdolon and Mercurialis perennis, too. In acidification, these taxa 
were observed to exhibit frequency curves extended towards the low pH sites 
(FALKENGREN-GRERUP 1990). The profound decrease in the frequency and cover of the 
mentioned taxa further supports the idea of soil acidification in Salajka. The actual proceeding 
acidification of forest soils (natural and/or human caused) is documented by the direct 
measurements of soil characteristics from a number of places in Europe 
(FALKENGREN-GRERUP & TYLER 1992, BORt)VKA et al. 2005, MLADKOVA et al. 2005). 

VAN DOBBEN et al. (1999) and FALKENGREN-GRERUP & SCHOTTELNDREIER (2004) 
observe a close dependence between the soil content of nitrogen (and its forms) and EIV for 
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N. Conversely, SCHAFFERS & Sx~(ORA (2000) find relations o f  low significance between 
EIV for N and soil characteristics. On the contrary, they can see an obvious dependence with 
respect to biomass production, which supports the opinion o f  HILL & CAREY (1997). 
A similar interpretation o f  EIV for N changes was published by HI~DL (2004a). The course o f  
EIV values for N measured by us - with the minimum and maximum at the growth stage and 
at the disintegration stage, respect ive ly-  corresponds neither to the course o f  live dendromass 
volume nor to the live dendromass increment culmination, the changes being apparently 
related to the volume o f  dead wood and conditions o f  its decomposition (KORPEE 1982, KOOP 
1989, VRgKA 1998, VR~KA et al. 2001). The N-content changes in soils and the changes o f  
humus forms in dependence on the stages o f  development, age and forest stand structure were 
described by PONGE & DELHAYE (1995), ARP1N et al. (1998), FISCHER & BINKLEY (2000), 
AUBERT et al. (2004), GODEFROID et al. (2005), and PALUCH (2005). Similar behaviour to 
that o f  EIV values for nitrogen can be seen in EIV values for soil reaction. This apparently 
also corresponds to the course o f  dead wood decomposition and to changes in the thickness 
and forms o f  organic horizons. 

No  greater exercise ofhygrophi lous  taxa at the disintegration stage was observed between 
the stages o f  forest development, which was supposed by REMMERT (1991). A mild but 
highly significant increase in EIV for temperature (Salajka) is likely to be caused by local 
changes the time course o f  which is not known, but similar trends were not found in Razula. It 
is unlikely that global warming would play a role in these changes as hypothesized by WILD et 
al. (2004) for ~umava forests. 
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Table 3. List o f  all found plant species sorted by the period of  measurement and vegetation layers; species are 
ordered according to their fidelity. Number of  relev6s: 1970s = 34, 1990s = 34. Parameters: A - species 
constancy (%), B - species average cover (%) in non-zero relev6s, C - species fidelity (phi coefficient). Fidelity 
values higher than 10.0 are in bold. In tree layers (1-3) changes particularly in constancy and coverage of  Fagus 
sylvatica, Abies alba and Acerpseudoplatanus were found in the 1990s. In shrub and seedling layers the increase 
o f  diversity and coverage were found. In herb layers the increase o f  species diversity, increase o f  acidophilous 
taxa (Luzula luzuloides, Vaccinium myrtillus) and decrease of  Galeobdolon montanum, Dentaria enneaphyllos 
and Galium odoratum were found in the 1990s. 

Year o f  measurement 1972-74 1994-95 
A B C A B C 

Tree layer - high (no. 1) 
Fagus sylvatica 56 27 92 31 41.0 
Picea abies 14 16 25 11 14.0 
A cer pseudoplatanus 3 38 6 6 7.0 
Abies alba 58 30 64 9 5.7 

Tree layer - middle (no. 2) 
Abies alba 22 14 3.4 19 3 - 
Fagus sylvatica 28 26 92 26 65.1 
Acerpseudoplatanus 3 13 6 3 7.0 
Picea abies 6 26 6 3 

Tree layer - low (no. 3) 
Abies alba 17 4 23.4 3 3 - 
Picea abies 8 14 5.5 6 2 
Fagus sylvatica 86 44 97 29 20.1 

Shrub layer high (no. 4) 
Fagus sylvatica 14 10 75 4 61.5 
Abies alba 22 2 35.4 
Acerpseudoplatanus 6 3 28 2 29.8 
Sorbus aucuparia - 11 2 24.3 
Picea abies - 8 1 20.9 
Sambucus racemosa 6 1 - 8 2 5.5 

Shrub layer - low (no. 5) 
Sambucus racemosa 3 2 11.9 
Fagus sylvatica 6 2 72 2 68.4 
Abies alba 8 2 75 2 67.6 
Acerpseudoplatanus 6 2 33 1 35.1 
Sorbus aucuparia 11 1 24.3 
Picea abies 8 1 20.9 
Lonicera nigra 3 2 6 2 7.0 

Seedling layer (no. 6) 
Abies alba 64 2 68.5 
Fagus sylva tica 53 2 59.9 
Picea abies 19 1 32.8 
Acerpseudoplatanus 6 1 16.9 

Herb layer (no. 7) 
Dentaria enneaphyllos 31 13 37.3 3 1 
Galeobdolon montanum 56 3 28.2 28 2 
Cardamine amara 11 3 24.3 
Steltaria nemorum 19 4 21.0 6 2 
Luzula sylvatica 6 2 16.9 
Ranunculus lanuginosus 6 2 16.9 
Galium odoratum 86 6 14.0 75 3 
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Poa chaixii 3 
Galeopsis speciosa 3 
Geranium robertianum 31 
Circaea • intermedia 14 
Mercurialis perennis 22 
Dentaria bulbifera 47 
Chaerophyllum hirsutum 17 
Carex sylvatica 31 
Sanicula europaea 42 
Senecio ovatus 42 
Dryopteris filix-mas 31 
Veronica montana 17 
Luzula luzuloides 
Dryopteris carthusiana 61 
Rubusfruticosus agg. 3 
Vaccinium myrtillus 8 
Rubus hirtus s.lat. 8 
Chrysosplenium alternifolium 6 
Neottia nidus-avis 
Mycelis muralis 
Myosotis sylvatica 
Epilobium montanum 
Glechoma hederacea 
Calamagrostis arundinacea 
O.valis acetosella 86 
Stachys sylvatica 6 
Lysimachia nemorum 14 
Ajuga reptans 14 
A thyrium filix-femina 92 
Actaea spicata 3 
Pulmonaria obscura 3 
Thalictrum aquilegiifolium 3 
Polypodium vulgare 
Equisetum arvense 
Fragaria vesca 
Huperzia selago 
Poa nemoralis 
Brachypodium sylvaticum 
Paris quadrifolia 11 
Dentaria gtandulosa 53 
Prenanthes purpurea 44 
Urtica dioica 6 
Viola reichenbachiana 25 
Phegopteris connectilis 8 
Impatiens noli-tangere 56 
Polygonatum verticilatum 36 
Petasites albus 39 
Rubus idaeus 19 
Euphorbia amygdaloides 17 
Salvia glutinosa 14 
Polystichum aculeatum 11 
Circaea alpina 8 
Gymnocarpium dryopteris 6 
Deschampsia cespitosa 3 
Maianthemum bifolium 3 

1 
1 
3 
2 
6 
2 
20 
3 
3 
2 
4 
2 

19 
2 
4 

2 
4 
2 
2 
2 
2 
21 
2 

26 
2 
l 
5 
2 
6 
1 
2 
2 

11.9 
11.9 
9.5 
8.8 
7.0 
5,6 
3.9 
3.1 
2.8 

22 
8 
17 
42 
14 
28 
39 
83 
61 
42 
11 
81 
14 
22 
22 
17 
6 
6 
6 
6 
6 
6 

94 
14 
25 
25 
97 
8 
8 
8 
3 
3 
3 
3 
3 
3 
19 
64 
56 
11 
33 
14 
64 
44 
44 
22 
17 
14 
11 
8 
6 
3 
3 

2 
2 
4 
2 
4 
2 
2 
3 
2 
2 
1 
3 
1 
2 
2 
2 
1 
1 
2 
1 
2 
2 
2 
2 
4 
2 
8 
1 
2 
2 
1 
1 
1 
2 
1 
1 
2 
2 
i 
4 
1 
5 
2 
2 
l l  
2 
1 
2 
2 
5 
2 
2 
2 

43.0 
30.7 
27.5 
24.3 
21.4 
20.1 
19.3 
19.3 
17.7 
16.9 
16.9 
16.9 
16.9 
16.9 
16.9 
14.1 
14.1 
14.0 
14.0 
12.1 
12.1 
12.1 
12.1 
11.9 
11.9 
11.9 
11.9 
11.9 
11.9 
11.6 
11.3 
11.1 
10.1 
9.2 
8.8 
8.5 
8.5 
5.6 
3.4 
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Table 4. A list of all plant species found sorted by the stages of forest development and vegetation layers; species 
are ordered according to their fidelity in stages. Number of relev6s: growth stage = 19, optimum stage = 9, 
disintegration stage = 40. Parameters: A - species constancy (%), B - species average cover (%) in non-zero 
relev6s, C - species fidelity (phi coefficient). Fidelity values higher than 10.0 are in bold. Marked changes in 
cover of tree and shrub layers were found between the stages of forest development cycle. The herb layer has the 
lowest average cover at the growth stage, while at the disintegration stage it has the highest species diversity. 

Stage of development Growth Optimum Disintegration 
A B C A B C A B C 

Tree layer - high (no. 1) 
Fagus sylvatica 74 34 
Picea abies 21 11 
Abies alba 47 16 
Acer pseudoplatanus 

Tree layer - middle (no. 2) 
Fagus sylvatica 79 36 22.0 
Picea abies 11 20 18.5 
Abies alba 16 15 
Acer pseudoplatanus 

Tree layer-  low (no. 3) 
Abies alba 
Picea abies 5 2 
Fagus sylvatica 79 22 - 

Shrub layer-  high (no. 4) 
Sorbus aucuparia 11 2 12.3 
Fagus sylvatica 26 2 
Abies alba 5 2 
Picea abies 
Sambucus racemosa 5 1 
Acerpseudoplatanus 16 2 

Shrub layer - low (no. 5) 
Picea abies i 1 2 18.5 
Sorbus aucuparia 11 1 12.3 
Fagus sylvatica 37 2 
Lonicera nigra 
Acerpseudoplatanus 21 2 
Sambucus racemosa 
Abies alba 53 2 10.7 

Seedling layer (no. 6) 
Picea abies 16 1 11.3 
Abies alba 26 2 
Fagus sylvatica 21 2 
Acer pseudoplatanus 

Herb layer (no. 7) 
Myeelis muralis 11 1 28.0 
Maianthemum bifofium 11 2 28.0 
Phegopteris connectilis 21 2 22.0 
Chaerophyllum hirsutum 21 12 22.0 
Vaccinium myrtillus 26 2 20.4 
Circaea alpma 16 9 20.1 
Poa chaixii 5 1 19.6 
Huperzia selago 5 2 19.6 

78 39 3.8 72 24 
22 26 1.6 20 11 
56 33 70 18 20.3 

8 17 18.0 

11 3 65 21 8.0 
2 13 

30 82 2.9 
8 61 8.0 

33 6 33.7 8 3 
22 20 22.3 5 2 
89 41 100 43 

44 12 

11 1 

11 

11 

11 

12.7 

11 
11 

33.7 

5 2 
50 2 21.4 
8 2 18.0 

25 2 13.0 
2 2 10.2 

48 2 8.1 

10 1 
40 2 19.5 
35 2 18.8 
5 1 14.6 

8 7 
8 5 
12 2 
5 2 

5 2 
52 5 20.2 
15 2 18.5 
8 1 18.0 
10 2 12.1 
20 2 7.4 
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Cardamine amara 
Urtica dioica 
Rubus hirtus s.lat. 
Chrysosptenium alternifolium 
A thyrium filix-femina 
Gymnocarpium dryopteris 
Neottia nidus-avis 
Myosotis sylvatica 
Ranunculus lanuginosus 
Lysimachia nemorum 
Dryopteris carthusiana 
Veronica montana 
Geranium robertianum 
Galeopsis speciosa 
Circaea • intermedia 
Dentaria glandulosa 
Galium odoratum 
Luzula sylvatica 
Stellaria nemorum 
Rubus fruticosus agg. 
Dentaria enneaphytlos 
Petasites albus 
Polystichum aculeatum 
Prenanthes purpurea 
Sanicula europaea 
Oxalis acetosella 
Galeobdolon montanum 
Actaea spicata 
Pulmonaria obscura 
Salvia glutinosa 
Impatiens noli-tangere 
Dentaria bulbifera 
Paris quadrifolia 
Euphorbia amygdaloides 
Viola reichenbachiana 
Ajuga reptans 
Staehys sylvatica 
Senecio ovatus 
Mercurialis perennis 
Dryopteris filix-mas 
Rubus idaeus 
Thalictrum aquilegiifolium 
Luzula luzuloides 
Epilobium montanum 
Glechoma hederacea 
Calamagrostis arundinacea 
Carex sylvatica 
Polypodium vulgare 
Equisetum arvense 
Fragaria vesca 
Deschampsia cespitosa 
Brachypodium sylvaticum 
Poa nemoralis 
Polygonatum verticillatum 

11 3 18.5 
11 2 18.5 
26 2 17.1 
16 3 15.3 

100 7 13.4 
11 1 12.3 
5 1 8.6 
5 2 8.6 
5 2 8.6 

21 4 8.2 
79 5 5.7 
32 2 3.0 
26 3 1.9 

42 2 
63 3 

5 3 

11 13 
32 28 
11 2 
53 2 
21 2 
89 8 
32 2 
5 1 
5 1 

47 6 
37 2 

16 1 
21 2 
11 2 
5 2 

32 2 
5 2 

26 2 
11 1 

26 

42 

11 2 

89 13 
11 2 8.7 

11 1 18.9 
11 2 
67 2 
22 2 
33 3 7.5 
11 1 31.3 
33 2 29.6 
89 2 21.8 
100 4 19.0 
11 2 18.9 
22 2 18.4 
22 2 18.4 
33 14 16.1 
56 12 13.9 
22 2 12.7 
67 2 10.7 
56 5 10.2 
100 17 9.8 
56 2 9.0 
11 3 8.7 
11 3 8.7 
22 2 8.3 
67 16 7.4 
56 2 6.6 
22 2 6.4 
22 1 4.7 
33 2 2.1 
22 1 1.6 
11 2 1.1 
44 7 
11 2 
44 8 
11 1 

22 

33 

2 
2 
12 
8 

95 
2 
2 
2 

15 4 
75 3 
30 2 1.5 
22 2 

10 2 
65 3 8.0 
85 5 12.5 
2 1 
8 6 
10 i 5.0 
18 12 
38 14 
10 1 
50 2 
50 2 17.8 
95 10 4.5 
48 3 8.1 
5 2 
5 2 

20 4 17.9 
60 11 6.4 
50 2 7.0 
22 2 20.5 
18 1 
35 2 10.7 
25 2 13.0 
12 2 8.7 
80 3 44.8 
30 6 27.8 
60 2 27.4 
30 2 22.9 
10 2 20.9 
8 1 18.0 
5 1 14.6 
5 2 14.6 
5 2 14.6 

35 2 10.7 
2 1 10.2 
2 1 10.2 
2 1 10.2 
2 2 10.2 
2 ! 10.2 
2 1 10.2 

45 2 5.7 


