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Abstract

The cells of Digitalis lanata Ehrh. (foxglove) were after permeabilization with Tween, ethanol,
hexadecyltrimethylammonium bromide and hexadecylpyridinium chloride resp., immobilized by glutaraldehyde
without any soluble carrier. β-Galactosidase showed pH optimum at 4.8 and temperature optimum at 50 °C. The
enzyme hydrolysis was linear for 3.5 h reaching 60 % conversion. Cells immobilized by cross-linking having high
β-galactosidase activity and a long-term storage stability showed convenient (appropriate) physico-mechanical
properties.
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Introduction

Sources of numerous natural compounds are limited. Synthetic preparation of these compounds
complements their insufficiency which is being limited by natural sources. Solution of this problem is
aided by biotechnologies. Biotransformation and production of high-value fine and special chemicals
are known from recent time. Knowledge of totipotency and mastering of plant-tissue cultivation
techniques were applied at first in agriculture for instance in plant propagation. It was recognized later
that plant cells can be used for biosynthesis and biotransformation of various substances of natural and
synthetic origin.

In the last decades several methods for fixation of biocatalysts have been developed. Enzymes,
living or nonliving microorganisms, animal and plant cells, as well as combined systems, have been
bound within or to carrier materials (Hulst, Tramper 1989; Förster 1994; Klein, Wagner 1983; Rosevear
1984; Akin 1978). Immobilization of cells or enzymes represents an effective way of highly efficient 
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enzyme fixation of catalysts important for biotransformation process (Blandino et al. 2003). Plant cells
were first immobilized by Brodelius et al. (1979). Many matrices from synthetic polymers or biological
materials have been used for the immobilization of cells. The most widely used technique of cell
immobilization is cell entrapment when living cells are enclosed into gel particles: agar, agarose,
kappa-carrageenan, collagen, chitosan, polyacrylamide, polyurethane, or cellulose (Hulst, Tramper
1989; Tampion, Tampion 1987). The spontaneous adhesion or covalent binding of cells to the surface
of insoluble carriers was also examined (Cabral et al. 1984, Parascandola et al. 1987, Szczodrak 1999).
Recently, the use of poly(vinyl alcohol) and glutaraldehyde (Wu, Wisecarver 1992; Hasal et al. 1992)
or Tween 80 and glutaraldehyde (Barth et al. 2002) for cell immobilization have been investigated.

Biotransformation of foreign substrate into more useful substances by cultured plant cells is one of
the important reactions in synthetic chemistry (Sakamaki 2001). From the viewpoint of “green
chemistry”, biocatalysts have been used for the transformation of natural or artifitial substances into
useful compounds (Flitsch 2002) by epoxidation (Sakamaki 2008), oxidation or oxidative cleveage
(Chai 2004, Itoh 2008, Utsukihara et al. 2007) reduction (Itoh 2005) conversion (Sakamaki 2004,
2005). Glycosylation with plant cells is also an important method for the conversion of water insoluble
and unstable compounds in water-soluble and stable once. Cultured plant cells showed high potential
for glycosylation phenolic compounds to afford the corresponding mono- and disaccharides (Shimoda
2006, 2007a, b, 2009). Biological degradation of Bisphenol A was studied by cultured plant cells. Chai
et al. (2003) reported the total degradation of Bisphenol A in aqueous solution by using Caragana
chamlangu in biocatalytic reaction. For biotransformation of some bioproducts of plant origin can be
useful also microorganisms (Keshk 2011).

β-galactosidase (β-D-galactoside galactohydrolase EC 3.2.1.23) called also lactase catalyses the
hydrolysis of terminal β-galactosidic linkage of glycosides. The enzyme is widely distributed in various
plant tissues. It is involved in the degradation of plant cell wall polysaccharides in relation to cell
growth, rippening of fruit and seeds, and pollens germination (Simon et al. 1979; De Veau et al. 1993;
Sawicka, Kacperska 1995; Singh, Knox 1985). Lactase hydrolyses lactose into glucose and galactose
which has recently evoked considerable interest because of its application in the food industry, nutrition
and medicine (Szczodrak 1999, Tatsuzawa et al. 2003). Although lactase is generally present in plants,
this source has been generally neglected. 

The enzymatic hydrolysis of terminal β-galactosidic linkage of glycosides by cells, as well as by
foxglove cells immobilized has been studied in this paper. 

Material and Methods

Plant material. – Long-term callus culture and cell suspensions were derived from foxglove
seedlings (Digitalis lanata Ehrh.) as was described previously (Diettrich et al. 1986). Seedlings of
foxglove grew under sterile condition 5-6 days (Blanáriková et al. 1996, Dixon, 1991).

Cell permeabilization. – Cell suspensions were filtered through a nylon cloth, and 10 g of fresh
mass was suspended in 50 ml of 0.15 mol.l-1 NaCl with 5 % Tween 20, 5 % Tween 80, 30 % ethanol,
50 % ethanol, 0.1 % hexadecyltrimethylammonium bromide and/or 0.1 % hexadecylpyridinium
chloride, respectively. Permeabilization was carried out for 3 h with moderate stirring at 20 °C. The
cells were filtered off and washed with 2000 ml distilled water and 3000 ml 0.15 mol.l-1 NaCl solution.

Cell immobilization. – The permeabilized cells were immediately suspended in 40 ml of 0.15
mol.l-1 NaCl solution and than 5 ml of 25 % glutaraldehyde was added slowly under mild stirring for
2.5 h at room temperature. The immobilized cells were then separated and washed with 2000 ml of
distilled water and 2500 ml of 0.15 mol.l-1 NaCl solution.

Determination of fresh and dry weight. – Fresh and dry weight of suspended cells and
immobilized cells were determined gravimetrically. For determination of dry weight, samples were
dried to the constant weight at 100 °C.
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Glucose utilization. – The immobilized cells and cell suspension were exposed to initial glucose
concentration (200 mg.l-1) in the cultivation medium (Yagi 2004) without the presence of sucrose. 
The concentration of glucose was determined by the method of Trinder (1969).

Enzyme assay. – The enzyme assay was performed by a modified method of Kim et al. (2002)
using p-nitrophenyl-β-D-galactopyranoside (β-PNG) as substrate. The reaction mixture contained 
0.1 g of fresh cells and 0.5 mg of β-PNG in 2 ml Mc Ilvaine buffer, pH 4.8. The control contained
boiled cells. Both mixtures were kept in a period of 20 min to 5 h at 30 °C using a rotatory shaker 
(80 rpm) and the reaction was stopped by 2 ml of 1 mol.l-1 Na2CO3. The p-nitrophenol released was
determined spectrophotometrically at 420 nm. Cells were separated from the reaction mixture, dried
and enzyme activity was calculated per 1 g of dry mass (Barth et al. 2002). The enzyme activity was
expressed in katals. Protein content was determined by the method of Doumas et al. (1981) using
bovine serum albumin as the standard.

Storage stability. – The stability of melibiase during storage was monitored in the following
experiments. The immobilized cells were storied at 4 °C in 0.15 mol.l-1 NaCl with addition of the
following compounds: a) chloramphenicol 50 mg.l-1, b) chlortetracycline hydrochloride (CLCTC) 
50 mg.l-1, c) (1-methyldodecyl)dimethylamine N-oxide (ATDNO) 100 mg.l-1 (Devínsky et al. 1978).

Cell viability. – Cell viability was determined by Dixon (1991) with 2,3,5-triphenyltetrazolium
chloride (TTC), fluorescein diacetate and with an oxygen electrode, respectively. 

Results and Discussion

Glutaraldehyde immobilized foxglove cells showed little morphological changes in comparison
with cells in suspension. A small cell plasmolysis and some aggregation of the cells were occurring
during immobilization. The cells immobilized with glutaraldehyde did neither consume glucose 
(Fig. 1) nor were viable, since they did not, show any respiratory activity and were not stained with
fluoresceindiacetate or 2,3,5-triphenyltetrazolium chloride.

The permeabilization of the studied foxglove cells by Tween 20, Tween 80, hexadecylpyridinium
chloride (HPCH) and hexadecyl(trimethyl)ammonium bromide (HTAB) led to the leakage or
degradation of proteins. Enzyme activity showed a moderate increase. By glutaraldehyde cross-linking
only a moderate increase in the enzyme activity has been found (Tab. 1).

Sucrose is probably the most widely used carbon source in plant tissue cultures. The utilization of
sucrose by foxglove cell culture is followed by a consistent pattern of rapid initial inversion and
sequential phases of glucose and fructose consumption. Glucose and fructose are present in the medium
in roughly equal amounts after the first few days of inoculation, but the cells did not consume fructose
until glucose is present (Hamilton et al. 1984). Figure 1 shows the results of glucose utilization by cell
suspensions and by glutaraldehyde cross-linked cells.

The pH optimum of lactase in immobilized cells is at 4.8 like in viable cells. Enzyme hydrolysis of
β-PNG was linear for 3.5 h reaching 55–60 % of conversion and after that time it practically stops. The
temperature optimum for immobilized cells and free cells was at 50 °C. Similar properties were
reported for lactase isolated from winter rape (Sawicka, Kacperska, 1995). The inhibitory effect 
of 0.1–0.5.10-3 mol.l-1 4-(chloromercurio)benzoic acid can be eliminated by 5–10.10-3 mol.l-1 cysteine,
dithiothreitol, or by 2-mercaptoethanol, respectively (Barth et al. 2002, Budík 1992). These results
indicate that -SH groups are essential for the activity of α- and β-galactosidase (Budík 1992, Machová
1994).

Partially purified enzyme preparations of lactase from gherkin and poppy seedlings were inhibited
by galactose and glucose in a moderate way (Budík 1992, Machová 1994). A similar inhibitory effect
was observed in immobilized cells. As illustrated in Tab. 2, the activity of this enzyme in foxglove cells
immobilized by glutaraldehyde (in 0.15 mol.l-1 NaCl with all preservatives) during 6 months storage is
still relatively high. It is known, that immobilization of plant cells by entrapment in beds compared
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with free cells brings some important advantages. It encourages release of enzyme reaction products,
prevents cell aggregation, protects cells from shear stress, gives good cell-to-cell contact, and 
it preserves the activity of multifunctional systems (Rosevear, 1984). The formation of cell aggregates
in cell suspension and the degree of cell differentiation are important from the biotechnological point
of view. In cells immobilized by cross-linking with bifunctional reagents (e.g. glutaraldehyde), the
activity of tyrosine decarboxylase, DOPA-decarboxylase and α- and β-galactosidase (Blandino et al.
2003, Barth et al. 2002, Machová, 1994, Stano et al. 2002) still reach high values. 

Glutaraldehyde is therefore successfully used for immobilization of poppy, carrot, gherkin,
california poppy and other cells of plant origin (Barth et al. 2002, Stano et al. 2002). 

The immobilization costs are very low and no special equipment is needed. Immobilization of
whole cells makes enzyme isolation unnecessary, whereas the enzyme activity remains high. Both the
reaction kinetic parameters and the physico-mechanical properties of the biocatalysts are fully
comparable to those of biocatalysts prepared by immobilization (Hasal et al. 1992).

Immobilized lactase and other glycosidases can be applied in biotransformation processes of
pharmaceutically important compounds as well as in food industry (Mučaji et al. 2001, Tatsuzawa 
et al. 2003, Nunez et al. 2003, Bezáková et al. 2007). The structural study of the compounds is another
possible field of their practical use (Gupta et al. 2003, Munkombwe 2003, De León et al. 2003,
Holková et al. 2011).

Tab. 1. Protein content of β-galactosidase activity in 10 days foxglove suspensions. Permeabilized by 5 %
Tween 20, 5 % Tween 80, 0.1 % hexadecyl(trimethyl)ammonium bromide (HTAB) and 0.1 %
hexadecylpyridinium chloride (HPCH) and cells immobilized by glutaraldehyde. The values are expressed
as means of five replicates (n = 5)±SDE. For details, see Exper. Part.

Tab. 2. Stability of β-galactosidase in immobilized foxglove on storage
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Cells Protein Activity Specific activity
(mg/g dry mass) (nkat/1 g dry mass) (nkat/mg protein)

Suspension 14.3±0.09 7.2±0.10 0.50

Permeabilized 0.1% HTAB 6.8±0.09 5.8±0.09 0.85

0.1% HPCH 6.8±0.09 5.7±0.09 0.84

5% Tween 20 6.8±0.08 5.8±0.10 0.85

5% Tween 80 6.8±0.08 5.8±0.09 0.85

Immobilized 0.1% HTAB 6.7±0.09 5.7±0.10 0.85

0.1% HPCH 6.7±0.09 5.6±0.09 0.84 

5% Tween 6.7±0.08 5.6±0.09 0.84

5% Tween 6.7±0.08 5.6±0.10 0.84

Conservance Original activity in suspension culture (% month)

0 1 2 3 6 

None 100

CLCTC (50 mg/l)65 67 69 75 85

ATDNO (100 mg/l) 65 67 69 75 86

Chloramphenicol (50mg/l) 63 67 70 76 88

Sodium azide (200 mg/l) 63 66 70 76 89

Frozen in 0.15 M Nacl 63 66 71 77 90
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Fig. 1. Time course of glucose consumption in foxglove cells immobilized with glutaraldehyde
and in cell suspension
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Abstrakt

Bunky suspenznej kultúry Digitalis lanata Ehrh. (náprstník vlnatý) sa po permeabilizácii Tweenom,
etanolom, hexadecyltrimetylamonium bromidom a hexadecylpyridinium chloridom imobilizovali
glutaraldehydom bez nosiča. Enzýmová hydrolýza má lineárny priebeh počas 3,5 h a dosahuje 60 %
konverzie. β-galaktozidáza v imobilizovaných bunkách má pH optimum pri 4,8 a tepelné optimum pri
50 °C Imobilizované bunky majú vysokú enzýmovú aktivitu, dlhodobú stabilitu a vhodné mechanické
vlastnosti.

Karol Mičieta, Ján Stano, Marcela Koreňová, Beate Dietrich, Magdaléna Valšíková: Biotrans -
formácia vybraných glykozidov β-galaktozidázou v imobilizovaných bunkách Digitalis lanata. 
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Abstract

The main question of aging theories is, if aging is programmed or not, and how did it evolve. While these questions
have not yet been clearly resolved, several groups of possible theories have been published on this topic. However,
most of these theories do not consider plants and their specific traits, making the mechanisms of their aging unique.
The first trait is clonality and sectoriality, the second is the lack of a differentiated germ line. The lack of germ line
prevents telomere shortening, and can lead to the transfer of somatic mutations into sexual offspring, while
sectoriality in trees causes the isolation of potentially catastrophic events into one part of the tree, making it 
a population of more or less independent modules within one axis. The processes of population dynamics, including
aging, can act with different impact within the frame of population as within the frame of an individual tree as well. 

Key words: aging, plant senescence, dendrology

Introduction

Aging is defined as a complex of age-related changes in the organism, increasing the probability 
of its death (Khohklov 2010). If the process of extinction in the population follows an exponential law
i.e. with a constant rate of mortality, we can consider the aging of this organism negligible, irrespective
of their actual lifespan. The basic question of aging theories is, if this process is programmed or not.
The term “program” is defined as a sequence of coded instructions that is a part of an organism. In the
terms of this definition, apoptosis can be considered programmed cell death only in the case, when 
it occurs during the embryonic development as the elimination of cells that are no longer necessary for
the development of the organ or tissue. An aging program would be therefore a program, which
increases the probability of death of the organism in dependance on its age (Khohklov 2010).

Aging is a universal principle for all living organisms, but is not a biologically inevitable process
– living systems are able to maintain immortality at the cell level (Heininger 2002). Aging is favoured
by natural selection, and many authors suppose it’s genetically programmed (Finch 1990, Rose 1991,
Finch, Ruvkun 2001). The standard arguments of programmed aging are: (1) different characteristic
lifespan of individual species, (2) heritable lifespan, (3) the existence of progeroid diseases, (4) increase
in the lifespan of experimental animals after the knock-out of certain genes, (5) existence of
programmed death in some organisms. However, against each of these facts, there are the arguments of
the “antiprogramists” (Khokhlov 2010): The different lifespan of individual species can be explained
not by different aging programmes, but different development programmes, which create organisms
with different reliability of functions – just like in the case of cars or electronics, which also have no
aging programme, and despite it the probability of unrepairable damage increases with their age, and
depends on the quality of the product. Therefore is the lifespan also heritable and progeroid diseases 
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don’t cause the acceleration of aging programme, but lowering the organism’s defences against the
influences, which cause ageing. The increase in the lifespan of experimental animals after the knock-
out of certain genes (like age-1 and daf-2 in Coenorhabditis elegans) is also ambiguous. Some of the
daf-2 mutants die in the age of 10 days, while others in the age of 50 days (in comparison to the 2-3
weeks lifespan of the wild type). Moreover, these mutants are weaker in the terms of viability when put
into competition with the wild type (Jenkins et al. 2004). The programmed death cannot be identified
with programmed aging, as its probability does not increase with age, as it results from the definition
of aging. The main feature of any programme is, that there is a possibility of its violation. It is valid for
the development programme, but there has been no evidence about a violation of the aging programme,
resulting in an “immortal” individual. 

Between the arguments of programists and anti-programists, no consistent theory of aging has been
elaborated so far. Several groups of theories have been proposed, explaining the process of aging with
a different relation to the evolution theory and population genetics. 

When speaking about plant aging or senescence, it is necessary to define the terms first. Munné-
Bosch (2008) discerns two different conceptions of the term. According to the first conception,
senescence is a highly regulated process on molecular, biochemical and physiological niveau, leading to
the death of cell, tissue, organ or entire plant. It represents the last ontogenetical stadium in the life of
the plant. Aging, on the other side, is a degenerative, passive process, which is not endogenously
regulated (Noodén 1988). Van Doorn and Joshimoto (2010) defined aging as a deterioration process,
which increases the probability of death with the increasing chronological age, and is used to label any
changes connected with age. The term senescence concerns not only an individual, but also the processes
preceding the necrosis of organs in an otherwise healthy individual, which can be beneficial to the
organism. Therefore they recommend using the term “whole plant senescence” to describe the process
equivalent to the aging of animals. Thomas (2002) defined senescence as a physiological state preceding
death in the majority of cells, tissues and organs. It is the way of reformation the plant by the removal
of unwanted or inconvenient cells and tissues with a simultaneous relocation of resources, preceding
aging. Senescence is mechanically independent of degeneration and death, and doesn’t have to lead to
it, neither. In the case of many species senescence is even reversible (Zavaleta-Mancera et al. 1999).

Šebánek (1998) maintains the opinion that the aging of cells, tissues, and whole plants is
programmed, as it results from the study of gene expression during the process of aging. This
definition, however, is closer to the definition of senescence. The symptoms are observable in all cell
parts: structural changes of DNA, chromosome aberrations, the speed of RNA and protein degradation
increases, as well as the synthesis of protheases, ribonucleases and chlorophyll degrading enzymes.
Degeneration of chloroplasts, endoplasmatic reticulum and tonoplast occurs, later also mitochondrias,
nucleus and plasmalema. The rate of photosynthesis decreases, while the respiration rate increases.
Free amino-acids are translocated to the growing parts of the plant (Šebánek 1998). 

According to the second conception (Charlesworth 1980) senescence is understood from the point
of view of population biology as the decrease of age-specific value of survival and fertility, which also
decreases the performance of many physiologic functions. This conception is similar to aging
according to the previous theory, but concerns only later ontogenetic stages. Vaupel et al. (2003) have
even proved the possibility of negative senescence in population models – the case when mortality
decreases with age after reaching the sexual maturity. 

When speaking about plant senescence, Munné-Bosch (2008) states significant differences between
monocarpic and polycarpic plants. In the life history of monocarpic plants two kinds of senescence can
be observed: the first occurs during vegetative growth by remobilisation of nutrients from older parts of
the plant to the younger ones. The second kind concerns all organs, and leads to the death of the whole
plant by resources remobilisation into the seeds. In the polycarpic plants, the repeated investment of
resources into reproduction can lead to a decrease of survival rates, but the aging is gradual, and can be
associated with a remarkable life span. It can be concluded, that senescence according to the first
conception – as a controlled endogenous process – does probably not occur in polycarpic plants, while
the second conception – decreasing the survival rates with age – does. However, it has been proved that
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the mortality rates in the populations of many plant species from plankton to trees develop in such a way,
that they correspond with the natality rates (Marbà et al. 2007). The only potential proof to support this
fact would be the discovery of a genetic program of aging in plants. 

Munné-Bosch (2008) raised the question, if there are differences in the mechanisms of senescence
between monocarpic and polycarpic plants also on the level of organs. Senescence occurs here as
endogenously regulated process, an example of which is the falling of the leaves of the trees in autumn.
This event is accompanied by changes in gene expression and the transition from photosynthesis to the
energy production by mitochondrial respiration, oxidation of fat acids and remobilisation of resources.
This process is similar like in monocarpic species, but differs by certain factors. In monocarpic species
during the lack of water and nourishment senescence begins from the oldest leaves, and in the case of
a long-term stress continues to the youngest parts of the plant with the goal of finishing the life cycle
and producing seeds. In polycarpic plants only the oldest leaves wither, and also in the case of a strong
stress which induces the senescence of young leaves the plant strives to keep viable meristemes which
would ensure growth after the stress period.

We can conclude that whole plant senescence has two different forms – monocarpic and polycarpic.
The study of Van Doorn and Joshimoto (2010) suggests, that chloroplasts have at least a passive role
in monocapric senescence, and support some symptoms preceding death actively. The knock-out of the
chloroplast gene ndhF led to a considerable delay of leaf necrosis after the formation of flowers (Zapata
et al. 2005). 

According to Larson (2001), when considering plant aging and senescence, it is necessary to discern
between a genet and ramet. In unitary organisms that reproduce sexually, the individuals continue in their
existence in the following generations by the means of gametes. Senescence concerns the individual
organisms producing the gametes. Plants represent modular organisms, which colonize time and space by
two means: genets, as independent, genetically separated entities and by the mitotic repetition of the body
above or below ground by ramets – not reproduction, but expansion. When considering the maximum age
of an organism, the age of a genet and ramet is often mistaken. If we consider the age of a ramet, then
there are species, which have been reproducing only mitotically for millions of years. 

The currently formulated aging theories can be divided into several groups. They have been mostly
based on the characteristics of animals. This contribution deals with their possible implications and
specifics with regards on the plant organisms.

1. Theories of damage accumulation

1.1. General theories of oxidative damage accumulation
These theories are based on the accumulation of damage in living structures with age, and the high

price of reparation. Hamilton (1966) supposed that perfect reparation of tissue is not possible; therefore
aging is a biologic necessity. There are two main types of damage, considered in these theories –
oxidative damage of biomolecules caused by reactive forms of oxygen, and DNA damage. 

The damage by reactive oxygen forms is one of the most recognized causes of aging (Harman
1956), supported by the evidence about increasing level of oxidation of DNA, proteins and lipids with
age. The most significant source of reactive oxygen forms in the cell is the activity of mitochondrial
respiratory chain, mostly complexes I and II (Skulachev et al. 2009). Lambert et al. (2007) observed
that the lifespan of birds and mammals increases with the decrease in the rate of H2O2 generation in the
reverse transport of electrons in the complex I in the mitochondria of the heart. This suggests, that the
protection of cells before intramitochondrial reactive oxygen forms can lower the rate of aging. Natural
antioxidants, like the E vitamin, are degraded by enzymatic processes in the cell in excess, which can
be an indication that aging is programmed, and the organism is trying to perform the program
(Skulachev et al. 2009). 

The argument against this theory is, that continuous reparation is energetically more favourable
than building a new organism from the zygote. Therefore this theory is not sufficient for explaining
aging from the evolutionary point of view (Mitteldort, 2010). Despite that, there is evidence, that
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reparation processes are progressively suppressed in aging individuals. The concentration of enzymes,
which degrade the reactive side products of the Krebs cycle, has a decreasing tendency with age in
humans (Tatone et al. 2006). Similar evidence exists about the reparation mechanisms of DNA (Engels
et al. 2007). The decreasing activity of protection mechanisms with age, which enables the
accumulation of damage, is one of the primary mechanisms of aging that should be explained (Sanz 
et al. 2006). 

In plants, the theory of damage accumulation has its specifics, especially when it comes to the
woody plants. According to the theory of Thomas (2002), trees avoid senescence by the strategy of
“building on the ruins” – creating new, young structures on the accumulated remnants of previous
generations of tissues and organs and maintaining the genetic integrity in cell lines. Endogenous
senescence can be excluded from the reasons of mortality of trees (Larson, 2001). Therefore only
pathogens and physical damage remain – which can be viewed as damage accumulation with age as
well. Long-lived trees have mostly very high resistance or tolerance to pathogens due to the high
density and chemical composition of the wood. In short-lived trees the pathogens trigger a wide scale
of defence mechanisms, which moderate their impact until the costs reach the level of the carrying
capacity. The netto primary production, and therefore also the ability to accumulate resources,
including those for the fight against pathogens, decreases with age. Ryan and Yoder (1997) however,
accredit this rather to the tree size than to its age. The main reason of death for the long-lived trees,
especially conifers, is physical damage (Larson 2001). 

1.2. Oxidative damage accumulation in plants
Oxidation damage occurs in plants as well: especially the covering tissues in a direct contact with

the outer environment and high metabolic activity, like the cork (phelem), are exposed to it. Cork is the
outer layer of a covering tissue, consisting of several layers of cells, which deposit large quantity 
of suberin, and undergo programmed cell death. This tissue is also exposed to a great oxidation stress
due to the fenoxy radicals generated during the suberin synthesis (Whetten, Sederoff 1995). Pla et al.
(2000) studied the frequency of mutations in the cork and in root tips of Quercus suber by analysing
the Qs_hsp17 sequences in cDNA and genomic DNA. Qs_hsp17 codes small heat-shock proteins of the
cytoplasmatic class I, which are substantially over-expressed in the cork, and other cells with high
oxidation stress, as well as in the apical meristhemes. In other tissues, their expression can be induced
by different stressors, including oxidation stress. Pla et al. (2000) found a significantly higher mutation
rate in the cork DNA than in the DNA of root tips, especially the types of mutations associated with
oxidation damage. That implies, that the genetic integrity is not maintained in a senescent tissue,
exposed to oxidation damage. The strategy of cell death intermediated by hypermutation of genes in
the tissue bordering with external environment can help to protect the deeper lying tissues, and so lead
to a selection advantage. 

1.3. General theories of mutation accumulation 
The first to formulate this theory was Medawar (1952) when he expressed the theoretic assumption

that the selection pressure lowers with age. Later Edney and Gill (1968) stated, that if the selection
pressure is really close to zero, then the mutation load itself should be a sufficient explanation for the
occurrence of aging in evolution. 

The DNA is exposed to a steady pressure of exogenous and endogenous factors, inducing
approximately 104 defects per day (Slupphaug et al. 2003). Genetic information is transferred from one
generation to the next one, therefore it’s principal to keep it intact. In the case of DNA damage, the cell
must imply reparation mechanisms (Sharova 2005). Unrepaired defects are fixed in the genome as
mutations, or induce chromosome breaks. They can lead to defects at the level of cells, tissues, organs,
degenerative changes, senescence and death of both unicellular and multicellular organisms (Sancar et
al. 2004). The genomic integrity is protected by control points in G1 and G2 phase, which are able to
slow the cell cycle until the elimination of the defect (Norbury, Hickson 2001). 
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During the aging process, the accumulated mutations can result to functional defects, which can
lead even to death (Sax 1962). Reparation mechanisms are able to repair the DNA damage during
ontogenesis. The theory of mutation aging assumes an increasing number of unrepaired mutations in
the course of aging. Strehler (1962) and Ahlert (1971) however argue against this theory, proclaiming
that the higher frequency of mutations with age is a consequence, not the cause of aging. 

The evidence about conserved genetic base of aging is an argument against this theory. The theory
of mutation accumulations assumes the selection pressure against genes which cause degenerative
changes in the old age being so weak, that they are accumulated in the genome. These genes should
then be random defects, accumulated in the genome, which contradicts the know facts about conserved
groups of genes connecrted with aging (Mitteldorf 2010). One such group encodes the components of
the insulin/IGF signal path, which accelerates aging in the abundance of nourishment (Barbieri et al.
2003). Inactivation of the CLK-1 gene in worms enhances the lifespan significantly (Johnson et al.
1993), as well as the MCLK-1 gene in mice (Liu et al. 2005). Budovsky et al. (2007) elaborated the list
of next conserved genes connected with aging. 

1.4. Accumulation of mutations in plants
In plants, the possibility of modular growth and replacing the old tissues with new structures, the

question of accumulation of mutations is most important in the meristemes. The meristemes present
also the main difference between life strategies in plants. They divide many times during the life of the
plant, and so they are exposed not only to the environmental mutagens, but to the possible mutagenous
defects during the mitosis as well. The meristematic cells of one-year plants undergo approximately 
50 divisions in one life cycle, similarly to mammal cells (Otto, Walbot 1990). The meristematic cells
of perennial plants, however, undergo many more divisions during the life of the plant, increasing the
possibility of somatic mutations (Sax 1962). 

The detection of mutations is possible with the use of pollen, meristematic tissues, saplings, and
seeds. The use of pollen biological properties in the detection of the mutagenic potential of the
environment is based on several basic assumptions. The first is the fact that the pollen grain is a haploid
cell and lethal mutations originating in antecedent DNA replication express themselves by the change
of biological activity especially vitality of pollen. Pollen abortion can be caused by even small deletions
or point mutations. Most of the point mutations originating from the genotoxic impact of the
environment are lethal. The genes with the mutations caused by environmental impact tend to be
recessive form of heterozygous allele (Mulcahy, Johnson 1978). The other assumption is that in the
case the changes of pollen biochemistry were caused by physiological causes, all set of pollen grains
in anther would be affected (Murín, Mičieta 2000). For these studies, only diploid plants can be used.
Mičieta and Murín (1997) studied the pollen abortivity of Pinus sylvestris and Pinus nigra as
bioindicators for the environmental pollution, and found a significant increase of pollen abortivity in
polluted environment. Therefore, if mutations can induce aging, then the presence of mutagenes in the
environment could also influence this process. Lanner and Connor (2001) studied the pollen viability
depending on age in Pinus longaeva Engelm., and found an age related trend, but the results were not
statistically significant. Bhattacharya (2005), however, found a statictically significant increase of
pollen abortivity with age in the species Anacardium excelsum L. 

Thomas (2002) however claims that the aging of plants is not directly linked with the accumulation
of genetic damage. Somatic mutations propagated through cell lines contribute to the higher frequency
of chimeras. Meristeme is an equivalent of a microbiological thermostat (Klekowski 1988) where
unfavourable mutations are suppressed through intraorganismal selection, while positive mutations can
be a source for increased adaptation ability (Gill et al. 1995, Orive 2001). 

1.5. Aging of seeds
Seeds are a special case of aging in plants, which could be put under the category of organ aging.

It can be assumed with near certainty, that this process is not programmed, as it would be against the 
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life plan of the plant. Seed weight and viability can be measured as a mark of aging. Lanner and Connor
(2001) observed no differenced in seed weight and viability depending on the age of the tree. 

Other authors however, observed the aging of the seeds themselves. Inocenti and Avanzi (1971)
assume, that the aging of seeds is caused by the accumulation of mutagenous metabolites. Floris and
Anguilessi (1974) found a decreased activity of enzymes like catalase, peroxidase, cytochrome oxidase
and decarboxylase in older seeds, but also the loss of protein-synthetic capacity and increased
permeability of membranes, leading to the reduction of sugar content, and content of other metabolic
products. Ethanol and other automutagenes can be accumulated during the respiration. Murín and
Mièieta (2001) found a great individual variability in the aging seeds of V. faba. Aging significantly
influences germination and the root growth of the seedlings, as well as the chromosome damage. 
The frequency of chromosome aberrations was, however, lower than expected. These results suggest,
that aging of seeds has greater impact in the physiological, than genetic level. In spite of the
expectation, the content of free endogenous cytokines zeatine and zeatine riboside has not decreased.
The enzyme initiating the transformation of zeatine to dihydrozeatinecan play a key role in the vitality
reduction of old seeds. The indication of seed aging in V. faba is darkening of the testa. The seeds of
the same age show individual variability, therefore it can be concluded that the aging process is
characteristic for individuals, not for genetic lines or species.

Seeds of many plants are extremely tolerant to harsh environmental conditions provided they are
in a state of dessication. In this dry state, their metabolic activity is drastically reduced to a very low
level (quiescence) while retaining their ability to germinate for considerable periods (Rajjou,
Debeaujon 2008). 

Murín and Mièieta (2001) also discovered that the aging of seeds depends on the storage
conditions, especially from the relative humidity. Low water content in the seeds limits biochemical
processes, possible light reactions, and some oxidation processes. At the humidity of 30 % the effect
of so-called ‘artificial aging’ occurs, and the seedlings of three years old seeds have the same root
length as from ten years old, stored in normal conditions. This rate of humidity enhances the enzymatic
reactions, delays the start of the first mitosis, but is not sufficient for the pre-replication excision repair
of DNA damage. When the humidity is raised to 50 %, rejuvenation caused by the storage effect occurs.
This humidity enables the reparation processes, and the storage prolongs the time available for
reparation. The germination of 12 years old seeds after storage was the same as in 2 years old seeds
(Murín, Mièieta 2001). Such treatments, which are based upon controlled hydratation of the seeds, are
referred to as “priming” During treatment seeds remain tolerant to desiccation because of incomplete
hydration and can be re-dried (Heydecker et al. 1973). Yet, paradoxically, a number of laboratory
studies conducted with dessication-tolerant (orthodox) seeds tend to show that low relative humidity
and low temperature or cryopreservation might correspond to the optimal storage conditions to the
optimal storage conditions to improve seed life span (Villiers 1973; Rajjou, Debeaujon 2008).

There have been reported some extreme cases of seed preservation and longevity. The oldest
discovered seeds determined by radiocarbon dating were the seeds of date (Phoenix dactylifera L.) –
2000 years (Sallon et al. 2008), sacred lotus (Nelumbo nucifera) – 1300 years (Shen-Miller 2002), and
canna (Canna compacta) – 600 years (Lerman, Cigliano 1971). 

2. Theories connected with the size of the organism

2.1. General theories connected with the size of the organism
Finch (1990) introduced the term of “negligible aging” in the organisms which fulfil the following

assumptions: insignificant change in mortality rate with age, insignificant change in the reproduction
rate after reaching reproductive maturity, insignificant degeneration of physiological functions with
age, and insignificant decrease of resistance against diseases. Some examples of animal species with
negligible aging are: Greenland whale, giant tortoise, flatfish, sturgeon, lobster, etc. All of there 
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organisms have one common trait – unlimited growth. Therefore the age can be deduced from the size
of the organism, although there are some exceptions as well. The theory that growth limitation is the
main cause of aging is relatively old (Minot 1908). 

The high developed organisms are not able to maintain their physiological functions without 
a population of highly differentiated cells with no or very low proliferation activity (neurons,
cardiomyocyts). In the same time, these cells face DNA damage that they are not able to repair
completely. Cell division enables the replacement of damaged cells with a process similar to natural
selection at the cellular level. The experiments of Esipov et al. (2008) showed that contact inhibition
of proliferating cells induces changes in DNA, similar to those observable in aging organisms. These
results led to the opinion, that the development program itself is sufficient to explain aging (Khokhlov,
2010). Therefore organisms without growth limitation are potentially immortal. The same applies to
cell lines of transformed human and animal cells and germ lines of all organisms. 

2.2. Theories connected with the size in plants
The same assumption about growth limitation can be applied to all modular organisms including

plants. In trees, the relation between volume and height growth is not linear. For a maximum stability,
the biomass would have to increase exponentially to maintain constant height growth (Ryan et al.
2006). Therefore older trees slow their height growth and many of them assume a specific growth form
– flattened top of the crown, thickening of primary branches, the branches of lesser order become more
twisted and gnarled (Ryan, Yoder 1997). There are numerous theories explaining the height growth
limitation, mostly based on the physical and hydraulic properties of trees: the hydraulic limitation
hypothesis (Ryan, Yoder 1997), turgor limitation hypothesis (Koch et al. 2004), and sink limitation
hypothesis (Ryan et al. 2006). 

The trees of one species live up to a certain average age, but this age can substantially differ in
individuals of the species. The size and age that a tree can reach depends considerably on the
environmental conditions. LaMarche (1969) assumes that the environmental conditions can have
influence on acquiring the specific growth form characteristic for old trees of the species Pinus
longaeva – restriction of cambial activity into a narrow part of the trunk circumference, which negates
the size as a factor substituting physical age. Weathering and abrasion by soil particles gradually
remove the bark and cambium from the upper side of the roots, while the living part of the root remains
on the bottom side. The same happens due to the abrasion by wind and snow in the aboveground part
of the plant. The repeated loss of leaves and branches on the windward side can also suppress the
activity of cambium. Colder and dryer conditions also influence the resistance of the wood – they
suppress the pathogens, and lead to the production of more dense, highly lignified wood. 

Also relatively short-lived trees can reach considerable age in specific conditions, as Larson (2001)
shows on the example of Thuja occidentalis L. This species inhabits two kinds of habitats in North
America: wet swamp forests and stony cliffs, where it can withstand drought and extreme temperatures.
In the wet forests it’s a short-lived pioneer tree, with the lifespan of 80, maximally 400 years. On the
other hand, the individuals growing on the cliffs have a significantly different growth form and
lifespan. In the comparison with the trees growing in favourable conditions, they are very small and,
and have an asymmetric, gnarled trunk. Individuals with the trunk diameter under 40 cm, and age 1890
years have been found. Collier and Boyer (1989) have refuted the theory of genetic difference of these
populations, so the differences are caused exclusively by environmental conditions. 

Schulman (1958) formulated a hypothesis, that longevity can be induced by unfavourable
conditions. However, Larner (2002) claims, that other long-lived tree species can reach an extreme age
in favourable conditions. We can conclude that there are no specific environmental conditions leading
to longevity. For every tree species there are condition that enable it to reach the maximum age, but
they are specific for every species, based on the evolution history and life strategy. 
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3. Theories based on the cell division

3.1. General theories of telomere shortening
Since the discovery of the function of telomeres, a new wave of aging theories based on a limited

number of cell divisions – Hayflick’s limit (Hayflick 1979) have been published. Telomeres are an
essential part of all eukaryotic chromosomes as a protection against the activity of exonucleases and
chromosome fusion. They are short, tandem repetitions, rich on guanine bases (Riha et al. 1998),
shortened after every cell division due to the inability of DNA polymerases to completely replicate the
5’ end of linear DNA with Okasaki fragments. However, in certain cells the length of telomeres is
preserved with the help of telomerase – a specific reverse transcriptase which uses its own subunit as
a template (Blackburn 1991, Zakian 1995). 

The consequence of telomere shortening accompanying the cell division is replicative senescence
(Allsopp et al. 1995). Cells having the ability of unlimited division have a stabilized length of telomeres
and high telomerase activity. These cells are practically immortal in vivo: germ line cells, some virus-
transformed cells and 90 % of malign tumors (Kim et al. 1994). Organs of highly specialized animals,
however, contain post-mitotic or slowly growing cells, and so the term “proliferation potential” doesn’t
have sense for them. The cells capable of division almost never exhaust their potential during the life
of the organism (Cristofalo et al. 1998). That leads to the conclusion, that telomere shortening is not
the primary cause of aging. 

3.2. Apical meristemes and telomeres in plants
Thomas (2002) assumes that apical meristemes are essential for the life span of plants. The

potential life span is unlimited, as far as the apical meristeme gives origin to new vegetative organs and
sustains the cell line alternative to the stem cells in animals. The life span is determined with the time
while the apical meristeme is able to produce new cells quicker than the proceeding wave of cell death
(its form depends at the plant’s life form). In the case of trees and shrubs the dead tissues persist as
wood. However, if a terminal set of organs is established together with the decrease in proliferation
capacity, the meristeme becomes determinated. The determination is usually associated with the
transformation of the organs from vegetative to generative. In the case of polycarpic plants at least one
meristeme at the end of the vegetation period remains non-determinated. Polycarpy versus monocarpy
is, however, not only a qualitative characteristic. Many genes participating on the cell division, growth,
senescence and maturation have been described. The life history is a result of quantitative relations in
the expression of these genes. 

In most plants, telomeres contain of a repeating sequence of nucleotids (TTTAGGG)n (Ganal et al.
1991). There are differences in the ontogenesis of plants and animals, which cause that the telomeres
in plants keep their length (Riha et al. 1998). Plants don’t have a specialized line of germ cells
differentiated in early embryogenesis like animals. Every meristematic cell is potentially, through
several generations of cells, the precursor of a sex cell. Therefore every change in the nuclear genome
of the meristematic cell, including telomere shortening, can be carried over to sexual offspring.
Telomere shortening would lead to the complete loss of telomeres after several generations. 

Flanary and Kletetschka (2005) studied the length of telomeres and telomerase activity in Pinus
longaeva. They observed a cyclical pattern of telomere length with age, caused by the cyclic activity
of telomerases, with the period approximately 1.500 years. The changes of telomere length were best
observable in roots, while the pattern of telomerase activity was clearest in the needles. Active
telomerases have been found in all samples from different aged trees. This suggests that the meristems
of trees have unlimited replication capacity. 

4. Theories of evolutionary compromises

These theories are based on the assumption, that the evolutionary case of aging is an unavoidable
compromise between preserving the soma, and other tasks necessary for fitness, like metabolism and
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reproduction. These theories have sense, only if these compromises are really necessary. On the other
hand, aging genes that offer no observable advantage in exchange have been discovered as well
(Mitteldorf 2010). 

4.1. Antagonistic pleiotropy 
The theory of antagonistic pleiotropy (Williams 1957) is a theory of the compromise between aging

and reproduction, based on the exchange of fitness in early life stages for the price paid in later stages.
For many genes, their effect in old age is indeed balanced by their earlier positive effects, but the
validity of this theory is question in the light of two facts: the positive influence of these genes is not
universal, and the advantages that they offer are often just marginal for surviving and reproduction.
This theory also strongly depends on the fact, if the compromises are necessary, and if longevity could
be reached without sacrificing of other benefits. Experiments indicate that the compromises between
longevity and fertility are not a cause of existence of the aging genes, just its side effect (Mitteldorf
2010). Lines of Drosophila with an increased longevity without a negative effect on other traits (with
a positive effect on fitness, even) have been bred in laboratory (Leroi et al. 1994). Some of the aging
genes identified in Caenorhabditis elegans and other organisms have no other effect besides shortening
the lifespan (Johnson et al. 1993). 

4.2. Disposable soma theory 
This theory by Kirkwood (1977) is based on metabolic compromises. For the available energy,

there are competing metabolic demands – for reproduction, immunity defence etc. The somatic repair
is only one of these demands, therefore the repair of damage can’t be perfect, and damage will be
accumulated, similar to the damage accumulation theory. Some experiments, however, speak against
this theory: the mice which get less nourishment, so the energy available to them is lower, tend to have
a longer lifespan then well-fed mice (Mitteldorf 2010). For many species, reproduction requires 
a significant energetic investment, so in the given conditions of available energy, it either takes place
or not. According to this theory, the survivorship curve would rise when the reproduction stops, and
then will drop further with the decrease of available energy from nourishment. However, the truth is,
that the lifespan slightly increases through a wide scale of food deprivation. Several studies confirm
this positive correlation (Ricklefs, Cadena 2007).

4.3. Aging as deprivation syndrom 
Heininger (2002) promoted the view on aging as a universal pattern of reaction, programmed as 

a prototypic answer of the organism on metabolic stress. It developed already in unicellular organisms
on the purpose of resistance or mutation adaptation to environmental stress. In the lack of resources the
cells differentiate to spores, which are able to surpass unfavourable conditions, and the rest of the cells
perish. After the transition to multicellular organisms, the mechanism remain evolutionary fixed, with
the germ line of cells analogous to the surviving spores, and somatic cells programmed to perish after
the end of reproduction. So aging developed in the world of limited resources, as an answer to the death
sentence proclaimed by the selection pressure and executed by the differentiation of germ cells. 

4.4. Adaptative pleiotropy 
Adaptative pleiotropy is an alternate theory of evolutionary compromises, modified by Mitteldorf

(2010). It assumes that if we accept that aging itself is an evolutionary adaptation, it must be an
adaptation on the group level, because it offers no advantages to the individuals. The question is why
individual selection does not remove aging. A possible answer is, that the pleiotropy itself is an
adaptation, selected as a tool to preserve the genetic basis for againg against the opposing force of
individual selection. This theory is a possible explanation of the existence of antagonistic pleiotropy,
not as reason of aging, but as a means of its preservation against short-term selection, which is blind to
the long-term advantages on the group level. 
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4.5. Evolutionary compromises in plants
In plants, the storage of resources has a great influence on the senescence (Thomas 2002). In the

case of many monocarpic plants, senescence is a result of exhaustion because of the nutrition demands
of seeds, but it is not a rule: suppressing the development doesn’t have to influence senescence, or can
even accelerate it. The male individuals of dioecious plants undergo terminal senescence
simultaneously with the female plants, which is an evidence of programmed character of this process.
In sterile plants the evolution of delayed or accelerated senescence can be favoured depending on the
relative importance of herbivory and competition in their life history.

5. Adaptative theories of aging

Multiple arguments against the above mentioned theories can support the view on aging as
adaptation. Two forms of death are known in unicellular organisms – apoptosis and cell senescence
through telomeres. These events are connected with stress response, and are advantageous for the
microbial community. Both forms are evolutionary conserved in higher organisms as well, as have been
already stated in the theory of deprivation syndrom (Heininger 2002). Conserved groups of genes
connected with aging remain related also in distant taxa (Guarante, Kenyon 2000). Low additional
genetic variance, which is a measure of variation in natural genotypes by the study of selection for
aging, is also a mark of adaptation (Promislow et al. 1996). 

Hormesis is a term used for a positive answer of an organism to low doses of stressor. It has been
proved, that the lack of food, just like other forms of stress, can lead to increased longevity (Luckey
1999). This fact is a proof for the plasticity of lifespan under genetic control, and the possibility to
prolong it without any compensation or side effects. The question is why this genetic program does not
take effect in favourable conditions (Mitteldorf 2010). Experiments with C. elegans and Drosophila
showed that besides the food availability, also its smell influencing the nerve system influences aging
(Libert et al. 2007), similarly like obfuscating of the chemical sensor of C. elegans can lead to
prolonged lifespan (Apfeld, Kenyon 1999). 

Next argument for programmed aging as evolutionary adaptation is the programmed death of
semelparous plants and animals after the end of reproduction. Many ecologists suppose this event is 
a form of adaptation at the group level (Crespi, Teo 2002). The idea of aging developing as an
adaptation, to acceleration the adaptative changes in the population, has been rejected in the past
because of the long time necessary for such changes taking efect, observable only in evolutionary time
scale (Williams 1966, Maynar Smith 1976). However, Gilpin (1975) proved that ecological interactions
can change the balance between selection for individual fitness and cooperation in the group. 

5.1. Demographic theory of aging 
Mitteldorf (2006) presumes, that there is no intrinsic reason for the stability of ecosystems – to such

a measure, that demographic homeostasis must be an evolutionary adaptation. No species lives
isolated, but interacts with the other species, and depends on them. Therefore ecological homeostasis
becomes a significant goal of the natural selection, competing with the tendency of maximalization the
individual reproduction outcome, and moderating individual fitness with its effect. This evolutionary
process is fast, because it influences the fitness itself, not the rate of its change as the theory about the
significance of aging for the acceleration of adaptative changes in the population presumes. Senescence
directs the individual reproduction outcome in a way that leads to demographic homeostasis. Without
this direction, a tendency for rapid growth in favorable conditions, and collapse in unfavorable
conditions would occur in the population. Aging moderates these effects by restriction of the lifespan
of the individuals in a growing population, while it has no effect on declining populations where most
of mortality is caused by starvation. On the other side, hormesis increases the efficiency of senescence
for controlling the stability of population further, because it presses the mortality rate in these
conditions even lower. Another effect of population dynamics that can be important for the evolution
of aging is the morbidity and epidemics. Aging helps to regulate the population density and increase its
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diversity. A similar argument like the one about the influence of parasites and diseases on the evolution
of sexual reproduction according to the “hypothesis of the Red Queen” (van Valen 1973) is applicable
to the evolution of aging. So the population dynamics can support the evolution of senescence in the
opposition to individual selection. 

5.2. Adaptative theories of aging in plants
Plant populations have certain specifics due to their modular nature. It is not entirely clear, what

can be considered a population, especially in the long-lived trees. Plants differ with the ability to
transport the resources from one part of the plant to another. The rate of this ability is expressed by
sectoriality – the rate of segregation of the transport paths. Its manifestation in trees can be observed in
the different coloring of individual branches. Mineral contain can differ up to 30 %. Hydraulic isolation
of individual sectors creates differences in the traits inside the crown (Ellmore et al. 2006). Somatic
mutations can also play a role in these differences. Ellmore at al. (2006) studied the rate of sectoriality
in relation to the longevity of trees. They found significantly higher rates on sectoriality in the long-
lived trees (36 times higher sectoriality in Quercus rubra than in Betula papyrifera). Larson (2001)
measured hydraulic segmentation in the two different populations of Thuja occidentalis: the short-lived
population living in wet regions, and the long-lived population growing on dry cliffs. The slowly
growing trees in unfavorable conditions have higher sectoriality than the population in favorable
conditions. The practical effect is that the trees with high sectoriality can be viewed as a population 
of individual modules within the frame of one central axis (Larson 2001). The same is valid for Pinus
longaeva, and preliminary proves have been obtained for the species of gender Juniperus: J. virginiana
L., J. communis L., J. oxycedrus L., J. phoenice L., and the gender Taxus, all with potential lifespan of
over 1.000 years. None of these species survives until high age with intact cambium. The high
sectoriality enables the localization of potentially catastrophic events into one or several hydraulic
sectors, while the rest remains intact, even grows more quickly, because the resources are divided
between a lesser numbers of living cells (Kelly et al. 1992). 

Therefore the mechanism of aging in trees can be explained by demographic theory of aging
applied on an individual tree as a population of independent modules. The application of this theory
depends on the rate of sectoriality of the given species of woody plant. That makes trees remarkable
organisms, for which the processes of population dynamics can act with different impact within the
frame of population as within the frame of an individual tree as well. 

Discussion

Despite the number of published theories on aging in living organisms, still there remains much
unclear about this phenomenon. Most of the studies of aging focus on animal organisms, where the
implication to human aging is clearest. However, the oldest organisms in the world are plants. 
The oldest living trees are the bristlecone pines, Pinus longaeva growing in the White Mountains in
eastern California and Snake Range in eastern Nevada. Schulman (1958) was the first to describe their
longevity. The highest known age of a living tree is 4.843 years of a pine known under the name
‘Methuselah’ in Schulman’s Grove in the White Mountains. It sprouted in the year 2832 BC. 
The highest counted number of tree-rings at all was found in a tree with the nickname ‘Prometheus’ on
the Wheeler Peak mountain in Snake Range, after it has been cut down for a dendrochronologic study
– 4.862 in the height 2,5 m above ground level, so it is possible that the actual age of the tree was above
5.000 years (Currey 1965). However, if we consider the possible clonality of trees, it gives us a new
perspective of their age. The most famous clonal system is the growth of quaking aspen (Populus
tremuloides Michx.) in Wasatch Range, in the Rocky Mountains, Utah, named ‘Pando’ (‘I spread’ in
Latin) (Grant 1993). It is a male clone of about 47.000 genetically identical trees which share 
a common root system, and cover the area of 43 ha. The age estimations differ from 10.000 years (since
the last glacial) up to 1 million years (Mitton, Grant 1996). 
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The aging of plants, and trees especially, is maybe even less studied and explained that aging in
general. Some trees live only a few decades, while others seem to be potentially immortal. There have
been partial results in explaining the causes of longevity, growth limitation and aging on cellular level,
but so far, no consistent theory of tree aging and longevity has been published. The present studies
suggest, that the mortality in trees is mostly caused by external influences, then internal aging, which
speaks in the favour of the non-programmed theories of aging, although it doesn’t answer the question
if it is a universal principle or an exception. In monocarpic plants however, the senescence seems to be
programmed, or at least controlled by the development of seeds. 

An important characteristic of plants, that can bring further insight into the question of their aging
and longevity, is their modularity and compartmentalisation. All plants are modular organisms with no
growth limitation as in unitary organisms, although there are still other factors limiting their growth.
The connection (or the lack it) between hydraulic paths within the plant can also lead to inner
segmentation, as Ellmore et al. (2006) has shown. If we quantitate the rate of the segmentation from 
0 to 1, we get a scale from total connection of hydraulic paths like in most herbaceous species, to the
total segmentation, which could be identified with clonality. The range between these two extremes is
continuous, which causes the different impact of negative exogenous causes on the surviving of the
whole plant. The closer to the end of the range, the lesser is the impact on the plant as a whole, since
it remains isolated to a few almost independent sectors. Therefore the plants close to this end of the
scale behave like a population of independent modules. 

The extreme end of the scale – clonality – is a way to maintain undetermined growth, which is 
a condition for immortality according to Minot (1908) and Finch (1990), without the hydraulic
limitation of size. However, undetermined growth means also a great number of mitotic divisions,
which increases the possibility of somatic mutations, causing the “mutation meltdown” of a clonal
population (Klekowski 2003). From the view of aging theories, there is one more important
characteristic of plants – they do not differentiate the line of germ cells. Therefore somatic mutations
can be carried over to the generative organs, and to gametes (Buss 1983). During clonal growth,
mutations that influence sexual fitness negatively can be accumulated, while they have no influence on
the clonal growth itself (Eckert 2002, Klekowski 2003). Ally et al. (2003) found a significant decrease
of male fertility with age in the clonal systems of Populus tremuloides. It can be considered a form of
reproductive senescence, while the other characteristics typically connected with senescence remain
under selection pressure, and are not influenced by the age of the clonal system. This is evidence that
a) somatic mutations occur in clonal systems, and b) natural selection acts as a force influencing the
viability of the mutants. We can conclude that similar processes are take place in highly segmented
trees, which behave as a population of independent clonal modules within one axis. The study of
Lanner and Connor (2001) did not find significant differences between pollen viability of old and
young individuals of Pinus longaeva, which means that the selection pressure for sexual fitness is still
present in this case. We can conclude that while clonality is a means of reproduction, and potentially
unlimited, modularity within one axis is still specially limited by hydraulic characteristics. Therefore
sexual reproduction must be preserved as a means of spreading the genetic material, and remains under
selection pressure. Still somatic mutations occur, and can be influenced by intra-organismal selection
between modules, which can lead to possible chimerism within the plant. 

The implication of these findings is that a single tree can behave as a population of modules, where
the individual modules can undergo the processes of non-programmed aging, while the tree as a whole
remains almost unaffected. The situation is similar to animal population, where it is much easier to
predict the maximum age of an animal, than the possible time of surviving for the whole population.
This time is affected mostly by the conditions of the environment, and possible cathastrophic events.
The same is valid for long-lived trees, where this very longevity can depend on the environmental
conditions, as it is in the case of Pinus lonageva (LaMarche 1969), or can be even caused by these
conditions as it is in the case of Thuja occidentalis, where they influence also the rate of hydraulic
segmentation (Larson 2001). 

22



Acknowledgements

The authors gratefully acknowledge financial support by VEGA (Project No. 1/0182/09).

References

Ahlert, G., 1971: Somatische Mutation – Altersnursache?. Z. Altenforsch.: 25, 7-13.
Allsopp, R. C., Chang, E., Kashefi-Aazam, M., Rogaev, E. I., Piatszek, M. A., Shay, J. W., Harley, C. B., 1995: Telomere

shortening is associated with cell division in vitro and in vivo. Exp.Cell Res.: 220, 194-200.
Ally, D., Ritland, K., Otto, S. P., 2010: Aging in a Long-Lived Clonal Tree. PloS Biol, 8(8), e1000454.

doi:10.1371/journal.pbio.1000454
Apfeld, J., Kenyon, C., 1999: Regulation of lifespan by sensory perception in Caenorhabditis elegans. Nature: 402(6763),

804-809.
Barbieri, M., Bonafe, M., Franceschi, C., Paolisso, G., 2003: Insulin/IGF-I-signaling pathway: an evolutionarily conserved

mechanism of longevity from yeast to humans. Am J Physiol Endocrinol Metab.: 285(5), E1064–E1071.
Bhattacharya, A., 2005: Does pollen abortion increase with plant age? Can. J. Plant Sci.: 85, 151-153.
Blackburn, E. H., 1991: Structure and function of telomeres. Nature: 350, 569-573.
Budovsky, A., Abramovich, A., Cohen, R., Chalifa-Caspi, V., Fraifeld, V., 2007: Longevity network: Construction and

implications. Mechanisms of Aging and Development: 128, 117-124.
Buss, L. W., 1983: Evolution, development, and the units of selection. PNAS: 80,1387-1391.
Charlesworth, B., 1980: Evolution in Age-structured Populations. Cambridge University Press. 
Collier, D. E., Boyer, M. G., 1989: The water relations of Thuja occidentalis L. from two sites of contrasting moisture

availability. Bot. Gaz.: 150, 445-448
Crespi, B. J., Teo, R., 2002: Comparative phylogenetic analysis of the evolution of semelparity and life history in salmonid

fishes. Evolution, Int. J. of Organic evolution: 56(5): 1008-1020.
Cristofalo, V. J., Allen, R. G., Pignolo, R. J., Martin, B. G., Beck, J. C., 1998: Relationship between donor age and the

replicative lifespan of human cells in culture: a reevaluation. Proceedings of the National Academy of Sciences of the
United States of America: 95(18), 10614-10619.

Currey, D. R., 1965. An Ancient Bristlecone Pine Stand in Eastern Nevada. Ecology: 46(4), 564-566.
Eckert, C. G., 2002: The loss of sex in clonal plants. Evol Ecol: 15, 501-520.
Edney, E.B., Gill, R.W., 1968: Evolution of senescence and specific longevity. Nature: 220, 281-282.
Ellmore, G. S., Zanne, A. E., Orians, C. M., 2006: Comparative sectoriality in temperate hardwoods: hydraulics and xylem

anatomy. Botanical Journal of the Linnean Society: 150, 61-71.
Engels, W. R., Johnson-Schlitz, D., Flores, C., White, L., Preston, C. R., 2007: A third link connecting aging with double

strand break repair. Cell cycle: 6(2), 131-135.
Esipov, D. S., Gorbacheva, T. A., Khairullina, G. A., Klebanov, A. A., Nguyen, T. N. T., Khokhlov, A. N., 2008: Studies of

8-oxo-2’-deoxyguanosine accumulation in DNA of «stationary phase aging» cultured cells. Usp. Gerontol.: 21(3), 485-487.
Finch, C. E., 1990: Longevity, Senescence and the Genome. University of Chicago Press, Chicago.
Finch, C. E., Ruvkun, G., 2001: The genetics of aging. Annu. Rev. Genom. Hum. Genet.: 2, 435-462.
Flanary, B. E., Kletetschka, G., 2005. Analysis of telomere length and telomerase activity in tree species of various life-

spans, and with age in the bristlecone pine Pinus longaeva. Biogerontology: 6(2),101-111.
Floris, C., Anguillesi, M. C., 1974: Aging of isolated embryos and endosperm of durum wheat: An analysis of chromosome

damage. Mutation Res.: 22, 133-138.
Ganal, M. W. Lapitan, N. L., Tanksley, S. D., 1991: Macrostructure of the tomato telomeres. Plant Cell: 3, 87-94.
Gill, D. E., Chao, L., Perkins, S. L., Wolf, J. B., 1995: Genetic mosaicism in plants and clonal animals. Ann. Rev. Ecol.

Systemat.: 26, 423-444. 
Gilpin, M. E., 1975: Group Selection in Predator-Prey Communities. Princeton University Press, Princeton. 
Grant, M. C., 1993: The Tremling Giant. Discover: 14(10), 1993.
Guarante, L., Kenyon, C., 2000: Genetic pathways that regulate ageing in model organisms. Nature: 408, 255-262.
Hamilton, W. D., 1966: The moulding of senescence by natural selection. J. Theor. Biol.: 12, 12-45.
Harman, D., 1956: Aging: a theory based on free radical and radiation chemistry. Journal of Gerontology: 11(3), 298-300
Hayflick, L., 1979: Progress in cytogerontology. Mecg. Ageing Dev.: 9(5-6), 393-408.
Heininger, K., 2002: Aging is a deprivation syndrome driven by a germ-soma conflict. Ageing Research Reviews: 1,, 481-536.
Heydecker, W., Higgins, J., Gulliver, R. L., 1973: Accelerated germination by osmotic seed treatment. Nature: 246, 42-44.
Innocenti, A. M., Avanzi, S., 1971: Seed aging and chromosome breakage in Triticum durum Desf.. Mutation Res.: 13, 225-231.
Jenkins, N. L., McColl, G., Lithgow, G. J., 2004: Fitnes cost of extended lifespan in Caenorhabditis elegans. Proc. Biol.

Sci.: 271(1556), 2523-2526.
Johnson, T. E., Tedesco, P. M., Lithgow, G. J., 1993: Comparing mutants, selective breeding, and transgenics in the

dissection of aging processes of Caenorhabditis elegans. Genetica: 91, 65-77.

23



Kelly, P. E., Cook, R. E., Larson, P. W., 1992: Constrained growth, cambial mortality, and dendrochonology of ancient Thuja
occidentalis on cliffs of the Niagara Escarpment: an eastern version of bristlecone pine. Int. J. Plant. Sci.: 153, 117-127. 

Khokhlov, A. N., 2010: Does Aging Need an Own Program or the Existing Development Program is More Than Enough?
Russian Journal of General Chemistry: 80(7), 1507-1513.

Kim, N. W., Piatyszek, M. A., Proese, K. R., Harley, C. B., West, M. D., Ho, P. L. C., Coviello, G. M., Wright, W. E.,
Weinrich, S. L., Shay, J. W., 1994: Specific association of human telomerase activity with immortal cells and cancer.
Science: 266, 2911-2915.

Kirkwood, T. B. L., 1977: The origins of human ageing. Phil. Trans. R. Soc. London B Biol. Sci.: 352, 1765-1772.
Klekowski, E. J., 1988: Progressive cross- and self-sterility associated with aging in fern clones and perhaps other plants.

Heredity: 61, 247-253.
Klekowski, E. J., 2003: Plant clonality, mutation, diplontic selection and mutational meltdown. Biol J Linn Soc, 79, 61-67.
Koch, G. W., Sillett, S. C., Jennings, G. M., Davis, S. D., 2004: The limits to tree height. Nature: 428, 851-854.
LaMarche, V. C., 1969: Environment in relation to age of bristlecone pines. Ecology: 50(1), 53-59
Lambert, A. J., Boysen, H. M., Buckingham, J. A., Yang, T., Podlutsky, A., Austad, S. N., Kunz, T. H., Buffenstein, R.,

Brand, M. D., 2007: Low rates of hydrogen peroxide production by isolated heart mitochondria associate with long
maximum lifespan in vertebrate homeotherms. Aging Cell: 6, 607-618.

Lanner, R. M., Connor, K. F., 2001: Does bristlecone pine senesce? Experimental gerontology: 36(4-6), 675-685.
Lanner, R. M., 2002: Why do trees live so long?. Ageing research reviews: 1(4), 653-671.
Larson, D. W., 2001: The paradox of great longevity in a short-lived tree species, Experimental Gerontology: 36, 651-673.
Lerman, J. C., Cigliano, E. M., 1971: New carbon-14 evidence for six hundred years old Canna compacta seed. Nature:

232, 568-570. 
Leroi, A. M., Chippindale, A. K., Rose, M. R., 1994: Long-term laboratory evolution of a genetic trade-off in Drosophila

melanogaster. I. The role of genotype x environment interaction. Evolution, 48: 1244-1257.
Libert, S., Zwiener, J., Chu, X., VanVoorhies, W., Roman, G., Pletcher, S. D., 2007: Regulation of Drosophila Life Span

by Olfaction and Food-Derived Odors. Science: 315(5815), 1133-1137. 
Liu, X., Jiang, N., Hughes, B., Bigras, E., Shoubridge, E., Hekimi, S., 2005: Evolutionary conservation of the clk-1-dependent

mechanism of longevity: loss of mclk1 increases cellular fitness and lifespan in mice. Genes Dev.: 19, 2424-2434.
Luckey, T. D., 1999: Nurture with Ionizing Radiation. Nutr-Cancer: 34(1), 1-11.
Marbà, N., Duarte, C. M., Agustí, S., 2007: Allometric scaling of plant life history. Proc. Natl. Acad. Sci. U.S.A.: 104,

15777-15780.
Maynard Smith, J., 1976: Group selection. Q. Rev. Biol.: 51, 277-83.
Medawar, P. B., 1952: An Unsolved Problem of Biology. London: Lewis.
Mičieta, K., Murín, G., 1997: The use of Pinus sylvestris L. and Pinus nigra Arnold as bioindicator species for environmental

pollution. In: Borzan, Ž., Schlarbaaum, S. E. (eds.), Cytogenetic studies of forest trees and shrub species. Croatian Forest,
Zagreb, 253-263.

Minot, C. S., 1908: The Problem of Age, Growth, and Death; a Study of Cytomorphosis, Based on the Lectures at the Lowell
Institute. New York, Patnam’s Sons.

Mitteldorf, J., 2006: Chaotic Population Dynamics and the Evolution of Ageing. Evolutionary Ecology Research: 8, 561-574.
Mitteldorf, J., 2010: Programmed and Non-Programmed Theories of Aging. Russian Journal of General Chemistry: 80(7),

1465-1475.
Mitton, B. M., Grant, M. C., 1996: Genetic Variation and the Natural History of Quaking Aspen. BioScience: 46(1), 25-31.
Mulcahy, D. L., Johnson, C. M., 1978: Self-Incompatibility Systems as Bioassays for Mutagens. Environ. Health Perspect.:

27, 85-90.
Munné-Bosch, S., 2008. Do perennials really senesce? Trends in Plant Science: 13(5), 216-220.
Murín, G., Mičieta, K., 2000: Wild Plant Species in Bioindication of Polluted Environment. In: Agrawal, S. B., Agrawal, M.

(eds.), Environmental Stress: Indication, Mitigation and Eco-conservation. – Dordrecht, Boston, London : Kluwer
Academic Publ.: 285-298. 

Murín, G., Mičieta, K., 2001: The storage effect: An universal method of enhancing DNA’s repair system. Biologia: 56,
Suppl. 10, 1-88.

Noodén, L. D., 1988: Abscisic acid, auxin, or other regulators of senescence. In: Noodén, L. D. – Leopold, A. C. (eds.).
Senescence and Aging in Plants. Academic Press, San Diego, 367-397.

Norbury, CH., Hickson, I. D., 2001: Cellular Responses To DNA Damage. Pharmacological Toxicology: 41, 367-401.
Orive, M. E., 2001: Somatic mutations in organisms with complex life histories. Theoret. Pop. Biol.: 59, 235-249. 
Otto, S. P., Walbot, V., 1990: DNA methylation in eukaryotes: kinetics of demethylation and de novo methylation during the

life cycle. Genetics: 124, 429-437. 
Pla, M., Jofré, A., Martell, M., Molinas, M., Gómez, J., 2000: Large accumulation of mRNA and DNA point modifications

in a plant senescent tissue. FEBS Letters: 472, 14-16.
Promislow, D. E., Tatar, M., Khazaeli, A. A., Curtsinger, J.-W., 1996: Age-specific patterns of genetic variance in

Drosophila melanogaster. I. Mortality. Genetics.: 143(2), 839–848.
Ricklefs, R. E., Cadena, C. D., 2007: Reproductive investment and lifespan. Ecol. Lett.: 10(10), 867-872.
Riha, K., Fajkus, J., Siroky, J., Vyskot, B., 1998: Developmental Control of Telomere Lengths and Telomerase Activity in

Plants. The Plant Cell: 10, 1691-1698.
Rose, M. R., 1991: Evolutionary Biology of Aging. Oxford University Press, New York.

24



Ryan, M. G., Phillips, N., Bond, B. J., 2006: The hydraulic limitations hypothesis revisited. Plant, Cell and Environment:
29, 367-381.

Ryan, M. G., Yoder, B. J., 1997: Hydraulic Limits to Tree Height and Tree Growth. BioScience: 47(4), 235-242.
Sallon, S., Solowey, E., Cohen, Y., Korchinsky, R., Egli, M., Woodhatch, I., Simchoni, O., Kislev, M., 2008:

Germination, genetics, and growth of an ancient date seed. Science: 320, 1464.
Sancar, A., Lindey-Boltz, L.A., Ünsal-Kacmaz, K., Linn, S., 2004: DNA Repair And The DNA Damage Checkpoints. Ann.

Rev. Biochem.: 73, 39-85.
Sanz, A., Pamplona, R., Barja, G., 2006: Is the mitochondrial free radical theory of aging intact? Antioxidants & redox

signaling: 8(3-4), 582-99.
Sax, K., 1962: Aspects of aging in plants. Annual Review of Plant Phsiology: 13, 489-506.
Schulman, E., 1958: Bristlecone pine, oldest known living thing. Natl. Geogr. Mag.: 113, 355-372.
Sharova, N. P., 2005: How Does a Cell Repair Damaged DNA? Biochemistri: 70, 275-291.
Shen-Miller, J., 2002: Sacred lotus, the long-living fruits of China Antique. Seed Sci. Res.: 12, 131-143.
Skulachev, V. P., Anisimov, V. N., Antonenko, Y. N., Bakeeva, L. E., Chernyak, B. V., Erichev, V. P,, Filenko, O. F.,

Kalinina, N. I., Kapelko, V. I., Kolosova, N. G., P. Kopnin, B. P., Korshunova, G. A., Lichinitser, M. R., Obukhova,
L. A., Pasyukova, E. G., Pisarenko, O. I., Roginsky, V. A., Ruuge, E. K., Senin, I. I., Severina, I. I., Skulachev, M.
V., Spivak, I. M., Tashlitsky, V. N., Tkachuk, V. A., Vyssokikh, M. YU., Yaguzhinsky, L. S., Zorov, D. B., 2009: An
attempt to prevent senescence: A mitochondrial approach. Biochimica et Biophysica Acta (BBA) – Bioenergetics:
1787(5), 437-461.

Slupphaug, G., Kavli, B., Krokan, H. E., 2003: The interacting patways for prevention and repair of oxidative DNA
damage. Mutation Research: 531, 231-251.

Strehler, B. L., 1962: Time, Cells and Aging. Academic Press, New York, 242.
Šebánek, J., 1998: Stárnutí (senescence). In: Procházka, S., Macháčková, I., Krekule, J., Šebánek, J: Fyziologie rostlin.

Academia, Praha, 394-400.
Tatone, C., Carbone, M. C., Falone, S., Aimola, P., Giardinelli, A., Caserta, D., Marci, R., Pandolfi, A., Ragnelli, A. M.,

Amicarelli, F., 2006: Age-dependent changes in the expression of superoxide dismutases and catalase are associated with
ultrastructural modifications in human granulosa cells. Mol. Hum. Reprod.: 12, 655-660.

Thomas, H., 2002: Ageing in plants. Mechanisms of Ageing and Development: 123, 747-753.
Van Doorn, W. G., Yoshimoto, K., 2010: Role of chloroplasts and other plastids in ageing and death of plants and animals:

A tale of Vishnu and Shiva. Ageing Research Reviews: 9, 117-130. 
Van Valen, L., 1973: A New Evolutionary Law, Evol. Theor., 1, 1-30.
Vaupel, J. W., Baudisch, A., Dölling, M., Roach, D. A., Gampe, J., 2004: Theoretical Population Biology: 65. 339-351. 
Villiers, T. A., 1973: A theory of seed aging. Z. Alternsforsch.: 27, 345-351. 
Whetten, R., Sederoff, R., 1995: Lignin Biosynthesis. Plant Cell: 7, 1001-1003.
Williams, G. C., 1957: Pleiotropy, Natural Selection, and the Evolution of Senescence. Evolution: 11, 398-411.
Williams, G. C., 1966: Adaptation and Natural Selection. Princeton University Press, Princeton. 
Zakian, A. V., 1995: Telomeres: Beginning to understand the end. Science: 270, 1601-1607.
Zapata, J. M., Guéra, A., Esteban-Carrasco, A., Martin, M., Sabater, B., 2005: Chloroplasts regulate leaf senescence:

delayed senescence in transgenic ndhF-defective tobacco. Cell Death Diff.: 12, 1277-1284.
Zavaleta-Mancera, H. A., Thomas, B. J., Thomas, H., Scott, I. M., 1999: Regreening of Nicotiana leaves. II.

Redifferentiation of plastids. J. Exp. Botany: 50: 1683-1689.

Abstrakt

Hlavnou otázkou teórií starnutia je, či je starnutie programované alebo nie a ako sa vyvinulo 
v evolúcii. Hoci tieto otázky neboli zatiaľ jasne zodpovedané, bolo publikovaných niekoľko skupín
teórií, zaoberajúcich sa touto problematikou. Väčšina týchto teórií však neberie do úvahy rastlinné
organizmy a ich špecifické vlastnosti, ktoré robia mechanizmy ich starnutia jedinečnými. Prvou
takouto vlastnosťou je klonalita a sektorialita, druhou je nediferencovanie zárodočnej línie buniek.
Absencia zárodočnej línie je príčinou toho, že teloméry sa neskracujú a môže tiež viesť k prenosu
somatických mutácií na sexuálne potomstvo. Naproti tomu sektorialita u stromov spôsobuje izoláciu
potenciálne katastrofických udalostí do jednej časti stromu a robí ho populáciou viac-menej ne -
závislých modulov v rámci jednej osi. Preto k procesom populačnej dynamiky, vrátane stárnutia, môže
dochádzať pod rôznymi vpyvmi v rámci populácií i v rámci jednotlivých stromov. 

Eva Brutovská, Karol Mičieta, Andrea Sámelová: Aplikácie teórií starnutia na rastlinné organiz -
my s dôrazom na stromy
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Abstract

A literature search was made to collect the publications in which the records of Crepidotus from Slovakia are
mentioned. In 60 publications of 40 authors, records of 16 species were published: Crepidotus applanataus, 
C. autochthonus, C. calolepis, C. carpaticus, C. caspari C. cesatii, C. crocophyllus, C. ehrendorferi, C. epibryus,
C. kubickae, C. luteolus, C. macedonicus, C. mollis, C. subverrucisporus, C. variabilis and C. versutus. For each
species, the number of published records, the number of deposited specimens and the occurrence within the
phytogeographical units of Slovakia are enumerated.

Key words: fungi, Agaricales, literature, excerption, herbaria

Introduction

Being interested in the genus Crepidotus, I have provided field observations (e.g. Ripková, Blanár
2004, Ripková et al. 2007b), re-examined voucher specimens (Ripková 2002a), solved taxonomic
puzzles (Ripková et al. 2005, Ripková 2009) etc. Besides these, I also wanted to know what its
publication history in Slovakia is. Hence, I made a literature search to collect the publications in which
records of Crepidotus species are mentioned. My aim was to find out 1) the Crepidotus diversity in
Slovakia, 2) the numbers of Crepidotus records from Slovakia, and 3) whether/where the voucher
specimens of the Crepidotus species are kept.

Material and Methods

The database created for the Checklist of Slovak fungi (Bacigálová, Lizoň 1999), later updated by
Adamčík et al. (2003), and the book Mycoflora Slovaca by Škubla (2003) were used as bibliographical
sources. Several other works, mostly published during the years 2002–2010, were also excerpted. The
lists of taxa drawn up during some mycological forays and then deposited as a personal or institutional
material, and theses, e.g. Msc thesis, were not accepted as reliable source of data in this work. The
excerpted data were put into the “Database_Crepidotus_SJ” (i.e. authoress’s personal database; too
large for publishing) in their original form (only minimal formal corrections were made). 

For all records of Crepidotus species, the phytogeographical units of Slovakia were added if
missing and unified according to Futák (1966). Southern and northern parts of Biele Karpaty Mts. unit
were not distinguished, as well Lúčanská Fatra and Krivánska Fatra of the Malá Fatra Mts. unit. 

The nomenclature and taxonomic concept of Crepidotus species follow Senn-Irlet (1995), Pouzar
(2005), Ripková (2009) and Ripková et al. 2005. In this study, there are only Crepidotus names
following the recent (above mentioned) taxonomic concepts. The names/synonyms under which the
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records were originally published can be traced in the “Database_Crepidotus_SJ”; e.g. C. caspari was
published by Pilát (1954) as C. lundellii; C. kubickae by Kotlaba (1961) as C. sphaerosporus. 

The herbaria abbreviations are cited in accordance with the Index Herbariorum (Holmgren et al. 1990).

Results

A literature search resulted in the selection of 60 works (published till the year 2010) in which the
records of the genus Crepidotus from Slovakia were mentioned. The publications were written by 40
authors who collected data on 16 species: Crepidotus applanataus, C. autochthonus, C. calolepis, 
C. carpaticus, C. caspari C. cesatii, C. crocophyllus, C. ehrendorferi, C. epibryus, C. kubickae, 
C. luteolus, C. macedonicus, C. mollis, C. subverrucisporus, C. variabilis and C. versutus.

Undoubtedly, there is omitted literature that I have not excerpted (e.g. some difficult-to-trace
articles, some old and uninterpretable publications and/or simply forgotten ones). The numbers
presented in the Tabs. 1 and 2 (the numbers of publications, records, specimens) are, therefore, only
approximative. 

Based on the overview of the years of publications, Crepidotus records were published sporadically
till the 80th of 20th century (1856, 1926, 1933, 1948, 1954), but more or less continually since then
(1971, 1975–1978, 1982, 1984, 1987–1989, 1991, 1993, 1994–1997, 1999, 2002–2007, 2009, 2010).
As it can be seen, the oldest record is from 1858, the newest one from 2010.

Concerning the publications in which Crepidotus records are mentioned, in the highest number of
them (in more than 20 publications) C. applanatus, C. mollis and C. variabilis were published, in the
lowest number (only in 1 or 2 publications) C. carpaticus, C. ehrendorferi and C. macedonicus (Tab. 1).

Summing up the number of records for each Crepidotus species, the highest number (more than
100) is known for C. applanatus, C. mollis and C. variabilis; the lowest number (less than 5) for 
C. autochthonus and C. carpaticus (Tab. 2)

As to the phytogeographical units of Slovakia, the highest number of Crepidotus records (more
than 50) is known from the Podunajská nížina Lowland, Slovenské rudohorie Mts., Muránska planina
Plateau, Vihorlatské vrchy Mts. and Bukovské vrchy Mts.; the lowest number (only 1) from Pohronský
Inovec Mts., Slovenský raj Mts., Liptovská kotlina Basin and Šarišská vrchovina Mts.; no record of
Crepidotus species was hitherto published from Východoslovenská nížina Lowland, Považský Inovec
Mts., Javorie Mts., stredné Pohornádie Mts., Chočské vrchy Mts., Belianske Tatry Mts., Javorníky Mts.
and Čergov Mts. (Tab. 2).

While excerpting data, I also noted whether/where the voucher specimens were deposited. I have
found out that according to the published data, about 60 % of all Crepidotus records were documented
by specimens which are kept in the institutional herbaria BRA, BRNM, PRM, SLO, UPS as well as in
the private herbaria of S. Glejdura, S. Hagara, J. Herink, J. Hlaváček and J. Kuthan. Consequently, 
I verified the real existence of the specimens, however, only in the institutional herbaria of SLO, SAV
and BRA, and private herbaria of L. Hagara and S. Glejdura; it resulted in high agreement (almost 
95 %) (“Database_Crepidotus_SJ”). The numbers of specimens correspond to the numbers of published
records, i.e. the highest number of specimens exist for C. applanatus, C. mollis and C. variabilis; 
the lowest for C. autochthonus and C. carpaticus. 

I hope that the data I have excerpted and worked up in “Database_Crepidotus_SJ” will be useful to
update the database of the checklist of Slovak fungi (Bacigálová, Lizoň 1999), the red list of Slovak
fungi (Lizoň 2001), and, might be, for the new volume of Flora of Slovakia (cf. Paulech 1995,
Bacigálová 2010). For this moment, my efforts are to continue adding the new Crepidotus records
(published after 2010) as well as to revise the voucher specimens from Slovakia.
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Tab. 1. The publications in which the records of the genus Crepidotus from Slovakia are mentioned
column “Crepidotus species” – for original names/synonyms, under which the records were published, the
“Database_Crepidotus_SJ” (i.e. authoress’s personal database) is at disposal
column “No.” – the total number of publications

29

Crepidotus species Publications No.

C. applanatus Adamčík (1994), Adamčík et al. (2006), Aghová et al. (1988), Bolla (1856), Dermek 
(1976, 1977, 1978), Janitor (1994), Kopecká (1982), Kult (1991), Kuthan (1989), 
Kuthan et al. (1999), Lazebníček (1987), Lizoň, Kautmanová (2004), Pilát (1948), 
Ripková (2002a), Ripková, Blanár (2004), Ripková et al. 2007a, 2007b), Senn-Irlet 
(1995), Škubla (2003), Záhorovská (1997) 22

C. autochthonus Kuthan et al. (1999), Ripková (2002a), Škubla (2003) 3

C. calolepis Kotlaba et al. (1991), Kuthan et al. (1999), Pilát (1948), Ripková (2002a), Ripková, 
Blanár (2004) 5

C. carpaticus Škubla (1996) 1

C. caspari Adamčík et al. (2006), Blanár, Mihál (2002), Ďuriška (2010), Kotlaba et al. (1991), 
Kuthan et al. (1999), Pilát (1954), Ripková (2002a), Ripková, Blanár (2004), Ripková, 
Kučera (2002), Ripková et al. (2007b), Škubla (1995, 1996, 2003) 13

C. cesatii Adamčík et al. (2006), Blanár, Mihál (2002), Kuthan et al. (1999), Mihál et al. (2010), 
Pilát (1948), Ripková (2002a, 2009), Ripková, Blanár (2004), Ripková, Kučera 
(2002), Ripková et al. (2007a, 2007b), Škubla (2003) 12 

C. crocophyllus Ďuriška (2010), Antonín et al. (1995), Ripková (2002a), Ripková et al. (2005, 2007b), 
Škubla (1994, 1995, 1997, 2003) 9

C. ehrendorferi Ripková, Glejdura (2010) 1

C. epibryus Adamčík, Hagara (2003a, 2003b), Ďuriška (2010), Kuthan et al. (1999), Ripková 
(2002), Ripková, Blanár (2004), Ripková et al. (2007b), Škubla (2003) 8

C. kubickae Glejdura, Kunca (2010), Kotlaba (1961), Ripková (2009) 3

C. luteolus Blanár, Mihál (2002), Kult (1989), Kuthan (1989), Kuthan et al. (1999), Lizoň 
(1977b), Ripková (2002), Ripková, Blanár (2004), Škubla (2003) 8

C. macedonicus Ripková (2002a, 2002b) 2

C. mollis Adamčík et al. (2006), Dermek (1977, 1978), Dermek, Michalko (1975), Fábry et al. 
(1975), Fellner (1994), Glejdura, Kunca (2010), Janitor (1994, 1997), Kotlaba (1961), 
Kult (1991), Kuthan (1989), Kuthan et al. (1999), Lazebníček (1987), Příhoda (1971), 
Pilát (1948), Ripková (2002a), Ripková, Blanár (2004), Ripková et al. (2007a, 2007b), 
Sak (1993), Záhorovská (1997), Záhorovská, Lišková (1996), Záhorovská et al. 
(1996), Škubla (2003),  25

C. subverrucisporus Adamčík et al. (2006), Ripková, Blanár (2004), Ripková et al. (2007b), Škubla (2003) 4

C. variabilis Adamčík et al. (2006), Aghová et al. (1988), Dermek (1977, 1978), Dermek, 
Michalko (1975), Janitor (1994, 1997), Kult (1991), Kuthan (1984), Kuthan et al. 
(1999), Lizoň (1977a, 1977b, 2006), Mihál (1997a, 1997b, 1997c, 1997d), Pilát 
(1926), Ripková (2002a), Ripková, Blanár (2004), Ripková, Kučera (2002), Ripková 
et al. (2007a, 2007b), Škubla (2003), Záhorovská (1997), Záhorovská, Jančovičová 
(1997), Záhorovská, Lišková (1996), Záhorovská et al. (1996) 28

C. versutus Adamčík et al. (2006), Pilát (1948), Ripková (2002a), Ripková, Blanár (2004), 
Ripková et al. (2007b) 5
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Abstrakt

Predmetom práce bolo spracovanie literatúry, v ktorej sa uvádzajú nálezy rodu Crepidotus zo
Slovenska. V 60 publikáciách od 40 autorov boli publikované nálezy 16 druhov: Crepidotus
applanataus, C. autochthonus, C. calolepis, C. carpaticus, C. caspari C. cesatii, C. crocophyllus,
C. ehrendorferi, C. epibryus, C. kubickae, C. luteolus, C. macedonicus, C. mollis, C. subverrucisporus,
C. variabilis and C. versutus. Pre každý druh je zistený počet publikovaných nálezov, počet
herbárových položiek a jeho výskyt v rámci fytogeografických celkov Slovenska. 

Soňa Jančovičová: Publikované nálezy rodu Crepidotus zo Slovenska
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Abstract

Presented study brings a short overview of bryophytes of ten medieval ruins in the Protected Landscape Area Malé
Karpaty Mts. Overall, 46 species (4 liverworts and 42 mosses) were recorded. The most species rich was order
Hypnales. Comparing with other Slovak castle ruins, in the Malé Karpaty area the bryophyte diversity 
is significantly higher; however, the cover number is distinctly lower. The most interesting finding is that 
of Rhynchostegium rotundifolium, included in the Red list of Bryophytes of Slovakia (EN) and the European
Bryophyte Red Book (R).

Key words: castle ruins, Bryophyta, Slovakia, epilithic

Introduction

Old castles and their ruins form specific habitat for many species of bryophytes, which are mostly
pioneer organism on stones and walls. Bryophyte diversity on these sites is affected by several factors:
atmospheric elements, substrate type, degree of shadow, moisture and anthropogenic influence, e.g. air
pollution, an important factor on ruins in urban environment (García-Rowe, Saiz-Jimenez 2002). 

Within Europe, comprehensive research on bryophytes of castle ruins have not been realized up to
now, except in Slovakia, where a basic bryological research of these sites is performed at present
(Uhereková Šmelková, Mišíková 2010). 

Medieval ruins in the Malé Karpaty Mts. were not studied in past. On the other hand, some data are
from the localities near by the ruins Pajštún (e.g. Bäumler 1884, Baumgartner 1901, Peciar 1981) and
Ostrý Kameň (Peciar 1990). Important information brings also report of Baumgartner (1901) from the
ruin Biely Kameň including the occurrence of rare moss Rhynchostegium rotundifolium; the presence
on this locality was confirmed by our study. 

Material and methods

Field research was realized from October 2010 to June 2011. It was focused on epilithic
bryophytes, samples were collected from castle walls, bricks and castle stones. The study includes eight
castle ruins, one monastery ruin and one ruin of a guard tower (Tab. 1). Frequency is calculated by
formula: Fr (%) = (n1/N) • 100, (n1 is the number of sites where the species was recorded; N is the total
sites number). 
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The names of taxa and taxonomic hierarchy follow the works by Söderström et al. (2007) and Hill
et al. (2006). Threat categories were established according to Kubinská et al. (2001) and ECCB (1995). 

Herbarium specimens are deposited in the SLO herbarium (Comennius University in Bratislava,
Faculty of Natural Sciences, Herbarium of the Department of Botany).

Geological structure of the Malé Karpaty Mts. consists of pre-alpine basis, alpine-age and mesozoic
nappes (Plašienka et al. 1991), prevailing substrates are granites, basalts and limestones. Substrate of
observed sites is mostly alkaline, predominatly by calcareous stones, brickwork and plaster.

Tab. 1. Index of observed sites
Explanations: Name/type: ca – castle, ga – guard tower, mo – monastery; Stage: A – reconstruction/conservation, B – basic
preservation works, C – desolate

Results and discussion

Overall, 46 epilithic bryophyte species from ten Carpathians castle ruins (Tab. 2) were recorded. On
damp and wet sites, there was observed the highest bryophyte diversity. However, most of the evaluated
sites showed xerothermic character with the high number of xerophilic species. It seems that shade
degree probably does not appear as an important factor for bryophyte diversity.

Tab. 2. The occurrence and frequency of bryophytes on observed sites
Explanation: for observed sites see Tab. 1
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No.

1

2

3

4

5

6

7

8

9

10

Name/type

Biely Kameň/ca

Branč/ca

Devín/ca

Dobrá Voda/ca

Dračí Hrádok/ga

Katarínka/mo

Korlátka/ca

Ostrý Kameň/ca

Pajštún/ca

Plavecký hrad/ca

Village/city

Svätý Jur

Podbranč

Bratislava

Dobrá Voda

Borinka

Dechtice

Cerová

Buková

Borinka

Plavecké
Podhradie

GPS coordinates

N 48° 15’ 66, 20” 
E 17° 11’ 75, 40”

N 48° 44’ 02, 80” 
E 17° 28’ 06, 00”

N 48° 10’ 50, 30” 
E 16° 58’ 71, 80”

N 48° 36’ 34, 13”
E 17° 31’ 42, 78”

N 48° 15’ 14, 40”
E 17° 06’ 40, 68”

N 48° 33’ 17, 30”
E 17° 32’ 09, 33”

N 48° 34’ 31, 61”
E 17° 23’ 08, 99”

N 48° 31’ 19, 70”
E 17° 22’ 18, 65”

N 48° 16’ 53, 00”
E 17° 40’ 97, 40”

N 48° 29’ 37, 55”
E 17°16’ 07, 36”

Alt.
(m a.
s. l.)

290

475

212

320

370

245

455

588

486

424

Date of
origin

1270–1295

1297

864

1263

13th century

1646

1278

13th century

13th century

1270

Date of destruction

1663 destroyed Osmans

end of 17th century –
burned down

1809 destroyed by
Napoleons army

1762 burned down

destroyed in 15th century
by Hussites

1787 forcibly deserted
after convent nullification

desolated in 18th century

17th century destroyed
during Rakozi revolt

1810 destroyed by
Napoleons army

desolated in 18th century

Area
size
(m2)

4200

7500

67000

8400

100

2500

3600

4500

6800

5175

Stage

B

A

A

C

C

A

B

C

B

B

species observed sites frequency (%)

Abietinella abietina 6, 9 20
Amblystegium subtile 1 10
Amblystegium serpens 1, 6, 9 30
Anomodon viticulosus 1, 4, 7, 8, 9 50
Barbula unguiculata 7 10
Brachythecium albicans 2 10
Brachythecium rutabulum 3, 4, 7, 8, 10 50
Brachythecium salebrosum 10 10



Tab. 2. Continuation

The most frequent species were Tortula muralis (Fr = 100%), Homalothecium sericeum (Fr = 90%),
Anomodon viticulosus (Fr = 50%), Bryum capillare (Fr = 60%), Hypnum cupressiforme (Fr = 70%) and
Encalypta vulgaris (Fr = 60%). Many of them (e.g. Bryum argenteum, B. capillare, Ceratodon
purpureus, Didymodon fallax, Grimmia pulvinata, Homalothecium sericeum, Orthotrichum anomalum,
Syntrichia ruralis, Tortula muralis) are typical as for walls as for historical sites; they were found e.g. in
the archaeological site Tilmen Höyük (Ezer et al. 2008). Within the orders, the most species rich was
Hypnales (43 %), the lowest frequency have species from orders Jungermanniales (1 %), Metzgeriales
(1 %), Dicranales (1 %) and Porellales (1 %) (Fig. 1). 

The highest species diversity was observed on the site Biely Kameň (43 species), the lowest
diversity on the sites Katarínka (17) and Dračí Hrádok (19) (Fig. 2). As the ruins of the monastery
Katarínka are under the complete reconstructions work and the former guard tower Dračí Hrádok is in
desolate constitution, the low number of species diversity is not surprising. It is notable that the area of
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species observed sites frequency (%)

Brachytheciastrum velutinum 1, 2, 5, 9 40
Bryoerythrophyllum recurvirostrum 3, 6, 8, 10 40
Bryum argenteum 2, 3, 8, 10 40
Bryum caespiticium 2 10
Bryum capillare 1, 2, 3, 8, 9, 10 60
Ceratodon purpureus 2, 3, 9, 10 40
Didymodon fallax 3, 7 20
Didymodon rigidulus 2, 3, 4 30
Encalypta streptocarpa 2, 5, 7, 10 40
Encalypta vulgaris 2, 3, 5, 8, 9, 10 60
Grimmia pulvinata 2, 3, 7 30
Homalothecium lutescens 2, 4, 5, 7, 9, 10 60
Homalothecium philippeanum 1, 2, 4, 5 40
Homalothecium sericeum 1, 2, 3, 4, 6, 7, 8, 9, 10 90
Hypnum cupressiforme 1, 2, 4, 6, 8, 9, 10 70
Hypnum vaucheri 5 10
Isothecium alopecuroides 4 10
Leucodon sciuroides 6 10
Metzgeria furcata 1, 4, 10 30
Mnium marginatum 4 10
Mnium stellare 1, 5, 8 30
Neckera besseri 8 10
Neckera complanata 1, 4 20
Orthotrichum anomalum 1, 2, 4, 8, 10 50
Orthotrichum diaphanum 2 10
Plagiochila porelloides 4, 8 20
Plagiomnium cuspidatum 1 10
Plagiomnium rostratum 8 10
Pohlia nutans 3 10
Porella platyphylla 1 10
Pseudoleskeella catenulata 4, 6 20
Pseudoleskeella nervosa 1, 4 20
Rhynchostegium rotundifolium 1 10
Schistidium apocarpum 1, 2, 7, 10 40
Syntrichia ruralis 2, 7, 8, 9, 10 50
Thuidium tamariscinum 9 10
Tortula muralis 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 100
Tortula subulata 1, 8 20



latter one site is only 100 m2, which is almost twenty times lower then others ruins. In case of the site
Biely Kameň there are probably several factors influencing the species diversity, such as forest cover
on almost all of the site, no recent reconstruction works and low tourist activities. The confirmation of
an endangered moss Rhynchostegium rotundifolium (EN) on the site Biely Kameň (Baumgartner 1901)
is important for current knowledge on distribution of rare species in Slovakia. 

Fig. 1. Percentage of species in particular orders

Fig. 2. Species diversity on observed sites

Comparing with bryophyte diversity of other studied Slovak castle ruins (Uhereková Šmelková,
Mišíková 2010), the species diversity in the Malé Karpaty is higher. In average 33 species were
recorded on each site, in comparison to 13 species on previously evaluated castle ruins. The reason for
that can be the absence of more detailed observation. On the other hand, the cover number on those
sites is distinctly higher. Bryophytes that have not been recorded on other Slovak castles till now are
Amblystegium subtile, Bryum caespiticium, Homalothecium philippeanum, Mnium marginatum,
Orthotrichum diaphanum, Plagiomnium rostratum, Pseudoleskeella nervosa and Rhynchostegium
rotundifolium.
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Ten observed medieval objects of Protected Landscape Area Malé Karpaty Mts. represent 
a different spectrum of ruin types. They differ from each other in the view of area size and stage (three
of them are desolated, three are conserved and four are under basic preservation works). Most of these
castle ruins are conserved just thanks to many volunteers that repairing them during holiday. However,
there are still many objects in dilapidated stage. Research of bryophytes on castle ruins is in early stage
of elaboration and deserves more scientific attention in future.
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Abstrakt

Nasledujúci príspevok prináša stručný prehľad bryoflóry desiatich stredovekých zrúcanín v oblasti
CHKO Malé Karpaty. Zaznamenali sme 46 druhov machorastov (4 pečeňovky a 42 machov). Druhovo
najbohatší bol rad Hypnales. V porovnaní s ostatnými zrúcaninami slovenských hradov, diverzita
machorastov na území Malých Karpát je výrazne vyššia ako na iných slovenských zrúcaninách hradov,
kde je však vyššia celková pokryvnosť. Najzaujímavejší je nález druhu Rhynchostegium rotundifolium,
ktorý je zaradený v Červenom zozname machorastov Slovenska (EN) a v Červenej knihe machorastov
Európy (R).

Daniela Uhereková Šmelková, Katarína Mišíková: Machorasty na stredovekých ruinách 
v oblasti Chránenej krajinnej oblasti Malé Karpaty
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Abstract

The soil phycoflora from the Záhorská nížina lowland was studied at 4 sampling sites – two sites on the grassland
soil, one on the forest sandy soil and one on the open sandy site, where the cyanobacteria and algae in conjunction
with mosses and fungi compose biological soil crusts which aid to stabilize the topsoil cover and protect soil from
water and eolian erosion. Altogether 21 taxons of cyanobacteria and algae were identified in the locality. The most
frequent species in the sampling sites were from division Chlorophyta (13) and less from division Stramenopila
(3), Charophyta (3) and Cyanobacteria (2). During whole study the linear drawings and photos of found species
were made.

Key words: soil cyanobacteria, soil algae, biological soil crust, sandy soil.

Introduction

Terrestrial cyanobacteria and algae are microscopic phototrophic organisms living in the first
several centimetres of soil. Remarkable is the ability of cyanobacteria to fix atmospheric nitrogen,
change it to acceptable form for higher plants and increase its content in the soil (Bardgett 2005).
Cyanobacteria together with algae take part in formation of biological soil crusts, connecting soil
particles together and protect soil against eolian and water erosion (Fletcher, Martin 1948, Belnap et al.
2003). Hereby they help to maintain moisture in the higher soil layers and therefore improve conditions
for seed germination and growth of vascular plants (Brotherson, Rushforth 1983, Ashley, Rushforth
1984). 

The objective of this study was to investigate dominant species of soil cyanobacteria and algae
from locality Sekule – Mláky II at the Záhorská nížina lowland and preparation of biological material
to subsequent research of hydrological soil properties.

Material and methods

Location and sampling data
The investigated area is located near the village of Sekule, the Záhorská nížina lowland, SW

Slovakia (48° 37’ 10” N, 17° 00’ 07” E) at elevation of 152 m a. s. l. Four locations were chosen for
sampling (Fig. 1).
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Fig. 1. Location map: (a) permanent green area, (b) permanent green area without surface vegetation, (c) forest site,
(d) open sandy site

The first sampling site, SEK-1a, is a permanent green area with abound non-forest psamophytic
vegetation (Fig. 2a). The most frequent species were from the family Poaceae (Agrostis capilaris and
Cynodon dactylon) and than Achillea millefolium, Acetosella vulgaris, Anthemis ruthenica,
Convolvulus arvensis, Lepidium ruderale, Plantago lanceolata and Potentilla sp. (Lichner et al. 2005).
The second sampling site, SEK-1b, is a permanent green area without surface vegetation (the plant
cover was removed to the two-centimetre depth of the soil) (Fig. 2b). The third sampling site, SEK-2,
is the forest sandy soil under Pinus sylvestris grove (Fig. 2c). The fourth sampling site, SEK-3, is the
open sandy site (Fig. 2d) and the both sampling sites, the third and the fourth, are partly covered by the
lichens (Cladonia sp. div.), mosses (Dicranum polysetum, Ditrichum heteromallum, Hypnum
cupressiforme, Polytrichastrum fumosum, Polytrichum piliferum) and occasionally grasses
(Corynephorus canescens) (Šomšák et al. 2004). The soil microscopic fungi on these sites (Alternaria
alternate, Aspergillus fischeri, A. galucus, A. niger, Humicola fuscoatra, Penicillium aspergilloides, 
P. decumbens, Trichoderma viride, T. kongii (Lichner et al. 2007, Kalivodová et al. 2008) which
together with cyanobacteria and algae form biological soil crusts on the top layer of the sandy soil and
help to protect it from eolian and water erosion.

The climate of this area is continental with an average annual temperature is between 9 and 10 °C
(Šťastný et. al 2002a), in summer tends to consist of long hot and dry spells interspersed with intense
rainfall (Faško et al. 2008), average annual rainfall rate is 550 mm (Faško, Šťastný 2002). During the
hottest month (July) the temperature is between 20 and 21 °C (Šťastný et al. 2002b), during the coldest
month (January) the average month temperature does not fall under 2 °C (Šťastný et al. 2002c). The
soil at sampling sites has sandy and sandy loam texture (Šály, Šurina 2002) classified as aeolian sand
or regosol formed on aeolian sand (MKSPS, 2000). More detailed physical and chemical properties of
soil from the site in Sekule Mláky II are given in the study Lichner et al. 2005.
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Fig. 2. Sampling sites: (a) permanent green area, (b) permanent green area without surface vegetation, (c) forest site
covered with needles, (d) open sandy site partly covered with mosses and biological soil crusts

Laboratory methods
Soil samples from investigated locality were taken into plastic sample tube in August 2010 and

March 2011. The soil samples from each sampling site were handled in laboratory dual way: 
a) The soil samples were spread onto agar plates with cultivation medium Z after Zehnder (Staub

1961) in Petri dishes. 
b) The soil samples were diluted in liquid Z medium in glass tubes and incubated at temperature 

25 °C, under the irradiation of 48.8 µmol m-2 s-1 provided by five Narva Warm White lamps LT
18W/530-030 for 14 days. Afterwards samples were inoculated onto agar plates in Petri dishes with
cultivation medium Z in Petri dishes. 

In both cases cyanobacteria and algae from Petri dishes were isolated into the new cultivation
medium and multiply isolated in order to obtain pure cultures of cyanobacteria and algae. If the diatoms
were found, organic matter was cauterized in 30% H2O2 and mounted into the Pleurax to obtain
permanent slides.

On the other site, the samples were taken in monthly intervals from March to July 2011 from cover
slips which were spreading on the top layer of the soil. After a month, exposed face of each taken cover
slips (the part turned to the soil) was brushed on the agar plates in Petri dishes. Along with the
orientation prospecting of microscopical growth on cover slips through light microscope were made.
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All Petri dishes were exposed at temperature 25 °C, under the irradiation of 48.8 µmol m-2 s-1. After 10
to 14 days cyanobacteria and algae were isolated under a stereomicroscope. Separate colonies were
chosen and transferred on the slant agar in tubes, Erlenmeyer flasks or on agar plate into the Petri dishes
and later re-isolated to obtain unispecific cultures of cyanobacteria and algae. 

Fig. 3. The line drawings of found phycoflora: (a) Leptolyngbya sp., (b) Phormidium autumnale, (c) Klebsormidium
subtile, (d) Xanthonema montanum, (e) Tribonema minus, (f) Stichococcus bacillaris, (g) Choricystis minor, (h)
Mychonastes zofingiensis, (i) Eustigmatos polyphem

During whole study the linear drawings of found species were made (Fig. 3). All isolates were studied
under optical microscope Leica DM 2500 using differential interference contrast (DIC), a Leica DFC 290
HD camera and LAS 3.5.0 software were employed to document the observed objects (Fig. 4).

Species determination was made using standard references, mainly Ettl, Gärtner (1995), Lokhorst
(1996), Andreyeva (1998), Belnap, Lange (2003). All strains are stored at the working culture
collection of cyanobacteria and algae of the Laboratory of experimental phycology, Department of
Botany, Faculty of Natural Sciences, Comenius University in Bratislava.

Results

During the observed periods following taxonomic groups in the locality were found with numbers
of taxons in the brackets: Cyanobacteria (2), Chlorophyceae (4), Trebouxiophyceae (9),
Klebsormidiophyceae (3), Xanthophyceae (2), Eustigmatophyceae (1).

As indicated this summary, the main taxons of algae in the sampling sites were from division
Chlorophyta: Bracteacoccus minor (Chodat) Petrova, Chlorella sp., Chloroidium elipsoideum
(Gerneck) Darienko et al., Choricystis minor (Skuja) Fott, Diplosphaera cf. chodatii Bialosuknia,
Geminella sp., Mychonastes zofingiensis (Dönz) Kalina et Punčochářová, Podohedra bicaudata
Geitler, Radiosphaera minuta Herndon, Scotiellopsis oocystiformis (J.W.G. Lund) Punčochářová 
et Kalina, Stichococcus bacillaris Nägeli, S. undulatus Vinatzer and Tetracystis sp. 
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Fig. 4. Some of found cyanobacteria and alga species: (a) Leptolyngbya sp., (b) Phormidium autumnale, 
(c) Stichococcus bacillaris, (d) Scotiellopsis oocystiformis, (e) Klebsormidium subtile, (f) Tribonema minus, 
(g) Eustigmatos polyphem, (h) Radiosphaera minuta
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From division Stramenopila there were found species: Eustigmatos polyphem (Pitschmann)
Hibberd, Tribonema minus (Wille) Hazen, Xanthonema montanum (Vischer) Silva, and a few
representatives of Bacillariophyceae in sampling site SEK-1a which were not determined in detail 
in this study. 

From division Charophyta there were found species: Klebsormidium dissectum (Gay) Ettl 
et Gärtner, K. subtile (Kützing) Tracanna et Tell, K. mucosum (Boye Petersen) Lokhorst in Lokhorst et
W. Star.

From division Cyanophyta there were found representative of genera Phormidium Kützing 
ex Gomont, and Leptolyngbya Anagnostidis et Komárek.

This sandy area is still in progress and various types of ecological succession (from primary
succession on the bare soil) are observed here. The samplings were realized during autumn and spring
up to early summer and we assume that the number of found species will be growing within a year as
well as during onward succession. 

The abundance was also influenced by the moisture of the studied site. According to Kalina, Váňa
(2010) moisture is main limiting factor for terrestrial species and their live cycles often depends on
slight horizontal rainfall.

All observed taxa are typical terrestrial species with wide range of appearance in the soils of
temperate climatic area. Isolated cultures will be used for next study and special laboratory experiments
aimed to study hydrophysical characteristics of the soil of this locality.

Tab. 1. List of species recorded in selected sampling sites in the Záhorská
nížina Lowland
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Taxon / Sampling siter

Leptolyngbya sp.

Phormidium autumnale
Bracteacoccus minor
Chlorella sp.

Chloroidium elipsoideum
Choricystis minor
Diplosphaera cf. chodatii
Eustigmatos polyphem
Geminella sp.

Klebsormidium dissectum
K. mucosum
K. subtile
Mychonastes zofingiensis
Podohedra bicaudata
Radiosphaera minuta
Scotiellopsis oocystiformis
Stichococcus bacillaris
S. undulatus
Tetracystis sp.

Tribonema minus
Xanthonema montanum
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+

+

+
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+
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+

+
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+
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-
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Abstrakt

Pôdna fykoflóra Záhorskej nížiny sa študovala na štyroch odberových miestach: dve miesta
predstavovali na zatrávnenú pôdu, jedno na lesnej piesočnatej pôde a jedno na otvorenej piesočnatej
ploche, kde cyanobaktérie a riasy v spojení s machmi a hubami tvoria biologické pôdne krusty, ktoré
napomáhajú stabilizovať povrch pôdy a chrániť ho pred vodnou a veternou eróziou. Spolu bolo 
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v lokalite identifikovaných 21 druhov cyanobaktérií a rias, najviac zastúpené druhy na odberových
miestach pochádzali z oddelenia Chlorophyta (13) a menej z oddelení Stramenopila (3), Charophyta (3)
and Cyanobacteria (2). Počas celého štúdia boli zhotovované líniové kresby a fotografie zistených
druhov.

Zuzana Drongová, Ľubomír Kováčik: Niekoľko pôdnych cyanobaktérií a rias Záhorskej nížiny
na juhozápade Slovenska
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Abstract

Filamentous green alga Klebsormidium flaccidum (Kütz.) P. C. Silva, Mattox et W. H. Blackw. (Klebsormidiales,
Streptophyta), strain Kaštovská 2002/45, isolated from cryoconite sediment in Svalbard (Arctic, Ny-Ålesund,
Austre Brøggerbreen) was used for experimental study of dormancy as a survival strategy. In unfavourable
conditions, this alga is able to form morphological dormant stages, and thereby retain its viability under
environmental stress. Slow air desiccation was used as a stressor.

Key words: Klebsormidium, green algae, dormancy 

Introduction 

Species of the genus Klebsormidium represent one of the most widespread groups of aero-terrestrial
green algae in the world, with distribution ranging from polar to tropical habitats (Karsten et al. 2010,
Nagao et al. 2008). Its taxonomy is still a challenge because of its morphological simplicity and probable
high-hidden cryptic diversity. Many ultrastructural and molecular studies confirm the position of
Klebsormidium in the streptophycean lineage along with higher plants, and often highlight its high
ecological importance in aeroterrestrial habitats (Karsten et al. 2010). The representatives of the green
alga Klebsormidium have been well studied taxonomically by Lokhorst (1996) and he confirmed that
Klebsormidium belongs to the charophycean algae. In addition, Klebsormidium is an adequate laboratory
model for experimental studies because of its easy cultivation in laboratory conditions. Dormancy is an
adaptation to survive unfavourable conditions with the word “dormant” being a synonym for inactive.
The most remarkable characteristic of the dormant stage is the significantly reduced or even undetectable
rate of metabolism (Mulyukin et al. 1997). Changes in the rates of physiological processes are combined
with additional protective mechanisms against various stresses. These include changes in membrane and
cell envelope structure, changes in membrane and cell fluidity and the production of various special
protective substances (Elster 1999). Dormancy can also be defined as a survival strategy, where cells
have a higher resistance to different stressful conditions. Finally, dormant cells must retain viability after
retun into favourable conditions (Mulyukin et al. 1997).

Various Klebsormidium strains from polar regions exhibit desiccation tolerance (Elster et al. 2008).
The aim of this study is to reveal how Klebsormidium cells form their dormant stages.
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Material and methods

The experimental alga Klebsormidium flaccidum (Kütz.) P. C. Silva, Mattox et W. H. Blackw.,
strain Kaštovská 2002/45 isolated from Svalbard (Arctic, Ny-Ålesund, Austre Brøggerbreen,
cryoconite sediment) and deposited in the Algal Culture Collection Institute of Botany Academy 
of Sciences of the Czech Republic in Třeboň (www.butbn.cas.cz/ccala/index.php) was used for the
desiccation experiment.

The cultures of this strain were grown in Petri dishes on agar plates with medium Z according to
Zehnder in Staub (1961) in an air-conditioned cultivation room at temperature ca. 20 °C. Illumination
was provided by cool fluorescent lamps (48.6 μmol. m-2.s-1) with 12:12 h light-dark cycles.

The morphological characteristics of the strain phenotype, the cell wall structure and thickness,
cytoplasm texture, pyrenoid morphology, starch grains and other storage material components were
studied under the JENAMED II (Carl Zeiss Jena) optical microscope. Cell types able to develop
dormant forms were especially searched for. Linear drawings and microphotographs using the Leica
DM 2500 optical microscope with Nomarski contrast, a Leica DFC 290 HD camera and LAS 3.5.0
software were employed to document the observed objects.

Water was evaporated through a cotton plug from an experimental Erlenmeyer flask for nine
months, so that a visible mark of approximately three quarters of agarized Z medium original volume
was apparent. The Klebsormidium flaccidum culture gradually exhausted available nutrients from the
agarized medium and agar and this studied culture desiccated. The strains were then re-inoculated onto
fresh agar plates with a Z medium and exposed to the same culture conditions as at the commencement
of the experiment. 

During this long term desiccation, we visually checked the colour of the algal biomass, and
microscopically monitored the morphological characteristics of cells in the filaments and finally
provided drawings and microphotographs.

Results 

At the beginning of the experiment, the fresh growing culture on agar indicated the “best-fit”
condition. Figures 1A, and 2A illustrate the cytomorphology of the cells and filaments of the
Klebsormidium flaccidum fresh culture. Cells containing visible parietal chloroplasts and evident
pyrenoids clearly showed these vital characteristics.

After nine months of drying and starvation, the algal growth exhibited a yellow-green visual
appearance. Figures 1B and 2B illustrate the character of filaments showing changes in their
morphology; here, the equally formed or slightly bent filaments became tortuous with numerous bends
and bulges. The cell wall thickened, and there was a significant reduction in chloroplast to a shrunken
formation in the middle of the cell. 

After re-inoculation of this alga onto fresh agar plates, the first hint of revitalization of growth was
visibly noticeable in 3–5 days. This gradually increased and within the next few days the growth was
in the same optimal condition as at the commencement of the experiment (Figs 1C and 2C). This
experiment certainly confirmed the potency of the rapid revitalization ability of desiccated
Klebsormidium filamentous alga.

Discussion 

The ability of Klebsormidium to withstand starvation and desiccation was described even in very
early studies. Mattox (1971) described relatively unspecialized cells in Klebsormidium flaccidum that
remained viable filaments after air drying for more than 2 years. Morison & Sheath (1985) showed that
after periods of desiccation, filaments of Klebsormidium sp. changed into unusual cell types; H-shaped
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thick cell walls with refractive granules inside cytoplasma. The cell structure of Klebsormidium
rivulare, a drought-tolerant species, changed after exposure to drought; carbohydrate and lipid contents
increased, and in contrary, protein content decreased. In the aquatic Klebsormidium rivulare, akinetes
production was experimentally stimulated by desiccation. Thick, rigid cell walls have been described
in desiccated cells, indicating that this species increases cell wall thickness to withstand desiccation. 

Fig. 1. Modification of the character of the Klebsormidium flaccidum filaments by desiccation and
formation of dormant stage, A – filaments at the beginning of experiment, B – filaments after 9 months
of desiccation, C – filaments after revitalization

Fig. 2. Microphotographs illustrate the modification in character of the Klebsormidium flaccidum filaments by
desiccation and formation of the dormant stage, A – filaments at the beginning of experiment, B – filaments after 9
months of desiccation, C – filaments after revitalization. Scale bar 20 µm

In Klebsormidium flaccidum the accumulation of various low-molecular-weight carbohydrates and
amino acids, together with ultrastructural changes such as chloroplast enlargements and a reduction in
vacuole size, have been described (Nagao et al. 2008). Ultrastructural changes of cold-acclimated cells
are also associated with the development of freezing-tolerance in Klebsormidium flaccidum. 
The vacuole size clearly decreased and the cytoplasmic volume increased in cold-acclimated cells. 
The accumulation of soluble sugars and amino acids in the enlarged cytoplasm of cold-acclimated cells
could efficiently protect many cell components. A recent study by Nagao et al. (2008) showed that the
physiological basis for cold acclimation in Klebsormidium flaccidum is represented by the
accumulation of amino acids and polysaccharides. Ultrastructural changes were examined in cold-
acclimated cells, where deposits of oil droplets and an alteration of the pyrenoids with accumulation of
starch grains were demonstrated.
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In contrast to the mechanical deformation of Klebsormidium crenulatum desiccated cells, most of
the cell organelles remain visibly intact, although altered (Holzinger et al. 2011). An accumulation of
larger irregular electron-dense compartments in the cytoplasm and the chloroplast is typical, together
with an increased number of plasto-globules within the chloroplast. Green algae cultured under
unfavourable conditions often exhibit an accumulation of lipids in the cytoplasm. One of the most
striking observations from this study is the deformation of the cross walls between individual cells. 
In the SEM and TEM preparations, they appeared quite flexible. This allowed shrinkage of cell widths
to about 60% of their initial size, while the cell lengths were not affected by this desiccation. 

In addition, Tribonema bombycinum, a freshwater alga from Tribophyceae, was reported to have
similar features in the production of its dormant stages (Nagao et al. 1999). It transformed from
vegetative cells into akinetes during starvation in prolonged aquaculture in diluted medium, or in
culture medium with particular nutrient deficiency. During starvation the vegetative cells, which had a
large central vacuole in the protoplasm and thin cell walls, finally changed to akinetes. These akinetes
contain small vacuoles and oil droplets in the protoplasm and thick cell walls. However, akinite
formation was not facilitated in T. bombycinum akinetes, when desiccation was effected at the low
temperature of 4 °C.
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Abstrakt 

Vláknitá zelená riasa Klebsormidium flaccidum (Kütz.) P. C. Silva, Mattox et W. H. Blackw.
(Klebsormidiales, Streptophyta), kmeň Kaštovská 2002/45 izolovaný z kryokonitového sedimentu zo
Svalbardu (Arktída, Ny-Ålesund, Austre Brøggerbreen) sa použil na experimentálne štúdium
dormancie ako stratégie prežitia.V nepriaznivých podmienkach je táto riasa schopná tvoriť morfo -
logické dormantné štádiá a takto si zachovať vitalitu aj počas pôsobenia environmentálneho stresu. Ako
stresor sa použilo pomalé vysušovanie na vzduchu. 

Jana Segečová, Josef Elster, Ľubomír Kováčik: Vláknitá zelená riasa Klebsormidium flaccidum
ako laboratórny model na štúdium dormancie
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Abstract

Montane sycamore beech forests occur in the Osobitá massif at the forest timber line (800–1300 m). We report the
results of phytocoenological and ecological analysis of these communities which belong to the association Cortuso-
Fagetum. In this paper, the association is documented by 11 relevés, total species are 115 and average species are
41. Three ecological factors are important for the prosperity of these forests: high air humidity, medium acidity
(pH) and moisture of soil. These forests are sparse, open stands and of low growth, but they are fairly resistant
against acid rain and strong wind. They do not form continuous stands, but rather limited islands. 

Key words: beech, sycamore, montane forest, phytocoenology, ecological account, Osobitá massif

Introduction

Scientists, foresters and environmentalists in the High Tatra Mts. are trying to solve the challenge
posed by the wind disaster from 2004. One of the still debated questions is whether to restore, cultivate
and revitalize the woods using standard forestry techniques or to leave the process to the nature, i.e.,
without any human interference. One of the possible routes leading to answers can be careful study of
those natural forest communities which are least affected by human activity. Forest stands from Osobitá
massif (Orava region in northern Slovakia) are an example of such community. These montane beech
stands are especially interesting model systems because they span the range from 800 m up to timber
line around 1300 m and often occupy habitats experiencing extreme climatic and orographic
conditions. They do not exist as continuous stands, rather forming islands that are probably rest of
previous communities. The forest communities of association Cortuso-Fagetum occur in the mountain
level of Osobitá around the timber line in the altitudes 800–1300 m. The aim of this paper is to give
some indications on state of health of mixed forests from Osobitá based on the long-term study.

Communities of montane sycamore beech forests from subaliance Aceri-Fagenion were described by
many authors from different mountains of Europe: Klika (1927) reported from limestone of the Veľká Fatra
Mts. the association Fagetum carpaticum (calcicolum) cortusae, later Klika (1936) modified it as the
association Fagetum montanum carpaticum cortusae and in 1949 as the Abieto-Fagetum carpaticum
cortusae. Hadač (1969) described similar communities from limestone of Belianske Tatry as the
association Acero-Fagetum. Fajmonová (1982a, b) described montane sycamore forest growing on
limestone of Westcarpatian of Slovakia as the association Cortuso-Fagetum. The other authors described
supramontane and montane sycamore communities from the mountains of other European countries:
Mikyška (1972) from Sudets; Ellenberg, Klötzli from the Alps (1972); Wallnöfer et al. (1993) from the Alps
as a relict communities of previous periods, when the climate was more humid; Vacek et al. (2003) from
the Czech Republic (Orlické hory); and Vukelič et al. (2008) from Croatia.
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Material and Methods

The phytocoenological relevés were performed according to the Zürich-Montpellier school (Braun-
Blanquet 1951). The age of the trees in relevés number 1–5 were estimated, while the age of the trees
in relevés 6-11 were determined according to the forestry maps from Oravice forestry district.
Nomenclature of vascular plants follows Marhold et al. (1998); the nomenclature of syntaxa is taken
from Wallnöfer et al. (1993). Diagnostic species of suballiance Aceri-Fagenion are assigned according
to Husová (2000).

Eco-analysis follows the indicative method of Ellenberg (1978, 1991) with the update of eco-
indicators (light, temperature, continentality, soil humidity, pH reaction, nitrogen content) published by
Karrer, Killian (1990). For each eco-indicator the spectrum of weighted averages was calculated based
on the scoring of each species present in the association (Jurko 1983). This scoring, also known as the
significance, xi of the i-th species in relevé, was evaluated as the abundance (transformed to numerical
scale) multiplied by the constancy from the phytocoenological tables. 

The significance was also used in the calculation of the following indices related to species
diversity of the herb layer (E1): Hill’s diversity index N2 (Hill 1973), Shannon’s diversity index H
(Shannon, Weaver 1949), Pielou’s equitability index E (Pielou 1966) and Simpson’s index of the
concentration of dominance c (Simpson 1949), using the modifications for the species α-diversity as
suggested by Jurko (1983). The explicit formulas for these indices are as follows (M is the total number
of species in the relevé):

The method (look up tables, algorithm of the indicative method of Ellenberg and calculation of
diversity indices) is implemented in a simple way in the collection of MS-Excel worksheets and is
available from the author upon request.

Study area. – Osobitá massif (1637 m) is located in the northwestern part of the Západné Tatry
Mts. that are part of the Tatra National Park; since 1974, it is the National Nature Reserve (NNR).
Osobitá is closed to public since 1988, so human activities are reduced to minimum. Most part of the
Osobitá massif is built of limestone and dolomite from middle trias, with karstic relief, but southern
and southeastern part is built from quartzites. They are formed to saddles and depressions (the name of
the ridge Zadná Kremená stems from the quartzite bedrock). 

The soil types in the area are tangled and leach rendzinas, less frequent are cambi-soils which are
deeper (with an average depth 40–100 cm) and richer in nutrients. Higher moisture of soil is one of
condition for the development of these communities since it affects the speed of the humification.
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According to Konček (1980), the climate is cold with an average annual temperature 4–6 °C. The
warmest month is July with average temperature 14–15 °C. One of conditions for rich growth of the
herb-containing sycamore-beech forests is high humidity. Total annual precipitation ranges between
1200–1400 mm. 

Location of relevés

1.  Under Zadná Kremená, 800 m, exposition SW, inclination 5°, cover: E3 85 %, E2 5 %, E1 60 %, E0 2 %, age of forest 80,
height 15 m, thickness 20 cm, 18. 7. 2006.

2.  Zadná Kremená, 1250 m, exposition SW, inclination 10°, cover: E3 60 %, E2 5 %, E1 95 %, E0 0 %, age of forest 80,
height 15 m, thickness 20 cm, 18. 7. 2006.

3.  Zadná Kremená, 1300 m, exposition SW, inclination 20°, cover: E3 75 %, E2 2 %, E1 95 %, E0 10 %, age of forest 80,
height 25 cm, thickness 50 cm, 18. 7. 2006.

4.  Zadná Kremenná, 1100 m, exposition SW, inclination 30°, cover: E3 65 %, E2 1 %, E1 55 %, E0 1 %, age of forest 120,
height 35 m, thickness 65 cm, 18. 7. 2006.

5.  Zadná Kremená 1000 m, exposition SW, inclination 5°, cover: E3 75 %, E2 4 %, E1 80 %, E0 0 %, age of forest 100,
height 20 m, thickness 35 cm, 18. 7. 2006.

6.  Raganov žľab, right hand side of the creek, 1085 m, exposition NW, inclination 40°, cover: E3 75 %, E2 0 %, E1 95 %,
E0 5 %, age of forest 100, height 20 m, thickness 30 cm, 1980. 

7.  Raganov žľab, right hand side of the creek, 1200 m, exposition NW, inclination 45°, total, cover: E3 75 %, E2 5 %, 
E1 95 %, E0 5 %, age of forest 100, height 25 m, thickness 30 cm, 1980.

8.  Raganov žľab, 1260 m, exposition NNW, inclination 45–50°, cover: E3 60 %, E2 0 %, E1 95 %, E0 0 %, age of forest
100, height 20 m, thickness 35 cm, 1980.

9.  Široký žľab, 1200 m, exposition NW, inclination 35°, cover: E3 70 %, E2 0 %, E1 100 %, E0 0 %, age of forest 90, height
20 m, thickness 30 cm, 1980.

10.  Under Radové skaly (rocks), 1250 m, exposition N, inclination 45°, cover: E3 70 %, E2 0 %, E1 95 %, E0 15 %, age of
forest 100, height 35 m, thickness 35 cm, 1980.

11.  Under Radové skaly (rocks), 1280 m, exposition N, inclination 5°, cover: E3 65 %, E2 15 %, E1 60 %, E0 3 %, age of
forest 80–100, height 15–20 cm, thickness 70–80 cm, 1980.

Results and Discussion

Phytocoenology

Phytosociological relevés are presented in Tab. 1. The montane sycamore-beech forests from
Osobitá belong to the community Cortuso-Fagetum (Klika 1927) Fajmonová 1982 (syn: Fagetum
carpaticum (calcicolum) Cortusae Klika 1927; Fagetum montanum carpaticum cortusae Klika 1936;
Abieto-Fagetum carpaticum cortusae Klika 1946; Abieto-Fagetum adanostyletosum Fatrae Klika
1949), suballiance Acerenion pseudoplatani Oberdorfer 1957, em. Husová in Moravec et al. (1982),
alliance Fagion Luquet 1926.

Montane sycamore-beech forests grow on steep slopes with varying exposition, with the gradients
around 40°. These communities prefer shady areas. This preference manifests itself also in the larger
number of species in shady stands with humid, nutritious, alkaline or weakly acid soil. 

The crucial factor for the development of this plant community air- and soil humidity as indicated
in the floristic composition of the undergrowth (E1 level).

Fagus sylvatica and Acer pseudoplatanus are presented in the tree layer with larger coverage.
Hygrophilous species, e.g., Adenostyles alliariae, Petasites albus, Stellaria nemorum and
Chrysosplenium alternifolium, which are diagnostic species of the suballiance Acerion, prevail in the
herbs layer. They belong to species that are frequently presented in herb-rich spruce forest and grow in
the same altitude. 

Association Cortuso-Fagetum is determinated by a few calcifilous species that are not presented at
association Aceri-Fagetum: Polystichum lonchitis, Cortusa matthiolii, Cirsium erisithales and
Asplenium viride.
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The cover of the tree layer (E3) is lower (60–75 %, seldom 85 %) in comparison with the
neighboring spruce or beech stands. In the tree layer, there are Fagus sylvatica, Picea abies, Acer
pseudoplatanus, less frequently Abies alba, Sorbus aucuparia. 

The shrub layer (E2) is weakly developed (2–4 %) and built mostly by juvenile individuals of the
species from the layer and Ribes alpinum and Lonicera nigra.

The herb layer (E1) is made up of hygrophilous species and also nitrophilous ones: Geranium
robertianum, Mercurialis perennis, Urtica dioica and Impatiens noli-tangere. Several other species are
present – various beech species: Pulmonaria obscura, Paris quadrifolia, Actea spicata and also some
ferns as Dryopteris filix-mas, D. carthusiana, Polystichum lonchitis, Athyrium filix-femina. The herb
floor is distinctively multi-layered, especially remarkable are Adenostyles alliariae, Lunaria rediviva,
Cicerbita alpina and Senecio ovatus.

Old dead trees remain in place and are an important source of nutrients for other species. It should
be noted that the positions of these stands are rather extreme; this is manifested by the reduced height
of the trees (around 20 m) and also by their thickness (often around 30 cm). According to the forestry
maps from Oravice forestry district the average age of these trees is 100 years. 

Table 1 contains relevés from two different parts of Osobitá. Relevés numbered 1–5 (recorded in
2006) in Zadná Kremená are more species-rich in the herb layer because the soil is deeper and
nutritious. The relevés with numbers 6–11 recorded in 1980/1981 originate from Radové skaly with the
shallow soils – rendzinas; here the bedrock often emerges to the surface. 

Beech-sycamore forests of Osobitá are well preserved and, according to the age, shape and rich
undergrowth, they look healthy. Interestingly, in other regions of central European Carpathians these
forests are on decline. There are several factors contributing to this apparent discrepancy. 
1. Osobitá massif is rather inaccessible and not suitable for commercial forestry (no regular work-out
and planting). Limited management and forestry activity, for instance, no preference of spruce or fir,
enables the slowly growing species to reproduce and sustain the competition of other species. For beech
and sycamore this is an important factor, because their seeds are heavier then seeds of spruce or fir and
they spread slowly. Although juvenile sycamore grows faster than spruce, this is reversed for older
trees. According to Heike (1978) 10 year old spruce grows already faster than beech. 
2. The favorable climatic conditions, especially wind’s direction and relative humidity, support the
development and prosperity of this community. Osobitá massif is not screened by higher mountains
from the north, therefore, the oceanic influence from the north and northwest is rather large with rich
and frequent precipitation (rain, snow) as well as fogs. 
3. The declaration of the highest level of protection in 1988 was important factor for the build-up and
restoration of the forest and subalpine vegetation and flora. Despite the strict official protection, the
territory was not kept from some forest-management activities that we could observe during our field
work in 1980 and 2006, namely cutting down the old trees (mainly spruce and fir) in some easily
accessible localities.

Ecoanalysis

Ecoanalysis is presented in Fig. 1 as a compact spectrum of relative significances of species present
in the community with respect to the Ellenberg’s ecoindices. It confirms the conclusions arising from
the phytocoenology analysis. 

The continentality has the centre of gravity between 3 and 4, i.e. oceanic to suboceanic species. Soil
moisture factor exhibits a broad peak around 6, indicating the preference of mesophilous to
hygrophilous species, while nitrogen content peaks at 7, indicating the prevalence of seminitratophilous
species and the temperature peak is spread almost equally between cryophilous and mesothermophilous
species. The remaining two ecofactors (light and soil pH) exhibit multimodal spectrum of weighted
averages of relative species significance.

Diversity indices matrix is presented in Tab. 2. The main purpose of this part of eco-analysis is to
monitor the integrity of the relevés, i.e. the consistency of our results. It is interesting that the diversity
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matrix splits into two blocks related to two groups of geographical locations: Zadná Kremenná valley
(relevés 1–5) and glens in Raganov žľab/Radové skaly (relevés 6–11). The relevés from Zadná
Kremenná are floristically slightly richer compared to the second group, as suggested by the Hill’s and
also Shannon’s indices. Otherwise the data in Table 2 indicate that the diversity is similar within the
two mentioned groups. There are two exceptions – relevés no. 2 and 7, both seem to be taken from
partly disturbed stands, because both the diversity (either N2 or H) and the equitability indices are lower
than in the remaining relevés. The values of Simpson’s index document that there are no extraordinary
dominant individuals among the species recorded in Tab 1.

Summing up, the phytosociological data from Osobitá massif can contribute to the optimal strategy
in the forestry management. Results from Osobitá can be utilized also in the studies of other protected
areas or for the restoration of disturbed/damaged forests in northern Slovakia. For instance, the
evaluation of our results allows one to arrive to few useful hints for strategic thinking and landscape
planning. 

Although beech is slowly growing tree, it is more resistant against wind uprooting. In addition, 
it is more immune against air pollution and acid rains. It is necessary to keep and support the beech-
sycamore communities in the harsh localities or in the localities, where the mixed forests represent
more durable stands than pure coniferous ones. In the long run, the slower growing mixed forests are
also economically more profitable than fast growing conifers. One of the important roles of montane
communities – protection of the soil against ablation and regulation of the water cycle – can be
supported only by healthy, well-balanced forests.

Tab. 1. Phytocoenological relevés from Osobitá massif
Cortuso-Fagetum Klika (1927) Fajmonová 1982
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Relevé number
Number of species in relevé

E3

Picea abies
Fagus sylvatica
Acer pseudoplatanus
Abies alba
Sorbus aucuparia
E2

Fagus sylvatica
Lonicera nigra
Picea abies
Acer pseudoplatanus
Sorbus aucuparia
Ribes alpinum
E3

Diagnostic species of suballiance Acerenion
Adenostyles alliariae
Cicerbita alpina
Petasites albus
Thalictrum aquilegiifolium
Ranunculus platanifolius
Aconitum firmum
Chaerophyllum hirsutum
Another species
Oxalis acetosella
Dryopteris filix-mas
Mercurialis perenni
Geranium robertianum
Polystichum lonchitis
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Tab. 1. Continuation
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Relevé number
Number of species in relevé

Mycelis muralis
Stellaria nemorum
Chrysosplenium alternifolium
Myosotis sylvatica
Urtica dioica
Milium effusum
Calamagrostis villosa
Impatiens noli-tangere
Dryopteris carthusiana
Senecio ovatus
Athyrium filix-femina
Gentiana asclepiadea
Pulmonaria obscura
Acer pseudoplatanus juv.
Luzula luzuloides
Paris quadrifolia
Epilobium montanum
Actaea spicata
Lunaria rediviva
Melampyrum sylvaticum
Homogyne alpina
Prenathes purpurea
Soldanella carpatica
Hieracium murorum
Abies alba juv.
Luzula sylvatica
Vaccinium myrtillus
Cardamine enneaphyllos
Ranunculus lanuginosus
Cardamine flexuosa
Geranium sylvaticum
Asarum europaeum
Polygonatum vericillatum
Phyteuma spicatum
Sorbus aucuparia juv.
Veratrum album
Cardaminopsis halleri subsp. tatrica
Rubus idaeus
Maianthemum bifolium
Picea abies
Hordelymus europaeus
Lilium martagon
Primula elatior
Bellidiastrum michelii
Cortusa matthioli
Cirsium erisithales
Asplenium viride
Galeobdolon montanum
E0

Brachythecium rivulare
Fissidens taxifolius .
Conocephalum conicum
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Species in one relevé
Anthoxanthum odoratum 1 (2), Anthyllis vulneraria + (2), Aquilegia vulgaris + (2), Aruncus vulgaris 1 (1), Astrantia major
2 (2), Cardamine trifolia 1 (5), Carduus glaucinus 1 (2), Carex alba 1 (2), Carex sylvatica 1 (1), Crepis paludosa r (9),
Dactylis glomerata r (8), Digitalis grandiflora 1 (3), Doronicum austriacum + (7), Epipactis atrorubens 1 (2), Eupatorium
cannabinum 1 (3), Fagus sylvatica juv.1 (1), Fragaria vesca + (11), Galium odoratum + (1), Galium schultesii 1 (2),
Gymnocarpium dryopteris 1 (3), Heracleum sphondylium + (10), Hieracium sabaudum + (3), Hylotelephium maximum + (7),
Laserpitium latifolium 2 (2), Linum catharticum 1 (2), Listera cordata 1 (3), Lonicera nigra 1 (1) juv., Luzula pilosa 2 (11),
Lysimachia nemorum 1 (1), Melandrium rubrum + (3), Moneses uniflora + (2), Phegopteris connectilis 1 (1), Phyteuma
orbiculare 1 (2), Pimpinella saxifraga 2 (2), Sanicula europaea 3 (1), Scrophularia scopolii + (7), Stachys sylvatica + (6),
Thymus pulcherrimus 1 (2), Vaccinium vitis-idaea r (1), Valeriana simplicifolia 1 (2), Valeriana tripteris 2 (2), Veronica
montana 1 (7), Viola reichenbachiana + (1).

Eo
Ctenidium molluscum + (11), Dicranum scoparium 1 (1), Metzgeria conjugata + (11), Plagiomnium cuspidatum 1 (6),
Plagiothecium denticulatum 2 (6), Plagiomnium medium + (9), Polytrichum sp. 2 (3), Rhizomnium punctatum + (11).

Tab. 2. Diversity indices for the community Cortuso-Fagetum

Fig. 1. Ecoanalysis of the community Cortuso-Fagetum displaying the spectrum of weighted averages of six ecofactors
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Index/Relevé 1 2 3 4 5 6 7 8 9 10

N2 18.7 5.0 13.7 15.2 8.0 5.1 3.5 5.0 9.4 5.2

H 3.0 1.7 3.3 3.4 3.2 2.8 2.3 2.7 3.4 3.0

E 0.6 0.3 0.6 0.7 0.7 0.6 0.5 0.6 0.8 0.7

c 0.1 0.2 0.1 0.1 0.1 0.2 0.3 0.2 0.1 0.2
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Abstrakt

Príspevok je zameraný na spoločenstvá horských javorovo bukových lesov z masívu Osobitej 
v Západných Tatrách. Lesné spoločenstvá patria do asociácie Cortusao-Fagetum (Klika 1927)
Fajmonová 1982, na študovanom území sa vyskytujú mozaikovito a zasahujú až po hornú hranicu lesa.
Pre svoj vývoj potrebujú vyššiu vzdušnú aj pôdnu vlhkosť a na humus bohatšiu pôdu. Spoločenstvá
javorovo bukových lesov tu netvoria súvislé porasty. Do ich vývoja zasiahol človek len minimálne,
lebo sa nachádzajú na menej prístupných miestach. Tiež neboli narušené prírodnými katastrofami, 
a preto je potrebné aj naďalej sledovať vývoj týchto spoločenstiev, aby sa získané poznatky dali využiť
pre zachovanie a ochranu podobných ekosystémov.

Danica Černušáková: Horské javorovo-bukové lesy masívu Osobitej (Západné Tatry) – fyto -
cenologická a ekologická analýza.
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Abstract

In terms of statistical methodics, use of the arithmetic mean is limited to ratio and interval scale data. Though, it is
used within phytosociology most frequently for evaluation of the “average species cover” computed from the
Braun-Blanquet cover-abundance scale, which is of ordinal character. Instead, application of more appropriate
descriptive statistics is proposed here. The paper summarizes basic facts on statistical properties of the Braun-
-Blanquet cover-abundance scale and relevant descriptive statistics. The use of descriptive statistics is
demonstrated on example of four communities of the order Athyrio filicis-feminae-Piceetalia Hadač ex Hadač et
al. 1969.

Key words: arithmetic mean, biostatistics, measures of central tendency, measures of dispersion, ordinal scale

Introduction

Statistics, as the scientific study of data describing natural variation (Sokal, Rohlf 1997), is used in
phytosociology in various statistical techniques spanning from determination of species constancy and
average species cover to advanced clustering or ordination. However, theoretical background of
statistics is repeatedly neglected for a long time. This is clearly visible for example in processing of
Braun-Blanquet cover-abundance data with use of the arithmetic mean (Fajmonová 1983, 1986;
Jarolímek et al. 1997; Kliment 1997, 2005, 2010, Valachovič et al. 2001; Bernátová et al. 2003;
Krajčiová-Šibíková et al. 2005; Šibík et al. 2005; Dúbravcová, Šibík 2006; Kliment et al. 2007;
Jarolímek, Kliment 2008; Kochjarová et al. 2010). Topercer (1999) has already commented using of
measures of central tendency in phytosociology and using of ratio vs. ordinal scale as well, however,
his paper was hardly noticed. Podani (2006) has also discussed the same topic, but his contribution is
more concentrated towards advanced, clustering and ordination statistical methods. The presented
paper is an attempt to give an abbreviated view “inside” the very basic statistics with the aim to
underline important facts on use of descriptive statistics and relevant measurement scales as well.

Material and methods

Use of special biostatistical (biometrical) terms follows mostly Zar (1996), partly Sokal, Rohlf
(1997). The terms “cover-abundance” and “cover-abundance scale” are taken from handbook of
Westhoff, van den Maarel (1973). 

Phytosociological relevés were obtained from the Central database (2006) or inserted into database
via the program Turboveg (Hennekens 2005). Then, they were processed by programs JUICE (Tichý
2006) and SYN-TAX 2000 (Podani 2001a) to perform an ordinal cluster analysis of relevés: the 
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coefficient Podani’s discordance was used (see Podani 2001b). Selection of relevés is commented by
Kučera (2007); syntaxonomical classification corresponds to that study, too. Source relevé groups
(Tab. 2: community Sesleria-Pinus cembra and associations Seslerio variae-Piceetum, Cortuso-
Piceetum, Polysticho lonchidis-Piceetum) included respectively 5, 13, 31 and 11 phytosociological
relevés. After a file export for computing of statistics of respective syntaxon, values for median, mode
etc. were re-coded from original Braun-Blanquet cover-abundance values: r = 1, + = 2, 1 = 3, 2 = 4, 
3 = 5, 4 = 6, 5 = 7, value “0” signifies absence of species in particular relevé. Statistics were computed
by Microsoft® Excell 2000.

Species in Tab. 2 are ordered simply by their constancy within all syntaxa (details in Kučera 2007).
Species of constancy less than 30 % are omitted. Constancy values are rounded to one decimal place.

Notes on use of statistics in phytosociology

Measurement scales

In general, statistical data can be recorded in four scales: ratio, interval, ordinal and nominal (Zar
1996). The cardinal requirement for working with statistical data is to know the differences between
the scales. It is advisable to consider description and characteristics of the scales and the descriptive
statistics (see below) as well, as given in handbooks concerned on biostatistics or biometry, which deal
also with some basic theory of the science, prevailing with user-friendly language for non-
mathematicians, e.g. Bablo (1966), Bauer et al. (1967), Bakytová et al. (1975), Komenda, Klementa
(1981), Jedlička (1984), Lukasová, Šarmancová (1985), Hebák, Hustopecký (1987), Clauss, Ebner
(1988), Bakytová et al. (1996), Lepš (1996), Zar (1996), Sokal, Rohlf (1997), Marhold, Suda (2002). 

Within a chosen phytosociological relevé plot in the field, plant species as well as vegetation layers
occupy exact cover values expressed in square metres or centimetres. Such exact data could be
statistically treated as data of the ratio scale. Mentioned data type is in the Braun-Blanquet approach
(cf. Westhoff, van den Maarel 1973; Moravec 1994) estimated primarily in per cents. [Percentages are
the type of a ratio, which expresses the relation between two variables as a single value. A ratio is one
of derived variables (Jedlička 1984; Sokal, Rohlf 1997).] Nevertheless, usual visual field estimation of
species cover is definitely not capable to express the cover in per cents as well. Concerning the usual
purpose of phytosociological relevés, namely presentation of composition and approximate structure of
vegetation, it would also be (in the most cases) useless vaste of time requiring expensive technical
equipment. Instead, cover and abundance of species are recorded in useful Braun-Blanquet cover-
-abundance scale (Braun-Blanquet 1951: 60–61), with certain limitations resulting from visual
estimation. However, this scale is example of the ordinal scale (cf. Kent, Coker 1996; Podani 2006).
Species cover-abundance can be recorded also in the nominal scale: as presence or absence data of 
a particular species.

Basic feature of the ordinal scale is that it allows only to arbitrate about the order between every
two variates of dataset (X1 < X2), while the ratio scale allows to express the difference between two
variates, and also the ratio between them. “Ordinal scale data contain and convey less information than
ratio or interval data, for only relative magnitudes are known. Consequently, quantitative comparisons
are impossible…” (Zar 1996). For example: Any species cover between 25 and 50 % of relevé area is
recorded in the Braun-Blanquet scale as a degree 3 (Braun-Blanquet 1951). As a rule, once the real field
data (= exact values in square meters, expressed in ratio to size of relevé plot) are recorded in the
ordinal scale, they can not be converted back to the ratio scale. Degree of species cover-abundance 3
could be expressed alternatively only in the nominal scale: as value 1 – the species is present in the
relevé area. Table 1 brings a comparison of the three scales: ratio, ordinal and nominal. Converting of
data accuracy is to be applied only from left side of the table to its right side, in no case in revert
direction.
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Tab. 1. Comparison of expression of species cover-abundance
values within the ratio, ordinal and nominal scale.

Notes to Tab. 1:
*1 Numbers 0–100 represent the total cover of an individual species expressed in per cents. The maximum of the Braun-

-Blanquet cover-abundance scale (recorded as degree 5, Braun-Blanquet 1951: 61) is total cover of 100 %, which is definite
number. It is needful to have defined also another degrees in this manner as, for example, species cover of 75 % can not be
assigned to more than one degree (cf. Tüxen, Elleberg 1937; Braun-Blanquet 1951, 1964; Westhoff, van den Maarel 1973;
Moravec 1994 vs. Kent, Coker 1996). Consequently, cover-abundance degree 5 should be defined as any value of cover from
more than 75 % up to 100 % accurately: mathematically expressed with a half-open interval “(75 %; 100 %>”, adequately
other major degrees: 4 – (50 %; 75 %>; 3 – (25 %; 50 %>; 2 – (5 %; 25 %>. Accordingly, the upper limit of the cover-
abundance degree 1 is set here to maximum cover of 5 % precisely: in this manner, degrees 2 to 5 of the original Braun-
Blanquet cover-abundance scale are defined analogously. Values 0.1 %, 5.1 %, 25.1 % etc. are selected only as an example
(it could be also “0.01 %, 5.01 %…”).

*2 The ordinal scale is represented by the phytosociological Braun-Blanquet cover-abundance scale. It was refined by
Barkman et al. (1964), however, only degrees 2m, 2a, 2b became into wider use (cf. Westhof, van den Maarel 1973).
Numerals 0–9 are used “to code” the scale for computing purposes. Nevertheless, such a re-coding of degrees could not be
labelled as “ordinal data transformation” (cf. Westhoff, van den Maarel 1973: 936, Tab. II; Krahulec 1994: 130), as the
original scale is already of ordinal character.

The Braun-Blanquet cover-abundance scale (Braun-Blanquet 1951) [and other derivated scales, e.g. Zlatník (1953); for
more scales cf. van den Maarel (1979: Tab. 2)] is based on the cover scale (Braun-Blanquet 1951: 59). In this scale, the degree
1 means given species cover up to 5 %. Transferred in the cover-abundance scale, this degree was divided into three degrees:
r , + and 1 (compare the Braun-Blanquet abundance scale!: Braun-Blanquet 1951). Originally, latter three degrees were
defined only verbally, not quantitatively. For this reason, no quantitative values can be assigned to any of them (except of
potential brand new definition of the Braun-Blanquet cover-abundance scale; however, such proposal should be considered
carefully). According to their definitions (see Braun-Blanquet 1951: 60, Barkman et al. 1964), these three degrees could only
be ordered in array “r, +, 1”. 

*3 The nominal scale is represented here by its special case: the binary scale, as only values 0 (absence of a species) and
1 (presence of a species) are relevant.

Descriptive statistics

Quantities concentrating the information about a sample and stating on sample characteristics are
called statistics, e.g. arithmetic mean (Jedlička 1984). Statistics (Zar 1996) or descriptive statistics
(Sokal, Rohlf 1997) are divided into two main groups: (1) measures of central tendency [statistics of
location: Sokal, Rohlf (1997)] – arithmetic mean (usually: mean, average), geometric mean, harmonic
mean, median, mode, quartiles and other quantiles and (2) measures of dispersion [statistics of
dispersion: Sokal, Rohlf (1997)] – range, interquartile range, semi-interquartile range, variance,
standard deviation, coefficient of variation. In addition, third group of measures – symmetry
(skewness) and kurtosis – is distinguished (cf. Jedlička 1984: 28). Basic information on range of
variates is provided by the minimum (Xmin) – the lowest value of dataset, and, the maximum (Xmax) –
the highest value of dataset.

The arithmetic mean is a descriptive statistics familiar from common use. It equals to sum of all
the individual observations or items of a sample divided by the number of items in the sample (Sokal,
Rohlf 1997). The arithmetic mean is the most commonly used statistics in phytosociology, too. It is
used for presentation of “average cover values” of particular species in synoptic tables, e.g. Jarolímek
et al. (1997) and later published parts of the series Plant communities of Slovakia; cf. Introduction). 
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ratio scale*1

0

0.1–5.0

05.1–12.5

12.6–25.0

25.1–50.0

50.1–75.0

75.1–100

ordinal scale*2

0

1 (r), 2 (+), 3 (1), 4 (2m)

5 (2a)

6 (2b)

7 (3)

8 (4)

9 (5)

nominal scale*3

0

1



By contrast, Zar (1996) specifies that the arithmetic mean is applicable only to interval or ratio scale
data. Only in these two scales is allowed addition and subtraction of values, in the latter one also
multiplication and division. That is why the arithmetic mean can not be used, when phytosociological
data on ordinal scale are considered: nor as simple value, neither within various methods using it and
handling the data as they were real values.

Under the rules, given species cover of the cover-abundance degree 3 (from the example above)
can not be substituted for computing purposes subsequently by value 38 [%, resp. 37.5 %], which 
is meant as the arithmetic mean of only two marginal values of cover range 25–50 %, as for example
programs JUICE (Tichý 2006) or Turboveg (Hennekens 2005) do in specific cases. One should realize
the difference between computerised coding of field data, however required and necessary and actual
computations for data analysis. Subsequent substitution of original ordinal data by percentage values is
by no means related to real cover values in the sample. From the other point of view, this would imply
that all species with original cover-abundance degree 3 in the given sample of relevés have had in the
field real cover value 38 % [or the arithmetic mean of real cover values within processed relevés is
always 38 %]. Also the Braun-Blanquet cover-abundance values r, +, 1 can not be converted to
respective values 1 %, 2 %, 3 %, [2m (cf. Barkman et al. 1964) to 4 %] (cf. JUICE) or + to 0.1 %, 1 to
2.5 % etc. [cf. Braun-Blanquet 1948: 268], for they are ordinal values. Using the proper, ordinal
statistical methods, e.g. Podani (2006), there is actually no need of such conversion at all.

Tradition of subsequent “reverse conversions” of cover-abundance values to percentages is
probably based on early work of Tüxen, Ellenberg (1937). Their paper included several proposals of
using mathematics for phytosociological purposes. Although the authors did not consider the statistical
correctness of their method of expressing the “mittlere Gruppenmenge” (Tüxen, Ellenberg 1937: 173;
see Appendix 1), recent phytosociologists are not apologized with mistake of that authors and should
have to consider basic principles of using/processing the statistical data. Braun-Blanquet (1951: 109;
1964: 52) followed Tüxen, Ellenberg (1937), but with some changes: to degree 2 was assigned the
range of cover values 10–25 %, to degree 1 range 1–10 %. The corresponding “Mittleres
Deckungsprozent”-values were set to 17.5 % and 5.0 % respectively (cf. Braun-Blanquet et al. 1946
sec. Braun-Blanquet 1964: 39).

The arithmetic mean is also generally used when processing of vascular plants species indicator
values of Ellenberg (1974) is needed (Majzlanová 1983, 1993; Šomšák et al. 1984; Majzlanová,
Matejovič 1986; Černušáková 1994; Chomová 2002; Kanka 2001). Nevertheless, these are, just as
Braun-Blanquet cover-abundance values, only codes of various degrees of some plant characteristics and
not real measurable values such as height of plant species or length of its leaves in centimetres, weight
of an individual seed and so on. The same is to be said on some ecological and socioeconomic values of
plants of Jurko (1990): soil humidity, soil pH, nutrient value of soil etc. (remark that some Jurko’s values
are data processed only with nominal scale: life forms, consistency of leaves, duration of leaves and so
on). The Ellenberg’s ecological species values and some Jurko’s values are ordinal scale data.

Similarly as the arithmetic mean, some other measures (harmonic mean, variance, standard
deviation etc.) can not be used with Braun-Blanquet cover-abundance scale as they require performing
of mathematical operations not compatible with ordinal scale, i.e. multiplication, division as well as
addition and subtraction.

The median is a value dividing the non-decreasing order of values within the sample into two equal
halves: the median of (ordered) dataset “1, 1, 1, 2, 3, 4, 4, 4, 6” is value 3. When a sample has even
number of values (e.g. “2, 3, 3, 4, 4, 5”, there are two middle values – 3 and 4: then the median is
conventionally defined as the midpoint between them (Kent, Coker 1997; Zar 1996; Sokal, Rohlf
1997). In this case, it is the value 3.5. Unlike the arithmetic mean, the median can be used also with
ordinal scale data (Zar 1996). If the frequency distribution is symmetrical and unimodal, the value of
the median belongs to the most frequent value in the sample (cf. Zar 1996). In such case, the median
is the suitable alternative for the arithmetic mean. Non-decreasing order of dataset values could be
divided also into fourths, so as one fourth of values is smaller than the first quartile (Q1), and one fourth
larger than the third quartile (Q3). The median is identical to the second quartile. A set of data could be
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divided into more equal parts – values, which devide them are called generally quantiles. For more
advanced comments to median and following measures, to their use and limitations, it is advisable to
consider specialized literature (e.g. Zar 1996; Sokal, Rohlf 1997).

The mode is the most frequently occurring value in a dataset: from the former example above it is
the value 4. A sample could have also two modes, if the frequency distribution is bimodal (Zar 1996).
The mode can be used with ratio, ordinal and also nominal scale data.

The range (R) is the difference between the minimum and the maximum value of a sample. It gives
the range of margin values of a dataset. The range is also applicable to ordinal scale data, similarly as
the interquartile range (q) (Zar 1996). The latter measure is the difference between the first quartile
and the third quartile. It express the range of 50 % of values (concentrated round the median), without
values lower than first quartile and larger than third quartile. (Also quartile deviation could be used,
which is a q-value divided by 2). Therefore the interquartile range is less sensitive to extremely large
and small values in the sample (Zar 1996).

Cover-abundance values of particular species are ordered in commonly published
phytosociological tables according to the chosen order of phytosociological relevés, e.g. “2, 4, 4, 5, 1,
2”. For determination of descriptive statistics, cover-abundance values of an individual species within
set of relevés have to be ordered to a non-decreasing order of values, e.g. “1, 2, 2, 4, 4, 5”: for example
by the JUICE (Tichý 2006). This step could be skipped when statistics are computed automatically by
Microsoft® Excell 2000 from table files exported from the JUICE.

Characteristics of phytosociological relevés with descriptive statistics

Table 2 brings shortened statistical species evaluation of group of four plant communities (order
Athyrio filicis-feminae-Piceetalia Hadač ex Hadač et al. 1969), classified in the terms of Kučera (2007)
as: (a) community Sesleria tatrae-Pinus cembra, (b) association Seslerio variae-Piceetum Fajmonová
1978, (c) association Cortuso-Piceetum Fajmonová 1986 and (d) relevés preliminary grouped around
the association Polysticho lonchitidis-Piceetum W. Matuszkiewicz ex J. Matuszkiewicz 1977.
Examples of statistical evaluation are given below in the form “species/column”, i.e. species name
followed by the respective column label a, b, c, d.

Use of the measure minimum (Xmin) is self-explaining. Value “0” says that particular species are
absent in one sample relevé at least: Lonicera nigra (E1)/a–d, Oxalis acetosella/a–d. The larger value
of the minimum, the higher cover-abundance degrees has the particular species in the sample (plant
community, syntaxon): e.g. Picea abies (E3)/b, c, Pinus cembra (E3)/a, Vaccinium myrtillus/d,
Calamagrostis varia/a. The minimum equivalent to Braun-Blanquet cover-abundance degrees (2), 3, 4,
5 stand for a constantly dominant species with special role in vegetation structure and physiognomy
corresponding to ecological factors. 

The opposite measure, maximum (Xmax), is simply the largest value of species cover-abundance in
the dataset. The closer values of measures of central tendency and the minimum to the maximum value,
the higher stability of species cover-abundance in the sample: Daphne mezereum (E1)/a, Salix silesiaca
(E2, E1)/a, Homogyne alpina/b, Calamagrostis varia/a, Dicranum scoparium/a.

In given cases, the median is a suitable alternative for the arithmetic mean (see above). Median
value 0 implies that species has lower constancy than 50 %: Adenostyles alliariae/b, Cortusa
matthioli/d, Dryopteris dilatata/b, c, d.

Within relevés of a sample (syntaxon), the mode estimates most frequently occurring cover-
-abundance value of a particular species (cf. Valeriana tripteris, Luzula sylvatica, Vaccinium myrtilus,
Homogyne alpina). Consequently mode value 0 means that the most frequent group of cover-
-abundance values of particular species stand for absence of the species in the sample, although the
median could be greater than 0: Calamagrostis varia/c, Adenostyles alliariae/c, Gentiana
asclepiadea/d, Primula elatior/b. Greater mode values indicate usually dominant species: Picea abies
(E3)/b, c, Pinus cembra (E3)/a, Vaccinium myrtillus/d.
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Value of the first quartile (Q1) greater than 0 indicates that species is present at least in 3/4 of
relevés in given sample (syntaxon) and reversely. In the former case, the species belongs to the most
stable components of specified plant community: Polygonatum verticillatum/a, b, Phyteuma
spicatum/c, Clematis alpina/a, b, Calamagrostis arundinacea/b. [Similarly, non-zero value of the
quantile Q20 would indicate species constancy class “V”, i.e. 81–100 %.] The greater first quartile
value, the higher overall species cover in sample relevés.

If the value of the third quartile (Q3) is equal to 0, then a particular species is absent in as much as
3/4 of sample relevés at least: Sorbus aucuparia (E3)/b, Picea abies (E2)/b, c, Cortusa matthioli/d,
Cirsium erisithales/d, Sesleria tatrae/c, d [cf. the quantile Q80 for constancy class “I” (1–20 %)].
Consequently, median and mode values are 0, too. This is the example of species with low constancy
within the dataset, only in special cases (as differential species) relevant in species composition of a
syntaxon. 

The greater the value of the range, the more variable (i.e. less stabilised) is cover-abundance of 
a particular species within a dataset (syntaxon): Picea abies (E3)/a, d, Pinus mugo (E2)/a,
Calamagrostis varia/b, c, C. arundinacea/c, Mercurialis perennis/b. Value 0 signifies invariable degree
of species cover-abundance: Daphne mezereum (E1)/a, Salix silesiaca (E1)/a, Dicranum scoparium/a. 

Among the statistics of dispersion, the interquartile range is less sensitive as the range to so-called
outliers from both ends of cover-abundance variation range: Picea abies (E3)/a, d, Pinus mugo (E2)/b,
Luzula sylvatica/b, Hieracium murorum/b, Vaccinium vitis-idaea/d, Leucanthemum rotundifolium/c,
Hylocomium splendens/c, Mnium spinosum/b–d. In this manner, it gives more specific information on
pattern of species cover-abundance. 

Tab. 2. Statistics computed from the relevé set and constancy of species
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E3

Picea abies
Sorbus aucuparia
Pinus cembra
Betula carpatica
Salix caprea

E2

Sorbus aucuparia
Picea abies
Pinus mugo
Salix silesiaca
Pinus cembra
Betula carpatica
Lonicera nigra

E1

Daphne mezereum
Sorbus aucuparia
Lonicera nigra
Picea abies
Salix silesiaca
Ribes petraeum
Pinus cembra
Acer pseudoplatanus

Valeriana tripteris
Luzula sylvatica
Vaccinium myrtillus
Homogyne alpina
Calamagrostis varia
Oxalis acetosella
Polygonatum verticillatum
Hieracium murorum
Vaccinium vitis-idaea
Phyteuma spicatum
Adenostyles alliariae
Cortusa matthioli
Clematis alpina
Soldanella hungarica

Xmin

a  b  c  d

0  5  5  3
2  0  0  0
5  ×  ×  0
0  ×  ×  0
0  ×  ×  ×

2  ×  0  0
2  0  0  0
2  0  0  0
1  ×  0  0
0  ×  ×  0
0  ×  ×  0
0  ×  0  0

1  0  0  0
2  2  0  0
0  0  0  0
0  ×  0  0
2  ×  0  0
1  ×  0  ×
0  ×  0  0
×  0  0  0

2  2  2  0
3  0  2  0
0  0  0  4
0  2  0  0
4  0  0  0
0  0  0  0
0  0  0  0
0  0  0  0
2  0  0  0
0  0  0  0
0  0  0  0
0  0  0  0
1  0  0  0
0  0  0  0

Xmax

a  b  c  d

4  7  7  7
5  3  3  3
6  ×  ×  3
4  ×  ×  4
2  ×  ×  ×

4  ×  3  3
4  2  3  3
6  1  3  2
2  ×  2  3
3  ×  ×  2
3  ×  ×  3
3  ×  3  2

1  3  3  2
3  3  3  3
2  2  2  3
3  ×  2  3
2  ×  3  2
2  ×  4  ×
2  ×  1  2
×  2  2  2

4  5  4  3
4  4  5  4
5  3  3  7
3  3  3  4
5  5  6  4
4  3  5  4
2  3  3  2
4  4  4  3
4  2  3  4
2  3  3  3
2  2  5  3
2  4  5  2
2  3  3  2
3  3  4  3

median

a  b  c  d

3  6  6  6
3  0  2  0
6  ×  ×  0
3  ×  ×  0
0  ×  ×  ×

2  ×  0  0
4  0  0  0
4  0  0  0
2  ×  0  0
3  ×  ×  0
1  ×  ×  0
1  ×  0  0

1  2  2  0
2  3  0  2
0  2  0  0
0  ×  0  2
2  ×  0  0
2  ×  0  ×
2  ×  0  0
×  0  0  0

3  3  3  2
3  3  4  3
3  3  2  5
1  3  2  3
5  3  2  2
2  3  3  3
2  2  2  2
3  3  2  2
2  2  0  3
2  2  2  0
1  0  2  2
2  2  4  0
1  2  0  0
2  3  0  0

mode

a  b  c  d

4  6  6  6
3  0  0  0
6  ×  ×  0
0  ×  ×  0
0  ×  ×  ×

2  ×  0  0
4  0  0  0
4  0  0  0
2  ×  0  0
3  ×  ×  0
1  ×  ×  0
0  ×  0  0

1  2  2  0
2  3  0  2
0  2  0  0
0  ×  0  2
2  ×  0  0
2  ×  0  ×
2  ×  0  0
×  0  0  0

4  3  3  2
3  3  4  3
0  3  2  5
0  3  3  2
5  3  0  2
0  3  3  3
2  3  2  2
4  3  3  0
2  2  0  3
2  3  2  0
2  0  0  2
2  0  4  0
1  2  0  0
2  3  0  0

Q1

a  b  c  d

3  6  6  5
3  0  0  0
5  ×  ×  0
0  ×  ×  0
0  ×  ×  ×

2  ×  0  0
3  0  0  0
4  0  0  0
2  ×  0  0
2  ×  ×  0
1  ×  ×  0
0  ×  0  0

1  2  0  0
2  3  0  2
0  0  0  0
0  ×  0  0.5
2  ×  0  0
1  ×  0  ×
0  ×  0  0
×  0  0  0

3  3  2  1
3  3  3  2
0  2  2  5
0  2  2  2
5  2  0  1
0  2  2  1.5
0  2  2  0
3  3  2  0
2  2  0  2.5
2  0  2  0
1  0  0  0.5
1  0  4  0
1  2  0  0
2  3  0  0

Q3

a  b  c  d

4  6  6  6
4  0  2  2
6  ×  ×  3
3  ×  ×  3
2  ×  ×  ×

3  ×  2  2
4  0  0  2
4  0  0  0
2  ×  0  0
3  ×  ×  0
2  ×  ×  0
2  ×  0  0

1  2  2  1
3  3  0  3
1  2  1  1.5
2  ×  0  2
2  ×  1  0
2  ×  0  ×
2  ×  0  1
×  0  0  1.5

4  3  3  2
3  3  4  3.5
4  3  3  6
2  3  3  3.5
5  4  2.5  3
3  3  3  3
2  3  3  2
4  3  3  2
3  2  0  4
2  3  3  2
2  2  3.5  2
2  3  5  0
2  2  2  2
2  3  3  2

R

a  b  c  d

4  2  2  4
3  3  3  3
1  ×  ×  3
4  ×  ×  4
2  ×  ×  ×

2  ×  3  3
2  2  3  3
4  1  3  2
1  ×  2  3
3  ×  ×  2
3  ×  ×  3
3  ×  3  2

0  3  3  2
1  1  3  3
2  2  2  3
3  ×  2  3
0  ×  3  2
1  ×  4  ×
2  ×  1  2
×  2  2  2

2  3  2  3
1  4  3  4
5  3  3  3
3  1  3  4
1  5  6  4
4  3  5  4
2  3  3  2
4  4  4  3
2  2  3  4
2  3  3  3
2  2  5  3
2  4  5  2
1  3  3  2
3  3  4  3

q

a  b  c  d

1  0  0  1
1  0  2  2
1  ×  ×  3
3  ×  ×  3
2  ×  ×  ×

1  ×  2  2
1  0  0  2
0  0  0  0
0  ×  0  0
1  ×  ×  0
1  ×  ×  0
2  ×  0  0

0  0  2  1
1  0  0  1
1  2  1  1.5
2  ×  0  1.5
0  ×  1  0
1  ×  0  ×
2  ×  0  1
×  0  0  1.5

1  0  1  1
0  0  1  1.5
4  1  1  1
2  1  1  1.5
0  2  2.5  2
3  1  1  1.5
2  1  1  2
1  0  1  2
1  0  0  1.5
0  3  1  2
1  2  3.5  1.5
1  3  1  0
1  0  2  2
0  0  3  2

constancy (%)

a        b       c        d

80.0 100.0 100.0 100.0
100.0   23.1 54.8 36.4
100.0     –       – 45.4

60.0     –       –  36.4
40.0     –       –       –

100.0     – 32.3 45.4
100.0   23.1   19.4 36.4
100.0   23.1   16.1 9.1
100.0     – 16.1 9.1

80.0     –       – 9.1
80.0     –       – 9.1
60.0     –       3.2 18.2

100.0   92.3   67.7 45.4
100.0 100.0   12.9 81.8

40.0   69.2 25.8 45.4
40.0     – 22.6 72.7

100.0     – 25.8 9.1
100.0     – 16.1 –

60.0     – 3.2 36.4
– 15.4 12.9 45.4

100.0 100.0 100.0 72.7
100.0 84.6 100.0 81.8

60.0 92.3 83.9 100.0
60.0 100.0 80.6 90.9

100.0 84.6 54.8 72.7
60.0 76.9 83.9 81.8
60.0 92.3   83.9 63.6
80.0 84.6   80.6 54.5

100.0 84.6   12.9 90.9
80.0 69.2   80.6 45.4
80.0 46.2 58.1 72.7
80.0 61.5 93.5 18.2

100.0 76.9   35.5 36.4
80.0 84.6   38.7 45.4



Tab. 2. Continuation
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Asplenium viride
Cirsium erisithales
Prenanthes purpurea
Aster bellidiastrum
Geranium sylvaticum
Gentiana asclepiadea
Senecio nemorensis agg.
Dryopteris dilatata
Melampyrum sylvaticum
Maianthemum bifolium
Astrantia major
Primula elatior
Polystichum lonchitis
Gymnocarpium dryopteris
Galium schultesii
Avenella flexuosa
Heracleum sphondylium
Sesleria albicans
Viola biflora
Crepis paludosa
Cardaminopsis arenosa agg.
Calamagrostis arundinacea
Veratrum * lobelianum
Fragaria vesca
Moneses uniflora
Phyteuma orbiculare
Swertia perennis
Mycelis muralis
Sesleria tatrae
Carex *tatrorum (Zapał.)
Pawł.
Rubus saxatilis
Cystopteris montana
Crepis jacquinii
Mercurialis perennis
Leucanthemum
rotundifolium
Cystopteris fragilis
Galeobdolon luteum agg.
Huperzia selago
Poa alpina
Pimpinella major
Campanula tatrae
Solidago virgaurea
Luzula luzuloides
Campanula cochleariifolia
Chaerophyllum hirsutum
Carex digitata
Dryopteris filix-mas
Soldanella carpatica
Tanacetum clusii
Ranunculus breyninus
Epilobium montanum
Carduus glaucinus
Hedysarum hedysaroides
Pyrola rotundifolia
Bartsia alpina
Ranunculus platanifolius
Senecio subalpinus
Dentaria enneaphyllos
Tofieldia calyculata
Rumex alpestris
Myosotis sylvatica
Lilium martagon
Geum rivale
Cicerbita alpina
Campanula rotundifolia agg.
Rubus idaeus
Carex ornithopoda
Rhodiola rosea
Salix retusa
Salix reticulata
Festuca versicolor
Androsace chamaejasme
Moehringia muscosa
Ranunculus alpestris

Xmin

a  b  c  d

0  0  0  0
0  0  0  0
0  0  0  0
0  0  0  0
0  0  0  0
×  0  0  0
0  0  0  0
0  0  0  0
0  0  0  0
×  0  0  0
0  0  0  0
×  0  2  0
0  0  0  0
0  0  0  0
0  0  0  0
0  0  ×  0
×  0  0  0
×  3  0  ×
0  0  0  ×
×  0  0  0
×  0  0  0
×  0  0  0
0  0  0  0
×  0  0  0
0  0  ×  0
0  0  ×  0
0  0  0  0
×  0  0  0
2  ×  0  0

0  0  ×  ×
×  0  0  0
0  ×  0  0
0  0  ×  ×
×  0  0  ×

0  0  0  ×
1  ×  ×  0
×  0  0  0
0  ×  ×  0
0  0  ×  ×
×  0  0  ×
1  ×  ×  ×
×  0  0  0
0  0  ×  0
×  0  ×  0
×  0  0  0
×  0  0  ×
×  0  0  0
×  0  0  0
×  0  0  ×
×  0  ×  ×
×  0  0  0
×  0  0  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  0  0  0
×  0  0  0
×  0  0  ×
0  0  ×  ×
0  ×  0  ×
×  0  0  0
×  0  0  ×
0  0  0  ×
0  0  0  0
×  0  ×  0
0  0  ×  0
×  0  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×

Xmax

a  b  c  d

3  3  3  2
1  3  3  1
2  3  3  3
4  3  4  3
3  3  3  3
×  3  3  3
2  3  4  3
2  2  3  5
4  3  3  3
×  4  4  4
1  3  3  3
×  3  4  3
2  3  3  2
3  3  4  3
1  3  3  2
1  2  ×  4
×  2  4  1
×  6  3  ×
2  3  4  ×
×  3  3  2
×  3  3  2
×  4  6  3
1  2  3  2
×  3  3  3
1  2  ×  3
3  3  ×  2
4  3  2  2
×  3  3  2
4  ×  2  2

4  3  ×  ×
×  4  3  3
3  ×  2  2
2  2  ×  ×
×  6  4  ×

2  2  5  ×
1  ×  ×  2
×  2  3  3
2  ×  ×  2
2  2  ×  ×
×  2  3  ×
2  ×  ×  ×
×  3  3  3
3  3  ×  3
×  3  ×  2
×  2  4  2
×  3  3  ×
×  2  3  2
×  3  4  2
×  3  3  ×
×  3  ×  ×
×  2  3  2
×  2  2  ×
2  ×  ×  ×
3  ×  ×  ×
2  ×  ×  ×
3  1  3  2
×  2  3  3
×  3  5  ×
2  3  ×  ×
2  ×  2  ×
×  2  5  1
×  2  2  ×
2  2  3  ×
1  2  3  3
×  3  ×  2
1  2  ×  3
×  3  ×  ×
2  ×  ×  ×
4  ×  ×  ×
3  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×

median

a  b  c  d

3  2  2  0
1  3  2  0
0  2  2  2
3  3  0  0
2  0  2  0
×  2  2  1
0  0  2  0
1  0  0  0
2  0  0  0
×  2  0  0
0  2  2  0
×  2  3  0
0  2  1  0
2  0  0  0
0  0  2  0
0  1  ×  2
×  2  2  0
×  5  2  ×
0  2  3  ×
×  0  2  0
×  2  2  0
×  3  0  0
0  0  1  0
×  2  0  0
1  0  ×  0
0  2  ×  0
1  0  0  0
×  2  0  0
3  ×  0  0

2  2  ×  ×
×  0  2  0
2  ×  0  0
0  1  ×  ×
×  2  2  ×

1  0  0  ×
1  ×  ×  0
×  0  2  0
2  ×  ×  0
1  0  ×  ×
×  2  0  ×
2  ×  ×  ×
×  0  0  0
0  0  ×  0
×  2  ×  0
×  0  2  0
×  3  0  ×
×  0  0  0
×  0  0  0
×  0  2  ×
×  3  ×  ×
×  0  0  0
×  1  0  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
0  0  0  0
×  0  0  0
×  0  2  ×
0  2  ×  ×
1  ×  0  ×
×  0  0  0
×  0  0  ×
0  0  0  ×
0  0  0  0
×  0  ×  0
0  0  ×  0
×  2  ×  ×
2  ×  ×  ×
3  ×  × ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
1  ×  ×  ×

mode

a  b  c  d

3  0  2  0
1  3  2  0
0  2  0  2
0  3  0  0
0  0  2  0
×  2  2  0
0  0  2  0
2  0  0  0
0  0  0  0
×  2  0  0
0  2  2  0
×  0  3  0
0  3  0  0
3  0  0  0
0  0  2  0
0  0  ×  2
×  2  2  0
×  5  2  ×
0  3  3  ×
×  0  3  0
×  3  2  0
×  3  0  0
0  0  0  0
×  2  0  0
1  0  ×  0
0  2  ×  0
1  0  0  0
×  3  0  0
2  ×  0  0

0  0  ×  ×
×  0  0  0
0  ×  0  0
0  2  ×  ×
×  0  0  ×

2  0  0  ×
1  ×  ×  0
×  0  2  0
2  ×  ×  0
0  0  ×  ×
×  2  0  ×
2  ×  ×  ×
×  0  0  0
0  0  ×  0
×  3  ×  0
×  0  2  0
×  3  0  ×
×  0  0  0
×  0  0  0
×  0  2  ×
×  3  ×  ×
×  0  0  0
×  2  0  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
0  0  0  0
×  0  0  0
×  0  0  ×
0  0  ×  ×
0  ×  0  ×
×  0  0  0
×  0  0  ×
0  0  0  ×
0  0  0  0
×  0  ×  0
0  0  ×  0
×  0  ×  ×
2  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
0  ×  ×  ×

Q1

a  b  c  d

2  0  0  0
0  2  2  0
0  2  0  1
0  3  0  0
0  0  1  0
×  0  1  0
0  0  1  0
1  0  0  0
0  0  0  0
×  2  0  0
0  2  0  0
×  0  3  0
0  0  0  0
2  0  0  0
0  0  0  0
0  0  ×  2
×  2  1  0
×  4  0  ×
0  0  0  ×
×  0  1.5  0
×  0  0  0
×  3  0  0
0  0  0  0
×  2  0  0
0  0  ×  0
0  2  ×  0
1  0  0  0
×  0  0  0
2  ×  0  0

0  0  ×  ×
×  0  0  0
0  ×  0  0
0  1  ×  ×
×  0  0  ×

0  0  0  ×
1  ×  ×  0
×  0  0  0
1  ×  ×  0
0  0  ×  ×
×  0  0  ×
1  ×  ×  ×
×  0  0  0
0  0  ×  0
×  1  ×  0
×  0  0  0
×  2  0  ×
×  0  0  0
×  0  0  0
×  0  0  ×
×  2  ×  ×
×  0  0  0
×  0  0  ×
1  ×  ×  ×
2  ×  ×  ×
1  ×  ×  ×
0  0  0  0
×  0  0  0
×  0  0  ×
0  0  ×  ×
0  ×  0  ×
×  0  0  0
×  0  0  ×
0  0  0  ×
0  0  0  0
×  0  ×  0
0  0  ×  0
×  0  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×

Q3

a  b  c  d

3  3  2  2
1  3  3  0
0  3  2.5  2.5
4  3  2  0
2  2  2.5  1
×  2  2  2
1  2  3  1.5
2  0  2  2
2  3  2  2
×  3  2  2
0  3  2  0
×  3  3  0
1  3  3  0
3  0  0  2
0  2  2.5  2
0  2  ×  3
×  2  2  0
×  6  2  ×
0  3  3  ×
×  2  3  1.5
×  3  2  0
×  3  2.5  2
1  2  2  0.5
×  2  1.5  1.5
1  2  ×  1
2  3  ×  0
3  2  0  0
×  3  2  0
4  ×  0  0

2  2  ×  ×
×  2  3  1
2  ×  0  1
1  2  ×  ×
×  3  3  ×

2  2  0  ×
1  ×  ×  0
×  0  2  1
2  ×  ×  0.5
2  2  ×  ×
×  2  2  ×
2  ×  ×  ×
×  2  2  0.5
0  2  ×  2
×  3  ×  0
×  0  2  0
×  3  0  ×
×  0  2  1
×  2  3  0
×  2  2  ×
×  3  ×  ×
×  0  2  1
×  2  0  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
0  0  2  0
×  0  2  0
×  0  3  ×
0  3  ×  ×
2  ×  0  ×
×  0  2  0
×  2  1.5  ×
0  0  2  ×
0  0  2  0
×  3  ×  0
0  0  ×  1.5
×  3  ×  ×
2  ×  ×  
3  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×

R

a  b  c  d

3  3  3  2
1  3  3  1
2  3  3  3
4  3  4  3
3  3  3  3
×  3  3  3
2  3  4  3
2  2  3  5
4  3  3  3
×  4  4  4
1  3  3  3
×  3  2  3
2  3  3  2
3  3  4  3
1  3  3  2
1  2  ×  4
×  2  4  1
×  3  3  ×
2  3  4  ×
×  3  3  2
×  3  3  2
×  4  6  3
1  2  3  2
×  3  3  3
1  2  ×  3
3  3  ×  2
4  3  2  2
×  3  3  2
2  ×  2  2

4  3  ×  ×
×  4  3  3
3  ×  2  2
2  2  ×  ×
×  6  4  ×

2  2  5  ×
0  ×  ×  2
×  2  3  3
2  ×  ×  2
2  2  ×  ×
×  2  3  ×
1  ×  ×  ×
×  3  3  3
3  3  ×  3
×  3  ×  2
×  2  4  2
×  3  3  ×
×  2  3  2
×  3  4  2
×  3  3  ×
×  3  ×  ×
×  2  3  2
×  2  2  ×
2  0  ×  ×
×  3  ×  ×
×
2  ×  ×  ×
3  1  3  2
×  2  3  3
×  3  5  ×
2  3  ×  ×
2  ×  2  ×
×  2  5  1
×  2  2  ×
2  2  3  ×
1  2  3  3
×  3  ×  2
1  2  ×  3
×  3  ×  ×
2  ×  ×  ×
4  ×  ×  ×
3  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×

q

a  b  c  d

1  3  2  2
1  1  1  0
0  1  2.5  1.5
4  0  2  0
2  2  1.5  1
×  2  1  2
1  2  2  1.5
1  0  2  2
2  3  2  2
×  1  2  2
0  1  2  0
×  3  0  0
1  3  3  0
1  0  0  2
0  2  2.5  2
0  2  ×  1
×  0  1  0
×  2  2  ×
0  3  3  ×
×  2  1.5  1.5
×  3  2  0
×  0  2.5  2
1  2  2  0.5
×  0  1.5 1.5
1  2  ×  1
2  1  ×  0
2  2  0  0
×  3  2  0
2  ×  0  0

2  2  ×  ×
×  2  3  1
2  ×  0  1
1  1  ×  ×
×  3  3  ×

2  2  0  ×
0  ×  ×  0
×  0  2  1
1  ×  ×  0.5
2  2  ×  ×
×  2  2  ×
1  ×  ×  ×
×  2  2  0.5
0  2  ×  2
×  2  ×  0
×  0  2  0
×  1  0  ×
×  0  2  1
×  2  3  0
×  2  2  ×
×  1  ×  ×
×  0  2  1
×  2  0  ×
1  ×  ×  ×
0  ×  ×  ×
1  ×  ×  ×
0  0  2  0
×  0  2  0
×  0  3  ×
0  3  ×  ×
2  ×  0  ×
×  0  2  0
×  2  1.5  ×
0  0  2  ×
0  0  2  0
×  3  ×  0
0  0  ×  1.5
×  3  ×  ×
2  ×  ×  ×
3  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×

constancy (%)

a        b       c        d

80.0   61.5 67.7   36.4
60.0   84.6 90.3 9.1
20.0   76.9 61.3   72.7
60.0   92.3 41.9   18.2
60.0   38.5 74.2   27.3

– 69.2 74.2   54.5
40.0   46.2 74.2 36.4
80.0   15.4 41.9 45.4
60.0   38.5 35.5 45.4

– 84.6 48.4 45.4
20.0   76.9 67.7 9.1

– 61.5 100.0 9.1
40.0   69.2 51.6 9.1
80.0   23.1 19.4 45.4
20.0   30.8 71.0 45.4
20.0   53.8 0  90.9

– 76.9 77.4 9.1
– 100.0 61.3     –

20.0   69.2 71.0     –
– 38.5 77.4 36.4
– 69.2 64.5 9.1
– 92.3 35.5 36.4

40.0   38.5 51.6 27.3
– 84.6 32.3 36.4

60.0   30.8     –     45.4
40.0   84.6     – 9.1
80.0   38.5 3.2 9.1

–     69.2 38.7 18.2
100.0     – 6.4 18.2

60.0   61.5     –       –
–     38.5 54.8 27.3

60.0     – 22.6 36.4
40.0   76.9     –       –

–     53.8 61.3     –

60.0   30.8 19.4     –
100.0     –        – 9.1

0 23.1   58.1 27.3
80.0     –        – 27.3
60.0   46.2 – –

0 69.2 35.5 –
100.0     –        – –

– 30.8   41.9 27.3
20.0   30.8 – 45.4

– 76.9 – 18.2
– 23.1   61.3 9.1
– 76.9   16.1 –
– 15.4   32.3 45.4
– 38.5   38.7 9.1
– 30.8   54.8 –
– 84.6 – –
–       7.7   38.7 36.4
–       1.5   19.4 –

80.0     –        – –
80.0     –        – –
80.0     –        – –
20.0 7.7   41.9 9.1

– 15.4   41.9 18.2
– 23.1   51.6 –

20.0   53.8 – –
60.0     – 12.9 –

– 15.4   48.4 9.1
– 38.5 32.3 –

20.0 7.69 38.7 –
20.0 7.69  29 9.1

– 46.2 –     18.2
20.0 7.7 –     36.4

– 61.5 – –
60.0     –        – –
60.0     –        – –
60.0     –        – –
60.0     –        – –
60.0     –        – –
60.0     –        – –
60.0     –        – –



Tab. 2. Continuation

Xmin – minimum, the lowest value of dataset,
Xmax – maximum, the highest value of dataset,
Q1 – first quartile,
Q3 – third quartile,
R – range,
q – interquartile range.

Relevé sources of Table 2:
a – community Sesleria-Pinus cembra, 5 relevés: Kanka (2008: tab. 11),
b – asociation Seslerio variae-Piceetum Fajmonová 1978, 13 relevés: Fajmonová (1978: tab. 1)
c – asociation Cortuso-Piceetum Fajmonová 1978, 31 relevés: Fajmonová (1985: p. 46 below), Fajmonová (1986: tab. 1,

relevés no. 1–25), Kubíček et al. (1996: p. 90), Kanka (2008: tab. 17, relevés no. 20 (2), 39 (6), 38 (5), 190 (17).
d – asociation Polysticho lonchitidis-Piceetum W. Matuszkiewicz ex J. Matuszkiewicz 1977, 11 relevés: Kliment et al. (1982,

forest type 7405), Unar et al. (1984, tab. 37, relevé no. 2), Uhlířová et Bernátová (1986, relevé no. 1), Kanka (2008, 
tab. 9, relevés no. 78, 111, 121, 128, 139).
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Poa stiriaca
Corallorrhiza trifida
Campanula serrata
Calamagrostis villosa
Saxifraga paniculata
Orthilia secunda
Aquilegia vulgaris
Ranunculus lanuginosus
Alchemilla sp.
Bistorta major
Pedicularis verticillata
Bistorta vivipara
Myosotis alpestris
Saxifraga wahlenbergii
Carex firma
Erysimum witmannii
Selaginella selaginoides
Cerastium *glandulosum
Dryas octopetala
Helianthemum
grandiflorum
Astragalus norvegicus
Gymnocarpium
robertianum
Festuca tatrae
Lycopodium annotinum
Euphorbia amygdaloides
Melica nutans

E0

Dicranum scoparium
Hylocomium splendens
Mnium spinosum
Pleurozium schreberi
Plagiothecium curvifolium
Tortella tortuosa
Ctenidium molluscum
Rhytidiadelphus triquetrus
Polytrichum formosum
Rhizomnium punctatum
Plagiothecium undulatum
Plagiochila asplenioides
Bazzania trilobata
Sphagnum capillifolium

Xmin

a  b  c  d

×  0  0  0
0  0  ×  ×
×  ×  0  0
×  ×  0  0
0  ×  ×  0
×  0  ×  0
×  0  0  0
×  ×  0  0
0  ×  0  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×

0  ×  ×  ×
0  ×  ×  ×

×  0  ×  0
×  0  ×  ×
×  ×  ×  0
×  ×  0  ×
×  0  ×  ×

4  2  0  0
0  0  0  0
0  0  0  0
0  0  ×  0
0  0  0  ×
×  0  0  0
×  0  0  0
0  0  0  0
0  0  ×  0
0  ×  0  0
0  ×  ×  0
×  0  0  ×
0  ×  ×  0
0  ×  ×  ×

Xmax

a  b  c  d

×  4  3  2
1  2  ×  ×
×  ×  3  2
×  ×  3  2
2  ×  ×  2
×  2  ×  1
×  3  3  ×
×  ×  3  3
1  ×  1  ×
3  ×  ×  ×
3  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
1  ×  ×  ×
1  ×  ×  ×
1  ×  ×  ×
2  ×  ×  ×

1  ×  ×  ×
1  ×  ×  ×

×  2  ×  2
×  2  ×  ×
×  ×  ×  4
×  ×  3  ×
×  3  ×  ×

4  4  4  4
4  3  4  3
5  5  3  4
5  3  ×  3
4  3  3  ×
×  3  3  2
×  3  3  2
4  3  4  3
3  2  ×  4
4  ×  4  3
4  ×  ×  3
×  3  4  ×
4  ×  ×  2
3  ×  ×  ×

median

a  b  c  d

×  0  0  0
0  0  ×  ×
×  ×  0  0
×  ×  0  0
0  ×  ×  0
×  0  ×  0
×  0  0  ×
×  ×  0  0
0  ×  0  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×

0  ×  ×  ×
0  ×  ×  ×

×  0  ×  0
×  0  ×  ×
×  ×  ×  0
×  ×  0  ×
×  0  ×  ×

4  3  0  3
2  2  0  2
0  3  0  0
3  2  ×  0
0  2  0  ×
×  2  0  0
×  3  0  0
0  0  0  0
1  0  ×  0
0  ×  0  0
0  ×  ×  0
×  0  0  ×
0  ×  ×  0
0  ×  ×  ×

mode

a  b  c  d

×  0  0  0
0  0  ×  ×
×  ×  0  0
×  ×  0  0
0  ×  ×  0
×  0  ×  0
×  0  0  ×
×  ×  0  0
0  ×  0  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×

0  ×  ×  ×
0  ×  ×  ×

×  0  ×  0
×  0  ×  ×
×  ×  ×  0
×  ×  0  ×
×  0  ×  ×

4  3  0  4
2  0  0  0
0  3  0  0
3  0  ×  0
0  3  0  ×
×  0  0  0
×  3  0  0
0  0  0  0
0  0  ×  0
0  ×  0  0
0  ×  ×  0
×  0  0  ×
0  ×  ×  0
0  ×  ×  ×

Q1

a  b  c  d

×  0  0  0
0  0  ×  ×
×  ×  0  0
×  ×  0  0
0  ×  ×  0
×  0  ×  0
×  0  0  ×
×  ×  0  0
0  ×  0  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×
0  ×  ×  ×

0  ×  ×  ×
0  ×  ×  ×

×  0  ×  0
×  0  ×  ×
×  ×  ×  0
×  ×  0  ×
×  0  ×  ×

4  3  0  1
2  0  0  0
0  3  0  0
3  0  ×  0
0  0  0  ×
×  0  0  0
×  2  0  0
0  0  0  0
0  0  ×  0
0  ×  0  0
0  ×  ×  0
×  0  0  ×
0  ×  ×  0
0  ×  ×  ×

Q3

a  b  c  d

×  0  1  0
×  ×  2  0
×  ×  0  1.5
1  ×  ×  0
×  2  ×  0
×  2  0  ×
×  ×  2  0
1  ×  0  ×
1  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
1  ×  ×  ×
1  ×  ×  ×
1  ×  ×  ×
1  ×  ×  ×
1  ×  ×  ×
2  ×  ×  ×
1  ×  ×  ×

1  ×  ×  ×
1  ×  ×  ×

×  2  ×  0
×  2  ×  ×
×  ×  ×  2
×  ×  2  ×
×  2  ×  ×

4  4  2  4  
3  3  0  3
3  3  1  0
4  3  ×  0
3  3  2  ×
×  3  2  0
×  3  2  0
2  2  2  0
3  0  ×  1
2  ×  0  1
3  ×  ×  1.5
×  2  0  ×
4  ×  ×  0
1  ×  ×  ×

R

a  b  c  d

×  4  3  2
1  2  ×  ×
×  ×  3  2
×  ×  3  2
2  0  ×  ×
×  2  ×  1
×  3  3  ×
×  ×  3  3
1  ×  1  ×
3  ×  ×  ×
3  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
1  ×  ×  ×
1  ×  ×  ×
1  ×  ×  ×
2  ×  ×  ×

1  ×  ×  ×
1  ×  ×  ×

×  2  ×  2
×  2  ×  ×
×  ×  ×  4
×  ×  3  ×
×  3  ×  ×

0  2  4  4
4  3  4  3
5  5  3  4
5  3  ×  3
4  3  3  ×
×  3  3  2
×  3  3  2
4  3  4  3
3  2  ×  4
4  ×  4  3
4  ×  ×  3
×  3  4  ×
4  ×  ×  2
3  ×  ×  ×

q

a  b  c  d

×  0  1  0
0  1  ×  ×
×  ×  2  0
×  ×  0  1.5
1  ×  ×  0
×  2  ×  0
×  2  0  ×
×  ×  2  0
1  ×  0  ×
1  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
2  ×  ×  ×
1  ×  ×  ×
1  ×  ×  ×
1  ×  ×  ×
1  ×  ×  ×
1  ×  ×  ×
2  ×  ×  ×

1  ×  ×  ×
1  ×  ×  ×

×  2  ×  0
×  2  ×  ×
×  ×  ×  2
×  ×  2  ×
×  2  ×  ×

0  1  2  3
1  3  0  3
3  0  1  0
1  3  ×  0
3  3  2  ×
×  3  2  0
×  1  2  0
2  2  2  0
3  0  ×  1
2  ×  0  1
3  ×  ×  1.5
×  2  0  ×
4  ×  ×  0
1  ×  ×  ×

constancy (%)

a        b       c        d

– 23.1 25.8 9.1
20.0 30.8 – –

– – 32.3   18.2
– – 12.9   36.4

40.0 – – 9.1
– 30.8     – 18.2
– 38.5 9.7     –
– – 35.5     9.1

40.0 –       3.2 –
40.0 –       – –
40.0 –       – –
40.0 –       – –
40.0 –       – –
40.0 –       – –
40.0 –       – –
40.0 –       – –
40.0 –       – –
40.0 –       – –
40.0 –       – –

40.0 –       – –
40.0 –       – –

– 30.8 – 9.1
– 38.5 – –
– – – 36.4
– –     32.3 –
– 30.8 – –

100.0 100.0 38.7 72.7
80.0   61.5 16.1 54.5
40.0   92.3 25.8 18.2
80.0   53.8 – 9.1
40.0   61.5 32.3     –

– 61.5 41.9 18.2
– 76.9 29.0 9.1

40.0   30.8 32.3 9.1
60.0 7.7 – 27.3
40.0 – 22.6 27.3
40.0 –       – 27.3

– 38.5 19.4     –
40.0 –       – 9.1
40.0 –       – –
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Appendix 1: The original table form of Tüxen, Ellenberg (1937: 173, Tabelle 1) with the original comment of the
authors

3) Die Festsetzung dieser Zählenwerte ist naturgemäß willkürlich, da durch + und 1 lediglich verschiedenen große
Individuenzahl bei gleichen Deckungsgrand (unter 5 %) bezeichnet wird. Wir haben uns für die Werte 2,5 und 0,1 auf
Grund freundlichst zur Verfügung gestellten Berechnung von Herrn Forsting. “Meijer Drees entschieden.” (Tüxen,
Ellenberg 1937: 173).

Appendix 2: Small phytosociological English-Slovak statistical vocabulary
English terms are according to Zar (1996); those in brackets according to Sokal, Rohlf (1997); Slovak terms are used
according to cited Slovak biostatistical literature.
For purposes of syntaxonomy, one phytosociological relevé is an individual observation, the smallest sampling unit (cf. Sokal,
Rohlf 1997: 8). Set of relevés represents a sample of observations (cf. Sokal, Rohlf 1997), which substitutes in 
a (biostatistical) study a population (statistical use of the term, not the biological one). The relevé is a basic object of
observation, and variables are its species and other characteristics (elevation, orientation and inclination of slope, etc.). 
As variates could be designated species’ cover-abundance values. A parameter describes or characterizes a population; 
a statistic is an estimation of a population parameter from the sample (within the sample) (Zar 1996).
interquartile range/semi-quartile range – kvartilové rozpätie
measures of central tendency (statistics of location) – charakteristiky polohy
measures of dispersion (statistics of dispersion) – charakteristiky variability
ordinal scale – poradová (ordinálna) stupnica
parameters – parametre: veličiny charakterizujúce vlastnosti základného súboru
population – základný súbor (ide o štatistické, nie biologické použitie termínu population)
quartile deviation/semi-interquartile range – kvartilová odchýlka
random sampling – náhodný výber (prevažnú časť fytocenologických zápisov nemožno považovať za náhodný výber; ten sa
riadi určenými princípmi – pozri napr.: Jedlička, 1984, p. 18; Lepš, 1996, p. 6–7).
range – variačné rozpätie
ratio – pomer, v štatistike druh odvodených znakov z primárnych znakov objektov
ratio scale – pomerová stupnica
sample – štatistický výber (výber), časť základného súboru
statistics (sing. statistic) – výberové charakteristiky: veličiny, ktoré v sebe koncentrujú informácie o výbere a vypovedajú 
o jeho vlastnostiach
statistics (descriptive statistics) – opisné (deskriptívne) štatistické charakteristiky
variable (or variate: Zar 1996: 2) – znak (t.j. označenie vlastnosti “characteristic/character” biologického objektu)
variate (Sokal, Rohlf 1997: 12; see note at p. 13) – variant (daná hodnota znaku)
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Abstrakt

Použitie aritmetického priemeru je podľa štatistickej metodiky obmedzené na dáta v pomerovej 
a intervalovej stupnici. Vo fytocenológii sa napriek tomu používa najčastejšie na hodnotenie priemernej
pokryvnosti druhu vypočítavanej z Braun-Blanquetovej stupnice početnosti a pokryvnosti, ktorá je
ordinálneho rázu. Namiesto aritmetického priemeru sa navrhuje použitie vhodnejších deskriptívnych
(opisných) štatistík. Článok zhŕňa základné skutočnosti o štatistických vlastnostiach Braun-
-Blanquetovej stupnice početnosti a pokryvnosti a prislúchajúcich opisných štatistikách. Ich použitie je
predvedené na príklade štyroch spoločenstiev radu Athyrio filicis-feminae-Piceetalia Hadač ex Hadač
et al. 1969.

Peter Kučera: Použitie deskriptívnych štatistických charakteristík vo fytocenológii
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