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Budějovicı́ch na jejı́ch internetových stránkách.
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Preface

Czech scientists have a compulsive need for describing special landscape features as “the
landscape phenomenon”. As a result, Czech scientific literature is rich for terms such as
hill phenomenon, karst phenomenon, serpentine, loess, vulcanite or scree phenomenon
and also phenomenon of frost hollows. Whenever there is some part of landscape some-
how special, it gets its own name. For people abroad this may sound as a strange hobby,
but in the context of the Czech landscape it seems to have perfect sense. Unless you
are lucky or you know exactly where to go, travelling across Czech may give you the
feeling that general landscape here is flat or at most softly undulating agriculture plain,
alternating with areas of forest plantations. In such conditions, whatever is “different” is
also “special”, so why not to produce a special term for that?

One of these “specialties” are deeply incised river valleys, commonly referred to as
“the river phenomenon”. If you come from a country with mountainous and rugged
landscape, you won’t feel that these valleys deserve such an attention - they are actually
not so deep, not so large and not so wild compared to some of their colleagues in other
parts of the world. However, in the context of the Czech landscape they are unique,
and you don’t need to be an experienced scientist to recognize that. Deep river valleys
are perfect place for trip, holidays or just a short escape from the rush of everyday live.
My own experience with them started many years ago, when I frequently went for one
or more day trip to valleys in the western Moravia, and not knowing why, these places
attracted me to come back again and again. That’s why later I didn’t hesitate to choose
vegetation of river valleys as the topic of my study and spent several years climbing
up and down the valley slopes in several places of Czech. In this thesis, I will try to
convince you at several places that it is important to study deep river valleys, because
they are “the main source of the topographical heterogeneity in the middle elevations of
the Czech Republic”, or that “there are no quantitative studies that test the predictions of
the ’river phenomenon’ concept”. All this is true, but - in reality, the main reason, why I
studied deep river valleys, is because I like them and I enjoyed. That’s it!
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1

General introduction

Vegetation-environment relationships

The main aim of studies dealing with vegetation-environment relationships is to reveal
underlying ecological processes, resulting in appearance of given vegetation pattern in
nature. Descriptive studies can untangle only correlative, i.e. not necessarily causal
links in these relationships, as the latter are domain of experimental studies designed
to separate the effect of the given environmental factor from the others. Still, inference
based on descriptive studies is valuable, as it brings important insights into the poten-
tial processes. One of the most influential revolutions in vegetation ecology during the
last century was development of direct and indirect ordination analysis (Whittaker 1956,
Bray & Curtis 1957). Vegetation ecologists got a tool, allowing them to quantify the
gradient-related patterns in vegetation, which are observed in the field but difficult to
formulate in a non-verbal way. Fast development of computation power has resulted
into today’s situation when ordination analysis has become a standard for studies deal-
ing with description of vegetation-environment relationships. However, there are still
methodological challenges waiting to be solved, and recent state resembles situation of
a wanderer at the crossroad: where to go, further or back? If going back, there are tra-
ditional ordination methods such as DCA or CCA, heavily used, but suffering from (for
some people) not acceptable drawbacks, such as “lolly paper effect” in case of DCA,
producing triangle or diamond shape of DCA ordination diagram as a result of detrend-
ing (Oksanen et al. 2006), or the fact that all ordination analyses assume bell-shaped
response of species along gradients, even if this is in contrast to prevalence of asym-
metric species response curves in real vegetation (Oksanen & Minchin 2002), or finally
that most of ordination analyses perform poorly in case of very long ecological gradients
(De’ath 1999). If going further, there are methods partly covered by fog, not commonly



reduced version for web presentation

2 General introduction

used and not accessible in readily available software packages, such as non-metric mul-
tidimensional scaling (NMDS, Minchin 1987), promising nonparametric alternative to
DCA (but see Hirst & Jackson 2007 for disagreement), or hot news such as fuzzy set or-
dinations (FSO, Roberts 2008). However, I believe that recent development and growing
use of open source projects, mainly the R program (R Development Core Team 2008),
may bring these methods to everyday use.

Environmental variables may be classified into direct, indirect and resource gradi-
ents (Austin & Smith 1989). Direct variables are those having direct effect on plant
growth, such as temperature, soil pH and other soil characteristics. Some of them are
relatively easy to measure (pH) and their effect may be directly attributed to some kind
of ecological processes (for effect of pH on plants, see Tyler 2003). Indirect variables,
such as altitude and other topographical variables, have no direct effect on plant growth,
and their importance results from their correlation with some kind of direct or resource
variable (e.g. in case of altitude is correlated to moisture, temperature or soil pH; slope
and aspect are good surrogates for habitat irradiation). Resource variables are those
consumed by plants, such as light or nutrients (e.g. nitrogen and phosphorus). Light
conditions can be measured rather easily by several more or less precise methods: single
estimate of canopy cover in forest can give rather good information about availability of
light for the undergrowth, and this can be further improved for example by analysis of
canopy photography using fish-eye lenses or by direct measurement using LyCor sen-
sors. In contrast, measuring availability of nutrients in soil is not an easy task, as it has
been shown that results of soil analysis for basic chemical compounds do not have to
mirror real uptake and desire of plants for these compounds (e.g. Van Duren & Peg-
tel 2000); promising solution of this problem seems to be bioassay experiments, when
selected phytometer is grown in the greenhouse conditions in collected soil samples
and consequent chemical analysis of its tissue gives estimate of real nutrient potential
of given stand (for grassland vegetation types see Köhler et al. 2001 or Wesche et al.
2007). Alternative solution in case that measured variables are missing is using some
kind of species indicator values, e.g. Ellenberg values for basic ecological gradients
such as moisture, nutrients, soil reaction, light, continentality and temperature (EIVs;
Ellenberg et al. 1992) frequently used mainly by European vegetation scientists. Some
of them proved to be useful surrogates of measured environmental factors (Schaffers &
Sýkora 2000; Diekmann 2003), even if their application requires particular attention due
to potential circularity in reasoning.
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Local diversity patterns

Why there are more species here than there? This question is a traditional part of in-
troductions to textbooks dealing with biodiversity, and its answer consists of a broad
range of different theories and explanations (for such review, see e.g. Palmer 1994). But
what is actually the reason we should care about diversity? In the middle of the last cen-
tury, the argument was relatively simple, as one of the main paradigms ruling vegetation
ecology of that time stated that “diversity begets stability” (see Ives 2005 for a thorough
review). It implied that if something is more diverse, it is also more stable and hence less
vulnerable to the damage by human activities. However, while earlier theoretical studies
seemed to match this intuitive view (MacArthur 1955, Elton 1958), later studies, includ-
ing experimental ones, failed to support it by reliable evidence. Nowadays, it seems that
this paradigm is death. The focus of diversity studies shifted from pointing up the diver-
sity hotspots to searching for underlying mechanisms, which are responsible for creating
existing diversity patterns. It has been recognized that processes maintaining diversity
are scale dependent (Levin 1992), and the scale issue is also reflected in the focus of in-
dividual studies, ranging from microscale, often subjected to manipulative experiments,
up to large scale studies examining macroecological processes. Diversity pattern at the
mesoscale level are subject of numerous local descriptive studies, which can reveal only
correlative, not causal relationships between diversity and environment and inference
based on these studies is often of local validity only. However, because experiments at
the mesoscale are extremely difficult to perform, such studies are still useful, as they of-
fer an opportunity to test, if the pattern observed in real natural situation is explicable by
set of available hypothesis; if it is not, then such studies draw attention to discrepancies
between theory and reality.

Similarly to ordinations techniques mentioned above, important step in the develop-
ment of analytical tools for diversity modeling was introduction of methods such as Gen-
eralized Linear Models (GLM; McCullagh & Nelder 1989), Generalized Additive Mod-
els (GAM; Hastie & Tibshirani 1990) or Classification and Regression Trees (CART;
Breiman et al. 1984). Another important development is the change in paradigms of
modeling itself, from the original search for the only “true model”, best explaining
collected data, to modeling based on the multimodal inference and information theory,
mainly the measure called Akaike’s information criterion (AIC; Akaike 1973). This ap-
proach views modeling as “exercise in the approximation of the explainable information
in the empirical data, in the context of the data being a sample from some well-defined
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population or process” (Burnham & Anderson 2002). From this view, it is not so impor-
tant to accept a single model with the best combination of predictors yielding the best
explanatory power, because modeling itself is the way how to get deeper insight into the
data structure. Again, availability of suitable software is essential for such developments.

Diversity and landscape topographical heterogeneity

Heterogeneity is considered to be one of the main drivers of biological diversity (Wiens
1976; Ricklefs 1977; Grime 1979; Tilman 1982; Huston 1994). Its importance is scale
dependent, supposed to be highest at the mesoscale level (Sarr et al. 2005). Biodiversity
at a particular site is expected to be affected by two aspects of environmental hetero-
geneity (Dufour et al. 2006): (1) the range of environmental variability influencing the
number of available habitat types within the target site (“within-patch heterogeneity”)
and (2) spatial configuration of habitats in the landscape surrounding the site (“patch-
surrounding heterogeneity”). The first (within-patch) aspect of environmental hetero-
geneity is well established in ecological theory, both in equilibrium and non-equilibrium
models (Sarr et al. 2005). Equilibrium models predict that heterogeneity increases the
capacity for richness due to higher niche separation in more heterogeneous environment,
enabling coexistence of more species (Tilman 1982, 1994). Non-equilibrium models
connect the importance of heterogeneity to other processes, e.g. the increase of spa-
tial variability due to disturbances (Naiman et al. 1993; Pollock et al. 1998). While
numerous studies focused “within-patch” aspect of environmental heterogeneity consid-
ering various scales and taxonomic groups (e.g. Vivian-Smith 1997; Burnett et al. 1998;
Lundholm & Larson 2003), the second aspect, considering spatial context of the patch,
still lacks robust theoretical background and remains relatively untouched by both field
and theoretical studies (Gabriel et al. 2005; Mayer et al. 2005; Dufour 2006; Kumar et
al. 2006).

Species richness of plots surrounded by a heterogeneous landscape seems to be me-
diated by the combination of processes linked to regional species pool and dispersal
limitation. First, in localities that encompass a greater range in local conditions, either
because they are larger or because they are more heterogeneous for a given size, more
opportunities exist for the establishment of species from the regional pool (Freestone &
Harrison 2006), resulting into increase of local species pool (for definition of regional
and local species pool, see Zobel et al. 1998). Second, larger local species pool can
affect the within-patch alpha diversity via spatial mass effect or vicinism (Shmida &
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Ellner 1984; Cantero et al. 1999) – species can grow in a less favorable habitat due to
the input of propagules from a nearby, more favorable habitat. Metapopulation ecology
puts this process into the framework of more general sink-source dynamic, with source
population in favourable and sink population in not favourable habitats (Shmida & Ell-
ner 1984; Pulliam 1988; review by Dias 1996). Close vicinity of various habitats close
to each other may increase the role of spatial mass effect in determining local species
richness in heterogeneous landscapes. The spatial mass effect is known to be an im-
portant determinant of species composition of successional communities (e.g. Novák
& Konvička 2006), however, it seems that it may play important role also in the estab-
lished communities (Cantero et al. 1999). Openness of community to enrichment by
species via spatial mass effect may be dependent also on local environmental factors,
e.g. productivity (Freestone & Harrison 2006).

Weak point of landscape scale diversity studies is availability of good-quality data,
covering sufficient spatial range and available for various vegetation types. In this case,
data compiled in large vegetation databases (such as the Czech National Phytosocio-
logical Database, Chytrý & Rafajová 2003) plays important role as a source of large
amount of vegetation data. However, as recognized already by Mueller-Dombois &
Ellenberg (1974), information about actual species richness in these data may be sig-
nificantly biased due to mostly subjective design of sampling. Together with the fact
that phytosociological relevés are not random samples and hence they cannot be treated
by any statistical test of significance, this was the main argument put forward by Lájer
(2007) against the use of these data for diversity-related studies. Still, I believe that if
we use wise analytical approaches and shift our focus from testing null hypotheses to
searching for diversity patterns, phytosociological data are valuable material for infer-
ence about diversity at the landscape scale. And realistically, there are, at least recently,
no better data sets.

Deep river valleys as a model for study of vegetation diversity pat-
terns

In the middle elevations of the Czech Republic, deeply incised river valleys form dis-
tinct geomorphological feature, with steep slopes and sharp upper edges contrasting to
the otherwise flat or softly undulating surrounding landscape. Most of these valleys
are of late Tertiary and early Quaternary origin, when the uplift of the Bohemian Mas-
sif resulted into increased erosion power of rivers (Kopecký 1996). Geomorphology of
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these valleys was further shaped during Pleistocene periods of glaciation, when inten-
sive frost weathering occurred as a result of periglacial climate (Kopecký 1996). Main
abiotic features of these valleys are related to rugged topography and specific micro-
climatic conditions: steep slopes with exposed rocky outcrops, diversity of landform
shapes, variability in slope aspect with sharp contrast between warm south and cold
north facing slopes, and also frequent temperature inversions, resulting from the valley
shape and pronouncing the contrast between cold and wet valley bottom and dry conti-
nental upper valley edges. Important biotic consequences of these features are (1) high
diversity concentrated in these valleys due to concentration of various, often ecologi-
cally contrasting habitats, (2) occurrence of relict species, reflecting the role of valleys
as a refuge during glacial and postglacial period, (3) function of river valley as migration
corridors between mountains and lowlands, with migration of both downstream and up-
stream direction (the latter facilitated due to the frequent occurrence of suitable dry and
warm habitats within the valleys in higher altitude), and finally also (4) conservation of
vegetation less affected by human activities in hardly accessible sections of the valleys.
Specific features of the vegetation pattern in these valleys were summarized under the
heading “river phenomenon” in the descriptions provided by Czech vegetation scientists
in the 1960’s (Blažková 1964; Jenı́k & Slavı́ková 1964).

Concentration of strong ecological gradients within limited space of the valley to-
gether with the fact, that these valleys are the main source of the topographical hetero-
geneity in the middle elevations of the Czech Republic, makes them an interesting model
for studies searching for environmental correlates of vegetation and plant diversity pat-
terns at the landscape scale.

Outline of the thesis

This thesis tries to describe the vegetation of deep river valleys from two different view-
points: from local perspective, trying to untangle effects of environmental factors on
pattern of vegetation and species richness within the valleys, and from landscape per-
spective, putting species richness of topographically heterogeneous valleys into the con-
text of surrounding homogeneous landscape. Thesis consists of four papers – three case
studies and one methodological study; one of them is already published, one is in press,
one is submitted and one is a manuscript. These are the main questions covered by
individual papers:
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1. What is the relationship between species composition of vegetation and the main
ecological gradients in deep river valleys?

2. Which environmental factors are the best predictors of the local species richness
in these valleys and how can be diversity-environment relationship influenced by
differences in regional species pool?

3. What is the effect of landscape topographical heterogeneity on the local species
richness and which ecological processes may cause this effect?

Paper 1 (published in Preslia) brings quantitative description of the vegetation-envi-
ronment relationships in deep river valleys, using data from two areas differing markedly
in both climatic and floristic characteristics. Performance of two main groups of environ-
mental variables, topographical and soil, as explanatory variables in models describing
the vegetation patterns in these valleys is assessed by set of canonical correspondence
analyses. Link between particular environmental variables and main ecological gradi-
ents is analyzed by correlation analysis with Ellenberg indicator values. New method
was invented for analysis of joint effect of two environmental variables on vegetation, in
this case of aspect and the height above river valley.

Paper 2 (manuscript) analyze the pattern of local species richness within two deep
river valleys and its environmental correlates. Using General Linear Models, we built
two sets of models, one using only spatial variables and aiming to arrive to spatially
explicit model of species richness within the valley, and the second using ecological (to-
pographical and soil) variables. Similarities and dissimilarities between the two valleys
are interpreted in terms of local ecological processes and differences in composition of
regional species pools. Local species richness is compared to the size of regional species
pool for individual forest habitat types, using published estimates of species pool for
particular habitat types, based on data from large vegetation database and modified by
expert knowledge.

Paper 3 (submitted manuscript) tries to answer a more ambitious, general question:
does the species richness change along the gradient of landscape topographical hetero-
geneity between heterogeneous river valleys and homogeneous surroundings? Observed
pattern is interpreted as a result of fragmentation, spatial mass effect and alternatively
also shift in habitat ecological conditions and processes related to the patterns of species
richness along environmental gradients. Ratio of habitat generalists and specialists is
used as an indication of spatial mass effect.
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Paper 4 (Journal of Ecology, in press) describes correction of the method used for
the assessment of species habitat specialization. The method was invented by Fridley et
al. (2007) and is based on co-occurrence data from large vegetation databases. However,
I found that the original algorithm does not give reliable estimates of habitat specializa-
tion, as the used additive measure of beta diversity is affected by the size of the species
pool. I proposed correction of this method, supported by results of both simulated and
real data analyses. Corrected version of the algorithm was used in Paper 3 for estimation
of species habitat specialization.
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tracts of the Vltava river and its dams from geobotanical aspects]. Vegetačnı́ problémy při
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Environmental control of the vegetation pattern in deep
river valleys of the Bohemian Massif

David Zelený & Milan Chytrý

Abstract

The pattern of natural vegetation on non-calcareous soils in two deep river valleys
of the Bohemian Massif (Vltava and Dyje rivers, Czech Republic) was analyzed in
order to determine the main topographic and soil variables affecting the composition
of the vegetation. Vegetation data together with topographic and soil variables were
collected along transects down the slope from the upper edge to the bottom of the
valley. The distribution of vegetation types within the valleys was described using
cluster analysis and non-metric multidimensional scaling (NMDS). Effects of topo-
graphic and soil variables were compared using a set of canonical correspondence
analyses (CCAs) with explanatory variable selection based on the Akaike Informa-
tion Criterion (AIC). In order to describe the non-linear interaction between the two
topographic variables, elevation and aspect, a new method (moving window CCA)
was introduced. This method assessed the explanatory power of aspect at various el-
evations above the valley bottom. Results show that main vegetation coenoclines are
correlated with two complex environmental gradients: the moisture–nutrient–soil
reaction and light–temperature–continentality gradients. Soil variables are slightly
better predictors of vegetation composition than topographic variables. Altogether,
these variables explain 18.8–21.6% of the total inertia. Although soil development
depends on topography, the variation jointly explained by both groups of variables
is only 3.9–5.2%, indicating that each of these two groups of variables influences
vegetation pattern in a different way. Variables selected by the most parsimonious
model for the Vltava valley are aspect, soil pH, soil type fluvisol and soil depth. For
the Dyje valley the same variables as in Vltava valley were selected except for soil
depth, which was replaced by soil type cambisol. Aspect has a strong effect on veg-
etation on the middle slopes but not on the lower slopes of the valleys. The results
of all analyses are similar between the two valleys, suggesting that similar patterns
may also occur in other deep river valleys of mid-altitudes of the Bohemian Massif.

Key-words: canonical correspondence analysis, cluster analysis, deep river val-
leys, non-metric multidimensional scaling, moving window CCA, vegetation-envi-
ronment relationships.
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Pattern of species richness in the topographically
complex landscape of deep river valleys

in the Bohemian Massif

David Zelený & Milan Chytrý

Abstract

Deep river valleys in the Bohemian Massif combine features of river corridors
and landscapes with rugged topography, making the pattern of diversity within these
valleys and processes possibly linked to this pattern more complex. We compared
the pattern of local species richness within two climatically different deep river val-
leys in the Czech Republic and using General Linear Models we searched for the
spatial and ecological (topographical and soil) variables best predicting this pattern.
Additional correlation analyses used Ellenberg indicator values as surrogates for
main ecological gradients and also compared local species richness with estimated
size of species pool for particular forest habitat types. Spatial pattern of species
richness show similarities between the valleys, with the highest richness located in
the valley bottom and south or west facing upper valley edges. Models based on
topographical and soil variables and correlation analysis using Ellenberg indicator
values show important differences between valleys, with species richness best ex-
plained by soil pH in case of the Vltava valley and continentality in case of the Dyje
valley. These differences are attributed to generally higher values of soil pH in Dyje
valley as a result of warmer and dryer climate and also to differences in regional
species pools between valleys.

Key-words: Akaike Information Criterion, Ellenberg indicator values, Generalized
Linear Models, habitat types, species pool.
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Pattern of plant species richness along the gradient of
landscape topographical heterogeneity: result of spatial

mass effect or environmental shift?

David Zelený, Ching-Feng Li & Milan Chytrý

Abstract
Several processes, such as spatial mass effect and habitat fragmentation, are hy-

pothesised to mediate the relationship between local (microsite) plant species rich-
ness and topographical heterogeneity of surrounding landscape. In topographically
heterogeneous landscape with various habitats concentrated in close vicinity of each
other, local species richness may be enriched for species from surrounding habitats
due to the spatial mass effect (sink-source dynamic). Contrary to this, habitat frag-
mentation increasing with spatial heterogeneity may have negative effect on species
richness. Spatial mass effect is assumed to be pronounced in communities with
higher ratio of generalists, as generalists will more probably establish viable popula-
tion at sink habitats. To reveal the pattern of local species richness along the gradient
of landscape heterogeneity in middle elevations of the Bohemian Massif, we used
2551 vegetation plots stored in the Czech National Phytosociological Database. We
developed analytical approach relating the pattern of local species richness within
homogeneous vegetation groups to the gradient of landscape heterogeneity. Increase
or decrease of species richness along increasing landscape heterogeneity was re-
lated to the changes in ratio of habitat generalists and specialists, and also to the
changes in soil pH and nutrient availability estimated by Ellenberg indicator values.
Generally, local species richness along the gradient of increasing landscape hetero-
geneity increases in the case of nutrient-poor vegetation types and decreases in the
case of nutrient-rich vegetation types, with several exceptions. Nutrient-poor veg-
etation types, such as thermophilous and acidophilous oak forests, have also high
proportion of habitat generalists, supporting the hypothesis that increased richness
in heterogeneous landscape may be result of spatial mass effect. However, the same
pattern may be alternatively explained by the shift in environmental conditions of
habitat along increasing heterogeneity gradient, such as consistently increasing soil
reaction and also increasing productivity of nutrient-rich vegetation types. In discus-
sion, we weight available evidence and conclude that both set of explanation doesn’t
need to be mutually exclusive.
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Co-occurrence based assessment of species
habitat specialization is affected by the size of

species pool: reply to Fridley et al. (2007)

David Zelený

Abstract

1. Fridley et al. (2007) introduced a technique of species habitat specialization
assessment based on co-occurrence analysis of large species-plot matrixes, with a
continuous metric (θ value) intended to reflect relative species niche width.
2. They used simulated data in order to demonstrate the functionality of the new
method. I repeated their simulation and introduced three alternative scenarios with
various patterns of species pool size along a simulated gradient. Results indicated
that the co-occurrence based estimation of species niche width is dependent on the
size of species pool at the position of species optima. This relationship was also
revealed in an analysis of a real data set with Ellenberg indicator values as surrogates
for environmental gradients.
3. I introduced a modification of the original algorithm, which corrects the effect of
the species pool on the estimation of species niche width: the beta diversity mea-
sure based on additive partitioning was replaced with the multiplicative Whittaker’s
beta. Even after this, the method can satisfactorily recover the real pattern of species
specialization only for unsaturated communities with a linear relationship between
local and regional species richness.
Synthesis: This paper corrects the algorithm for co-occurrence based estimation of
species specialization, introduced by Fridley et al. (2007), which was sensitive to
the changes in species pool size along environmental gradients.

Key-words: additive partitioning, beta diversity, Ellenberg indicator values, gen-
eralists, habitat diversity, local-regional species richness relationship, simulation,
specialists, theta value, Whittaker’s beta.
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General conclusions

The answers to the main questions outlined in the General introduction can be summa-
rized in the following points:

1. Relationship between species composition of vegetation and main environmental
factors within the valleys:

(a) vegetation in deep river valleys is structured along two main complex eco-
logical gradients: the moisture–nutrients–soil pH and the light–temperature–
continentality; the first one is related to the elevation above valley bottom,
the second one is related to aspect;

(b) the effect of aspect is pronounced the most in the middle parts of the valley
slopes, while being lowest at the shaded valley bottoms;

(c) among the other important topographical variables are (in addition to the
elevation above valley bottom and aspect) slope and landform shape of the
plot in downslope direction; among important soil variables are occurrence
of Fluvisols, Cambisols and skeletic soils, soil depth and measured soil pH;

2. Relationship between local species richness and environmental variables within
the valleys:

(a) the highest local species richness within the valley is located at the valley
bottom and at the south and west facing upper edges of the valley slopes;

(b) soil pH is a strong predictor of species richness, but only in case of Vltava
river valley with predominating acid soils with values of pH < 4.5; in case
of Dyje valley, where the soils are generally more basic (perhaps as a result
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of drier and warmer climate due to lower elevation), the effect of soil pH on
species richness is negligible;

(c) important factor related to the high local species richness in case of the Dyje
valley is continentality, resulting probably from the higher proportion of con-
tinental species in regional species pool of Dyje valley due to its geograph-
ical location at the boundaries between Hercynian and Pannonian floristic
district;

(d) local species richness is positively correlated with the size of regional species
pool estimated for particular habitat types (with exception of oak-hornbeam
forests); this indicates that estimates of species pool size itself may be a good
predictor of real local species richness;

3. Relationship between landscape topographical heterogeneity and local species
richness of particular vegetation types:

(a) generally, nutrient-poor vegetation types are more species rich in topograph-
ically heterogeneous landscape, while the opposite is true for nutrient-rich
vegetation types;

(b) nutrient-poor vegetation types (e.g. oak forests) have high proportion of
habitat generalists, indicating that their higher species richness in heteroge-
neous landscape may be result of pronounced spatial mass effect;

(c) the pattern of local species richness along the gradient of landscape topo-
graphical heterogeneity may be also attributed to the shifts in stand eco-
logical conditions: at heterogeneous landscape, the stands have higher soil
reaction (valid for almost all vegetation types), and also higher productivity
(valid only for nutrient-rich vegetation types).

Additionally to the three case studies also one methodological study was included (Paper
4). It points up the problem of the method for estimation of species habitat specialization,
as originally published by Fridley et al. (2007), showing that the result is affected by
the size of species pool. Corrected version, using multiplicative beta diversity measure
alternatively to the originally used additive measure, is proposed.
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Český souhrn

Diverzita vegetace v hlubokých řı́čnı́ch údolı́ch Českého
masivu.

Pro hluboká ostře zařı́znutá řı́čnı́ údolı́, která jsou od okolnı́ch mělce zvlněných pa-
horkatin oddělená ostrou údolnı́ hranou, se v české vegetačnı́ a krajinně ekologické li-
teratuře ujal termı́n ,,řı́čnı́ fenomén” (Jenı́k & Slavı́ková 1964; Blažková 1964). Ten je
souhrnem následujı́cı́ch abiotických a biotických charakteristik: (1) různě strmé údolnı́
svahy s vypreparovanými geologickými odkryvy dávajı́ vyniknout fyzikálnı́m a chemic-
kým vlastnostem matečné horniny, která je mimo údolı́ často překryta několikametro-
vým zvětralinovým pláštěm; (2) zaklesnuté meandry majı́ za následek střı́dánı́ svahů
různých orientacı́, s prudkými mikroklimatickými kontrasty mezi chladnými severnı́mi
a výslunnými jižnı́mi svahy; (3) převažujı́cı́ ,,V” tvar řı́čnı́ch údolı́ má vliv na usměrněnı́
vzdušného prouděnı́ a vytvářenı́ charakteristických teplotnı́ch inverzı́; (4) údolı́ funguje
jako migračnı́ cesta, umožňujı́cı́ migraci nelesnı́ch společenstev a teplomilných druhů
z nı́žin do vyššı́ch nadmořských výšek a naopak sestup horských prvků do nı́žin; (5)
údolı́ plnily funkci refugiı́ pro druhy v klimaticky nepřı́znivých obdobı́ch; a (6) některé
úseky hlubokých údolı́ si dı́ky špatné přı́stupnosti zachovaly vegetaci málo ovlivněnou
lidskými zásahy. Shrnuto dohromady, hluboká řı́čnı́ údolı́ představujı́ krajinný útvar s
pestrou mozaikou vegetačnı́ch typů, která vznikla pod vlivem několika výrazných eko-
logických gradientů a dı́ky tomu je zajı́mavým modelovým objektem pro studium vztahů
mezi vegetacı́ a faktory prostředı́.

Cı́lem této práce je nahlédnout vegetaci hlubokých řı́čnı́ch údolı́ ze dvou hledisek: z
lokálnı́ho hlediska, zabývajı́cı́ho se popisem ekologických vazeb a prostorového uspo-
řádánı́ vegetace a druhové bohatosti v rámci údolı́, a z krajinného hlediska, hledajı́cı́ho
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32 Český souhrn

souvislost mezi druhovou bohatostı́ a gradientem topografické heterogenity, a to srov-
nánı́m druhové bohatosti jednotlivých vegetačnı́ch typů v rámci údolı́ a mimo ně. Dı́lčı́
studie hledajı́ odpovědi na následujı́cı́ otázky:

1. Jaký je vztah mezi druhovým složenı́m vegetace a faktory prostředı́ v rámci hlu-
bokých řı́čnı́ch údolı́?

2. Které prostorové a ekologické proměnné nejlépe vysvětlujı́ rozloženı́ diverzity
rostlin v rámci údolı́ a jak je tento vztah ovlivněn velikostı́ a vlastnostmi species
pool?

3. Jaký je vliv topografické heterogenity krajiny na lokálnı́ druhovou bohatost jed-
notlivých vegetačnı́ch typů a které procesy mohou být za tento vztah zodpovědné?

Studie č. 1: Vliv faktorů prostředı́ na vegetaci hlubokých řı́čnı́ch
údolı́ Českého masivu

Cı́lem této studie je kvantitativnı́ popis faktorů prostředı́, které zásadnı́m způsobem
ovlivňujı́ druhové složenı́ a prostorové rozmı́stěnı́ vegetace v hlubokých řı́čnı́ch údolı́ch
Českého masivu s vyvinutými projevy tzv. ,,řı́čnı́ho fenoménu”. Problematika byla
studována ve dvou klimaticky odlišných územı́ch: údolı́ Vltavy v jižnı́ch Čechách a
údolı́ Dyje na jižnı́ Moravě. Data o vegetaci a proměnných prostředı́ byla sbı́rána na
transektech vedených po spádnici údolnı́ch svahů z hornı́ hrany údolı́ k bázi svahu.
Vegetačnı́ data byla analyzována kombinacı́ shlukové analýzy a nepřı́mé ordinace (ne-
metrického mnohorozměrného škálovánı́, NMDS). Vliv geomorfologických a půdnı́ch
proměnných na vegetaci byl porovnáván sériı́ kanonických korespondenčnı́ch analýz
(CCA) s metodou postupného výběru vysvětlujı́cı́ch proměnných založenou na Akai-
keho informačnı́m kritériu (AIC). Pro analýzu vlivu nelineárnı́ch interakcı́ mezi dvěmi
proměnnými prostředı́ na vegetaci byla navržena nová metoda nazvaná ,,moving win-
dow CCA”. Tato metoda ukazuje, jak se měnı́ vysvětlujı́cı́ sı́la jedné proměnné (orien-
tace svahu) na složenı́ vegetace se změnou druhé proměnné (výšky nad řekou). Hlavnı́
směry variability ve vegetaci jsou v hlubokých řı́čnı́ch údolı́ch korelovány s dvěma
komplexnı́mi gradienty proměnných prostředı́: vlhkost–živiny–půdnı́ reakce a světlo–
teplota–kontinentalita. Přı́má ordinačnı́ analýza ukázala, že půdnı́ faktory lépe korelujı́
s druhovým složenı́m vegetace než geomorfologie terénu, přičemž dohromady obě tyto
skupiny proměnných vysvětlily 18.8-21.6% celkové variability v druhovém složenı́ veg-
etace. Ačkoliv některé půdnı́ a geomorfologické proměnné těsně korelujı́, množstvı́
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variability vysvětlené sdı́leným vlivem obou skupin nenı́ přı́liš vysoké (3.9-5.2%), což
znamená, že každá skupina proměnných ovlivňuje vegetaci poněkud jiným způsobem.
Nejlepšı́ (nejvı́ce parsimonnı́) model CCA pro údolı́ Vltavy vysvětluje druhové složenı́
vegetace pomocı́ následujı́cı́ch faktorů: orientace svahu, půdnı́ pH, přı́tomnost fluvizemě
a hloubka půdy; pro údolı́ Dyje vypadá model podobně, jen faktor hloubka půdy je
nahrazen přı́tomnostı́ kambizemě. ,,Moving windows CCA” ukázala, že orientace svahu
má na vegetaci vliv nejvı́ce ve střednı́ části údolnı́ho svahu a nejméně při bázi svahu.
Výsledky všech analýz ukazujı́ výraznou shodu ve vztazı́ch mezi vegetacı́ a prostředı́m
v obou řı́čnı́ch údolı́ch, což naznačuje možnosti zobecněnı́ popsaných vztahů i na dalšı́
hluboká řı́čnı́ údolı́ Českého masivu.

Studie č. 2: Modelovánı́ druhové bohatosti rostlin v topograficky kom-
plexnı́ krajině hlubokých řı́čnı́ch údolı́ Českého masivu

Cı́lem této studie je popsat prostorové rozmı́stěnı́ druhové bohatosti rostlin v hlubokých
řı́čnı́ch údolı́ch a modelovat vztah druhové bohatosti k ekologickým (topografickým
a půdnı́m) proměnným prostředı́. Zároveň byla provedena analýza srovnávajı́cı́ vztah
mezi počtem druhů na jednotlivých plochách (lokálnı́ druhovou bohatostı́) a odhadem
velikosti species pool pro jednotlivé typy stanovišť. Pro účely této studie byly použity
data z transektů vedených napřı́č údolı́mi Vltavy a Dyje. Vztah mezi druhovou bo-
hatostı́ vs. prostorovými nebo ekologickými vysvětlujı́cı́mi proměnnými byl modelován
zobecněnými lineárnı́mi modely (GLM); jednotlivé modely byly budovány postupným
výběrem proměnných na základě Akaikeho informačnı́ho kritéria (AIC). Z prostorových
proměnných je nejlepšı́ relativnı́ výška řekou, a to ve formě polynomu druhého řádu;
druhou nejlepšı́ proměnnou je orientace svahu. Druhově nejbohatšı́ plochy se tedy v
rámci údolı́ vyskytujı́ při bázi údolnı́ch svahů a na jižně (Dyje) respektive západně
(Vltava) orientovaných hornı́ch hranách svahů. V modelech zahrnujı́cı́ch ekologické
proměnné vysvětlilo v přı́padě Vltavy nejvı́ce variability půdnı́ pH (47,4% celkové vari-
ability), zatı́mco na Dyji se pH chovalo jako velmi slabý prediktor (samo o sobě vysvětlilo
7,7% celkové variability). Pokud se půdnı́ pH do modelů nezahrnulo, výběr proměnných
byl u obou údolı́ do určité mı́ry podobný (přı́tomnost fluvizemı́ a tepelný požitek plochy).
Rozdı́lné chovánı́ druhové bohatosti ve vztahu k půdnı́mu pH může souviset s tı́m,
že půdy na Vltavě jsou (zřejmě vzhledem k vyššı́ nadmořské výšce) obecně kyselejšı́,
přičemž toxicita kyselých půd se obecně projevuje při pH < 4,5 (na Vltavě má nižšı́ pH
vı́ce než polovina ploch, na Dyji méně než třetina). Možným vysvětlenı́m by mohl být
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ale i rozdı́l ve species pool jednotlivých oblastı́: zatı́mco species pool Vltavy zahrnuje
hlavně Hercynské druhy, species pool Dyje je dı́ky geografické pozici na rozhrannı́
Panonské a Hercynské oblasti nasycen Panonskými druhy s kontinentálnı́ tendencı́. Porovnánı́
druhové bohatosti a velikosti species pool ukázalo, že až na výjimky (dubohabřiny)
platı́ pozitivnı́ vztah mezi lokálnı́ druhovou bohatostı́ jednotlivých stanovištnı́ch typů
a odhadovanou velikostı́ jejich species pool. Korelace druhové bohatosti a Ellenber-
gových indikačnı́ch hodnot potvrdila rozdı́l mezi Vltavou a Dyjı́ – zatı́mco na Vltavě je
druhová bohatost nejsilněji korelována s půdnı́ reakcı́, na Dyji je nejlépe korelovaná s
kontinentalitou. Fytogenografické rozdı́ly mezi flórami obou údolı́ mohou tedy překrýt
lokálnı́ efekty těch ekologických faktorů, které majı́ obvykle zásadnı́ vliv na druhovou
bohatost (např. půdnı́ pH).

Studie č. 3: Jsou změny v druhové bohatosti podél gradientu topogra-
fické heterogenity výsledkem prostorového mass efektu nebo posunu
ekologických podmı́nek stanoviště?

Topografická heterogenita krajiny může mı́t přı́mý vliv na lokálnı́ druhovou bohatost jed-
notlivých vegetačnı́ch typů. Jednı́m z důsledků vysoké topografické heterogenity krajiny
je nahloučenı́ rozdı́lných stanovišť v těsné blı́zkosti. Výsledkem může být vyššı́ mi-
grace rostlinných druhů mezi těmito stanovišti v rámci tzv. dynamiky propadu a zdroje:
stabilnı́ populace druhu na optimálnı́m (zdrojovém) stanovišti může dı́ky mass-efektu
podporovat existenci nestabilnı́ch, přechodných populacı́ na (propadových) stanovištı́ch,
na kterých by druh dı́ky nepřı́hodným ekologickým podmı́nkám nebyl bez neustálého
přı́sunu diaspor z okolı́ růst. Definujme si mikrolokalitu analogicky fytocenologickému
snı́mku jako výsek vegetace daného biotopu o konstantnı́ ploše. Mikrolokality v het-
erogennı́ krajině, kde jsou obklopené mozaikou různých biotopů coby potenciálnı́ch
zdrojů diaspor, by mohly být dı́ky tomuto procesu druhově bohatšı́ než mikrolokality
analogického biotopu v krajině homogennı́. Opačný vliv na druhovou bohatost může mı́t
jiný důsledek krajinné heterogenity, a tı́m je vysoká fragmentace jednotlivých biotopů.
Teorie ostrovnı́ biogeografie předpokládá, že čı́m je daný fragment biotopu menšı́ a
izolovanějšı́, tı́m menšı́ počet druhů se na něm bude vyskytovat. Celková nı́zká druhová
bohatost daného fragmentu může negativně ovlivňovat i lokálnı́ druhovou bohatost jed-
notlivých mikrolokalit. V našı́ studii jsme použili rozsáhlý datový soubor, obsahujı́cı́ch
2551 fytocenologických snı́mků z České národnı́ fytocenologické databáze, který zahrnuje
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vegetaci různých lesnı́ch typů na gradientu topografické heterogenity krajiny, který je
důsledkem výskytu hlubokých řı́čnı́ch údolı́ v jinak poměrně málo heterogennı́ krajině
Českého masivu. Použily jsme statistickou analýzu, která umožnila popsat v rámci
úzce vymezených relativně homogennı́ch vegetačnı́ch typů vztah mezi druhovou bo-
hatostı́ jednotlivých mikrolokalit (fytocenologických snı́mků) a topografickou hetero-
genitou okolnı́ krajiny. Ukázalo se, že vztah mezi diverzitou a heterogenitou se lišı́
podle produktivity daného vegetačnı́ho typu: oligotrofnı́ vegetačnı́ typy (teplomilné a
acidofilnı́ doubravy) majı́ v heterogennı́ krajině systematicky vyššı́ druhovou bohatost
než v krajinně homogennı́, zatı́mco pro eutrofnı́ vegetačnı́ typy platı́ (až na výjimky)
pravý opak. Zároveň s analýzou druhové bohatosti jsme se zaměřili i na poměr mezi
stanovištnı́mi generalisty a specialisty v jednotlivých vegetačnı́ch typech. Publikované
teoretické studie předpokládajı́, že vliv mass efektu je vyššı́ u vegetace s vyššı́ proporcı́
generalistů, kteřı́ majı́ většı́ schopnost migrovat mezi stanovišti coby důsledek dynamiky
zdroje a propadu. Naše výsledky ukazujı́, že vegetačnı́ typy, které jsou v heterogennı́
krajině druhově bohatšı́, majı́ zároveň vyššı́ proporci stanovištnı́ch generalistů, což je v
souladu s výše zmı́něným předpokladem teoretických studiı́. Homogennı́ vegetačnı́ typy,
v jejichž rámci byly jednotlivé analýzy prováděny, byly definovány jako skupiny snı́mků
shloučených na základě jejich podobnosti v druhovém složenı́, což garantuje podob-
nost v ekologických parametrech stanovišť jednotlivých snı́mků. I přes to se ale může
stát, že v rámci této skupiny se budou stanovištnı́ parametry jednotlivých mikrolikalit
lišit, a pokud budou tyto rozdı́ly podél gradientu topografické heterogenity systemat-
ické, mohou mı́t samy o sobě za následek rozdı́ly v jejich druhové bohatosti. Analýza
dvou proměnných prostředı́, půdnı́ reakce a produktivity (odhadované pomocı́ Ellen-
bergových indikačnı́ch hodnot), ukázala, že podobné systematické trendy se v datech
skutečně vyskytujı́: půdnı́ reakce je u téměř všech vegetačnı́ch typů systematicky vyššı́
v heterogennı́ než v homogennı́ krajině. Naopak v přı́padě produktivity se dané trendy
lišı́ podle úživnosti stanoviště, a to tak, že jednotlivé vegetačnı́ typy se směrem do hetero-
gennı́ krajiny stávajı́ extrémnějšı́mi: oligotrofnı́ typy jsou ještě chudšı́, mezotrofnı́ a eu-
trofnı́ typy se naopak směrem do heterogennı́ krajiny stávajı́ ještě úživnějšı́mi. Po propo-
jenı́ pozorovaných rozdı́lů v ekologických podmı́nkách stanoviště se znalostı́ obecných
vztahů mezi druhovou bohatostı́ a pH (pozitivnı́) a druhovou bohatostı́ a produktivitou
(unimodálnı́) se ukazuje, že odhalené trendy v druhové bohatosti podél gradientu to-
pografické heterogenity je možné vysvětlit těmito rozdı́ly v ekologických podmı́nách
stanoviště docela dobře vysvětlit. Existujı́ tedy dva alternativnı́ soubory hypotéz, které
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by mohly podat vysvětlenı́ rozdı́lů v druhové bohatosti mikrolokality zasazené do kon-
textu topograficky heterogennı́ a homogennı́ krajiny.

Studie č. 4: Mı́ra stanovištnı́ specializace druhu stanovená na základě
společného výskytu druhů ve velkých datových souborech je ovlivně-
na velikostı́ species pool: reakce na článek Fridley et al. 2007

Tato metodická studie vznikla při práci na předchozı́ studii (č. 3) a zabývá se korekcı́
metody stanovenı́ mı́ry stanovištnı́ specializace druhu na základě dat z rozsáhlých veg-
etačnı́ch databázı́. Fridley et al. (2008) vytvořily efektivnı́ metodu, která umožňuje
stanovit mı́ru, do jaké se daný druh chová jako stanovištnı́ generalista nebo specialista.
Metoda je založená na myšlence, že pokud se vegetace různých lokalit, na kterých se
druh vyskytuje, navzájem výrazně lišı́, druh je spı́še stanovištnı́ generalista, tolerujı́cı́
širšı́ spektrum ekologických podmı́nek. Naopak pokud se druh na různých lokalitách
vyskytuje ve vegetaci stále se opakujı́cı́ho druhového složenı́, bude se jednat o stano-
vištnı́ho specialisty s úzkou ekologickou nikou. Tradičnı́ nevýhodou různých způsobů
měřenı́ šı́řky druhové niky je nutnost vybrat ekologický gradient, ke kterému se bude
šı́řka niky vztahovat; nenı́ ale zároveň snadné objektivně rozhodnout, podél kterého gra-
dientu a proč by se druhová nika měla měřit. Velkou výhodou navržené metody je fakt,
že je bezrozměrná a nevztahuje se přı́mo k žádnému z ekologických gradientů. Infor-
maci o společném výskytu druhů na různých lokalitách je možné zı́skat z rozsáhlých
vegetačnı́ch databázı́, které jsou dnes často k dispozici, a výsledná mı́ra, označovaná jako
theta (θ), přı́mo odrážı́ beta diverzitu druhového složenı́ snı́mků obsahujı́cı́ch daný druh.
Autoři otestovali robustnost nové metody simulačnı́m modelem a následně ji použily
v přı́padové studii, kde vztáhli mı́ru stanovištnı́ specializace druhů s jejich vybranými
funkčnı́mi vlastnostmi.

Při práci s touto mı́rou stanovištnı́ specializace jsem došel k závěru, že metoda tak,
jak ji byla původně navržena, podává zkreslený odhad reálné mı́ry stanovištnı́ special-
izace druhu. Upravené simulačnı́ modely ukazujı́, že vypočtené hodnoty specializace
jsou ovlivněné velikostı́ species poolu vegetačnı́ch typů, ve kterých se daný druh vysky-
tuje. Pokud má druh v modelu úzkou ekologickou niku, ale vyskytuje se ve vegetaci
která má velký species pool, výsledkem bude nadhodnocenı́ simulované šı́řky niky to-
hoto druhu. Naopak, u druhů z vegetačnı́ch typů majı́cı́ch malý species pool tomu bude
naopak. Vedle simulačnı́ho modelu ukazuje tento artefakt i analýza založená na reálných
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datech: na základě datového souboru 43807 fytocenologických snı́mků z České národnı́
fytocenologické databáze jsem spočı́tal mı́ru specializace (θ) pro 705 druhů, a tyto hod-
noty byly následně dány do souvislosti s Ellenbergovými indikačnı́mi hodnotami pro
tyto druhy. Ukázalo se, že druhy v těch kategoriı́ch jednotlivých Ellenbergových hod-
not, které zahrnujı́ většı́ množstvı́ druhů (většı́ species pool), majı́ na základě výpočtu
mı́ry stanovištnı́ specializace širšı́ niku než druhy z kategoriı́ s malým počtem druhů.
Teoretický rozbor ukázal, že podstatou problému je použitı́ aditivnı́ mı́ry beta diverzity.
Jejı́ nahrazenı́ multiplikativnı́ mı́rou, jako je Whittakerova beta diverzita, závislost na
velikosti species pool odstraňuje. I po zabudovánı́ navržené korekce do výpočetnı́ho al-
goritmu je daná metoda schopná odhadovat mı́ru druhové specializace jen v přı́padě ne-
saturovaných společenstev, které majı́ lineárnı́ vztah mezi lokálnı́ a regionálnı́ druhovou
bohatostı́; empirické studie však ukazujı́, že nesaturovaná společenstva se v přı́rodě
vyskytujı́ nejčastěji.

Obecné závěry

Odpovědi na jednotlivé otázky formulované v úvodu je možné shrnout do několika bodů:

1. vztah mezi druhovým složenı́m vegetace a faktory prostředı́:

(a) vegetace v hlubokých řı́čnı́ch údolı́ch je strukturovaná podél dvou hlavnı́ch
komplexnı́ch gradientů: gradientu vlhkosti-živin-pH a světla-teploty-konti-
nentality, přičemž prvnı́ z těchto gradientů odpovı́dá výšce nad řekou a druhý
orientaci svahu;

(b) vliv orientace svahu na složenı́ vegetace je nejvyššı́ ve střednı́ části údolnı́ho
svahu, naopak nejnižšı́ na zastı́něné bázi svahu;

(c) mezi důležité topografické proměnné ovlivňujı́cı́ složenı́ vegetace patřı́ vedle
výšky nad řekou a orientace i svažitost a tvar plochy po svážnici; naopak
mezi důležité půdnı́ faktory patřı́ výskyt fluvizemě, kambizemě a suťových
půd, hloubka půdy a půdnı́ pH;

2. vztah mezi lokálnı́ druhovou bohatostı́ a faktory prostředı́:

(a) nejvyššı́ druhová bohatost v rámci řı́čnı́ch údolı́ je soustředěna při bázi údol-
nı́ch svahů a na jižně resp. západně orientovaných hornı́ch údolnı́ch hranách;
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(b) půdnı́ pH je silným prediktorem druhové bohatosti, ale pouze v přı́padě údolı́
Vltavy, kde převažujı́ kyselejšı́ půdy s hodnotami pH ¡ 4.5; v údolı́ Dyje,
které má (zřejmě dı́ky nižšı́ nadmořské výšce) bazičtějšı́ půdy, je vliv pH na
druhovou bohatost malý;

(c) výrazným faktorem korelovaným s vysokou druhovou bohatostı́ je v přı́padě
Dyje kontinentalita, což je zřejmě důsledkem vyššı́ho podı́lu kontinentálně
laděných druhů ve species pool údolı́ Dyje dı́ky jeho geografické poloze na
rozhrannı́ Hercynské a Pannonské fytogeografické oblasti;

(d) lokálnı́ druhová bohatost je pozitivně korelovaná s velikostı́ species pool pro
jednotlivé stanovištnı́ typy (s výjimkou dubohabřin), což ukazuje na to, že
odhad velikosti species pool pro jednotlivá stanoviště může být sám o sobě
dobrým prediktorem lokálnı́ druhové bohatosti;

3. vztah mezi topografickou heterogenitou krajiny a lokálnı́ druhovou bohatostı́ jed-
notlivých vegetačnı́ch typů:

(a) obecně platı́, že živinami chudé vegetačnı́ typy jsou v topograficky het-
erogennı́ krajině druhově bohatšı́ než v topograficky homogennı́ krajině,
zatı́mco u živinami bohatšı́ch vegetačnı́ch typů je tomu naopak;

(b) živinami chudé vegetačnı́ typy (doubravy) majı́ zároveň vysoké zastoupenı́
stanovištnı́ch generalistů, což naznačuje, že jejich vyššı́ druhová bohatost
v heterogennı́ krajině může být důsledkem zvýšené role prostorového mass
efektu v heterogennı́ krajině (ten způsobuje, že druhová bohatost na daném
mikrostanovišti je zvyšována přı́tomnostı́ druhů z okolnı́ch, ekologicky od-
lišných stanovišť, přičemž přetrvánı́ těchto druhů na daném mikrostanovišti
je možné jen dı́ky intenzivnı́mu přı́sunu diaspor tohoto druhu z okolı́);

(c) zároveň ale platı́, že stanoviště daných vegetačnı́ch typů se od sebe v het-
erogennı́ a homogennı́ krajině lišı́ některými ekologickými parametry, které
samy o sobě mohou vysvětlit popsané rozdı́ly v druhové bohatosti: stano-
viště v heterogennı́ krajině majı́ obecně vyššı́ půdnı́ reakci (platı́ pro téměř
všechny vegetačnı́ typy) a také vyššı́ produktivitu (platı́ pro živinami bohaté
stanoviště).
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Work experience:

2001: participation on the project “The influence of management changes and atmo-
spheric deposition on the ecosystem quality in mountainous areas” – collection and
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Veselá I., Zelený D., Li C.-F. & Chytrý M. (2008): Bioassay experiment for assessment
of site productivity in oak forests. (European Vegetation Survey, 17th Workshop,
Brno (Czech Republic), May 1–5 2008, poster presentation held by I. Veselá).
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