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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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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
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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 Kohler 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 &
Sykora 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 & ElI-
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. Novak
& Konvicka 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, Chytry & Rafajovd 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 Lijer
(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 (Kopecky 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 (Kopecky 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 (Blazkova 1964; Jenik & Slavikova 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.

References

Akaike, H. (1973) Information theory as an extension of the maximum likelihood principle. Sec-
ond International Symposium on Information Theory (eds B. N. Petrov & F. Csaki), pp. 267-
281. Akadémiai Kiado, Budapest.

Austin, M.P. & Smith, T.M. (1989) A new model for the continuum concept. Vegetatio, 83, 35-47.

Blazkova, D. (1964) Rozc¢lenéni vegetace na tdolnich svazich v oblasti Orlické nadrze [Pattern
of distribution of plant communities in the area of Orlik reservoir]. Vegetacni problémy pri
budovdni vodnich dél [Vegetation issues related to the construction of water reservoirs] (ed J.
Jenik), pp. 21-37. NCSAV, Praha.

Bray, J.R. & Curtis, J.T. (1957) An ordination of the upland forest communities of southern Wis-
consin. Ecological Monographs, 27, 325-349.

Breiman, L., Friedman, J.H., Olshen, R.A. & Stone, C.J. (1984) Classification and regression
trees. Wadsworth International Group, Belmont.

Burnett, M.R., August, P.V., Brown, J.H. & Killingbeck K.T. (1998) The influence of geomorpho-
logical heterogeneity on biodiversity. I. A patch-scale perspective. Conservation Biology, 12,
363-370.

Burnham, K.P. & Anderson, D.R. (2002) Model Selection and Multimodel Inference. A Practical
Information-Theoretic Approach. 2nd edition. Springer, USA.

Cantero, J.J., Pirtel, M. & Zobel, M. (1999) Is species richness dependent on the neighbouring
stands? An analysis of the community patterns in mountain grasslands of central Argentina.
Oikos, 87, 346-354.

Chytry, M. & Rafajova, M. (2003) Czech National Phytosociological Database: basic statistics of
the available vegetation-plot data. Preslia, 75, 1-15.

De’ath, G. (1999) Extended dissimilarity: a method of robust estimation of ecological distances
from high beta diversity data. Plant Ecology, 144, 191-199.

Dias, P.C. (1996) Sources and sink in population biology. Trends in Ecology & Evolution, 11,
326-330.



General introduction 9

Diekmann, M. (2003) Species indicator values as an important tool in applied plant ecology — a
review. Basic and Applied Ecology, 4, 493-506.

Dufour, A., Gadallah, F., Wagner, H.H., Guisan, A. & Buttler, A. (2006) Plant species richness
and environmental heterogeneity in a mountain landscape: effects of variability and spatial
configuration. Ecography, 29, 573-584.

Ellenberg, H., Weber, H.E., Diill, R., Wirth, V., Werner, W. & Paulifien, D. (1992) Zeigerwerte
von Pflanzen in Mitteleuropa. Scripta Geobotanica, 18, 1-258.

Elton, C.S. (1958) The Ecology of Invasions by Animals and Plants. Methuen, London.

Freestone, A.L. & Harrison, S. (2006) Regional enrichment of local assemblages is robust to
variation in local productivity, abiotic gradients, and heterogeneity. Ecology Letters, 9, 95—
102.

Fridley, J.D., Vandermast, D.B., Kuppinger, D.M., Manthey, M. & Peet, R.K. (2007) Co-occur-
rence based assessment of habitat generalists and specialists: a new approach for the measure-
ment of niche width. Journal of Ecology, 95, 707-722.

Gabriel, D., Thies, C. & Tscharntke, T. (2005) Local diversity of arable weeds increases with
landscape complexity. Perspectives in Plant Ecology, Evolution and Systematics, 7, 85-93.

Grime, J.P. (1979) Plant strategies and vegetation processes. Wiley.

Hastie, T. & Tibshirani, R. (1990) Generalized Additive Models. Chapman and Hall, London.

Hirst, C.N. & Jackson, D.A. (2007) Reconstructing community relationships: the impact of sam-
pling error, ordination approach, and gradient length. Diversity and Distributions, 13, 361—
371.

Huston, M.A. (1994) Biological Diversity: the Coexistence of Species in Changing Landscapes.
Cambridge University Press, Cambridge, UK.

Ives, A.R. (2005) Community diversity and stability: changing perspectives and changing defi-
nitions. Ecological paradigms lost: routes of theory changes. (eds K. Cuddington & B.E.
Beisner). Elsevier Academic Press, USA.

Jenik, J. & Slavikov4, J. (1964) Stfedn{ Vltava a jeji prehrady z hlediska geobotanického [Middle
tracts of the Vltava river and its dams from geobotanical aspects]. Vegetacni problémy pri
budovdni vodnich dél [Vegetation issues related to the construction of water reservoirs] (ed J.
Jenik), pp. 67-100. NCSAV, Praha.

Kohler, B., Ryser, P., Giisewell, S. & Gigon A. (2001) Nutrient availability and limitation in
traditionally mown and in abandoned limestone grasslands: a bioassay experiment. Plant and
Soil, 230, 323-332.

Kopecky, A. (1996) The part played by denudation in forming the relief of the Bohemian Massif.
Seismicity, neotectonics and recent dynamics with special regard to the Territory of Czech
Republic (eds A. Kopecky, L. Loyda & P. Vyskogil), pp. 55-75. VUGTK, Zdiby.

Kumar, S., Stohlgren ,T.J. & Chong, W. (2006) Spatial heterogeneity influences native and nonna-



10 General introduction

tive plant species richness. Ecology, 87, 3186-3199.

Lijer, K. (2007) Statistical tests as inappropriate tools for data analysis performed on non-random
samples of plant communities. Folia Geobotanica, 42, 115-122.

Levin, S.A. (1992) The problem of pattern and scale in Ecology: the Robert H. MacArthur Award
lecture. Ecology, 73, 1943-1967.

Lundholm, J.T. & Larson, D.W. (2003) Relationships between spatial environmental heterogeneity
and plant species diversity on a limestone pavement. Ecography, 26, 715-722.

MacArthur, R.H. (1955) Fluctuations of animal populations and a measure of community stability.
Ecology, 36, 533-536.

Mayer, P, Fischer, A. & Clemens, A. (2005) Environmental controls on plant species richness
at different levels of spatial scale in a mountainous mixed forest. New Research on Forest
Ecosystems (ed by A.R. Burk), pp. 75-92. Nova Publishers.

McCullagh, P. & Nelder, P. (1989) Generalized Linear Models. Chapman and Hall, London, UK.

Minchin, P.R. (1987) An evaluation of the relative robustness of techniques for ecological ordina-
tion. Vegetatio, 69, 89—107.

Mueller-Dombois, D. & Ellenberg, H. (1974) Aims and Methods of Vegetation Ecology. Wiley,
New York.

Naiman, R.J., Decamps, H. &, Pollock, M. (1993) The role of riparian corridors in maintaining
regional biodiversity. Ecological Applications, 3, 209-212.

Noviék, J. & Konvicka, M. (2006) Proximity of valuable habitats affects succession patterns in
abandoned quarries. Ecological Engineering, 26, 113—122.

Oksanen, J. & Minchin, P.R. (2002) Continuum theory revisited: what shape are species responses
along environmental gradients? Ecological Modelling, 157, 119-129.

Oksanen, J., Kindt, R., Legendre, P. & O’Hara, R.B. (2006) Vegan: community ecology package
version 1.6-10. http://cran.r—project.org/.

Palmer, M.W. (2004) Variation in species richness — towards a unification of hypotheses. Folia
Geobotanica & Phytotaxonomica, 29, 511-530.

Pollock, M.M., Naiman R.J. & Hanley T.A. (1999) Plant species richness in riparian wetlands — a
test of biodiversity theory. Ecology, 79, 94—-105.

Pullian, H.R. (1988) Sources, sinks and population regulation. American Naturalist, 132, 652—
661.

R Development Core Team (2008) R: a language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. Available online at http://www.R-
project.org.

Ricklefs, R.E. (1977) Environmental heterogeneity and plant species diversity: a hypothesis.
American Naturalist, 111, 376-381.

Roberts, D.W. (2008) Statistical analysis of multidimensional fuzzy set ordinations. Ecology, 89,



General introduction 11

1246-1260.

Sarr, D.A., Hibbs, D.E. & Huston, M.A. (2005) A hierarchical perspective of plant diversity. The
Quarterly Review of Biology, 80, 187-212.

Schaffers, A. P. & Sykora, K. V. (2000) Reliability of Ellenberg indicator values for moisture,
nitrogen and soil reaction: a comparison with field measurements. Journal of Vegetation
Science, 11, 225-244.

Shmida, A.& Ellner S. (1984) Coexistence of plant species with similar niches. Vegetatio, 58,
29-55.

Tayler, G. (2003) Some ecophysiological and historical approaches to species richness and calci-
cole/calcifuge behavior — contribution to a debate. Folia Geobotanica, 38, 419-428.

Tilman, D. (1982) Resource Competition and Community Structure. Princeton Univ. Press.

Tilman, D. (1994) Competition and biodiversity in spatially structured habitats. Ecology, 75, 2—-16.

Van Duren, I.C. & Pegtel, D.M. (2000) Nutrient limitation in wet, drained and rewetted fen mead-
ows: evaluation of methods and results. Plant Soil, 220, 35-47.

Vivian-Smith, G. (1997) Microtopographic heterogeneity and floristic diversity in experimental
wetland communities. Journal of Ecology, 85, 71-82.

Wesche, K., Nadrowski, K. & Retzer, V. (2007) Habitat engineering under dry conditions: The
impact of pikas (Ochotona pallasi) on vegetation and site conditions in southern Mongolian
steppes. Journal of Vegetation Science, 18, 665-674.

Whittaker, R.H. (1956) Vegetation of the Great Smoky Mountains. Ecological Monographs, 26,
1-80.

Wiens, J.A. (1976) Population responses to patchy environments. Annual Review of Ecology and
Systematics, 7, 81-120.

Zobel, M., van der Maarel, E. & Dupré, C. (1997) Species pool: the concept, its determination

and significance for community restoration. Applied Vegetation Science, 1, 55-66.



12

General introduction




13

Paper 1

Environmental control of the vegetation pattern in deep

river valleys of the Bohemian Massif

David Zeleny!+? & Milan Chytry*

Y Department of Botany and Zoology, Masaryk University, Kotldiskd 2, CZ-611 37 Brno, Czech
Republic,

2 Department of Botany, Faculty of Science, University of South Bohemia, BraniSovskd 31, CZ-
370 05 Ceské Bud&jovice, Czech Republic.

Preslia, 79 (2007), 205-222



reduced version for web presentation



river valleys of the Bohemian Massif

David Zeleny & Milan Chytry

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 Zeleny & Milan Chytry

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 Zeleny, Ching-Feng Li & Milan Chytry

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 Zeleny

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 (6 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. lintroduced 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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(d)

of drier and warmer climate due to lower elevation), the effect of soil pH on

species richness is negligible;

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;

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)

(b)

(©)

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

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;

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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Diverzita vegetace v hlubokych ¥i¢nich ddolich Ceského

masivu.

Pro hluboka ostie zafiznutd fi¢ni ddoli, kterd jsou od okolnich mélce zvinénych pa-
horkatin odd€lend ostrou ddolni hranou, se v Ceské vegetacni a krajinné ekologické li-
teratufe ujal termin ,,fi¢ni fenomén” (Jenik & Slavikova 1964; Blazkova 1964). Ten je
souhrnem nasledujicich abiotickych a biotickych charakteristik: (1) rizné strmé ddolni
svahy s vypreparovanymi geologickymi odkryvy dédvaji vyniknout fyzikdlnim a chemic-
kym vlastnostem mate¢né horniny, kterd je mimo ddoli Casto pfekryta nékolikametro-
vym zvétralinovym plastém; (2) zaklesnuté meandry maji za nasledek stfidani svahi
riznych orientaci, s prudkymi mikroklimatickymi kontrasty mezi chladnymi severnimi
a vyslunnymi jiZznimi svahy; (3) pfevazujici ,,V” tvar fi¢nich idoli ma vliv na usmérnéni
vzdu$ného proudéni a vytvafeni charakteristickych teplotnich inverzi; (4) tidoli funguje
jako migraéni cesta, umoznujici migraci nelesnich spoleCenstev a teplomilnych druht
z nizin do vys§ich nadmorskych vysSek a naopak sestup horskych prvki do niZin; (5)
tdoli plnily funkci refugii pro druhy v klimaticky nepfiznivych obdobich; a (6) nékteré
useky hlubokych ddoli si diky Spatné pfistupnosti zachovaly vegetaci mélo ovlivnénou
lidskymi zasahy. Shrnuto dohromady, hluboka fi¢n{ udoli pfedstavuji krajinny utvar s
pestrou mozaikou vegetaCnich typt, kterd vznikla pod vlivem nékolika vyraznych eko-
logickych gradienti a diky tomu je zajimavym modelovym objektem pro studium vztaht
mezi vegetaci a faktory prostiedi.

Cilem této prace je nahlédnout vegetaci hlubokych fi¢nich tidoli ze dvou hledisek: z
lokalniho hlediska, zabyvajiciho se popisem ekologickych vazeb a prostorového uspo-

fadani vegetace a druhové bohatosti v ramci udoli, a z krajinného hlediska, hledajiciho



32 Cesky souhrn

souvislost mezi druhovou bohatosti a gradientem topografické heterogenity, a to srov-
nanim druhové bohatosti jednotlivych vegetacnich typt v ramci idoli a mimo né. Dil¢{
studie hledaji odpovédi na nasledujici otazky:

1. Jaky je vztah mezi druhovym sloZenim vegetace a faktory prostfedi v rdmci hlu-
bokych Fi¢nich idoli?

2. Které prostorové a ekologické proménné nejlépe vysvétluji rozloZeni diverzity
rostlin v rdmci ddoli a jak je tento vztah ovlivnén velikosti a vlastnostmi species
pool?

3. Jaky je vliv topografické heterogenity krajiny na lokdlni druhovou bohatost jed-
notlivych vegeta¢nich typu a které procesy mohou byt za tento vztah zodpovédné?

Studie ¢. 1: Vliv faktora prostiedi na vegetaci hlubokych Fi¢nich
tidoli Ceského masivu

Cilem této studie je kvantitativni popis faktord prostfedi, které zasadnim zptisobem
ovliviiuji druhové slozeni a prostorové rozmisténi vegetace v hlubokych fi¢nich tidolich
Ceského masivu s vyvinutymi projevy tzv. ,fi¢niho fenoménu”. Problematika byla
studovéna ve dvou klimaticky odlignych tzemich: wdoli Vltavy v jiznich Cechdch a
udoli Dyje na jizni Moravé. Data o vegetaci a proménnych prostfedi byla sbirdna na
transektech vedenych po spadnici ddolnich svahd z horni hrany tddoli k bazi svahu.
Vegetacni data byla analyzovdna kombinaci shlukové analyzy a nepfimé ordinace (ne-
metrického mnohorozmérného Skalovani, NMDS). Vliv geomorfologickych a pidnich
proménnych na vegetaci byl porovnavan sérii kanonickych korespondencnich analyz
(CCA) s metodou postupného vybéru vysvétlujicich proménnych zaloZenou na Akai-
keho informacnim kritériu (AIC). Pro analyzu vlivu nelinedrnich interakci mezi dvémi
proménnymi prostfedi na vegetaci byla navrZena novd metoda nazvand ,,moving win-
dow CCA”. Tato metoda ukazuje, jak se méni vysvétlujici sila jedné proménné (orien-
tace svahu) na slozeni vegetace se zménou druhé proménné (vysky nad fekou). Hlavni
sméry variability ve vegetaci jsou v hlubokych ficnich tdolich korelovany s dvéma
komplexnimi gradienty proménnych prostfedi: vlhkost—Ziviny—pidni reakce a svétlo—
teplota—kontinentalita. Pfim4 ordina¢ni analyza ukazala, Ze pidni faktory lépe koreluji
s druhovym sloZenim vegetace nez geomorfologie terénu, pficemz dohromady obé tyto
skupiny proménnych vysvétlily 18.8-21.6% celkové variability v druhovém sloZeni veg-
etace. Ackoliv nékteré pudni a geomorfologické proménné tésné koreluji, mnozstvi
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variability vysvétlené sdilenym vlivem obou skupin nenf pfili§ vysoké (3.9-5.2%), coz
znamend, 7e kazdéd skupina proménnych ovliviiuje vegetaci ponékud jinym zptisobem.
Nejlepsi (nejvice parsimonni) model CCA pro udoli Vltavy vysvétluje druhové sloZeni
vegetace pomoci nasledujicich faktori: orientace svahu, pudni pH, pfitomnost fluvizemé
a hloubka pidy; pro udoli Dyje vypada model podobné, jen faktor hloubka pudy je
nahrazen pfitomnosti kambizemé. ,,Moving windows CCA” ukézala, Ze orientace svahu
ma na vegetaci vliv nejvice ve stfedni ¢asti idolniho svahu a nejméné pii bazi svahu.
Vysledky vSech analyz ukazuji vyraznou shodu ve vztazich mezi vegetaci a prostfedim
v obou fi¢nich tdolich, coZ naznaCuje mozZnosti zobecnéni popsanych vztahi i na dals{

2 NN s s

hlubok4 fi¢ni tdoli Ceského masivu.

Studie ¢. 2: Modelovani druhové bohatosti rostlin v topograficky kom-
plexni krajiné hlubokych ¥i¢nich ddoli Ceského masivu

Cilem této studie je popsat prostorové rozmisténi druhové bohatosti rostlin v hlubokych
ficnich udolich a modelovat vztah druhové bohatosti k ekologickym (topografickym
a pidnim) proménnym prostiedi. Zaroven byla provedena analyza srovnavajici vztah
mezi poctem druhi na jednotlivych plochach (lokalni druhovou bohatost{) a odhadem
velikosti species pool pro jednotlivé typy stanovisf. Pro tdely této studie byly pouZity
data z transektti vedenych napfti¢ tdolimi Vltavy a Dyje. Vztah mezi druhovou bo-
hatosti vs. prostorovymi nebo ekologickymi vysvétlujicimi proménnymi byl modelovan
zobecnénymi linedrnimi modely (GLM); jednotlivé modely byly budovany postupnym
vybérem proménnych na zdkladé Akaikeho informacniho kritéria (AIC). Z prostorovych
proménnych je nejlepsi relativni vyska fekou, a to ve formé polynomu druhého fadu;
druhou nejlepsi proménnou je orientace svahu. Druhové nejbohatsi plochy se tedy v
ramci ddoli vyskytuji pfi bazi ddolnich svahi a na jizné€ (Dyje) respektive zdpadné
(Vltava) orientovanych hornich hranich svahi. V modelech zahrnujicich ekologické
proménné vysvétlilo v piipadé Vltavy nejvice variability ptdni pH (47,4% celkové vari-
ability), zatimco na Dyji se pH chovalo jako velmi slaby prediktor (samo o sobé vysvétlilo
7,7% celkové variability). Pokud se piidni pH do modelti nezahrnulo, vybér proménnych
byl u obou tdoli do urcité miry podobny (pfitomnost fluvizemi a tepelny poZzitek plochy).
Rozdilné chovéani druhové bohatosti ve vztahu k pidnimu pH muizZe souviset s tim,
Ze pudy na Vltavé jsou (zfejmé vzhledem k vyssi nadmoiské vysce) obecné kyselejsi,
pfi¢emz toxicita kyselych pud se obecné projevuje pfi pH < 4,5 (na Vltavé ma nizs$i pH

vice nez polovina ploch, na Dyji méné nez tetina). MoZnym vysvétlenim by mohl byt
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ale i rozdil ve species pool jednotlivych oblasti: zatimco species pool Vltavy zahrnuje
hlavné Hercynské druhy, species pool Dyje je diky geografické pozici na rozhranni
Panonské a Hercynské oblasti nasycen Panonskymi druhy s kontinentalni tendenci. Porovnani
druhové bohatosti a velikosti species pool ukdzalo, Ze aZ na vyjimky (dubohabrfiny)
plati pozitivni vztah mezi lokdlni druhovou bohatosti jednotlivych stanovistnich typi
a odhadovanou velikosti jejich species pool. Korelace druhové bohatosti a Ellenber-
govych indikaénich hodnot potvrdila rozdil mezi Vltavou a Dyji — zatimco na Vltavé je
druhova bohatost nejsilnéji korelovana s pidni reakci, na Dyji je nejlépe korelovana s
kontinentalitou. Fytogenografické rozdily mezi flérami obou tidoli mohou tedy prekryt
lokélni efekty téch ekologickych faktord, které maji obvykle zdsadni vliv na druhovou
bohatost (napt. pidni pH).

Studie ¢. 3: Jsou zmény v druhové bohatosti podél gradientu topogra-
fické heterogenity vysledkem prostorového mass efektu nebo posunu
ekologickych podminek stanovisté?

Topografickd heterogenita krajiny miZe mit pfimy vliv na lokaln{ druhovou bohatost jed-
notlivych vegetacnich typt. Jednim z disledkt vysoké topografické heterogenity krajiny
je nahloudeni rozdilnych stanovisi v t&sné blizkosti. Vysledkem miZe byt vys§i mi-
grace rostlinnych druhd mezi t€mito stanovisti v ramci tzv. dynamiky propadu a zdroje:
stabilni populace druhu na optimdlnim (zdrojovém) stanovisti miZe diky mass-efektu
podporovat existenci nestabilnich, pfechodnych populaci na (propadovych) stanovistich,
na kterych by druh diky nepithodnym ekologickym podminkdm nebyl bez neustilého
piisunu diaspor z okoli rist. Definujme si mikrolokalitu analogicky fytocenologickému
snimku jako vysek vegetace daného biotopu o konstantni ploSe. Mikrolokality v het-
erogenni krajing, kde jsou obklopené mozaikou rtznych biotopt coby potencidlnich
zdroja diaspor, by mohly byt diky tomuto procesu druhové bohatsi nez mikrolokality
analogického biotopu v krajiné homogenni. Opacny vliv na druhovou bohatost miiZze mit
jiny dtsledek krajinné heterogenity, a tim je vysoka fragmentace jednotlivych biotopu.
Teorie ostrovni biogeografie pfedpokladd, Ze ¢im je dany fragment biotopu mensi a
bohatost daného fragmentu miiZe negativné ovliviiovat i lokdlni druhovou bohatost jed-
notlivych mikrolokalit. V nasf studii jsme pouZili rozsahly datovy soubor, obsahujicich

2551 fytocenologickych snimki z Ceské narodni fytocenologické databaze, ktery zahrnuje
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vegetaci riznych lesnich typt na gradientu topografické heterogenity krajiny, ktery je
disledkem vyskytu hlubokych fi¢nich tddoli v jinak pomérné malo heterogenni krajiné
Ceského masivu. PouZily jsme statistickou analyzu, kterd umozZnila popsat v rdmci
uzce vymezenych relativné homogennich vegetaCnich typt vztah mezi druhovou bo-
hatosti jednotlivych mikrolokalit (fytocenologickych snimki) a topografickou hetero-
genitou okolni krajiny. Ukdzalo se, Ze vztah mezi diverzitou a heterogenitou se 1isi
podle produktivity daného vegetacniho typu: oligotrofni vegetacni typy (teplomilné a
acidofilni doubravy) maji v heterogenni krajiné systematicky vyssi druhovou bohatost
nez v krajinné homogenni, zatimco pro eutrofni vegetacni typy plati (aZ na vyjimky)
pravy opak. Zaroven s analyzou druhové bohatosti jsme se zaméfili i na pomér mezi
stanoviStnimi generalisty a specialisty v jednotlivych vegetacnich typech. Publikované
teoretické studie predpokladaji, Ze vliv mass efektu je vySsi u vegetace s vySsi proporci
generalistt, ktefi maji vétsi schopnost migrovat mezi stanovisti coby disledek dynamiky
zdroje a propadu. NaSe vysledky ukazuji, Ze vegetacni typy, které jsou v heterogenni
krajin€ druhové bohatsi, maji zaroven vyss§i proporci stanovi$tnich generalisti, coZ je v
souladu s vySe zminénym predpokladem teoretickych studii. Homogenni vegetacni typy,
v jejichz ramci byly jednotlivé analyzy provadény, byly definovany jako skupiny snimki
shloucenych na zdkladé€ jejich podobnosti v druhovém sloZeni, coz garantuje podob-
nost v ekologickych parametrech stanovisi jednotlivych snimkd. I pies to se ale mize
stat, Ze v rdmci této skupiny se budou stanovistni parametry jednotlivych mikrolikalit
lisit, a pokud budou tyto rozdily podél gradientu topografické heterogenity systemat-
ické, mohou mit samy o sobé za nasledek rozdily v jejich druhové bohatosti. Analyza
dvou proménnych prostfedi, pudni reakce a produktivity (odhadované pomoci Ellen-
bergovych indikacnich hodnot), ukdzala, Ze podobné systematické trendy se v datech
skute¢né vyskytuji: ptidni reakce je u téméf vSech vegetacnich typt systematicky vyssi
v heterogenni nezZ v homogenni krajin€. Naopak v pfipadé produktivity se dané trendy
li§1 podle Gzivnosti stanovisté, a to tak, Ze jednotlivé vegetacni typy se smérem do hetero-
genni krajiny stdvaji extrémnéj$imi: oligotrofni typy jsou jesté chudsi, mezotrofni a eu-
trofni typy se naopak smérem do heterogenni krajiny stivaji jeSté GZivnéjSimi. Po propo-
jeni pozorovanych rozdilti v ekologickych podminkach stanovisté se znalosti obecnych
vztahti mezi druhovou bohatosti a pH (pozitivni) a druhovou bohatosti a produktivitou
(unimodalni) se ukazuje, Ze odhalené trendy v druhové bohatosti podél gradientu to-
pografické heterogenity je mozné vysvétlit témito rozdily v ekologickych podmindch

stanovisté docela dobfe vysvétlit. Existuji tedy dva alternativni soubory hypotéz, které
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by mohly podat vysvétleni rozdili v druhové bohatosti mikrolokality zasazené do kon-
textu topograficky heterogenni a homogenni krajiny.

Studie ¢. 4: Mira stanovistni specializace druhu stanovena na zakladé
spole¢ného vyskytu druhu ve velkych datovych souborech je ovlivné-
na velikosti species pool: reakce na ¢lanek Fridley et al. 2007

Tato metodicka studie vznikla pfi praci na pfedchozi studii (¢. 3) a zabyva se korekci
metody stanoveni miry stanoviStni specializace druhu na zéklad€ dat z rozsahlych veg-
etacnich databazi. Fridley et al. (2008) vytvorily efektivni metodu, kterd umoziiuje
stanovit miru, do jaké se dany druh chové jako stanovistni generalista nebo specialista.
Metoda je zaloZend na myslence, Ze pokud se vegetace riznych lokalit, na kterych se
druh vyskytuje, navzajem vyrazné lisi, druh je spiSe stanovistni generalista, tolerujici
Sirsi spektrum ekologickych podminek. Naopak pokud se druh na riznych lokalitach
vyskytuje ve vegetaci stile se opakujiciho druhového sloZeni, bude se jednat o stano-
vistniho specialisty s uzkou ekologickou nikou. Tradi¢ni nevyhodou riznych zpusobu
méfeni Sifky druhové niky je nutnost vybrat ekologicky gradient, ke kterému se bude
Sitka niky vztahovat; nenf ale zaroveil snadné objektivné rozhodnout, podél kterého gra-
dientu a pro€ by se druhova nika méla méfit. Velkou vyhodou navrZzené metody je fakt,
Ze je bezrozmérna a nevztahuje se ptimo k Zaddnému z ekologickych gradientd. Infor-
maci o spole¢ném vyskytu druhti na rdznych lokalitich je mozné ziskat z rozsdhlych
vegetacnich databazi, které jsou dnes Casto k dispozici, a vyslednd mira, oznacovana jako
theta (), pfimo odrazi beta diverzitu druhového sloZeni snimku obsahujicich dany druh.
Autofi otestovali robustnost nové metody simula¢nim modelem a ndsledné ji pouZily
v piipadové studii, kde vztdhli miru stanovistni specializace druhi s jejich vybranymi
funkénimi vlastnostmi.

Pfi praci s touto mirou stanovistni specializace jsem dosel k zavéru, Ze metoda tak,
jak ji byla pivodné navrzena, podava zkresleny odhad redlné miry stanovistni special-
izace druhu. Upravené simulacni modely ukazuji, Ze vypoctené hodnoty specializace
jsou ovlivnéné velikosti species poolu vegetacnich typu, ve kterych se dany druh vysky-
tuje. Pokud ma druh v modelu tdzkou ekologickou niku, ale vyskytuje se ve vegetaci
kterd ma velky species pool, vysledkem bude nadhodnoceni simulované §itky niky to-
hoto druhu. Naopak, u druhi z vegetaCnich typd majicich maly species pool tomu bude

naopak. Vedle simula¢niho modelu ukazuje tento artefakt i analyza zaloZend na redlnych
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datech: na zdklad& datového souboru 43807 fytocenologickych snimki z Ceské nérodni
fytocenologické databdze jsem spocital miru specializace (#) pro 705 druhu, a tyto hod-
noty byly nésledné dany do souvislosti s Ellenbergovymi indika¢nimi hodnotami pro
tyto druhy. Ukézalo se, Ze druhy v téch kategoriich jednotlivych Ellenbergovych hod-
not, které zahrnuji véts{ mnoZstvi druht (vétsi species pool), maji na zdkladé vypoctu
miry stanovistni specializace $irSi niku nez druhy z kategorii s malym poctem druhd.
Teoreticky rozbor ukézal, Ze podstatou problému je pouZiti aditivni miry beta diverzity.
Jeji nahrazeni multiplikativni mirou, jako je Whittakerova beta diverzita, zavislost na
velikosti species pool odstraiiuje. I po zabudovani navrzené korekce do vypocetniho al-
goritmu je dand metoda schopnd odhadovat miru druhové specializace jen v piipadé ne-
saturovanych spoleCenstev, které maji linedrni vztah mezi lokélni a regiondlni druhovou
bohatosti; empirické studie vSak ukazuji, Ze nesaturovand spolecenstva se v prirodé

vyskytuji nejCastéji.

Obecné zavéry
Odpovédi na jednotlivé otazky formulované v ivodu je mozné shrnout do nékolika bodu:

1. vztah mezi druhovym sloZenim vegetace a faktory prostfedi:

vov

(a) vegetace v hlubokych fi¢nich tddolich je strukturovand podél dvou hlavnich
komplexnich gradienti: gradientu vlhkosti-Zivin-pH a svétla-teploty-konti-
nentality, pfi¢emz prvni z t€chto gradientti odpovida vysce nad fekou a druhy
orientaci svahu;

(b) vliv orientace svahu na sloZeni vegetace je nejvyssi ve stiedni ¢asti udolniho
svahu, naopak nejnizsi na zastinéné bazi svahu;

(c) mezi duleZité topografické proménné ovliviiujici sloZeni vegetace patii vedle
vySky nad fekou a orientace i svazitost a tvar plochy po svaznici; naopak
mezi dileZité pidni faktory patif vyskyt fluvizemg, kambizemé a sufovych
pud, hloubka ptidy a ptidni pH;

2. vztah mezi lokdlni druhovou bohatosti a faktory prostiedi:

(a) nejvyssi druhova bohatost v ramci fi¢nich udoli je soustfedéna pfi bazi udol-

nich svaht a na jizné€ resp. zapadné orientovanych hornich ddolnich hranach;
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(b)

©

(@

pudni pH je silnym prediktorem druhové bohatosti, ale pouze v piipadé ddoli
Vltavy, kde pfevazuji kyselejsi pidy s hodnotami pH ; 4.5; v udoli Dyje,

druhovou bohatost maly;

vyraznym faktorem korelovanym s vysokou druhovou bohatost{ je v ptipadé
Dyje kontinentalita, coz je zfejmé disledkem vyssiho podilu kontinentalné
ladénych druht ve species pool tdoli Dyje diky jeho geografické poloze na
rozhranni Hercynské a Pannonské fytogeografické oblasti;

lokalni druhova bohatost je pozitivné korelovand s velikosti species pool pro
jednotlivé stanovistni typy (s vyjimkou dubohabfin), coz ukazuje na to, Ze
odhad velikosti species pool pro jednotliva stanovisté miize byt sam o sobé&
dobrym prediktorem lokélni druhové bohatosti;

3. vztah mezi topografickou heterogenitou krajiny a lokdlni druhovou bohatosti jed-

notlivych vegetacnich typt:

(a)

(b)

(©)

obecné plati, Ze zZivinami chudé vegetacni typy jsou v topograficky het-
erogenni krajiné druhové bohat$i nez v topograficky homogenni krajing,
zatimco u Zivinami bohatSich vegetacnich typi je tomu naopak;

Zivinami chudé vegetacni typy (doubravy) maji zaroven vysoké zastoupeni
stanovistnich generalistl, coZ naznacuje, Ze jejich vyssi druhova bohatost
v heterogenni krajiné miize byt disledkem zvySené role prostorového mass
efektu v heterogenni krajiné (ten zptsobuje, Ze druhova bohatost na daném
mikrostanovisti je zvySovana pfitomnosti druht z okolnich, ekologicky od-
lisnych stanovisf, pficemZ pretrvéni t&chto druhd na daném mikrostanovisti
je mozné jen diky intenzivnimu pfisunu diaspor tohoto druhu z okoli);

zaroveri ale plati, Ze stanovisté danych vegetaCnich typu se od sebe v het-
erogenni a homogenni krajiné li§i nékterymi ekologickymi parametry, které
samy o sob&é mohou vysvétlit popsané rozdily v druhové bohatosti: stano-

visté v heterogenni krajin€ maji obecné vyssi pidni reakci (plati pro téméf

vSechny vegetacni typy) a také vyssi produktivitu (plati pro Zivinami bohaté

stanoviste).
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