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Annotation

The thesis focused to population ecology and gemedf subalpine
species Gentiana pannonica Pollination ecology of species and
generative reproduction in different habitat (pnignas. secondary) were
investigated in the field. Genetic variation andisture ofG. pannonica
populations were studied in three disjunct partgoflistribution range:
the Eastern Alps, the Bohemian Forest, and the tGidtis. Present
distribution of G. pannonicain the central past of the Bohemian Forest
were processed.
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General Introduction



General introduction

Population biology and genetics of rare specigmpular and widespread
field of study for the last two decades. Rarityptdnt species is a quite
relative term, as population size varies in spaktane. It is the result of
complex interactions among the life-traits of parar species, habitat
history of their populations, and local environnartonditions (Barrett
& Kohn 1991). Rabinowitz (1981) clarified the copteof rarity by
pointing out that ,rare” may mean narrow geographi@nge, narrow
habitat specialization, low local population deiesit or any combination
of these. At present, rare species are closelyetinto threatened or
endangered taxa, but rare species may or may ndhreatened or
endangered. Fundamental difference among “spape=ies is related to
historical context of their rarity. Rare speciesyne classified as “old
rare” and “new rare” species according their hab#aad populations
history (Huenneke 1991). Specific differences betwethem are
discussed below.

Investigation of ecological and genetic sourcesiargications of all
types of rarity is crucial for understanding popaa ecology or habitat
history of rare species and can contribute to tt@nservation in future.

.New rare” species — epidemic of the rarity due tonodern life

Group of “new rare” species is quite well definéidnvolves the species
that were formerly much more common in a particideza, but their
populations became smaller, less abundant, and msolated due to
human activities in the last decades or centuHee(neke 1991).
Western and Central Europe are the typical modssafor studying
processes of arise of “new rare” species. Thousgedss of traditional
agriculture and other human activities diversifimadscape finely and left
there varied mosaic of habitats and plant commemitiDecrease of
population size and extinction of many populatiaisformerly more
common species was caused by changes in traditlandl use. Two
opposite trends have played a key role. First, fagnand forestry was
intensified and natural and semi-natural habitatsewtransformed to
large intensively managed meadows, fields, or fqoesitations. Second,
low-productive and diffict'lt =2rreccible  gites vewften become



abandoned and allowed to undergo natural succegstgbnicek &
Rybnickova 1974). Both the scenarios caused the alteratio
fragmentation, or even disappearance of many habitae plant species
confined to such habitats thus became stronglycesdlin population size
and their populations are today much more isol&t@t each other than
in the past.

For example, Czech Red list of the vascular plafislub &
Prochazka 2000) have comprised 1623 taxa (60%eofdfal taxa in the
Czech Republic) and a significant proportion ofsthdaxa represent
species that were widely distributed in the pasthe® countries of
Western and Central Europe have recorded similaolems. Especially,
annual, bienial, or short-perennial species witWw lmompetitive ability
and occupying low productive semi-natural meadavet)ands, pastures,
and early successional stages have became rarthamdhreatened or
endangered (Fischer & Matthies 1998b, Matthies. &094).

These species need not to be tied to a speciatahalyi substrate.
Instead, they usually require suitable conditiorms furvival and
generative reproduction, such as safe microhabiueis low level of
competition, moderate disturbances (e.g. due talaegmowing or
grazing), or gaps for seedlings regeneration (Leasan 2000).

For instanceGentianella praecosubspbohemicarepresents typical
“new rare” species of the Bohemian Massif. Thisnferly common
species retreated dramatically in the second HaHeolast century due to
destruction or abandonment of pastures and nosvatase to extinction
(Brabec 2010, Bucharova et al. 2012).

Thank to conservation effort, a range of studies leeen focused on
population biology and genetics of many “new raagit threatened or
endangered species (Fischer & Matthies 199%98a, 1998b, Lennartsson
2000, Schmidt & Jensen 2000, Vange 2002, Buchazbaé 2012).

,0ld rare” species — consequences of history of igdion, migration,
and survival

“Old rare” species are the species that are nwiale in a specific area,
occurring in small, isolated populations (sensu riheke 1991). To
correctly understand the status of such speciesiegd to investigate the
history of their populations using evidence fronpplation genetics as



well as from biogeography, ecology, and vegetasicience (Pott 1995).
Thus, “old rare” species include several varioysesyof species, whose
history, ecology, and biogeography is consideraliffgrent.

First, the typical “old rare” species can be narremdemics. Long-
time isolation (e.g. Quaternary climatic oscillats) of small number of
populations tied to restricted area led to the bgreent of new species
with narrow distribution area (Martin et al. 199iménez et al. 2002,
Essl et al. 2009, Bacchetta et al. 2011). Narrodeenc species are also
often tied to a special and rare type of substeate,serpentine (Essl et al.
2009).

The second type of naturally rare species is fornmd a
heterogeneous group of relicts. These include ¢tfjaty relicts, (2)
glacial relicts, and (3) postglacial relicts. Inrgpe, the tertiary relicts are
mainly represented by the taxa tied to humid oaealimate and
occurring in the vegetation of temperate rain foregch asVoodwardia
radicans, Prunus laurocerasws Rhododendron ponticuManton et al.
1986, Mejias et al. 2002).

The glacial relicts represent wide set of light-éewling species.
Historically the most widespread species adapteoptn landscape and
cold climate of Late Glacial were restricted byr@ite amelioration and
forest expansion during Holocene to alpine and Ipifia habitats in
several mountain ranges. They are therefore preisemiore or less
separated orographic islands (Mraz et al. 2007)erAatively, some of
them survived in primary forest-free habitats beliwberline (Gaudeul
et al. 2000, Reisch et al. 2003, Hajek et al. 2009)

Whereas biogeography of alpine and arctic-alpinecigs was
intensively studied for last decade (Stehlik et 2002; Tribsch &
Schonswetter 2003, Schonswetter et al. 2006a, Rorekal. 2008). The
studies focused on ecology, population biology, &mbeography of
heliophilous species tied to primary or secondaapitats in lower
altitudes were much less frequent (but see Reischale 2003,
Michl et al. 2010).

In non-glaciated areas of Central Europe, steppziep may be
regarded as glacial relicts as well. Late-glaciallgn spectra from the
Bohemian Massif suggest an open landscape wittpstepndra, or a
mosaic of both, with only slight differences dep@agdon altitude (Kunes
et al. 2008). Steppe species represent typicalspeeies of the Central



Europe today. Due to “recent” habitat alterationd &ragmentation, these
species often become threatened or endangeredghiensal. 2010).

Typical examples of the postglacial relicts arerespnted by species
that immigrated to deglaciated areas soon aftereaetof the last
glaciation, in the beginning of Holocene. Subsetjferest expansion
then caused the retreat of these light-demandiregisp to spatially
restricted primary treeless habitats (Bylebyl et 20008, Hensen et al.
2010). However, in non-glaciated areas of Centmaofe, occurrence
and number of postglacial relicts is still open gfimn. For instance,
postglacial immigration has been supposed for pkllous wetland
speciesLigularia sibirica (Smidova et al. 2011). Nevertheless, this
species could potentially survive in glacial larafse (Chytry et al. 2008,
2010).

Genetic consequences of rarity and small populatiosize

Although some rare plant species maintain largaujadion sizes, a lot of
them occur in small populations, often of decregisiombers (Barrett &
Kohn 1991). For few last decades, many studiessiedwn the question
how genetic variation is structured in small pogtales (Ellstrand &
Elam 1993,Booy et al. 2000, Frankham 2005, Honnay & Jacquemyn
2007). The influence of inbreeding and stochastioccgsses such as
genetic drift, bottleneck, and founder events ssdssed below.

Inbreeding, inbreeding depression and random gerukift

Inbreeding is considered as the main genetic fagtoch threatens short-
term survival of populations, while genetic driét considered to be the
main cause of the loss of genetic variation in tbeg term, thus
threatening the adaptability of populations (Shatf@87). Harmful effect
of inbreeding (inbreeding depression) may affechbiity of small
populations. However, presence or absence inbrgedepression in
small population of wild plant species are influetidoy several factors
(Barrett & Kohn 1991).

Two theories concerning inbreeding depression tresuldifferent
predictions of the relative tolerance of populasioto inbreeding
(Charlesworth & Charlesworth 1987). In the mutatisglection balance



theory, inbreeding depression is mainly the resiltexpression of
deleterious recessive alleles (Wallace 1970). Atiogr to this theory,
populations that have been small for a long pedabtime may exhibit
lower levels of inbreeding depression than form&atge populations due
to purging of deleterious alleles. This suppores élssumption that “new
rare” species are more vulnerable to demograpmeireanmental, and
genetic stochasticity than the “old rare” specldsgnneke 1991, Menges
1991, Rasmussen & Kollmann 2004). In the overdonuratheory,
inbreeding depression comes up due to the lackpérsor heterozygotes
and thus increasing frequency of homozygous geestyps a result,
small populations may suffer from greater inbregdidepression
compared to large ones because there is reduasdiediness of selection
relative to genetic drift (Charlesworth & Charles®o1987, Booy et al.
2000).

Inbreeding depression may affect the decreaseloésaf fithess-related
traits such as number/ratio of viable seed, seedghte rate of
germination, survival of seedlings, seedling weigihumber of flowers or
inflorescences, number of fruits, or pollen germiora Generally, the
degree of inbreeding depression may also dependcenwironmental
factors, mode of pollination and reproduction, amdthe stage in the
plant life cycle (Charlesworth & Charlesworth 19&arrett & Kohn
1991, Frankham 2005).

Effects of population history on genetic diverghigttleneck and founder
effect)

A bottleneck is a great reduction in the numbendividuals of a species
or population connected with certain place and tinR®pulation
bottleneck usually refer to some environmental gearnor “catastrophe”
such as glaciation in Quaternary, forest expansiodolocene, but also
events at small scales. Bottleneck may or may motgsociated with
genetic changes usually accompanied by signifidass of genetic
diversity (Barrett & Kohn 1991, Sun 1997, Booy dt a000). For
instance, populations of light-demanding speciesutng in the alpine
or subalpine habitats displayed higher within-pagioh genetic diversity
than the populations from primary forest-free stiekow timberline. Due
to forest expansion in Holocene, populations tiedhabitats below



timberline were reduced much more than above tihmee(Gabrielsen et
al. 1997). Similar differences were revealed amahg populations
founded by postglacial migrations and their “sol@epulations coming
from non-glaciated areas (Van Rossum & Prenticet2B@isch 2008).

In addition to bottleneck, founder effect may impot too. Founder
effect refers to the establishment of a new pomraby a few original
individuals, founders, which carry only a smallctian of the total
genetic variation of the parental population (M&963). These processes
may be responsible for lower genetic diversityhe populations at the
edges of overall species distribution range contpamethe populations
from the centre of distribution (Schonswetter eR80O6bD).

Severe bottlenecks and founder events in the padtd have a large
effect on the current level of genetic diversitypiopulations and together
with the effects of genetic drift may lead to gémedivergence and
increasing genetic differentiation among populaijoand eventually to
speciation (Barrett & Kohn 1991, Booy et al. 20@ittbrenner et al.
2005, Huenneken 1991).

Despite well-developed theoretical models to prtedie effects of

bottlenecks on genetic diversity, empirical reskast this phenomenon,
especially in wild populations, is very limited. it caused by a lack of
knowledge about the evolutionary history of mosinplspecies (Booy et
al. 2000).

A loss of genetic variation and fitness of popoiagi

It is generally assumed that genetic variabilityakted to a population’s
ability to survive stochastic threats such as distnce or pathogens. As
mentioned above, inbreeding, genetic drift, bottdg and founder effect
lead to the loss of genetic diversity in small pagons and loss of
genetic variation is often associated with reducbbreproductive fithess
(Barrett & Kohn 1991, Huenneken 1991, Booy et &l0@ Frankham
2005). For this reason, small populations shoupldy lower level of
genetic variability than large ones and the cadefirness deterioration
should be more frequent in them (Leimu et al 200B)portant
differences in sensitivity to loss of genetic vada between outcrossing
and selfing species are discussed below.



Susceptibility to loss of genetic variation may dféected by population
history. It seems that species formally distributedarge populations
(“new rare” species) are more sensitive to a redagh genetic variation
than “old rare” species. It is a result of a fasstriction in their
distribution or population size compared with natiyr rare species
occurring in small populations for a long time (Hoeke 1991, Lutz et
al. 2000). For instance, population size and I@fejenetic variation of
Gentiana pneumonathare strongly positively correlated with offspring
fitness (Oostermeijer et al. 1994, 1998); othedists confirmed a similar
trend (Fischer & Matthies 1997, 1998a, Schmidt &nhsé&n 2000,
Dittbrenner et al. 2005, Hensen & Wesche 2006).

However, a causal relationship between loss of tgenariation,
population size and fitness reduction in small pafons is still
discussed. Particularly, a lot of studies focusedgenetic population
structure confirmed neither correlation betweemested population size
and gene diversity (Wroblewska et al. 2003, Bachi&adensen 2007,
Bylebyl et al. 2008, Hensen et al. 2009) nor betwgene diversity and
fithess parameters (Bachman & Hensen 2007, Petetsadn2008).

Genetic dissimilarity can be counteracted by themignation of
genetic material, such as seeds, vegetative partppllen from other
populations (Kwak et al. 1998, Frankham 2005). Aiftraits, duration
of isolation and habitat history can significantffect loss of genetic
variability and occurrence of fithess deteriorationsmall and isolated
populations of rare species.

Effects of mating and reproduction system on patter of genetic
diversity of populations

The mating system, mode of reproduction, and Kkjgeetancy play a key
role in forming patterns of genetic variability. I8t of studies indicated
that obligately or mainly outcrossing, wind-polliad, and long-lived
species tend to have higher levels of within-popartagenetic diversity
than self-pollinated, annual, or short-lived on€slfrielsen et al. 1997,
Martin et al. 1997, Nybon & Bartish 2000, Jiménéale 2002 Segarra-

Moragues & Catalan 2003, Schénswetter et al. 2006ehl et al. 2010,

Smidova et al. 2011). On the other hand, in selSpgcies, a larger
proportion of genetic diversity should be partigdn among the



populations (Hamrick & Godt 1989, Nybon & Bartis@®, Holderegger
& Schneller 1994, Hensen et al. 2009).

In addition, the sensitivity to negative conseq@snaof small
population size differs between species with vaiooating systems.
Obligate or mainly outcrossing species are moreenable to the loss of
genetic variation due to habitat fragmentation theaif-compatible
species (Leimu et al. 2006). Decrease of habitassand isolation of
them often cause extreme reduction in populatiza. sthis will result in
more mating between closely related individualsg goopulations of
outcrossers may then suffer from homozygotatiorss lof allelic
variation, and inbreeding depression (Charlesw&r@harlesworth 1987,
Booy et al. 2000, Honnay & Jacquemyn 2007). Selfohant species
generally suffer less from inbreeding depressi@n tbutcrossers (which
is consistent with purging of deleterious alleles)d may not have an
influence on heterozygosity, but can cause onlyagomloss of allelic
variation (Barrett & Kohn 1991).

On the other hand, simple ecological reasons maisecanigher
sensitivity for habitat fragmentation and small plgpion size in
outcrossing species, especially in those formeryunél in large
populations. Small plant populations may becomeitaonspicuous or
too isolated to attract pollinating insects. Insiag fragmentation may be
therefore directly translated into reduced pollimaactivity and then
reduced reproductive fitness (Bydr@95, Kwak1988, Kwaket al.1998,
Spira& Pollak1986,Kwak & Jennersted991, Peterson et al. 2008).

Despite the findings that longevity does not affdoed population
genetic response to fragmentation (Honnay & Jacgue2007), several
present studies indicate that pattern of genetierdity within and among
populations may be substantially influenced by kepectancy (long-
lived perennials vs. annual or short-lived specieBgquency of
generative reproduction, or duration of generatiore (Lutz et al. 2000,
Jiménez et al. 2002, Smidova et al. 2011). Longegdand especially
prolonged clonal growth) may also mitigate the losgenetic diversity
because it extends the time between generationshanefore moderates
the loss of alleles through genetic drift (Youngaét 1996, Honnay &
Bossuyt 2005). Changes in the gene pool of pomuatiarise due to
mutations on the time scale of hundreds to thousasfdgenerations
(Booy et al. 2000). It follows that genetic diffat@ation on populational



level requires substantially shorter time periosdour in the annual and
short-lived species than in the perennial specigh l@eng generation
time.

Some of the rare long-lived perennial or clonalcsge restricted to
small and isolated populations can display a patiefr the genetic
variability that is otherwise typical for large pdations and indicates
rather extensive gene flow. Possible explanatiothas the isolation of
populations and decrease of their size were inetrggsecies actually
encountered by few generations only and thus capeatet reflected in
the genetic structure (Gaudel et al. 2000, Reigchl.e2003, Segarra-
Moragues 2003, Smidova et al. 2011).

Gentiana pannonica — a model example of “old rare” species

This thesis is focused on ecology, reproductioatstyy, and population
genetics of rare subalpine specigSentiana pannonica Scop.
(Gentianaceag in three parts of its disjunct distribution rangethe
Eastern Alps, the Bohemian Forest, and the Gianirivons.

Gentiana pannonicas a long-lived hemicryptophyte, which spreads
mainly by clonal growth and creates large polycamnmd@Klimes et al.
1997). It represents the typical “old rare” speaéshe Central Europe.
The centre of its distribution is situated in thastern Alps. In Southern
and Central Alps species occurs very rarely. Agesin the Alps,
G. pannonicaoccurs also in the Bohemian Forest and the Giard. Mt
(Krist 1933,Prochazkd 961,Heqi 1975). The populations from the Giant
Mts. have an unclear status but are usually coresid® be introduced
during the World War Il (Prochazka 1961, Klastersk§61). In the
Bohemian ForestGentiana pannonicé considered as a typical example
of subalpine glacial relict (Prochazka & Stech 2002

G. pannonicaoccupies relatively wide range of habitats. In the
Eastern Alps and the Giant Mts., it is confinedthe subalpine belt
(elevations ranging from 1300 to 2300 m a. s.wWhere it grows in the
grasslands and scrubs on either calcareous oediisc bedrock (Krist
1933,Prochazkd 961,Hegi 1975). In the Bohemian Forest, with missing
subalpine zone(. pannonicaoccupies primary tree-less habitats in the
cirques of glacial lakes or on the banks of streants also occurs in the
secondary mountain meadows (Prochazka & Stech 2002)



The character and the history of habitats &f pannonica differ
substantially throughout the part of its distribatiarea studied in this
thesis. The Eastern Alps and the Bohemian Forese vestorically
connected by a migration route that was disrupdedhéliophilous species
by postglacial forest expansion during the HolocSlalicky 1998). The
importance of stochastic processes must have bm®siderably stronger
in the Bohemian Forest, completely covered by toegen at the highest
altitudes during the Holocene climatic optimum,rtha the mountain
ranges with continously persisting subalpine zaueh as the Alps. On
the other hand, medieval deforestation of largasaie the Bohemian
Forest created numerous mountain hay meadows astdres, andG.
pannonicawas allowed to expand into these secondary hal{itatch et
al. 1996, Prochazka & Stech 2002).

In the last 200-300 years, populationsofpannonicavere affected
by picking and using the gentian roots as remedig®r preparation of
alcoholic drinks; some localities could have beestobyed due to this
use. On the other hand, the species was sometirabahy intentionally
planted close to the settlements of mountain-dweell@rist 1933,
Prochazka & Stech 2002).

Today, especially in the primary habitats of thestemn Alps and the
Bohemian ForesiG. pannonicas a relatively rare species that currently
survives in small populations. The species is qo@smmon only in the
secondary mountain meadows in the central pati@Bohemian Forest
(Prochéazka 1961, Prochézka & Stech 2002). The ptipak in the Giant
Mts. are very small and mainly tied to primary hats.

The geographical disjunction of populations, défezes among
habitats, history of populations, and dramatic ¢gegnn population sizes
are expected to be the main forces that formediaffeenced genetic
diversity and reproduction strategiesGnpannonica

Aims of the thesis

The thesis concerns to population biology of rapecges Gentiana
pannonicaand was focused on three main objectives. Firsected
biological traits of G. pannonica specifically pollination strategy and
factors limiting generative reproduction were s@atli Second, genetic
diversity of G. pannonicgpopulations using two types of dominant DNA
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markers (RAPD/AFLP) were investigated in three uhsi part of
distribution. And third, revision of recent distufion of G. pannonica
populations in the central part of the BohemiarneBbwas carried out and
guestions about their history were addressed.

The set of studies attempted to answer the follgvgnestions: (1)
What factors limited the generative reproductiorGofpannonic& (2) Is
the genetic differentiation related to the geogregdh distance of
G. pannonica populations? (3) Are there differences in the g¢ene
structure between native populations (those inAlpgs and Bohemian
Forest) and the presumably introduced populatiahénGiant Mts. (4) Is
the pattern of intrapopulation diversity correlat@dh population size,
habitat type, and habitat history? (5) What habitate tied toG.
pannonic® (6)What types of habitats was critical for suaViduring
forest period in Holocene in the central part &f Bohemian Forest? and
(7) How important was human activites on recentrithistion of G.
pannonicain central part of the Bohemian Forest.
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ABSTRACT

The effects of different pollination treatments €ogpollination, cross-

pollination without emasculation, cross-pollinatiaith emasculation, manual
self-pollination, spontaneous self-pollination) ameéar-to-year variation in

reproductive success @entiana pannonic&cop. were investigated in a two
year field experiment, which was carried out in oraive population. The

highest seed production was found in open-pollohdkewers in both years. It

seems that the seed-set of open-pollinated flowes not limited by a lack of

pollinators. Conversely, the seed-set of manuallied flowers was ca 48-66%
lower than that of open-pollinated flowers, withrga proportion of aborted
seeds indicating an inbreeding depression. Herkggg@patial separation of
stigma and stamens) together with a mild protarmhgvented spontaneous
selfing. The occurrence of pollinators (mainly buefiees) was therefore
essential for the successful pollination and dgwelent of viable seeds.
Significant year-to-year variability was found onfythe number of ovules per
fruit, but the same trends in seed-set were obddnvboth years. No significant
differences in ex situ and in situ germination eéds resulting from different
pollination treatments were found.

ABSTRAKT

Opylovaci strategie druh@. pannonicabyla studovana pomoci terénniho
experimentu ve vybrané rozsahlé populaci na Hormsk#dé na Sumay.
Opakovag po dobu dvou let, byl sledovan vliwtp rozdilnych opylovacich
zasali (kontrola, volné opyleni, cizospraSeni bez kastra&tu, cizospraseni
spojené siedchozi kastaci ku, ruini samosprasenifippzené samospraseni)
na produkci vyvinutych semen v semeniku. Po oba mhky jednoznané
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nejvy3si produkci semen vykazovaly semeniky pongeliako kontrola (volné
opyleni bez v§§Sich zasah). Z toho vyplyva, Ze produkce semen ve studované
populaci neni limitovana nedostatkem opykava Naopak u ket rucné
samosprasenych byla produkce vyvinutych semen 6688-niZSi nez vifjpad
kontrolnich, vol# opylenych semenik Semeniky v samosprasenychétech
obsahovaly vysoké zastoupeni nevyvinutych semen.z&ldad pozorovani
vyvoje reproduknich orgafl v kvétu bylo zjis€no, Ze blizna a tynky jsou
prostoro¥ oddtlené a k¥ty vykazuji slabou proterandrii, coZ dohromady Ziou
k omezeni mozZnostifpozeného samosprasei®. pannonicaje druh typicky
cizospradny a opylo¢ajsou pedevsimémelaci. Vliv jednotlivych opylovacich
zasali na podil vyvinutych semen v semenicich se meéafronenenil.

V jednotlivych letech se liSilo pouze mnoZstvi ¥ak v semeniku, coz ivie byt
disledek rozdilného razu pasi ve dvou vegetaich sezonach. Kiivost semen
se pohybuje okolo 27% a neliSi se dle provedenymfioacich zasaha pi
skladovani rychle klesa.

Keywords: clonal plant, endangered species, herkogamy, idbrge
pollination experiment

INTRODUCTION

Due to expansion of forests in Holocene, many {dgmanding species
receded to the alpinegrassland zone in high maws)tateep and rocky
slopes, permanently wet locations and regularlfudied sites. Since the
Middle Ages, grassland species expanded their ralugeto increased
human impact in all European mountain regions, whertimberline was
lowered and large areas at lower elevations weferegted to create
mountain hay meadows and pastures (Lang 1994). Mirge species
spread to new locations and people promoted theadprg of ornamental
and medicinal plants. They planted some usefulispen their gardens
and near their settlements (Hegi 1975). Demograghi&nges in the
second half of the 20th century caused the depbtpnleaof many

mountain regions in Europe. Grazing activities wex@duced; many semi-
natural grasslands were abandoned and allowed terge natural

succession (Rybték & Rybntkova 1974). In the surrounding of
settlements, some garden plants spread to couldrysi phenomenon
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reflected in several recent studies that discussntitural occurrence of
some mountain species in relatively isolated loceti (Sourek 1963,
Kopecky 1973, Slavik 1997). The history of occuceinf each species is
unique and it is often impossible to distinguisk thative locations from
introduced ones. Some rare species naturally docemall populations
as a result of fragmentation of their habitats niyithe Late Glacial and
Holocene (Slatkin 1987, Barrett & Kohn 1991, Steldi al. 2002). Other
species, historically occurring in larger areas iar many small
populations connected to each other (“new rare’semsu Huenneken
1991), dramatically decreased in the number of [atoms and
population sizes due to changing management peactiaring the last
decades. Generally, habitat fragmentation togetiiterisolation of recent
populations are supposed to strongly affect théiMiya of populations
(Kéry et al. 2000, Luijten et al. 2000, Jacquemyrale 2001). Small
isolated populations are more vulnerable to denplgea environmental
and genetic stochasticity, because the maintenaingenetic variation in
natural populations is usually considered to beartgmt for ecological
plasticity and evolutionary processes (Cruden &nrkBain-Parker 1977,
Barrett & Kohn 1991, Menges 1991). Vulnerability ficagmentation
differs among species with different life historiéSlistrand & Elam
1993). A strong impact of fragmentation on fitnesseasured as a
reproductive success, was recorded in small papuoktof animal-
pollinated, outcrossed, and self-compatible plagces (Schemske &
Lande 1985, Charlesworth & Charlesworth 1987, BageKohn 1991,
Ellstrand & Elam 1993). Interactions with pollinegocan be interrupted
and, in particular, small patches of flowering péamay be unable to
attract sufficient numbers of pollinators (Kwak 89&wak et al. 1998).
Small populations of rare species may become isorgly dependent on
the presence of simultaneously flowering specielsichv may help to
attract insect pollinators (Oostermeijer et al. &9%Furthermore, there
may be a reduction of seed-set as a result of cttmpefor pollinators
(Spira & Pollak 1986, Kwak & Jennersten 1991).

In small populations of short-lived species, pollienitation, together
with genetic deterioration, may cause a fast decim population size,
because the production of many viable seeds isatriar survival of the
population (Fischer & Matthies 1998a). In long-tivespecies, the
negative consequences of population size reductiod population
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isolation might not be obvious for a long time. Wadtablished adult
individuals, especially of clonal plants, can suevifor many years
(Tamm 1972, Harper 1977) even though the reprodaisticcess may be
affected much sooner than survival, resulting m plopulation becoming
“senile” (sensu Oostermeijer et al. 1994a).

An example of the latter situation is the long-tivelonal species
Gentiana pannonic&cop., an endangered species in the Bohemian Forest
(=Sumava Mts., Bshmerwald). The populationsGfpannonicain the
Bohemian Forest are isolated from each other. Ties differ in many
biotic and abiotic characteristics. The speciesuboth at natural sites
and in semi-natural mountain grasslands. It israsslthat steep slopes in
the cirques of glacial lakes in the Bohemian Foveste refuges foG.
pannonicaand other light-demanders during the Holocene, whieads
covered the Bohemian Forest up to the highest ttes(above 1300 m
a.s.l.,, Culek 1996). Only a few refuges existed #rely were isolated
from each other (Skalicky 1998). Deforestation lué tandscape in this
region started in the Middle Ages and the specmeasl into suitable
semi-natural habitats (Prochézka & Stech 2002). itkudhlly, the
mountaineers promoted the spreadingGofpannonica They probably
planted the plants growing in the cirques of then8wa glacial lakes
close to their settlements. The utilization of tmedicinal species was
similar to Gentiana lutean the Alps (Rosenbauer 1996). The number of
localities and population sizes &. pannonicain the Bohemian Forest
fluctuated during the 19 and 28' century (Krist 1933, Prochazka &
Stech 2002). Before World War |l, gentian roots aveollected and used
as medicine, for preparation of alcoholic drinks. &lany locations were
destroyed at that time but, simultaneously, sonmations appeared
because people probably planted the species. ttegguost-war political
and demographic changes in the region increasedutider ofGentiana
populations and the viability of their populatiofBrochazka 1961,
Prochazka & Stech 2002). Today, semi-natural gaass! are the most
frequent habitats o. pannonicain the Bohemian Forest (Prach et al.
1996, Prochazka & Stech 2002). Many populationsioctose to former
home-steads and their origin is unclear. Vegetginmoagation prevails
at many sites and seedlings are rather rare.

In this study we investigated the pollination egyloreproductive
biology, and breeding system ofG pannonicapopulation in a semi-
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natural mountain grassland. The aim of our studg wadetermine the
factors limiting the generative reproduction of 8peciesWe tested the
self-incompatibility and the pollination strategied the species to
evaluate the level of inbreeding depression ancerotimits of seed
reproduction in a study population.

MATERIALS AND METHODS
Study species

Gentiana pannonica Scop. (Gentianaceae is a long-lived
hemicryptophyte, which spreads mainly by clonal wglo due to
belowground rhizomes and creates large polycormgiisnes et al.
1997). Sexual reproduction by seeds is necessaryransport of genes
over larger distances and for colonization of néess

The flowering stems emerging from the mature leaéttes can reach
up to 150 cm. They carry one to four dense clustériowers, each
consisting of 5-8 flowers. The calyx is campanulatth 5(-9) stripes.
The funnel shaped corolla is 3.0-5.5 cm long wit9% lobes and purple
with reddish-black spots (Tutin 1996, Kirschner &d€hnerova 2000).
The herkogamous flowers are mainly pollinated bsnblebees (for more
details about the development of the stigma andsthmens see Fig. 1).
On average one ovary contains 200-300 seeds adsl sige is 5x3 mm.

Gentiana pannonicas a mountain species that occurs in alpine
grasslands, drier mountain meadows or in alluvidistr@ams and cirques
of glacial lakes. The species is a typical Easinelpelement with a
discontinuous range of occurrence. The centre ®fdistribution is
situated in the East Alps, where the species odouakpine and subalpine
areas at an elevational range of 1300 to 2300 nh dkgist 1933,
Prochazka 1961, Hegi 1975). Outside the AIps,pannonicaoccurs in
the Bohemian Forest (Bohmerwald) in the borderaegf the Czech
Republic, Germany and Austria. Most of the locatiame situated in the
Czech part of the mountains at elevations from Q800 m a.s.l
(Prochazka 1999).
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Study site and population

Our field experiment was performed in 2000 and 200k study site was
situated close to Horsk& Kvilda, a small villag€8&4 m a.s.l., 49°03' N,
13°33' E) in the Bohemian Forest, in the southemrt pf the Czech
Republic. The study population is situated in tleatee of the species’
distribution in the Bohemian Forest. The short geablardus strictaand
Avenella flexuosatogether with Vaccinium uliginosumand Calluna
vulgaris dominate this dry and stony semi-natural grasslardch was
created about 200 years ago when deforestatiotedgtaround the first
settlements.

Gentiana pannonicaccurs on 9 ha, and the population size is abodt 40
leaf rosettes (or clumps) with about 300 floweratgms.

Monthly means of temperature and precipitation med at the
Horska Kvilda meteorological station from 2000 &@D1 were used to
compare differences in climatic conditions for theo experimental
years.

Pollination experiment and determination of reprodictive success

The field experiment was performed in 2000 and 200hvestigate year-
to-year variability in reproductive success. InyJab00, we randomly
chose 120 flowering stems and from each terminatet we randomly
marked an individual flower. Each flower was sultedtto one of four
pollination treatments (30 flowers per treatmer()) natural open-
pollination, (2) manual cross-pollination with patl from one flower of
30 donor plants from 5 km distant locality, (3) maahself-pollination
with pollen from the same flower, and (4) spontargeself-pollination.
All treatments, except open-pollination, were perfed on flowers of
terminal clusters, which were covered with bags enkldm fine-mesh
gauze to prevent insect visitation. The manual gooltransfers were
performed with cotton sticks.

An analogous experiment with few changes was paedrin July
2001. We selected individual flowers on 150 flowgrstems, which were
randomly subjected to five pollination treatment30 (flowers per
treatment). In addition to the four treatments use®000 year, (5) a
cross-pollination treatment with emasculation weddeal, to investigate
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the influence of spontaneous self-pollination oredseset of cross-
pollinated flowers. In this treatment, a randomhosen bud from the
terminal cluster was marked and all stamens wereved with a fine

forceps. Later, when the stigma was receptive fldwveer was manually

pollinated with pollen from the other locality. Tame donor locality
was used for the cross-pollination treatments ith bears. This time,

insect visitation was prevented using metal cagéd Wne—-meshed

gauze. The cages replaced the bags from the peeyear, because the
bags increased a probability of mould infectionrany weather. The

cages also helped to protect target stems fromgtaeing.

The stems remained covered with the bags or cages July to
September until the fruits were harvested. All tBuivere carefully
collected into paper bags, and the seeds wereaedammediately after
arrival to the laboratory. The viable (relativebrde and obviously full)
seeds were distinguished from aborted (small antbably empty) seeds
and ovules, counted and weighed. Mouldy fruits &thbaccurate
distinguishing of capsule formation, but the congtof seeds could not
be performed. Reproductive success was determigedobnting the
viable seeds present in each fruit. The numbervagight of unfertilized
ovules and aborted seeds were also estimated.sBe@ds calculated by
dividing the total number of viable seeds per faytthe total number of
ovules (both viable and aborted seeds and ovuérd)yuat.

Germination of seeds

We tested the germination probability of seedsiabthfrom the different
pollination treatments. We used the seeds fron20@L season for two
germination experiments.

The first experiment was started in autumn 2001nithe seeds were
sown in the field experimental plots immediatelyeafripening. These
experimental plots were situated in the typicalitalziose to population
of G. pannonicabut the natural input of additional seeds wadused.
Forty seeds from each of open-pollinated and cpodigaated (non-
emasculated) flowers and thirty seeds from eachcroks-pollinated
(emasculated) and manually self-pollinated flomsese sown in 10x10
cm plots from which the sod was removed. The erpeni was designed
as randomised complete blocks with thirty replmasi for the open-
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pollinated and the non-emasculated cross-pollinate@tments, and
twenty replications for the emasculated cross-patéd and the manually
self-pollinated treatments. Germination of the seeffom the
spontaneously self-pollinated flowers was not tkdiecause of the low
number of viable seeds. The number of seedlingsre@sded monthly
from May to September 2002.

The second germination experiment was establisheditumn 2002.
Seeds from 2001, which were stored at 4°C, wered use this
experiment. The experiment, with the same design & previous year,
was performed in the experimental gardenCieské Budjovice and
regularly irrigated. The number of seedlings wasorded monthly from
May to September 2003.

Total germination rate in both experiments wasudated by dividing
the total number of seeds sown per plot by thd tateber of seedlings
per plot.

Statistical analysis

Statistical analyses of the data were completedguSiTATISTICA 6.0
(Anonymus 2001). Differences in the number of sestb seed set under
different treatments were tested by One-way aralyai variances
(ANOVA) followed by the Tukey-Kramer HSD test. Efts of the
pollination treatments and years on the numbeeefls and seed set were
analysed by Two-way ANOVA. Year-to-year differencegre tested
only among the four treatments (open-pollinatiomss-pollination with
stamen, manual selfing, spontaneous selfing. Thessepollination
treatment with emasculation was excluded from tredyais, because this
treatment was carried out only in the 2001 season.

Differences in total germination rate of seeds wundédferent
treatments were tested by one-way ANOVA followed thg Tukey-
Kramer HSD test. The numbers of viable seeds vegrdéransformed (y =
log (x +1)) and seed-set and the total germinatiate were arcsin-
transformed (y = arcsinx) to normalize distributions and homogenize
variances.

Nomenclature follows Rothmaler (2000).
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Fig. 1. The development of reproductive organs Géntiana pannonica(stigma,
stamens)® Hofhanzlova, 2004 A - A stigma is closed and stamens are not matur
the closed buds. The ring of stamens is not stuck carpel. B - Flowers are slightly
protandrous with stamens producing pollen befoigret becomes receptive. Maturity
of stamens and receptivity of the stigma can pastherlap. C — Stamens without
majority of pollen grains. D - The stigma is redeptfor couple of days. Usually, only
few pollen grains remain on the stamens, whichstnangly stuck on a carpel, when the
stigma is receptive. The top position of stigmauees collection of pollen grains from
body of all bumblebees entering the flower. E, Ren-pollinated stigma continues
opening and the ends of stigma’s dewlaps turn wsvdine stamens, thus creating
possibility for self-pollination.

RESULTS
Reproductive success under different treatments

We found significant differences among differentlipation treatments
in the number of viable seeds per fruit, seed aad, weight of ovules in
both seasons. The open-pollinated and cross-ptndlowers had
significantly higher seed set than the manually apdntaneously self-
pollinated flowers in both years (2000: Fdf(3, 57)14.87, P <0.001,
2001: Fdf(4, 138)= 66.24, P<0.001, respectivelf)e highest seed set
was found in fruits of the open-pollination treatrhéFig. 2). The cross-
pollination treatments (non-emasculated and ematad)l differed from
each other. The seed set of the manually selfqaaid flowers was
significantly higher than that of the spontaneowssif-pollinated flowers,
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but only in 2001 (Fig. 2). Only a few viable andIhgeveloped seeds
ripened in the spontaneously self-pollinated flasver

Mean; Box: Mean-SE, Mean+SE; Whisker: Mean-SD, Mean+SD
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Open Crossing-a Handselfing Selfing Crossing-Oa

Fig. 2. The seed set of the differently pollinated flowef<sentiana pannonicin both
seasons (2000, 2001). Back- transformed data tortgmal scale are used for graphical
presentation. Pollination treatments: Open = opahration, Crossing-a = cross-
pollination without emasculation, Handselfing = Hamelf-pollination, Selfing =
spontaneous self-pollination. Letters on the botiodicate the results of the Tukey-
Kramer HSD test for 2000 year; letters on the togidate the results of the Tukey-
Kramer HSD test for 2001 year; treatments labelith the same letter did not differ
significantly (p > 0.05).

The seed mass per fruit (weight of all seeds andesvin ovary) was
strongly correlated with the number of viable seedlsich were much
heavier than the aborted ones. The highest seed pas fruit was
recorded in the open-pollinated and cross-pollsh&tvers (2000: Fdf(3,
57) = 5.95, P = 0.001, 2001: Fdf(4, 138) = 25.93<®001). No
significant difference was found between manuaf-gelination and
cross-pollination (emasculated) treatments in 200k lowest seed mass
was recorded in the spontaneously self-pollinai@adrs (Fig. 3).
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Fig. 3. Weight of all seeds in ovary from differently po#ited flowers ofGentiana
pannonicain both seasons (2000, 2001). Back- transformea tethe original scale are
presented. Pollination treatments: Open = operfabibn, Crossing-a = cross-
pollination without emasculation, Handselfing = Hamelf-pollination, Selfing =
spontaneous self-pollination. Letters on the botiodicate the results of the Tukey-
Kramer HSD test for 2000 year; letters on top théidate the results of the Tukey-
Kramer HSD test for 2001 year; treatments labelé@t the same letter do not differ
significantly (p > 0.05).

Comparison of the two seasons

The number of ovules significantly differed betwessasons (Fdf(1,-3,
168) = 83.06, P <0.001, Table 1), with much higmember of ovules per
fruit recorded in 2001 than in 2000 (Fig. 4). Nekeless similar pattern
of all pollination treatments was observed in be¢hsons (Fig. 2).

The seeds mass significantly differed between yaadsalso among
pollination types (Table 1). The number of seedsfipgt and seeds mass
were lower in 2000 season than in 2001. In bothrsyethe weight of
seeds from the spontaneously self-pollinated floweas similarly low

(Fig. 3).
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Fig. 4. The number of all ovules (viable, aborted seedb.arfertilized ovules) in ovary
of differently pollinated flowers ofsentiana pannonican both seasons (2000, 2001).
Back-transformed data to the original scale ared dse graphical presentation in the

graphs.

Pollination treatments: Open = open-pollinationp&3ing-a = cross-pollination without
emasculation, Handselfing = hand self-pollinatioBelfing = spontaneous self-
pollination.

The Tukey-Kramer HSD test showed no significanfedénces between treatments in
each year.

Germination of the seeds from different pollinationtreatments

In the first germination experiment carried oul®01, the mean (zS.E.)
germination rate was 27.8% £1.7. No significanteténces were found
among the different pollination types (Fdf(3, 96).81, p = 0.216).

In the second experiment with one-year-stored setids rate of
germination was extremely low (mean =S.E. = 1.8%}0The different
pollination treatments did not significantly diffén their germination
effort (Fdf(3, 95) = 1.3, p = 0.279), even thougé fwund slightly higher
germination of seeds from the cross-pollinatiomtimeent (mean +S.E. =
2.5%=0.6).
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Table 1. Two-way analyses of variance (ANOVA) on the effeof years (2000 and
2001) and the pollination treatment (natural opelispation, manual cross-pollination,
manual self-pollination with pollen from the samkpwer and spontaneous self-
pollination) on the number of all ovules, seeds aetl weight of the seeds. The
significant P-values with p < 0.05 are indicatedaid.

df Number of all Seed set Weight of the
ovules in ovary seeds in ovary
F P F P F P
Year 1 83.06 <0.001 155 0.215 69.47 <0.001
Pollination 3 0.54 0.654 88.61 <0.001 27.03 <0.001
treatment
Poll. treatmentx 3 0.21 0.891 3.28 0.023 9.23 <0.001
year

The development of reproductive organs oGentiana pannonica

Our observations on the morphology and developrokthte reproductive
organs ofG. pannonicashowed that there is a strong herkogamy and
slight dichogamy, indicative of an inbreeding-awande mechanism (Fig.
1). Pollen grains are carried out from ripened stasrduring few hours in
sunny days. Pollen remains in stamens when theeflasvclosed due to
bad weather. Pollinators (mainly bumblebees, peaismbservation)
carried out ripen pollen grains from stamens. Mgtusf stamens and
receptivity of the stigma can overlap.

DISCUSSION

Although the manual self-pollination treatment skeadvihatG. pannonica

is self-compatible, the high seed production ofmepellinated flowers
compared to the very low seed set of bagged andchnipumlated flowers
showed the important role of pollinators. Togethdth herkogamy,
dichogamy also helps to prevent an incidence of-p@lination.
Although the flowers ofs. pannonicaare less dichogamous than flowers
of other insect-pollinated gentians (i®. pneumonanthe Petanidou et
al. 1995a;G. cruciata— Petanidou et al. 1995k5. lutea— Kéry et al.
2000;G. newberryt Spira & Pollak 1986) some degree of protandry was
observed.
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In the studied population, the seed set of opehradéd flowers was the
highest (Fig. 2), suggesting that the populations wet pollen or
pollinator limited. Hence, this population is apgratty large enough to
ensure its reproductive success by attracting effi numbers of
visitors. Similarly, the highest seed production Swertia perennisvas
reported in open-pollinated flowers (Lienert & FHisc 2004).
Nevertheless, different results were recorded irallsipopulations of
several rare species, where the absence of poltswatr other causes of
pollen limitation reduced reproductive success @@ Pollak 1986,
Kwak 1988, Kwak & Jennersten 1991, Fischer & Ma&sh1 997, Kwak et
al. 1998, Oostermeijer et al. 1998).

In our studied population, the cross-pollinatioeatment showed a
higher proportion of viable seeds (seed-set) tha@m manual self-
pollination treatment (Fig. 2). The higher seedrtibo in manually self-
pollinated flowers could be the result of inbreeddepression, where the
deleterious effects are often expressed during sdedelopment
(Charlesworth & Charlesworth 1987, Barrett & Koh®91, Ellstrand &
Elam 1993). On the other hand, differences betvgeemination of seeds
of different pollination treatments were not sigeaht and the negative
consequences of inbreeding depression seemed samécant only in
early life history stages. The abortion of devehgpiseeds already
removes a considerable number of inbred offsprings$ the remaining
viable seeds are thus less inbred. The reducedhdéguexpressed in
lower seed set of naturally pollinated flowers hasn also found in small
populations of a perennial gentia@entiana lutea(Kéry et al. 2000).
Selfing plays an important role i@. cruciata (Petanidou et al. 1995b)
and G. pneumonanthgOostermeijer et al. 1995), where inbreeding
depression was significantly documented only in geformance of
offspring. Based on these examples, the reducfiGeed set seems to be
typical for long-lived clonal species such @s pannonicaand G. lutea
(Kéry et al. 2000), but lower seed set followingnmal selfpollination
was also found in the short-lived, non-clor@éntianella germanica
(Luijten et al. 1998). Wiens (1984) indicated thatrelatively high
percentage of ovule and seed abortion is a fregueobserved
phenomenon in perennials, and it is argued thatrésults mainly from a
higher genetic load of outcrossing perennials imgarison with selfing
annuals. For example, the same reproductive sucfessinually selfed
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and cross-pollinated flowers was observed in anriiahnial and short-
lived species such aSentiana tenellaG. prostrate and Gentianella
germanica(Spira & Pollak 1986, Fischer & Matthies 1998b, jten et al.
1998). This supports the generally accepted thdw@tythe persistence of
populations of annual and short-lived species reguiregular
reproduction and seedling establishment, whereapdisistence of well-
established individuals and vegetative reproducfiays an important
role in the survival of perennial species (Spiré&&llak 1986, Eisto et al.
2000).

Large differences among years were observed inntimaber of
ovules per fruit. This is most likely a result afmitation of a vital
resource (Lloyd 1980). In 2000, there were droyggriods in June and
August 2000, which may have had a negative effacth@ number of
inflorescences per plant as well as on the numb@vuoles per fruit in
comparison to the more humid summer months in 2604. 5). The
pattern of seed set in particular pollination tneatts was similar in both
years of experiment. Only seeds mass differed letwmoth years and
pollination treatments. The fruits of the selfedwiers contained mainly
aborted seeds and ovules. The seeds mass was depéath on the
amount and quality of the viable seeds. The lowenlmer of seeds in
ovary did not result in increased size and weidhde®ds as reported for
other species (Kéry et al. 2000). Interestinglye #eed set of cross-
pollinated flowers with emasculation was lower thdrat of cross-
pollinated flowers without emasculation. The reasonthis is unclear,
but we assume that the emasculation might have medjative impact on
flower/fruit development. Some of the fruits inghreatment were ripen
sooner than other fruits and this caused a mirnge ¢f seeds during the
fruits collection.

The results of our manipulated field experimentpbdl to answer
questions about the effects of different pollinattgpes and year-to-year
variation on reproductive success Gf pannonica We studied the
pollination strategy of the species in a naturgbyation located in an
isolated area of the species distribution range 3éed set of the open-
pollinated flowers was not reduced and we suppbisepopulation does
not suffer pollen limitation. The production of gn& few low quality
seeds open- pollinated flowers was observed by eko(t963) who
cultivated few plants from a small isolated popiolat
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The future research should address the questiotetede to the
reproductive success and genetic variability ofytagons with different
size, as the genetic drift and consequences oédalimg play important
roles in the performance of small populations omt@® species
(Oostermeijer et al. 1994b, Luijten et al. 1998).
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Fig. 5. The monthly averages of precipitation in 2000 afA@i12years together with ten
year averages (1991-2001) are displayed. The datae wacquired from the
meteorological station in Horska Kvilda.
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ABSTRACT

Gentiana pannonicaScop. (Gentianaceae is a long-lived perennial
mountain species. It is a typical east-alpine el@mé&he centre of its
distribution is situated in the eastern Alps, whtre species occurs in
alpine and subalpine areas. Besides the Apgannonicaoccurs also in
the Bohemian Forest, Czech Republic. The reproolucstrategy and
genetic variation of this species endangered inGhech Republic were
studied. Genetic variation within and among six udapons of
G. pannonicain the Bohemian Forest and two populations in Algs
was studied using random amplified polymorphic DNARAPD)
markers. The variation found between populatioosfprimary habitats
and populations situated in the secondary mounteadows accounted
for 5% of the total genetic variation, whereas ngni§icant genetic
diversity was found between two different regioBsl{emian Forest, the
Alps). Most of the variation is distributed amongdividuals within
populations in the primary habitats, specifically?@ in the Bohemian
Forest and 79% in the Alps. The pattern of amongdfadion variation
was substantially different between primary andosedary habitats.
While among-population variation in primary halstatas low in both of
the regions (21-23%), the proportion of RAPD vaoiat among
populations in secondary habitats was distinctiyghlr (65%). Within-
population genetic variation was higher in prim&gbitats than in the
secondary ones. This may be a consequence of pescesch as genetic
drift or bottleneck, and founder effects caused diyanges in their
distribution during the Holocene period. The diffleces of vegetation
composition, seedlings recruitment and seed se¢ werestigated in the
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field. Vegetation composition differed between pamn and secondary
habitats ofG. pannonicaand seedlings recruitment was recorded only in
primary habitats. The reproduction output of thecsgs under study is
probably influenced by the availability of pollias.

ABSTRAKT

Gentiana pannonicge dlouho¥ky horsky druh. Centrum jeho ropsSii
leZi v oblasti vychodnich Alp, kde je vazadn na $pinské a alpinské
polohy. Mimo Alpy se vyskytuje v oblasti SumavyeBkladana prace je
studiem genetické diversity populaci ve spojengémodukni strategii
druhu na Sesti vybranych lokalitach na Sutnhav dvou lokalitach
v silikatovych oblastech Alp. Geneticka struktumpplaci byla studovana
pomoci metody RAPD. Byla zj&ta velice miziva meziregionalni
variabilita (Alpy sv. Sumava). Vyznamné rozdily malijici 5% z celkové
variability se objevily mezi skupinami populaci pézejicich

z primarnich a sekundarnich standvillejwtsi podil zjiSéné variability
leZel na vnitropopulai Urovni, konkrétd 77% u populaci na primarnich
stanovitich Sumavy a 79% v Alpéach. Vyrazné rozuilly zaznamenany
arovni mezipopuléni diversity. Zatimco u primarnich populaci se podi
mezipopuléni variability pohyboval mezi 21-23% v obou regiohgtak
mezipopulé&ni diferenciace v populacich sekundarnich statiowis
Suma¢ byla mnohem vy3§i (65%). Také hodnota vnitropomila
genetické variability byla vySSi u populaci na gmich stanovistich nez
u tch pochézejicich ze sekundéarnich luk. Rozdily \etieké struktie
populaci jsou pravgodobrg dasledkem rozdilnych podminek pro
piezivani a rozvoj populaci druhu \vipghu holocénu. Populace na
sekundarnich loukach mohou pochazet &p® nepatrnych zbyik
puvodnich populaci pottgnych rozvojem lesni vegetace a nizsi
vnitropopul&ni variabilita a vysSSi mezipopulai diferenciace rive byt
dusledkem proces ovliviiujicich malé populace (geneticky drift, efekt
zakladatele, bottleneck). Primarni a sekundarnmiostigt se také lisi
druhovym sloZzenim. itomnost generativniho zmlazeni byla
zaznamenana pouze na primarnich stanovistich. Kedéasledovani
rozdili v produkci semen jednotlivych zkoumanych lokalitée ukazuje,
Ze malé a nenapadné populace mohou mit snizenaukmiosemen,
jelikoz nedokazi vzdyiflakat dostatek opylowi.
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ABSTRACT

The molecular population structure of 20 populaiai the subalpine plant
Gentiana pannonicawas studied by use of amplified fragment length
polymorphism (AFLP) and sequencing of non-codingiaes of plastid DNA.
Of the populations sampled, 18 were native (11 vierm the Eastern Alps,
which is the distribution centre of the speciesd aeven were from the
Bohemian Forest, which is on the margin of theritistion range), and two
were from the Giant Mts and of unclear status. Nstml DNA polymorphisms
were found within the entire 6.185 bp investigatéde AFLP data revealed
grouping of populations at the regional level. Hoere differentiation at the
regional level (10.3 %) and at the interpopulafievel (14.2 %) was low. Even
though current populations are isolated and contsmall numbers of
individuals, the within-population variation (734) was high. Genetic variation
was higher for alpine populations than for Bohemigorest populations,
probably because of fundamental differences irohigsl changes in population
size between these regions. Within-population wanawas intermediate for
populations in the Giant Mts. The results indictlte possibility of a large
distribution of species in the unglaciated area€aftral Europe, irrespective of
altitude, during the late Pleistocene and earlyodehe. Our results do not
confirm thatG. pannonicavas introduced in the Giant Mts, and native staius
the Giant Mts is possible.

ABSTRAKT

Genetickd struktura dvaceti popula@entiana pannonicebyla analyzovana
pomoci metody AFLP a sekvenovanim cpDNA. Vybrandoby8 populaci
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Z oblasti fivodniho roz&eni (11 populaci z oblasti vychodnich Alp, 7 poplla
z oblasti Sumavy) a 2 populace z Krkono$ jejichi¥quinost je nejasna a
tradiéné jsou povazovany za introdukované. ¥pac sekvenovani cpDNA,
analyza neodhalila haplotypovou variabilitu mezsté@anymi populacemi.
Nizkou variabilitu souboru dat ukazuje i vysledekl&, na meziregionalni
drovei je vazano pouze 10,3% z celkové variability AFPAgfment. Alpské a
Sumavské populace jsou si geneticky blizké. Mirmmilisnost vykazuiji
predevsim vzorky pochéazejici z krkono3skych populdobvei mezipopulani
variability (14.2 %) je také nizka vzhledem k tonjak jsou populace v rdmci
regiomi navzajem izolované a maximum variability je soéedino na
vhitropopul&ni Grovni (75.5 %). Alpské populace maji ob&cwyssi
vnitropupula@ni diversitu nez populace na SumawoZ je pravépodobr
disledek rozdilné historie populaci a omezenych mstkngrezivani druhu
v oblasti s absenci rozsahlého subalpinského as#iio pasma. Geneticka
variabilita krkonoSskych populaci ma srovnatelnowovéi s ostatnimi
zkoumanymi regiony. Na zékladiskanych vysledklze uvaZzovat o moznosti,
Ze G. pannonicase v oteiené krajik na konci pleistocénu a étku holocénu
vyskytovala v celém prostoru mezi Alpami a Sudetskpohdimi a ustoupila
az vlivem klimatickych a vegetaich zn&n v holocénu do sa@asnych refugii
v horskych polohach. Vzhledem k dlouk&esti druhu nedoSlo zatim
k vyznamné diferenciaci meziérito regiony. Vysledky také jednozfré
nepotvrzuji introdukci druhu v krkonoSich, naop&k mozné, Ze se jednd o
vyskyt pivodni.

Keywords. AFLP; cpDNA; the Alps; the Bohemian Forest; théar@
Mts.; rare species
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ABSTRACT

Differences in seedling recruitment dBentiana pannonicawere
investigated between the primary (relict) and theosdary (semi-natural)
forest-free habitats of the Bohemian Forest (870018 a.s.l.) and of the
Alps (1045-1935 m a.s.l.) to understand the factm@moting the
seedling recruitment ofs. pannonicaand their importance for species
distribution, population structure, and conservatitn the communities
with adult plants ofG. pannonicawe recorded environmental variables
(the slope, the altitude, and the covers of bacaim, litter, and rocks),
estimated parameters of the vegetation (the coMererbs, bryophytes,
and dwarf shrubs), and counted the seedlingS.qgfannonicaln a field
experiment, we investigated seedling survival undiferent soil
moisture regimes. We also observed seasonal dyeaoficseedling
recruitment in permanent plots over the coursehoéd years. In the
primary habitats of both region§,. pannonicagrew in a relatively wide
range of communities, and its seedlings occurreéaoh area. In the
secondary habitats of the Bohemian Forest, a \@xyftequency of the
seedlings was recorded. The number of seedlingsased with the
covers of the moss layer and of bare soil and dsecewith the cover of
the herb layer, especially of graminoids. The sagdmortality was
significantly lower in the plots with higher soil aistures, and the
emergence of new-born seedlings was concentratdteispring season,
when the solil received a high water supply due &fting of snow. For
the successful generative reproduction Gfpannonica our findings
highlight the critical importance of microsites kitlow levels of
competition and of sufficient soil moisture. It seethat because of the
long-term lack of grazing disturbances, the stmeguof the secondary
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habitats of G. pannonica in the Bohemian Forest have become
unfavourable for seedling establishment and geveraeproduction of
this threatened species.

ABSTRAKT

OdliSnosti stanovis Gentiana pannonicana primarnim a sekundarnim
bezlesi Alp a Sumavy byly zkoumany ve vztahu k y§skxirozeného
generativniho zmlazeni. Jelikoz &3pa generativni reprodukce méa
v dlouhémcasovém niritku vyznamny vliv na moznostiigini druhu a
jeho populéni strukturu, tak znalost podminek poduajicich Uusgsné
generativni zmlazeni je zasadni pro efektivni aurgazdého vzacného
druhu. Ve vegetaci s vyskytem déBgh jedindi byly na vymezené plose
zaznaménany vybrané charakteristiky prexdit (sklon, nadmska vyska,
zastoupeni holé zem opadu a kameh), dale bylo charakterizovano
druhové slozeni a charakter vegeitio pokryvu (pokryvnost bylinného a
mechového patra, zastoupefistovych forem) a zaznamenan bylceb
nalezenych semedi& G. pannonica V terénnim experimentu byl
zjistovam vliv vihkosti na fezivani semeréa a také sezonni dynamika
generativniho zmlazeni byla sledovana na trvalylochdch po doburit
let. Zatimco na vSech typech primarnich stanblid vyskyt semengka
zaznamenam, tak wipadct sekundarniho bezlesi se generativni zmlazeni
v populacichG. pannonicavyskytovalo velice vzaena bylo vazano na
specificka stanovist v blizkosti toki, které mohou byt potencian
reliktni charakter. Rget semeng&nt koreloval pozitive s vySSim
zastoupenim mechového patra a holé &emnaopak ndjznivé pro
vyskyt semengku je vysoké zapojeni bylinného patra a zejména
graminoidi. Stanovit svysSi vlhkosti vykazuji nizSi Gmrtnost
semendkt. Na z&klad sledovani bylo zji&ho, Ze v pirozenych
podminkéach jetrst novych semertli soustedén na jarni obdobi, kdy je
zeme dokre zasobena vodou. Na zakladskanych dat jeigjmé, Ze pro
aspsnou generativni reprodukci druhu je zasadftomnost vhodnych
mikrostanovig§ s nizkou konkurenci v bylinném pat a dostatma
vihkost stanovigt Nepgitomnost generativniho zmlazeni na&tsine
horskych luk druhotného bezlesi je pr&ddobr disledkem
dlouhodobé absence tradiho vyuzivanidchto stanovit.

51



Keywords. primary forest-free habitat, secondary montane dows,
subalpine species, clonal species, rare specidsmsisture, seedling
survival

Nasledujici pasaz o rozsahu 14 stran obsahuje &kosti chra@né
autorskymi pravy a je obsazena pouze v archivovarégimale
disertacni prace uloZzeném naifodowdecké fakult Jihaceské univerzity

v Ceskych Bugovicich.
Publikace byla pjata do tisku wasopise Acta Oecologica.

Podil studenta na publikaci: 70%.

52



V.

Co se muzeme dozvédét o historii vyskytu
Gentiana pannonica v centrilni oblasti Sumavy
z jeho soucasného rozsifeni, stanovistnich vazeb
a historického vyuzivani krajiny

Manuscript



Co se nizeme dozédét o historii vyskytu Gentiana

pannonica v centralni oblasti Sumavy z jeho sowasného

rozSireni, stanoviStnich vazeb a historického vyuZivani
krajiny.

What we can find out about the history ofGentiana pannonica in the central area of
the Bohemian Forest from its current distribution, habitat linkages and historical
land use.

Ester Ekrtova

! Department of Botany, University of South BohenBaaniSovska 31,
Cz-370 05 Ceské Budjovice, Czech Republic,
ester.hofhanzlova@centrum.cz

ABSTRACT

The distribution and the habitats of the rare sgeGentiana pannonicavere
studied in the central part of the Bohemian ForEisé study area represents the
centre of recent distribution d&. pannonicain the Czech Republic. In the
Bohemian Forest(. pannonicais a typical glacial relict tied to non-forest
habitats (cirques of glacial lakes, banks of stearsecondary montane
meadows). The most frequent habitat of the spetieshe short-grasslands and
the heaths in the secondary forest-free areas iy saccessional stands of
woody species. Occurrence in the small open sitdb@banks of forest streams
is typical as well. In the localities with presemtcurrence ofG. pannonica
historical maps of the stable cadastre were usedidtermining the types of
habitats approximately 160 years ago. Pastures,nigdows, and forests
represent the most common *“historical” type of tetbin the localities with
present occurrence of gentians. Based on the se#uls assumed that the open
sites along the streams represent the most impdstpe of primary habitat in
the central part of the Bohemian Forest. It sedms $pecial human activities
(e.g. cultivation in gardens and fields) affectedyomarginally the general
distribution of the species in the study area. €nity, G. pannonicaoccurs in
numerous populations in the centre of the Boherkiarest, especially in the
secondary forest-free enclaves. However, successiprocesses negatively
affect the population size, flowering, and habdpaslity.
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UuvoD

Krajina stedni Evropy proSla od konce posledniho glacialu do
sowasnosti fadou vyznamnych proin, kEhem nichz se #milo
zastoupeni i sloZeni jednotlivych rostlinnych spetestev. S nastupem
lesni vegetace v pbéhu holocénu dochazelo k vyraznému Ustupu @iruh
i spol&enstev vazanych na otewnou krajinu konce pleistocénu a¢ptku
holocénu. Sgtlomilna spoléenstva a druhy byly vytt@mvany do vysSich
poloh, kde se udrZzovaly na bezlesi nad horni hrdega,¢i na jinych
extréemnich stanovistich, kde vzniku souvislého ilesrpokryvu branily
edafické ¢i mikroklimatické podminky (Jenik 1961, LoZzek 1973,
Jankovska 2004). Az odlesni krajiny spojené srozvojem lidské
spol&nosti  umoznilo v prostoru i&dni Evropy optovné Sfeni
swtlomilnych druhi a rostlinnych formaci (Lang 1994, Rybkdva &
Rybnicek 1996).

Mezi Gzemi, jejichZz saiasna podoba je ovli¢na olEma procesy,
pati bezesporu i oblast Sumavy. Charakteristickyntikladem
swtlomilného druhu, jehoz roz&ni a populéni paetnosti vyznamé
ovlivnil rozvoj lesni vegetace i nasledna kultukoionizace Sumavy, je
studovany drulGentiana pannonica

Horec panonsky je typicky ffklad druhu s centrem arealu ve
vychodnich Alpach, ktery je vazan na bezlesi. NamizSumavy se
rozStil pravdépodobré v obdobi posledniho glacidlu a nacatku
holocénu. Lze fedpokladat, Ze v tehdejsi bezlesé keajBumavy il
hotec panonsky zmaé rozdfeni (Skalicky 1998, Prochézka & Stech
2002). Tradin¢ se edpoklada, Ze s rozvojem lesni vegetace v obdobi
atlantiku druh pravgpodobré ustoupil na #kolik malo lokalit, kde se
vlivem geomorfologie terénu udrzela nelesni spatstva. Zatimco kary
Pledného aCerného jezera fpdstavuji typické isklady primarniho
bezlesi, kde mohl druhigivat, situace v oblasti centralni Sumavy neni
zdaleka tak jasna.tuRodné se pedpokladalo, Ze druh mohligZit
v okrajovychcastech wkterych rasSelini§ (Prochazka 1961, Prochazka &
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Stech 2002). Ovsem dle s@snych poznatkse zda, Ze hlavnimi refugii
mohly byt gedevSim oteené, pravidel& naruSované plochy nadzich
horskych potok (Sadlo & Bufkova 2002, Hofhanzlova & Fér 2009,
Ekrtova & KoSnar, accepted).

Predpoklada se, Ze po odlésih montannich poloh Sumavy (13.-19.
stol.) z&al tento s¥tlomilny druh migrovat n&lovékem vytvaené louky
a pastviny a dosahl v oblasti centralni Sumavy életk roz&eni. Jeho
vyskyt je doloZen prakticky na vSech vySe polozénignich enklavach
Sumavy s&zisttm vyskytu na Sumavskych planich (Prochazka 1961,
Anonymus 1972, Prochazka & Stech 2002). Zda sejextfealo pouze o
spontanni $éni, ¢i byl druh zandrné péstovan je stale otégné téma.
Odpovd’ je mozné hledat i ve srovnani historickych mapovgodklad:

a recentniho roz&ni druhu, podohinjako v gipadt studii zanstenych
spiSe na krajinna #itka (Krovakova 2008, Majka 2009, 2010).

Cilem tohoto pispivku je podrobné zmapovani s@asneho rozgeéni
druhu G. pannonicav oblasti centralni Sumavy $mhzem na sidelni
enklavy obci Kvilda, Horska Kvilda, Filipova KuModrava, PrasSily a
dale vyskyt podél toku Luzenského, Modravského kld&ského potoka
a dalSich jejich fitoki. Davodem pro pkzkum centralnich nelesnich
enklav byla skuténost, Ze srovnani séasného vyskytu s historickym
vyuzivanim krajiny nize vnést nové stlo do otazek okolo fgzivani
druhu v této oblasti ve igtdnim holocénu a potencialu a rychlosti jeho
Siteni naclovékem vytvaené lokality. Krond zachyceni stavu populaci
druhu na vymezeném Uzemi nacd@ilku 21. stoleti si prace klade
nasledujici otazky: (1) Na jakych stanovistich sghdv oblasti centralni
Sumavy v sotasnosti vyskytuje? (2) Jaka je historie &mnych
stanovi§ z pohledu historického mapovani, resp. jaky poda
souwasném roz&eni druhu mohou mit potenciélni vysadiiySireni na
antropogenni stanovi& (3) Jaky je charakter potenci&lrefugialnich
stanovi§ v této oblasti? (4) Je ohroZzeno dlouhodoB&jvani a vitalita
populaci druhu ve studované oblasti?
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METODIKA
Mapovani vyskytu Gentiana pannonica

Mapovani bylo zagteno na centralnicast Sumavskych plani. Pro
mapovani vyskytu bylo vymezeno Uzemi nelesnichanklbci Kvilda
(K), Horska Kvilda (HK), Filipova Ht(F), Modrava ¥etrg nelesnich
enklav zaniklé obce Vchynice-Tetov (M), PrasSily kurgxna (S), dale
nelesni enklavy Beznik (B), Luzenské udoli (LU) a okoli Roklanské
hdjenky (RH). Podrolin byly revidovany nivy Rokytky (RO),
Modravského (MP), Roklanského (RP), Jakio (JP) a Tmavého potoka
(TP) v oblasti Modravskych slati. Vybrany byly tyhkéavy, kde se
kombinuje vyskyt druhotného bezlesi r@mnosti vodnich tak a
blizkosti slati. Z praktickychivodi se prace nezatfovala na mapovani
vyskytu na ploSe lesnich kompflexJedna se o uzemi velké rozlohy a
nalezeni jednotlivych rostlin je dilem zde nahodyetailni rozsah
mapovani je v elektronickychiipphach (Riloha 3). Terénni mzkum
probihal ve vegetaich sezénach 2000 az 2005.

Plocha vybranych Uzemi byla prochazena podfabjednotlivé vyskyty
hoice byly zakreslovany do mapy ZM 1 : 10 000. V teréoyly
zaznamenany vsSechny nalezené, prostoroddilené skupiny rostlin
nebo vedle sebe se vyskytujici skupiny, které hdyany na rozdilné
typy stanovig (nag. louka vs. zarstajici wesovist). Pro kazdé misto
vyskytu byly zapisovany nasledujici tdaje:

1. Datum zaznamu

2. Sklon terénu (odhad)

3. Expozice uci svétovym stranam

4. Fiblizna rozloha plochy s vyskytef. pannonicgodhad)

5. Paet trgi: vymezeni ,trsu“ bylo v&kterym pgipadech (nap
polykormonalni porosty, rozsahlé plochy vyskytu)stiloobtizné. Do
poctu 50 byly detailtd zaznamenany jednotlivé trsyii pétSim patu byl
pocet pouze odhadnut. .

6. Paet kvetoucich lodyh: Do @u 200 byly detaild zaznamenany
jednotlivé lodyhy, pi vétSim pdty byl patet pouze odhadnut.

7. Hitomnost devin: zaznamenavano pouze v oblasti nelesnich enkla
vySe uvedenych obci, neni hodnoceno na lokalit@cklptoki Rokytky,
Modravského, Roklanského, J@w a Tmaveého potoka. Jedna se jednak
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o nélet devin na fivodné nelesnich plochach a jednak o vyskyideona
okrajich¢i v podrostu lesnich kultur.

8. Zastin: zaznamenavano pouze Vv oblasti nelesm@oklav vyse
uvedenych obci, neni hodnoceno na lokalitach pddiéh Rokytky,
Modravského, Roklanského, JéNw a Tmavého potoka. Vliv zastinu byl
hodnocen kategori&n(A — zastin, N — bez zastinu)fidmnost zastinu
byla zapsana v ffpac, kdyz gitomnost devin pimo korunami
zastiovala vice jak 30% tfisG. pannonicar misg vyskytu.

9. Habitat: Misto vyskytu bylo dle charakteru veget girazeno k jedné
z nésledujicich kategorii — V =fesovis¢ (porosty s vyznamnym
zastoupenim K&ku), KT = kratkostébelné travniky (suclé sttidaw
vihké travniky s dominantnim zastoupenim nizkychuhdlr travin —
Nardus stricta, Avenella flexuosaaj.), L = Ilouky (UZivejsi,
vysokostébelgsi spol€éenstva na suchychi mezickych stanovistich),
VL = vihkeé louky (vlhka stanovigf ¢asto alespio zcasti zraSelinla), N =
vyskyt pod naletemidvin, nebo na lesnich okrajich, LP — lemy pétok
(plochy v bezprosedni blizkosti toku nadp natrze v ploSe nivy, hrany
biehi, plochy na vninich stranach meandr vegetace je po#&mné
uniformni, tvdena fidkymi, prevaz vysokostébelnymi porosty
s dominantnim zastoupeni@alamagrostis villosajedna se fevazri o
stanovist v lesnich komplexech nadzich tok a v nivach, ale vzaen
zaznamenano i na bezlesiimpo na hras koryta ve vegetaci shodné
s porosty v lesnich komplexech.

10. Vegetani snimek (4 x 4m): snimkovana byla nahbggbrana mista
vyskytu, tak aby snimky reprezentovaly pokud moi$echny typy
stanovi$ s vyskytemG. pannonica

Digitalizace chorologickych udaji
Terénni zakresy vyskytus. pannonicabyly digitalizovany formou
polygonu na podkladu leteckého snimku zpracovandbo podoby

ortofotomap (stav kr. 2010, RGB 50cm) v programme\ew GIS 3.2
(ESRI Inc. 1996).
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Vyuziti archivniho mapovani (Cisaské otisky stabilniho katastru
Cech)

Pro zjiS&ni historického vyuZiti jednotlivych ploch s vyskwm G.
pannonicabyly pouzity mapy stabilniho katastru \&fitku 1 : 2 880
(Semotanova 2001, technicky popis Huml & Michal 20@ro zdjmovou
oblast Sumavy vypracované vigcatych letech 19. stoleti. Na zakad
téchto map lze dostiipsre zjistit k jakému delu byla dana plocha
vyuzZivana a kde lezely usedlosti v obdobi mapov@atejka 2009,
2010).

Indikacni skicy map stabilniho katastru byly Zgfeny Narodnim
archivem v Praze. Jedna se o mapové didocné na mapové listy v
kladu Gusterberg. tRodni mapové listy byly poté réezany na
pravidelné ¢tvrtiny tak, aby byla uletena prace s nimi v terénu.
Skenovany byly vSechny mapowésti @i rozliSeni 400 dpi, icemz bylo
dbadno na fesnou orientaci okraj diive rozezanych mapovych list
podle hran tvticich mapové listy v mapovém systému Gusterberg. V
prostedi TopoL (www.topol.cz) byly jednotlivé skenyilgizné umistny
a presre otoceny tak, aby souhlasila jejich orientace visgmém systému
S-JTSK. Poté néasledovalorggné umighi vSech skein vzhledem k
hranicim mapovych ligti tak, aby jednotlivé skeny na sebe navazovaly
co mozZna nejesrji. Pro jednotliva vymezena Gzemi tak bylo vyiteno
souvislé zobrazenitpodni mapy (Matjka 2009).

Na podklad otisku stabilniho katastru byla v progmaArcView GIS
3.2 (ESRI Inc. 1996) promitnuta vrstva vysk@upannonicaa pro kazdy
vyskyt byla zapsana tzv. kultura, na které se wyskghazel (SL — suché
louky, P — pastvina, VL — vihké louky, M — @y, PO — pole, L — les;
viz Priloha 1). Pokud se vyskyt fee panonského nachézel
v bezprostedni blizkostigi zcela gekryval pivodni usedlost, byl vyskyt
hodnocen jako , Z - zahrada“ (praymbdobré vysadba f zaniklé
usedlosti). V pipadech, kdy plocha vyskytu zasahovala vyznarda
vice typ kultur byly zapsany kultury spale¢ (P/SL, P/SL/PO, PO/SL;
viz Priloha 1). Pokud byl ij@sah okrajovy a z terénniho zaznamu bylo
jasné, ze se jedna prayabdobré spiSe o nggsnost zakresu vyskytu
hotce, tak byla zaznamenavana pouze kultura pokrywait§inu plochy
vyskytu. VySe uvedenétipady na kontaktu vice kultur se vSak v celém
souboru dat vyskytly spiSe ojedie.

59



Statistické zpracovani

Veget&ni data byla analyzovana linearni metodouiime@ gradientové
analyzy — analyzou hlavnich komponent PCA (Pridcipamponent
analysis) v programu Canoco for Windows 4.5 (TeakB& Smilauer
2002). Druhova data byla vyjgha procentickou pokryvnosti &g
analyzou byla logaritmovana. Status stan@y&iznamenany pro skupinu
rostlin, kde byl zapsan vegétda snimek (viz Hloha 1, 2), byl do
ordina&niho prostoru promitnut nasledmpo sestrojeni ordigaich os.
Graficky vystup ordinéni analyzy byl vytvéen programem CanoDraw
for Windows 4.0 (Ter Braak & Smilauer 2002).

Variabilita v c¢etnosti  kvetoucich populaci (povaZzované za
kvantitativni prom¢nnou s Poissonovym rodénim) byla analyzovana
log-linearnim modelem. Vystujicim faktorem log-linearniho modelu
bylo stanovist (pIn¢ oslurené, nebo zastéme), faktorem odezvy byl stav
populace (kvetouci, nebo sterilni). K posouzeniistieké vyznamnosti
interakce mezi stanovi&h a stavem populace byl vyuzit likelihood ratio
test (LRT). Vypdty byly provagny v programu R 2.9.0 (R Development
Core Team 2009).

VYSLEDKY
Mapovéni vyskytu G. pannonica

Béhem vegeténich sezén 2000-2005 bylo na vymezeném Uzemi
centralni Sumavy zaznamenano celkem 312 sk@irpannonica(viz
Pfiloha 1 a 3, obr. 1A).
NejvétsSi paet vyskyti (89) byl zaznamenan v okoli obce Kvilda
s nej¥tSi rozlohou nelesni enklavy na studovaném UzemihBe zde
vyskytuje roztrouSehna celé ploSe nelesni enklavy. Nejvice zastoupeny
jsou malé skupiny rostlin s vyskytem do 20utrgazané fedevsim na
lesni okraje (obr. 1B). OvSem §miné jsou i velké populace na loukach a
viesovistich. Zaznamenany byly vyskytil piezich Teplé Vitavy i toku
vytékajiciho z Jezerni stat

Oblast bezlesi Horské Kuvildy (celkem 36 skupin) fgpicka
vyznammjSi nerovnonmdrnosti vyskytu. Pgetny vyskyt je vazan
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piedevsim na szast nelesni enklavy, na okoli @iského a Hamerského
potoka. Ve vychodni a jihovychodiésti je lokalit pouze &kolik jsou
vazany pevazrié na okoli toku Hamerského potoka. Horska Kvild&ajeé
charakteristicka nizkym gtem malych skupin odkolika trsech. Druh se
zde zpravidla vyskytuje v getnych skupinach (obr. 1B).

Na bezlesi Filipovy Huti se druh vyskytuje roztreaSna celém Gzemi
(celkem 31 skupin), ale petné populace jsou pouze v gasti enklavy.
Naopak v z. az jz¢asti je velmi vzacny. Nachazi se zdkalik velmi
pocetnych skupin, ale typicky je vyskyt skupin ckolika trsech
roztrouSen v lu¢nich porostech i na okrajich teéviz obr. 1B).

V oblasti obce Modrava se druh vyskytuje jednakikolika mensSich
skupinach na nelesnich plochéch v okoli vliastnedabpak vzachpodél
toku Vydry snérem k Antyglu. OvSem hlavni Uzemi vyskyttedstavuje
Uzemi zaniklé obce Vchynice — Tetov (celkem 58 akupJzemi je
typické vyskytem malych skupin cikolika trsech vazanychiedevsim
na okraje le, kamennych sndésa cest, opravdu getnych skupin hice
je velmi méalo (obr. 1B). Vyskyt druhu je sotextn na jizni ¢ast
Vchynicko-Tetovského bezlesi a &®@m na sever je jiz vyskyt vzacny az
zcela chybi.

V okoli obce Prasily byly detaitnprozkouméany nelesni enklavy ji&n

obce. Bezlesi sevefra zapad#é obce bylo mapovano pouzeézig. Byla
nalezena jedina populace a to v oblasti zaniklée @&laneéna na zapadn
orientovanych svazich nad nivou Jezerniho potokatoRs dalSim textu
bude tato lokalita ozravana jako Slunma u PraSil. Jedna se oédv
velice p@etné skupiny rostlin odtené mohutnym kamennym snosem na
loukach misty s roztrousenym néletetievdn a dalectyii malé skupiny
v lucnim porostu nebo zcela jiz zarostlé hustym naletemku.
Pro roz&ieni druhu na ploSe vSech vySe uvedenych nelesnidéveplati,
Ze se druh se vyhyba pozeink vyznami zasazenych zefdélskou
intenzifikaci a v takto pozéménych ¢astech enklav je vazan vyhradma
lesni okraje.
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Obr. 1: Zakladni charakteristiky vyskyt®. pannonicana jednotlivych sidelnich enklavach a podélitok
v oblasti centralni Sumavy (K = Kvilda, HK = Horsk&ilda, F = Filipova Htf, M = Modrava a Vchynice-
Tetov, S = Slungna, LU/B = Luzenské udoli aiBznik, MP = Modravsky potok, RP = Roklansky poteks
Rokytka, JP/TP = Javba Tmavy potok, Rch = Roklanské chai).Celkovy p@&et zaznamenanych vyskyt
na jednotlivych lokalitachB) Paet zaznamenanych skupinihe rozalenych dle celkového gtu trsi (dle
tab. 1) vyjadeného pomoci definovanych kategorii (1 = 1-8,t&5= 6-20, 3 = 21-50, 3 = 51-199, 4 = 200 a
vice trdl); C) Paiet zaznamenanych skupin the rozalenych dle celkového @tu kvetoucich lodyh

v jednotlivych zaznamenanych skupinactdeo(dle tab. 1) vyja@ného pomoci definovanych kategorii (0 =
bez kvetoucich lodyh, 1 = 1-5 lodyh, 2 = 6-20, 31=50, 3 = 51-199, 4 = 200 a vice lodyh).
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Specificky gipad gedstavuje lokalita B2znik a Luzenské udoli (celkem
23 skupin). Studovany druh je zde hojny a je vazaef@evsim naiehy

a nivu Modravského potoka a jelietnych pitoka. Vyskyt v travnicich
na svazich udoli byl zaznamenan jerékatika pripadech. Nejpietnsjsi

je vyskyt mnoha stovek rostlin v se§asti Uzemi na svahu nad levym
biehem potoka ip okraji byvalé osady Eeznik a poetny vyskyt
pokraiuje proti proudu potoka za mostem&em do Luzenského udoli.
Celkow vSak grevlada vyskyt v menSich skupinac¢iajicich do 50 tns
(obr. 1B).

V pripact vyskytu u Roklanské chaty se jedn& @& gkupiny v &sné
blizkosti byvalé hajenky adti vyskyt se nachazi u cesty mezi Roklanské
chatou a Beznikem v mistech byvalych lesnych komglednes pomalu
zarstajicich holin. Redstavuje typicky nahodny vyskyt naédinach
v lesnich komplexech, které se v oblasti celé émitiSumavy vyskytuji,
ale je €Zké je soubor&izpracovat.

Posledni lokalitou, kteraredstavuje typickou nelesni enklavu je
adoli Rokytky. G. pannonicase zde vyskytuje vzaénv péti malych
prostoro¥ vyrazre oddlenych skupinach. Vyskytuje se jak
v bezprostedni blizkosti toku potoka, tak v susSich plochaphosted
luk.

Lokalita v udoli Rokytky plynule navazuje na vyskytodél
Roklanského potoka. Nad soutokem s Rokytkou bydzeal pouze jediny
trs, ale dale po proudu se vyskytuje dalSich 19iskuPrvniétyti jsou
vazany na drobné &tliny v bezprostedni okoli toku protékajiciho lesnim
komplexem. DalSi skupiny jsou pak jiz vazany naeedinou ¢ast udoli
v okoli soutoku s Jawom potokem tdhnouci se az k obci Modrava. Zde je
vyskyt vazan nejen na nivu &y toku, ale také naresovisé a louky na
svazich nad nivou. Podobjako v gipac Rokytky se jednaiedevsim o
malo paetné skupiny rostlin.

V piipadt Javdiho potoka, nebyl druh nalezen v useku mezi
soutokem s Roklanskym potokem a Javpilou. Celkem poetna
populace se nachazi na stnjicich loukach podél Tmavého potoka
navazujici na nelesni enklavy u Jévaly. Podél Javiiho potoka byl pak
zaznamendn vyskygp skupin v asi dvoukilometrovém Useku od soutoku
s Tmavym potokem s&gnem proti proudu. Druh se zde vyskytuje
piedevsim v ni¥ toku, ale také na svazich nad nivou.
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Co se tge vyskytu druhu podél toku protékajiciho lesnim ktarem,
tak jednozn&n¢é nejbohatSi lokalitou je Modravsky potok v Useku od
Brezniku po obec Modrav&. pannonicase vyskytuje roztrousSénaz
hojré na celém Useku toku. Pouze v mistech, kde se todka vice
zarezava a ma balvanitédhy bez rovinatych ploch v riydruh tSinou
chybi.
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Obr. 2: Zastoupeni jednotlivych typstanovi$ na plochach s vyskyterfsentianna
pannonica.A) Zastoupeni stanovi§V = viesovis¥, KT = kratkostébelné travniky, L =
louky, VL = vihké louky, N = vyskyt pod naletente¥in nebo na lesnich okrajich, LP —
lemy potoki) ve studované oblasti centralni SumaB) Zastoupeni kultur* dle
stabilniho katastru (P = pastvina, SL = suché loui® = pole, Z = ,zahrada“, VL =
vlhké louky, M = m@aly, L = les). Pokud se z&kres vyskytur¢® nachazel vyznanin
na ploSe vice kultur jsou o&lény lomitkem.
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Vegeta‘ni charakteristika stanovi®’ s vyskytemG. pannonica

Hofec panonsky se recesitnv oblasti centralni Sumavy rejsg;i
vyskytuje v kratkostébelnych travnicich (26 % zamananych vyskyi).
Naopak nejméhzastoupenym typem stanovigsou vihké louky (11%).
Priblizné 16 % skupinG. pannonicabylo zaznamenano rfadké travniky
v lemech potok, které jsou az na vyjimky vazany na nivy patok
protékajicich lesnimi komplexy (obr. 2A).

Pro podrobgjSi analyzu vegetaich typi s vyskytemG. pannonica
bylo pouzito 76 fytocenologickych snitinkVzhledem k malé variabiit
druhového sloZzeni byla pouzita linearni metodaring® gradientove
analyzy PCA. Prvni dvosy analyzy PCA vysilily 30,7 % variability
druhovych dat. Z vyslednych ordifrich diagram jsou patrné dva
zakladni trendy (obr. 3).

Podél prvni osy se promita gradient od &deych slunnych stanovis
k ttm zastignym. V piipadt zastignych ploch se jedni o ,lemovou*
vegetaci podél toku potdkv lesnich komplexech a plochyayodne
nelesnich spotenstev zarostlé naletemredin. Zejména v fpact
potatnich lemi, to jsou ridké travniky s dominantnCalamagrostis
villosa, ktera je ve vzécnych ifipadech nahrazen&arex brizoides
atypickymi druhy provazejicimi tuto vegetaci jsodthyrium
distentifolium Ligusticum mutellinaa Soldanella montanaStanovist
pod naletem #kvin mivaji iznorody charakter, jelikoz vznikly Ziznych
typt pavodre nelesnich stanowis Viad pripadi jsou pro ®
charakteristické druhy spdieé s wesovistni vegetaci Vaccinium
myrtillus, Homogyne alpinaMelampyrum pratensaj; obr. 3).

Druha osa odpovida gradientu vlhkosti a Zivin. \fsodni ¢asti
ordina&niho prostoru se objevuji snimky zapsané na suc¢hgigmami
chudych wesovistich zatimco v horni polo¥irdiagramu jsou snimky
z vihkych a v gkterych gipadech Zivinami obohacenich luk. (obr. 3).

Z fytocenologického pohledu Ize nejlépe klasifikowaesovistni
vegetaci, kteracasto pedstavuje typickou ukazku asVaccinio-
Callunetum vulgaris(sv. Genisto pilosae-Vaccinionv rizném stupni
degradace Zpsobené fedevSim expanzivenella flexuosa pripadré
Nardus stricta a Calamagrostis villosa Druhym relativé dolre
definovatelnym spolenstvem jsou kratkostébelné travniky blizké sv.
Violion caninaes dominantnim zastoupeniMardus stricta V pripac
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dalSich I¢nich spoléenstev, kde hec panonsky nachazime, je jiz
fytocenologicka klasifikace obtiZ$i. Jednd se o UZig$i variantu
smilkovych travnik, kde je hojg zastoupendestuca rubra Agrostis
capillaris, Bistorta major Hypericum maculatunaj. Na viigich mistech
muze byt vice zastoupenBeschampsia cespitos@ejména v fipad
nejvySe poloZzenych nelesnich enklav podél pit¢kuzenské uadoli,
Rokytka) se druh vyskytuje v sdrochuzenych derivatech raselinnych luk
zaraditelnych nejblize s\Caricion canescenti-nigraeV téchto porostech
dominuje étSinou trsnata form&arex nigraci Deschampsia cespitosa
vzacré Molinia caerulea V piipact lemovych porost podél tok a
vegetace naletovychielin je fytocenologicka klasifikace obtizna misty
az nemozna. Na &tlinach podél toku potakv lesnich komplexech ma
vegetace podobny charakter i druhové slozZzeni jaksokostébelné
travniky na skalnich teraskach v karech Plesnéberaého jezera, kde se
jedna o ochuzené varianty £valamagrostion villosae

Box 1: legenda ke drdlm zobrazenym v ordigaich diagramu (obr. 3A)

AgroCapi =Agrostis capillaris AchiMill = Achilea millefolium Alchsp =Achillea sp.,
ArniMont = Arnica montana AthyDist = Athyrium distentifoliumAvenFlex =Avenella
flexuosa BistMajo =Bistorta major BrizMedi = Briza media CalaVill = Calamagrostit
villosa, CallVulg = Calluna vulgaris CareNigr = Carex nigra CarePall =Carex
pallescensDeschCesp Beschampsia cespitoskestRubr sFestuca rubra GaliSaxa -
Galium saxatile HolcMoll = Holcus mollis HomoAlpi =Homogyne alpinaHypeMacu =
Hypericum maculatupiLiguMute =Ligusticum mutellinaLuzuMult =Luzula multiflorg
LuzuPilo = Luzula pilosa LuzuSylv = Luzula sylvatica MelaPrat =Melampyrun
pratenseNardStri =Nardus stricta PoteErec #otentilla erectaRanuAcri =Ranunculu:
acris, RanuRepe =Ranunculus repensSoldMont = Soldanella montanaSoliVirg =
Solidago virgaureaStelGram =Stellaria graminea Taraxsp =Taraxacumsp., TrieEurc
= Trientalis europaea VaccMyrt = Vaccinium myrtillus VaccUlig = Vaccinium
uliginosum VaccViti = Vaccinium vitis-idaea VeroCham =Veronica chamaedrys
ViolPalu =Viola palustris
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Obr. 3: Zobrazeni fytocenologickych sniifnka jejich druhového sloZeni v prostoru

ordinainiho diagramu PCA. A) Ordin&ni

zkoumanych lokalit s promitnutim statut
fitujicich druhi je zobrazeno bodévbod o

diagram PCA druhového slozeni
u stanayikte byl zapsan snimek. 37 nejlépe
dpovida konci Sipky). Legenda ke drufie.

Box 1. (B) Ordin&ni diagram rozlozeni fytocenologickych sniimikoumanych lokalit
s promitnutim statutu stanowiskde byl zapsan snimek.
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Historické vyuZziti ploch se sodasnym vyskytemG. pannonica

Promitnutim vrstvy satasného vyskyt@. pannnonicana podklad otisku
stabilniho katastru byla zj&ta vazba na 6 typ riznych ,kultur”.
Nejcastji se jedna o pastviny (33%) a suché travniky (20pkpadre
kombinaci obou kultur® (5%). Fekvapi¥ poietné je i zastoupeni
vyskytu v historickych lesnich porostech (27%), @#net dvakrat vice
nez v sodasnosti (obr. 2A,B). Vyskyt na ploSe slati a &dlovitych
stanovi§ neni casty (6%). Jedna serqaleviim o populace na nejvyse
poloZenych nelesnich enklavach v oblasti Luzenskétoli (obr. 4),
Rokytky (obr. 5), pipadré vyskyt na okraji Jezerni slati u Kvildy (K/83).
Vyskyt na ,kultue" definované jako vlhké louky je vzacny (pouze 6
piipadi). Také vyskyt na historickych polnich kulturach g&rajovou
zélezitosti. Porost lice vazany na polni parcelu byl zaznamenan v deseti
piipadech a v Sesti dalSich zasahovala plocha vyskybué pole
vyznamr na plochy pastvin a suchych luk. Na plochach,étsidy v 19.
stoleti polni kulturou se v s®asnosti jedna zejména o malé skupiny
rostlin vazané na ekoton luk a lesnich kultiasto se vyskytujici jiz pod
porostem #vin. Mére pripadi pak gedstavuji sotasné lgni porosty a
ojedirély je vyskyt jedince v bezpragtdni blizkosti kamennych snios
zarostlych vesovisStni vegetaci. Seasna poetna populace na ploSe
byvalého pole je spiSe vyjimkou. Konkrétise jednd o populace na
lokalit¢ Slun€&na u Prasil a ojedéte v oblasti byvalé osady Vchynice-
Tetov u Modravy (viz Hloha 1, M/35). V osmi fipadech se zakres
vyskytu nachazel v bezprostni blizkosti, nebo tpkryval polohu
roubenych usedlosti (obr. 6iilBha 1).
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Obr. 4: Zakresy sotasného vyskyts. pannonicgcerverg) na lokali® Luzenské Gdoli/Beznik na podkladu historické mapy otisku stabilniho
katastru A) a na podkladl sowasné ortofotomapyB|.
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Obr. 5: Zakresy sotasného vyskytuG. pannonica(Cerverg) na v udoli potoka Rokytka na

podkladu historické mapy otisku stabilniho katag&a na podklaglsowtasné ortofotomapyB).




w| pastvina

] sucha louka
pole

roubené staveni

Obr. 6: Priklady vyskytuG. pannonicana ploSe historickych poli a v blizkosti dnes jiz
zaniklych usedlosti na sidelni enkddkilipovi Huti (A) a dnes zaniklé obce Vchynice-
Tetov (C). Na podkladu saiasné ortofotomapy je zobrazen stav ploch pblipné 160

letech 8, D).
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Vliv zastinu na kveteniG. pannonica

Z celkového pétu 312 zaznamenanych vyskyiho‘ce panonského bylo
58 vyskyti nalezeno na plochacliyodre nelesnich stanowis/ sowasné
doke zarostlych néletemfdvin nebo na zast@inych okrajich lesnich
kultur (viz obr. 2A). Celkem bylo zastinem ovigm 105
zaznamenanych vyskyt druhu v oblasti hlavnich nelesnich enklav
(Kvilda, Horsk& Kvilda, Modrava, Filipova HuLuzenské udoli/Rznik,
Slune&nd), coz celkem fedstavuje téwf polovinu (43%) vSech
zaznamenanych vyskiytna vySe uvedenych hodnocenych enklavach.
Nejvice jsou zastinem ovli¢ény populace v oblasti Kvildy (54%) a
v oblasti Modravy (52%). Nejmensi podil zaznamewranyskupin
ovlivnénych zastinem je pak v okoli Filipovy Huti (32%gdiné uzemi,
kde zastin nebyl zaznamenan je oblast Luzenské/Bdetnik. Druh se
zde vyskytuje prakticky vzdy na ot@nych plochach a zastoupeni
solitérnich devin na ploSe bezlesi je celkem nizké a dik§Simou
nizkému vziistu vyznamny zastin ne@gobuiji.

Cetnost kveteni druhu v rozsahlych nelesnich enklaiz tab. 1)
byla ptikazre nizSi na zastémych stanovisStich (LRT, X21=5,4753;
P<0,02). Prawpodobnost, Ze populace nedokaze vykvést, byla v
zastiknych stanovistich dvakrat vyssi (25%) nez na stdtiot
oslurénych (13%, tab. 1).

Tabulka 1: Paity sterilnich i kvetoucich populaci populaci natzg&sych i oslugnych
stanovistich a pra¥gpodobnost jejich kveteni analyzovana log-linearniodelem.

. Populace Pravd&podobnost kveteni
Stanovist -
sterilni  kvetouci populace
oslurgné 18 120 87%
zastigné 26 79 75%
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Obr. 7. Priklady vyskytu G.
pannonica na jejichz plog byl
v prvni poloviré 19. stoleti mapové
les, zatimco pnejmensin
poslednich 60. let se jedna o Uz¢
bezlesé. 4) Cela oblast syskytem
G. pannonica v udoli Javéiho a
Tmavého potoka je na historic
mapE vedena jako les, B
V sowasnosti lezi na fehu toku
protékajici lesnim porostem pot
skupina JP/4 zatimco skupiny JF
TP/1 reprezentu;ji typické stanow:
sekundarniho bezlesi, stanovi
ostatnich vyskyt maji pechodny
charakter. C) Priklad na ploSe
sidelni enklavy obce Modrav
skupina M/3 I&i na mist, kde byl
jeS€& vprvni polovire 19. stolet
mapovan les, ) pohled ne
souwasny charakter ploch ve tgzu,
kde se jedn& o plochu jiz desitky
bezlesou syvinutymi  suchymi
travniky.



DISKUZE

RozSieni a charakter stanovi$® G. pannonica v oblasti centralni
Sumavy

Vyskyt G. pannonicaje ze Sumavy znam jiz velmi dlouho a historické
Udaje zahrnuji velkowast dnes znamych lokalitlCélakovsky 1868—
1883). Na zakla#l srovnani dostupnych praci a mapovani provedeného
v letech 2000-2005 Ize konstatovat, Ze za posladbix let nedoslo
k dramatické zréné rozSteni hdce panonského na zkoumaném Uzemi.
Druh je v této oblasti stale p@mé hojny. Resné srovnani vSak neni
mozné vzhledem k nedost&té lokalizaci historickych Udaj(Prochazka
1961, Anonymus 1972, Prochéazka & Stech 2002). \6ywéni
s literarnimi udaji (Prochadzka 1961, Anonymus 19%2) nepodilo
ovétit recentni vyskyt v okoli PrasSil. Druh nebyl z§Stani i detailnim
prizkumu na zarstajicich nelesnich enklavach jobce. Na zbytcich
nelesnich stanowi%sz., s., a sv. obce bylikum me® intenzivni a nelze
vyloucit , Ze zde #jaké lokality mohou existovat. Jedin& lokalita toté
oblasti byla nalezena na Uzemi byvalé obce Shdne

Na zaklad publikovanych uddj je zZejmé, Ze typy stanouis na
které je vyskytG. pannonicavazan se také za poslednilgtoleti ilis
neznénily. Druh je stale vazdn na vegetaci kratkostémintravniki,
viesovi¥, okraje potolt a vzack ho lze nalézt i na lesnich&hknach, jen
degradace ¢&kterych typi stanovi§ pravdpodobr vyrazré pokrctila
(Prochazka 1961, Anonymus 1972, Kirschner & Kirggiona 2000).
Jedinym rozdilem je jiny pohled na syntaxonomickéroceni druhay
chudych, kratkostébelnych traviiik dominantnNardus stricta kteréG.
pannonicacasto provazi (Chytry et al. 2010). Na z&klgéjich geneze
(nedosahuji horni hranice lesa) a absence fldkigtit element
alpinského bezlesi je nelzadit ke sv.Nardion strictae¢i sv.Nardo
strictae-Agrostion tenujsjak uvadi starSi literatura (Prochazka 1961,
Anonymus 1972, Kirschner & Kirschnerova 2000).tef0ze
fyziognomicky charakter porast je blizky vySe uvedenym
spolg&enstyim, jedna se o ochuzené a Zivinami extréminudé varianty
sv. Violion caninaena odles#énych plochach horského stupn
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Historie populaci G. pannonica v oblasti centralni Sumavy

Z pohledu davné historie popula&. pannonicav oblasti centralni
Sumavy je vyznamna otazka, zda a kde tenttl@wilny druh gezival
v tomto Uzemi lesnaté obdobfestniho Holocénu. ®odni gedstava, Ze
druh preZival na okrajich slati (Prochazka & Stech 200&)ahi na
skute&nost, Ze v satasnosti jsou vyskyty tohoto typu velice vzacné a
vétSinou navazuji na sousedni druhotné bezlesi nsbo y blizkosti
vodniho toku (obr. 4, 5). Vzhledem k ekologickynasthostem druhu i
vysledkim molekularnich analyz se zda, Ze v Uzemi centr@imhavy
hlavni refugialni roli hraly sstliny podél potok (Sadlo & Bufkova 2002,
Hofhanzlova & Fér 2009, Ekrtova et al. 2012, Ek&o& KoSnar,
accepted). Tentorpdpoklad potvrzuje i poénné pacetny recentni vyskyt
druhu podél tok a to nejen v lesnich komplexech Modravskych siaé,
také gimo na bezlesi s@asnych i byvalych sidelnich enklavieBy
potoki jsou diky disturbafnim vlastnostem vodniho toku zme
dynamickym stanovi8in a pra¢ dynamika stanovist (typicka pro
lokality v karech) je #ejmeé rozhodujicim faktorem pro U&né gezivani
a Sfeni druhu.

Pokud se podivdme na vyskytibe panonského na sekundarnim
bezlesi, tak se obe&nsoudi, Ze k &ni druhu doslo po odlesm
v souvislosti s kolonizaci Uzemi, kteraced ve vrcholném sedowku
(Prach et al. 1996, Prochazka & Stech 2002). Ndadékiskanych dat
vSak Ize uvazovat, Zgast populaci na sekundarnim bezlesi mirfeht
toka mohla mit také reliktni charakter. Druh mohl keohifehi potoki
vzacre prezivat na lesnich stlindch a jiz zmhovanych okrajich slati.
Jelikoz G. pannonicadokaze ve sterilnim stavurgzivat desitky let
v lesnim zastinu, coz potvrzuje sasny izolovany vyskyt v zapojenych
lesich. Od hlubokého préku az do obdobi rannéhoretiovtku mohlo
dochazet vlivem frodnich disturbanci k mistnimu préfevani a
lokalné mohl byt zapoj lesa ovlivim i specialnimi sidelnimi aktivitami
(horské pechody, zemské stezky, ritudlni aktivityi doplikova
ekonomicka c¢innost v nizSich polohach sidlicich  komunit). K
dlouhodobému i®Ziti druhu v lesnich porostech do &asnosti mohla
také vyznamé& prispivat lesni pastva, které byla odresiowku
vyznamnym faktorem, ktery ovlioval stav a podobu Sumavskychies
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i vtéch nejvySSich polohach a vyraznpe prosétloval (BeneS 1996,
Komérek 2010).

VySe uvedeny jedpoklad nize podporovat i pohled do historické
mapy stabilniho katastru. Tam se ukazuje, @demné enklavy jak podél
toka, tak mimo ® s vyskytemG. pannonicav sokasné dob bezlese,
byly jeS€& v prvni polovirg 19. stoleti lesem (obr. 4, 5, 7) a v ojetijch
piipadech lezi stale na lesnids (K/28, K/29, K/30). Je mozné, Ze se
jednalo o silg proswtlené porosty pod dlouhodobym vlivem pastvy,
které se satasnym vnimanim lesniho porostu ridormnoho spoléného.
Druh zde mohl teoreticky dlouhoddlpieZivat. Kompletni odlegni
ploch v prvni polovig 19. stoleti vedenych jeStjako les mohlo
pravdEpodobré souviset z vykoupenim prava pastvy v lesich v @éruh
poloving 19. stoleti (BeneS 1996) a tedy nutnosti zajigtiBi rozlohu
pastvin.

VySe uvedena interpretace je pouze jedno z mozmwdwtleni.
Stale existuje i moznost, Ze druh se i v posledi2€® letech na
studovaném uUzemi relatignintenzivreé Sitil. Hofec panonsky mohl
kolonizovat lesni stanovidtaz po jejich odlesmi v pribéhu 19. a 20
stoleti. Tento fedpoklad by podporovala i skdtest, Zze po vysidleni
pavodniho obyvatelstva doSlo udajik rapidnimu nérstu popul&nich
pocetnosti druhu v celé oblasti centraini Sumavy (Réaka 1961,
Prochazka & Stech 2002). Zde oviem nardzime n&aspné@ poznatky
o biologii, genetické diverzita generativni reprodukci druhu, které jeho
rychlé intenzivni §eni (¥iliS nepodporuji (Ekrtova et al. 2012, Ekrtova &
KoSnar, accepted). Zpravy o dramatickém ustupuudsuh. polovirg 20.
stoleti vlivem sbru jeho oddenk, mohou byt zavégici. Vychazi zejme
z informaci o vykupu oddeiik (Prochazka 1961, Prochazka & Stech
2002) a zpravach o jejich vyrypavani (Hilitzer 193Bravé&podobré se
vSak jedna o ikledek obtizné nalezitelnosti fertilnich rostlinsiing
spasené krajih sidelnich enklav centraini Sumavy, jelikoZ i
z historickych addj vyplyva, Ze druh byl v oblasti Sumavy razsi spise
vzacré a zpravy o peetnych populacich jsou ojedigé (Celakovsky
1868-1883, Krist 1933). Rychly st populénich p@&etnosti po roce
1945 (Prochazka 1961) byl pak pouze vysledkem j@iiwtni rostlin po
astupu intenzivni pastvy Zidodu politickych zrgn. Dobytek totiz hice
casto selektivés spasa (osobni pozorovani). Na druhou stranu jené&oz
Ze nepitomnost generativniho zmlazeni n&sine lokalit sekundarniho
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bezlesi je pouze tdledek zminy vyuzivani krajiny v poslednich
60. letech a situacegd rokem 1945 mohla byt zcela jiné.

Otazkou nadale istava i podil cileného vysazovani n&esi této
lékarnicky vyuzivané a dekorativni rostliny. Vizizalci sodasného
vyskytu druhu na historicky mapovy podklad stalhitnikatastru se
ukazuje, Ze podil vyskytu druhu v bezpiedni blizkosti lidskych sidel
(,vysadba v zahradce"), nebo na ploSe polnich kyéyxekvapiv maly
(viz obr. 6). Vyjimku gedstavuje pouze populace na Skméeu Présil a
je tedy mozné, Ze vyskyt druhu na této lokatitize byt antropogenniho
puvodu.

Vysvétleni vyskytuG. pannonicana ploSe byvalych poli I1ze vyslit
dvojim zpisobem. Mohlo se jednat o pmstatky cilené vysadby za
Gcelem produkce ,radix gentianae“, ktery byl lekagnikykupovan a
mohl slouzit i k doméci vyrab likéru (Prochazka & Stech 2002).
V piipadech, kdy saiasny vyskyt zasahuje plochu byvalych poli
spol&né s pastvinami a/nebo suchymi loukami, je mozné etixky
piedpokladat Ze se na plochu ogugho pole roz&i druhotre diky
piiznivym mikroklimatickym podminkdm pro kEni a pezZivani
semendkia z okolnich populaci na pastvinach a suchych loukd¢a
zaklad vySe uvedenych zji&i vSak vyplyvd, zZe vysadby
antropogenniho qvodu (poZstatky byvalych zahradek,égtovani, ¢i
Siteni na polnich kulturach) nety na sodasné roz$éni a pdetnost
populaci na sekundarnim bezlesi centralni Sumamgamny vliv.

VySe uvedené zdéwy vychazeji ze zjignhi ziskanych promitnutim
sowasného vyskytu na historickou mapu stabilniho katas spravnost
téchto z&¥ru je do jisté miry zavisla naigsnosti zakrds sowtasného
vyskytu druhu a fesnosti historického mapovani. Terénni zaznamy
vyskytu druhu byly do saiasné ortofotomapyipkreslovany z map ZM 1
: 10 000, coz sebou santepré nese ufité negesnosti. Nicmé# diky
vysoké kvali¢ ortofotomap, podrobnym poznamkam o kazdém
konkrétnim vyskytu a dobré znalosti terénu se deami Ze posuny
v zakresech nejsou vyznamnéelR/apiva je pesnost historickych map,
kde zneny jednotlivych  kultur, ¢asto s neustitelnou Fesnosti
reflektuji zneny stanovig pretrvavajici do satasnosti. Na zakladechto
Zjisténi je mozné vylodit vyznamny vliv nepesnosti map na celkove
vysledky této prace.
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Ochrana populaciG. pannonica

Pfi pohledu na p&et lokalit a velikost populac. pannonicav oblasti
centraini Sumavy by se mohlo zdat, Ze druh Zadritmnau ochranu
nepotebuje. Ochrana populaci dloukaych druhi vSak niize byt velice
zradna. Druh je stale objekti&mpritomen, ale vzhledem k neoptimalnim
podminkam jeho biotopu mohou cRyhuvenilni stadia nebo druh zcela
ztrati  schopnost generativni  reprodukce (HeinkendSwa &
Minzbergova 2012). Toto se potvrzuje ifpgad G. pannonica

Vyzkum hdce panonského ukazal, Zditpmnost generativniho
zmlazeni druhu v oblasti centralni Sumavy je vzacigvem omezenym
pouze na stanovistv tésné blizkosti vodnich tdk (Ekrtova & KoSnar,
accepted). Naproti tomu vysledky genetické strukfompulaci ukazuiji,
Ze druh se i v populacich na sekundarnim bezleshulosti generativé
rozmnoZzoval (Hofhanzlova & Fér 2009, Ekrtova e2@12).

Z dlouhodobého hlediska je vyznamny i problém zaéhonelesniho
charakteru stanowiSG. pannonica V oblasti hlavnich nelesnich enklav
(Kvilda, Horsk& Kvilda, Modrava, Filipova HY je na ploSe 61%
populaci zaznamenanditpmnost naletovychidvin a v 43% fipadi
dochazi jiz k zastinu rostlin, coz sniZzuje jejictialitu a miru kveteni.
Vzhledem k dlouhotkosti druhu a jeho schopnosti snaset zastin, to
neznamend bezprostni pokles p&tu ¢i zanik jeho populaci v blizké
budoucnosti. OvSem vyznaghno sniZzuje jeho reproddki potencial a
degraduje celkovy charakter jeho stantwuilezitych pro dalSicasto
vice citlivé druhy rostlin i Zivéichi. S omezovanimipozené sukcese
dievin by n€la probihat i snaha o obnovu tr&diho vyuzivani dchto
biotopi. Periodicka, intenzivni pastvatgobujici naruseni kompaktniho
travniho drnu by mohlaifspeét k obnow generativniho zmlazeni nején
pannonicaale i jinych vzacnych konkuréne slabych druh.

Z praktického hlediska je veliceil@zita i ekonomicka strankasei.
Pokud je napiklad likvidace naletovychigvin provadna pravidels a
véas jsou finadni naklady fddow nizsi, nez kdyz je odstiavan
.vzrostly les®. Také je pdeba zminit, Ze regenerace nelesniho biotopu po
odstragni pokra@ilého stadia sukcese tbe byt znané problematicka
(expanze nezadoucich diyhdlouhodoba regenerace apod.).édbhto
piipadech totiZasto hrozi, Ze se nam mozna podachranit konkrétni
druh (zde G. pannonicy ale ne jeho biotop jako celek, ktery
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v zachovalém stavu iie hostittadu dalSich vyznamnych dnuhostlin a
Zivocicht. Pra¥ komplexni ochrana by &a byt cilem smyslupiné
ochrany pirody. Vlajkové druhy, jako n&fklad hdaec panonsky mohou
byt dobrym podfirnym argumentem pro realizaci efektivni aktivni
ochrany.
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Priloha 1. Prehled zaznamenanych vysky®. pannonicaa charakteristika jejich stanovidRO = Rokytka, RH = Roklanska hajovna, RP =
Roklansky potok, TP = Tmavy potok, JP = Jdymtok, MP = Modravsky potok, M = Modravatetré Vchynice-Tetov), B = Beznik, LU

= Luzenské udoli, HK = Horska Kvilda, K = Kvilda,#Filipova Ht, S = Slun&na. Snimekg¢islo fytocenologického snimku uvedeno dle
Prilohy 2. Nalety devin (- = nehodnoceno, A =fipomnost vzrostlych igvin, N = bez Htomnosti vzrostlych &kvin). Zastin (- =
nehodnoceno, A — zastin, N — bez zastinu). Stakdtdstr, historicky zaznamenana ,kultura“ v raigicentniho vyskyt@. pannonicaSL

— suché louky, P — pastvina, VL — vihké louky, Mnecaly, PO — pole, L — les). Habitat, sasny biotop v migtrecentniho vyskytis.
pannonica(V = viesovis¥, KT = kratkostébelné travniky, L = louky, VL = W& louky, N = vyskyt pod néletentakin, nebo na lesnich
okrajich, LP — lemy potaR.

Kod Snimek Sklon Expozice Datum Rozloha Potet i\%‘ft Nalety Zastin Stabilni Habitat Popis
(€islo)  (°) zaznamu  (m2) trst o dyH ditevin katastr

Skupina tré na pravém tehu potoka Rokytka, ca 200

RO/ 1 0 0 17.7.2001 20 15 27 - - L VL m od soutoku s Roklanskym potokem, pod
vrchovi§€m, v porostu s dominantnim zastoupenim
Deschampsia cespitosa

RO/2 2 1 J 17.7.2001 6 10 4 - - M KT Pod byvalou Skskou cestou v kratkostébelné louce

Skupiny tréi az souvislé porosty v mirné terénni
snizenir nedaleko pravéha‘ehu potoka v porostech
s dominantnim zastoupeni@arex nigra

RO/4 R 0 0 17.7.2001 3 2 0 - - M KT Vyskyt 6 ffiZic ve 2 trsech v padeinus mugaa
levém tfehu potoka

Nekolik trsi podél vodni struzkyiftékajici z leva do

RO/3 3 0 0 17.7.2001 80 36 74 - - M VL

RO/5 - 1 J 24.8.2008 15 6 8 - - L VL

potoka
RH/1 4 1 b\, 17.7.2001 1050 17 7 i . L KT JV orientovany svah, ca 100 Z od chaty proti byvalé
klauze, zaistajici zbytky kratkostébelnych traviik
RH/2 5 1 N 17.7.2001 50 4 1 R R L kT Na Z strag chaty, vedle cené stodoly, vyrazny

zastin paserRicea abieszafistdHolcus mollis
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Kod

Snimek Sklon Expozice

(¢islo)

@]

Datum
zadznamu

Rozloha Poget

(m2)

trsa

Pocet
kvet.
lodyh

Nalety Zastin Stabilni Habitat
direvin katastr

Popis

RH/3

11.9.2004

24

3 - - L N

V piikopu silnice, v hustém porostu mladych &kr
na okraji silnice

RP/1

RP/2

RP/3

RP/4

RP/5

RP/6

RP/7

66

67

SV

17.7.2001

29.8.2003

29.8.2003

8.8.2003

29.8.2003

29.8.2003

29.8.2003

40

30

300

120

50

50

40

35

40

10 - - L LP

16 - - L LP

12 - - VL LP
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V travnicich s dominujicCalamagrostis villosaa
pravém behu potoka

Mirné sklorgny fidky travnik na vnini strar
meandru potoka na levéniehu, dominuje
Calamagrostis villosahojre vyvinuté EO §phagnum
sp.,Polytrichumsp.), z dalSich druhvtrouSert
Homogyne alpinaSoldanella montana Athyrium
distentifolium

V plochém meandruiplevém tiehu potokajidké
travniky s vyznamnym zastoupen@alamagrostis
villosa aAvenella flexuosavtrouSew Soldanella
montanaAthyrium distentifoliumTrientalis
europaeaa).

Lesni s¥tlina pii levém l¥ehu potoka tehu, nedaleko
brodu ffes potok, pod srazem na&ha cestou

Okraj zarostlého 8tkového naplavu, asi 10 m od
toku na levém tehu, mirny svah na okraji lesa, ve
vegetaci dominuj€alamagrostis villosavtrouses
Deschampsia cespitodaigusticum mutellina
Vaccinium myrtillusLuzula sylvatica

V druhow chudém porostu se zastoupemardus
stricta, Avenella flexuosa&Calamagrostis villosana
pravém behu potoka

Pravy lfeh potoka pod posedem, v porost&arex
brizoidesa Calamagrostis villosapieplavovano
piskem i rozvodreni toku



Kod

Snimek Sklon

(¢islo)

@]

Expozice

Datum

zadznamu

Rozloha Poget

(m2) trst

Pocet
kvet.
lodyh

Nalety Zastin Stabilni

direvin

katastr

Habitat

Popis

RP/8

RP/9

RP/10

RP/11

RP/12

RP/13

RP/14

RP/15

RP/16

RP/17

0

JZ

237

SV

29.8.2003

29.8.2003

5.8.2005

5.8.2005

5.8.2005

5.8.2005

5.8.2005

5.8.2005

5.8.2005

5.8.2005

160

300

600

450

75

600

1500

35

40

15

40

15

20

15

18

18

25

90

20

40

20
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VL

SL

SL

SL

LP

LP

KT

LP

VL

KT

Zarista naletenficea abiessuchy val na levém
biehu potoka, &které trsy pimo na behu potoka,
zvingny terén

Degradovanéiesovist po levé straficesty z
Rybarny na Modravu, zastdCalamagrostis villosa
Nardus stricta Calluna vulgaris Vaccinium vitis-
idaeg Molinia caerulea Melampyrum nemorosum

U hrakéciho mostu, v ni¥ potoka na pravémiehu,
ca 10 od toku v porostec®arex brizoides

Na levém behu potoka mezi cestou a tokem, v
porostech kratkostébelnych luk &iolion caninaes
Avenella flexuosaAgrostis capillaris Arnica

montana Solidago virgaurea

Byvalé sejpy na levémiehu potoka pod cestou,
viesovistni vegetace astnico-montanae Callunetum
s Nardus stricta Calluna vulgaris Vaccinium
uliginosum Arnica montana

Na pravém tehu, gimo nad tokem v porostech
Carex brizoides

Po pravém tehu potoka v porostedbarex brizoides
a zbytcich vlhkych a zraSeéilych luk

U cesty, asi 8 m Z od cesty v kratkostébelnych
travnicich misty #olinia caerulea zafista
Calamagrostis villosa

Pti dolnim okraji wesovist, na okraji lesa, ve
viesoviStnich porostech asnico montanae-
Callunetum zafista a degraduje, ve spodidkti

mirrg zraSeliglé

Na louce na pravéntéhu potoka, ca 20 m od okraje

KT lesa v porostech kratkostébelnych luk'gialion

caninae



Pocet
kvet.
lodyh

Snimek Sklon Expozice Datum Rozloha Poket
(¢islo) ©) zaznamu  (m2) trst

Nalety Zastin Stabilni Habitat Popis

Kod direvin katastr

RoztrouSen trsy na susSich mistech na levo od cesty
smer Modrava a na svahu na likou, chudé
) ) ) kratkostébelné louky sWiolion caninae na svahu
RP/18 0 0 582005 1200 15 30 St KT Zragelirslé aridkymi travniky s dominantni
Calamagrostis villosana svahu na vihkych plochach
vzacré zaznamenan vyskyt generativniho zmlazeni

Louka v ni¥ potoka, ca 25 m od levéhodhu toku,
RP/19 ) 0 0 5.8.2005 600 10 40 ) ) P VL monodominantni porosf@arex brizoides
Na pravé strahcesty smir Modrava, degradované
5.8.2005 450 5 10 ) ) L VL kratk_ostebelne tra\_/nlky wifho t‘ypu S expanz@qrex
brizoidesa Carex nigra ruderalizovan&aleopsis
bifida

RP/20

'
w
(&}

Nelesni enklavy podél toku Tmavého potoka, 2
navzajem vzdalené skupiny rostlin v porostech

TP/1 - 2 J 5.8.2005 2000 50 100 - - L KT kratkostébelnych luk sWiolion caninaevihéiho typu
roztrouSes z naletyPicea abiesmisty expanze
Carex brizoides

Chudé vesovist na svahu nad cestou &ndavdi
JP/1 - 40 Vv 5.8.2005 10 6 15 - - L V  pila, dominuji porosty brusnid/@ccinium myrtillus
V. vitis-idaeg, misty sCalamagrostis villosa

Na louce v ni¥ mezi cestou a levymreéhem potoka,
JP/2 - 0 0 5.8.2005 4 4 5 - - L VL mirn¢ zraSeliglé porosty gidkymi travniky
Calamagrostis villosa Equisetum sylvaticum

V nivé potoka, nedaleko levéhadhu v porostech
JP/3 - 0 0 5.8.2005 20 6 23 - - L LP degradovanych kratkostébelnych travngk
dominantnim zastoupeni@alamagrostis villosa

Swtlina v nivé mezi valem cesty a lesem, vyskyi p

) ) pravém behu potoka, vyskyt generativniho zmlazeni,
Jpia 68 0 0 5.8.2005 10 13 7 L LP fidké zraSelislé travniky s dominantnim zastoupenim
Calamagrostis villosa
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Pocet

Kod Snimek Sklon Expozice Datum Rozloha Poket kvet Nalety Zastin Stabilni Habitat Popis
(¢islo) ©) zaznamu  (m2) trst ; direvin katastr
lodyh

RoztrouSeny vyskyt v kratkostébelnych travnicich

JP/5 - 0 0 5.8.2005 5000 38 87 - - L KT zarfistajicichCalamagrostis villosgo pravé strah
cesty snir Javdi pila

MP/1 - - - 14.8.2001 - 12 8 - - L LP Na pravemvidm biehu

MP/2 - - - 14.8.2001 - 5 0 - - L LP Na pravéietu

MP/3 26 - - 14.8.2001 - 50 77 - - L LP Na pravéfehu

MP/4 ) ) ) 14.8.2001 ) 35 68 ) ) L Lp Napravém kehu, ojedigle vyskyt kwtenstvi s kity
bilé barvy

MP/5 ) ) ) 14.8.2001 ) 102 50 ) ) L Lp Napravémilevémiehu, ojedigle vyskyt kwtenstvi
s krémovymi kéty s fialovymi t&kami

MP/6 27 - - 14.8.2001 - 26 12 - - L LP Na pravéfehu

MP/7 - - - 14.8.2001 - 17 17 - - L LP Na pravéraudm Behu

MP/8 - - - 14.8.2001 - 31 19 - - L LP Na pravéraudm Behu

MP/9 - - - 14.8.2001 - 5 8 - - L LP Na pravéietu
Na pravém tehu, vyskyt roztrouserv fidkych

MP/10 28 - - 14.8.2001 - 67 105 - - L LP travnicich na sile zraseliglé lowtce na naplavu
potoka s roztrouSenym vyskytdPicea abies

MP/11 - - - 14.8.2001 - 8 15 - - L LP Na pravém i levérahu

MP/12 - - - 14.8.2001 - 2 2 - - L LP Na pravérrebu

MP/13 - - - 14.8.2001 - 10 8 - - L LP Na levénebu

MP/14 - - - 14.8.2001 - 16 21 - - L LP Na pravém i levsfahu

MP/15 - - - 14.8.2001 - 2 3 - - L LP Na pravém i levéretu

MP/16 - - - 14.8.2001 - 11 14 - - L LP Na pravéiehu

MP/17 - - - 14.8.2001 - 6 5 - - L LP Na pravérfehu

MP/18 ) ) ) 14.8.2001 ) 12 1 ) ) L Lp Nalevém ehu, v gikopu silnice, na levemrehu
potoka, ca 40 m od mostu

MP/19 ) ) ) 14.8.2001 ) 4 3 ) ) L Lp Na pravém tehu, v porostecalamagrostis villosa
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Snimek Sklon Expozice Datum

Rozloha Poget

Pocet

Nalety Zastin Stabilni

Habitat

Popis

Kod (¢islo) ©) zaznamu  (m2) trst kvet direvin katastr
lodyh

MP/20 ) ) ) 14.8.2001 ) 11 18 L VL Na Ievem bBehu a na levé strarsilnice snér Modrava
ve vihké lodce

MP/21 - - - 14.8.2001 - 19 23 L LP Na levérfebu

MP/22 ) ) ) 14.8.2001 ) 1 1 L Lp Na konci lowky, na prave stranpotoka, pimo v
btehu nad korytem

MP/23 - - - 14.8.2001 - 3 14 L LP Na pravém i levérehu

MP/24 - - - 14.8.2001 - 1 4 L LP Na levénmeu
Na pravém tehu, vyskyt ca 30 m za mostem po

MP/25 - - - 14.8.2001 - 2 3 L KT  proudu v suchém kratkostébelném travniku na okraji
lesa

MP/26 - - - 14.8.2001 - 18 23 L LP Na pravém i levrahu

MP/27 - - - 14.8.2001 - 19 25 L LP Na pravém i levrahu

MP/28 - - - 14.8.2001 - 10 19 L LP Na pravéiiehu

MP/29 - - - 14.8.2001 - 5 4 L LP Na levéneu

MP/30 - - - 14.8.2001 - 5 5 L LP Na pravém i levétretu

MP/31 - - - 14.8.2001 - 5 9 L LP Na pravérfehu

MP/32 - - - 14.8.2001 - 7 12 L LP Na levérrehu

MP/33 - - - 14.8.2001 - 1 0 L LP Na levénmeu

MP/34 - - - 14.8.2001 - 6 2 L LP Na levénebu

MP/35 ) ) ) 14.8.2001 ) 5 1 L Lp Napravém tehu, v ni¢ potoka, ca 1 m odrehu, na
okraji nelesni enklavy obce Modrava
Druhow chudy porost na okraji lesa s dominantnim

M/l - 4 VASYA 6.8.2004 12 21 34 L N  Calamagrostis villosavtrouSeg Melampyrum
pratenseVaccinium vitis-idaeazmlazujePicea abies
Druhow botaté porosty kratkostébelnych traving.
M/2 - 1 Jz 6.8.2004 6 6 10 SL KT Violion caninaenedaleko gsi cesty z Modravy na
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Kod

Snimek Sklon Expozice

@islo) ()

Datum
zadznamu

Rozloha Poget
(m2) trst

Pocet
kvet.
lodyh

Nalety Zastin Stabilni

direvin

katastr

Habitat

Popis

M/3

M/4

M/5

M/6

M/7

M/8

M/9

M/10

M/11

- 1 Jz

6.8.2004

6.8.2004

6.8.2004

7.8.2004

7.8.2004

7.8.2004

7.8.2004

7.8.2004

7.8.2004

800 35

750 55

30 4

1700 150

3200 90

8000 180

20 12

25 7

40

89

150

80

10

88

SL

SL

KT

KT

KT

KT

KT

KT

KT

Druhow ochuzené kratkostébelné louky na mirném
vyslunném svahu, expanduj®lcus mollis hojrg
Stellaria gramineaa Hypericum maculatum

Kratkostébelné travniky zéstajici naletenicea
abies vtrouSew Arnica montanaMelampyrum
pratenseVaccinium myrtillus

Trsy v hustém porostGalamagrostis epigejosa 300
m SZ od hotelu Klostermann

Druhow chudé travniky swiolion caninaena okraji
lesa, zakstdCalamagrostis villosavtrouSes
Avenella flexuosaNardus strictaMelampyrum
pratenseM. sylvaticumaj.

Druhow chudy travnik swiolion caninaes
dominanciNardus stricta misty zafista
Calamagrostis villosa

Kratkostébelné travniky s¥iolion caninag hojrg
Bistorta major Avenella flexuoseSolidago
virgaurea,Melampyrum pratens@&lardus stricta
Potentilla erecta

Druhow i zivinami bohatsi kratkostébelné travniky
sv. Violion caninaepod cestou mezi dma chatami,
zarnsta naletenfPicea abiesmisty expanz€arex
brizoides

Kosena louka, nad chatou u okraje cesty, dréhov
bohaty travnik swiolion caninae

Nekolik trsi v nejnize polozeném cipu louky, drukov
chudy travnik swiolion caninae expandujéHolcus
mollis, zafista [ okraji Picea abies



Pocet

Kod Snimek Sklon Expozice Datum Rozloha Poket kvet Nalety Zastin Stabilni Habitat Popis
(¢islo) ©) zaznamu  (m2) trst ; direvin katastr
lodyh
Prudky svah pod loukou na okraji lesa,izsé
M/12 ) 15 v 7.8.2004 200 35 15 A A SL v néletemPicea abiestravniky sv.Violion caninaeaz

viesovist, hojng Vaccinium myrtillusa Avenella
flexuosa vyskytimperatoria ostruthium

Prudky svah pod loukou na okraji lesa, iz
naletemPicea abiesvegetaci dominuje
M/13 - 5 \% 7.8.2004 32 10 4 A A PO N Calamagrostis villosavtrouSe® Hypericum
maculatumCirsium heterophyllugSolidago
virgaurea Avenella flexuosa.igusticum mutellina
Drobna logka na okraji lesa, dal se tAhne vyskyt po
okraji lesa srrem Kk jihu, zaiista lesem
Osamaily trs na suchém lesnim okraji ve fragmentech
vegetace sWiolion caninaes dominantnim
zastoupeninNardus stricta vtrouSes Melampyrum
pratenseLycopodium clavatum

M/14 - 1 SV 7.8.2004 50 65 21 A A PO N

M/15 - 1 SV 7.8.2004 1 1 1 A A P KT

Vyskyt roztrouSe# ve skupinach podél celého okraje
lesa v porostech s dominan@élamagrostis villosa
vtrouSer’ Homogyne alpingPotentilla erecta
Avenella flexuosav zastinu

M/16 - 3 SSv 7.8.2004 60 22 7 A A P N

RoztrouSe# v hustych porostecBalamagrostis
M/17 - 1 SV 7.8.2004 100 77 26 A A P/SL N villosana okraji lesa, #daw dominujeNardus
stricta, naletPicea abies

Luéni porost v cipu lesa, druhbehudy travnik sv.
Violion caninaes dominantnim zastoupeniardus

Mg - 2 SV 782004 4800 150 250 N N sL kT StictaaAvenella flexuosamisty zraselidie,
ostriivkovité degradovanéiesovistni porosty s
Vaccinium uliginosunCalluna vulgarisa Arnica
montana
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Kod

Snimek Sklon

(¢islo)

@]

Expozice

Datum

zadznamu

Rozloha Poget

(m2) trst

Pocet
kvet.
lodyh

direvin

Nalety Zastin Stabilni

katastr

Habitat

Popis

M/19

M/20

M/21

M/22

M/23

M/24

M/25

25

Sz

SZ

SV

SV

7.8.2004

7.8.2004

7.8.2004

7.8.2004

7.8.2004

7.8.2004

7.8.2004

40

40

30

2400

10

25

15

10

50

45 A

90

P/SL

VL

VL

SL

PO

L

VL

KT

KT

Zivinami obohacené travniky sViolion caninag
expandujePhleum pratensehojre Bistorta major
Ligusticum mutellinaPactylis glomerataCirsium
heterophyllumnekosenéast louky na J str&n
mladych Wezovych nalet

Loucka pi okraji lesa s porost€alamagrostis
villosa, zafistaPicea abies

Na J strai elektrického vedeni na okraji naletu
Betulasp., na okraji misty zraSetit¢, dominuje
Carex nigra Bistorta majoraj.

Skupiny rostlin roztrouseénv chudych
kratkostébelnych travnicich s dominaheirdus
stricta, misty expanzélolcus mollis vtrousess
Bistorta major Avenella flexuosaroztrouSes nalet
Betulasp.

Na prudkém svahu nad potokem, druhpestry
porost sAvenella flexuosaHypericum maculatum
Silene dioicaGeranium sylvaticunBistorta major
aj.

Suchy zastigny okraj lesa, druhavchudy travnik s
dominantniNardus strictaa Avenella flexuosa

Na mezi pod loukou ca 15 m Z od elektrického
vedeni, expandujeolcus mollis Agrostis capillaris
Hypericum maculatura;.



Kod

Snimek Sklon Expozice
(¢islo)

@]

Datum
zadznamu

Rozloha Poget

(m2)

trsa

Pocet
kvet.
lodyh

Nalety Zastin Stabilni

direvin

katastr

Habitat

Popis

M/26

Mm/27

M/28

M/29

M/30

M/31

M/32

M/33

69

2 JIV

1 SSZ

1 VSV

2 VSV

7.8.2004

7.8.2004

7.8.2004

7.8.2004

7.8.2004

7.8.2004

7.8.2004

7.8.2004

125

100

11400

10300

1200

200

200

75

35

27

18

23

400

32

11

25

91

SL

SL

VL

VL

P/SL

SL

KT

KT

VL

Podél kamenného snosu roztrouSea skupinach,
druhow ochuzeny travnik sWiolion caninae vliv
naru$eni drnu,ffpadré hnojeni v minulosti, dominuje
Nardus stricta Agrostis capillaris Avenella flexuosa
Deschampsia cespitosakrajow expandujeCarex
brizoides mistyBistorta major Arnica montanaj.

V zachgefa luenich porostech sWiolion caninae
Vyskyt na hrag staré odvotiovaci struhy, druhay
chudy porost s dominantAivenella flexuosa
Calamagrostis villosa Molinia caerulea zafista
néletemPicea abiesaBetulasp.

Skupiny trsi roztrouses v misty mirg zraSeliglych
travnicich svViolion caninaepiechazejici az v
porosty raSelinnych luk, dominuldardus stricta
vyskyt Willemetia stipitataDactylorhiza majalis

Druhow chudy travnik s expangolcus mollis
dominujeAgrostis capillaris Stellaria graminea
Galeopsis bifidaj., s nej¥tsSi pravaépodobnosti se
jedn& byvalé pole

Viesovist s dominantnim zastoupenMaccinium
uliginosum vtrouSe® Vaccinium vitis-idaeaArnica
montana Calluna vulgaris zafista naletenBetulasp.
aPicea abies

RoztrouSe# ve skupinach podél lesa v porostech
Calamagrostis villosa

Kamenity okraj lesa, zastaPicea abieshojrg
vyvinuté EO tidké travniky sCalamagrostis villosa
mistyVaccinium myrtillusPotentilla erecta



Kod

Snimek Sklon

(¢islo)

@]

Expozice Datum
zaznamu

Rozloha Poget

(m2)

trsa

Pocet
kvet.
lodyh

Nalety Zastin Stabilni

direvin

katastr

Habitat

Popis

M/34

M/35

M/36

M/37

M/38

M/39

M/40

M/41

J 7.8.2004

VIV 7.8.2004

\% 7.8.2004

0 7.8.2004

0 7.8.2004

0 7.8.2004

SV 7.8.2004

\ 7.8.2004

120

5000

2400

35

250

100

110

25

36

95

36

11

92

A

A

N

P/SL/IPO N

P/SL/IPO KT

P/SL/PO L

SL

KT

Dva navzéajem vzdalené trsy natstajicim suchém a
kamenitém okraji lesa s dominan&ccinium
myrtillus, Avenella flexuoseCalamagrostis villosa

Po obou stranach cesty,&etnsjSi vyskyt pod cestou,
suchy travnik swiolion caninag expanduje
Calamagrostis villosaHolcus mollis zaista nalety
drevin

Zivinami obohacené travniky sViolion caninae
expandujePhleum pratensehojre Bistorta major
Agrostis capillaris Festuca rubraRanunculus acris
Hypericum maculatura;.

Silné zraSelirly okraj lesa, vysoky zastin, E1
dominujeAvenella flexuosavaccinium myrtillus
vzéacré Vaccinium uliginosugMelampyrum pratense

Chudy travnik swiolion caninaepiechéazejici v
degradovanéiesovist na okraji lesa, dominantn
zastoupen&alamagrostis villosaNardus strictaa
Avenella flexuosazaristaPicea abies

Kamenny snos v lesnim porostu, na rozénojrch
mistech roztrousénvétSinou sterilni trsy, fivodns
nelesni plochy, v E1 zastoupeftyenella flexuosa
Calamagrostis villosgMelampyrum pratense
Melampyrum sylvaticunvaccinium myrtillus
Vaccinium uliginosurrHypericum maculatum
Neduzivé sterilniiizice na okraji lesa, hojrvyvinuté
EO, v E1 zastouperfvenella flexuosaVMelampyrum
pratense

Byvalé nelesni enklavy zarosti#&né zapojenym
naletemPicea abiestidké travniky Avenella
flexuosa Melampyrum pratensévrnica montana
Campanula rotundifoliaHieracium aurantiacuna,.



Pocet
kvet.
lodyh

Snimek Sklon Expozice Datum Rozloha Poket
(¢islo) ©) zaznamu  (m2) trst

Nalety Zastin Stabilni Habitat Popis

Kod direvin katastr

VIh¢i a azivrgjsi travniky s dominantnim
zastoupeninmigrostis capillaris Festuca rubra

M/42 - 2 Jv 7.8.2004 200 8 13 A N SL VL Anthoxanthum odoraturilolcus mollis Potentilla
erectg Bistorta major misty zraSelidlé s vyskytem
Eriophorum vaginatum

Degradované travniky, hajmistorta major Holcus

M43 ) 5 sv 7.8.2004 1000 12 20 A A SL L molhs,_ vrouSes Arnica montgnaSohda}gq'wrgagrea
Hypericum maculatupKnautia arvensispti hornim

okraji 3 trsy v zastinu

Na okraji turistické cesty, fragment travniku sv.

M/44 - 30 \% 7.8.2004 1 3 0 A A z KT Violion caninaepod vzrostlymPicea abies Nardus
stricta aAvenella flexuosa

M/45 ) 10 v 7.8.2004 1800 9 14 A N sL L Rozt_rot_JseB na svahu, pod cestou, UZ&Si travnlky
sv. Violion caninage misty expanzelolcus mollis

M/46 70 0 0 8.8.2004 1 1 0 A A SL Lp Jediny trs na otéené ploSe podélrbhuiicky,

invadovéano Lupinus polyphylus

Louka v ni& porostla roztrousenymi smrkiidké

M/47 7 0 0 8.8.2004 7200 90 57 A A SL LP porostyCarex brizoideshojre zraseliglé, zafista
o naletemPicea abiesvyskyt generativniho zmlazeni

(3 semenéky)

Druhow chudy travnik swiolion caninaes
M/48 - 5 z 8.8.2004 2500 5 8 A A P N dominanciAvenella flexuosssilna expanze
Calamagrostis villosaZaristaPicea abies

Kratkostébelné travniky, vysoky podhistorta major
M/49 - 0 0 8.8.2004 4500 63 141 A N SL KT roztrouSes jedinciPicea abiesvyskyt po obou
stranach vodarny

93



Pocet

Snimek Sklon Expozice Datum Rozloha Poket Nalety Zastin Stabilni Habitat Popis

Kod (¢islo) ©) zaznamu  (m2) trst kvet direvin katastr
lodyh
Témet skomirajici, neduzivé trsy v zastinu smrkového
M/50 ) 0 0 8.8.2004 16 5 0 A A sL N néletu, na lotce asi 10 m od pravéhaehuiicky,
o dominujeAvenella flexuosatrouse® Melampyrum
pratenseLigusticum mutellina
M/51 ) 0 0 8.8.2004 15 3 3 A N p VL Druhow chudy travnik swiolion caninag hojng

zastoupenyistorta majora Juncus filiformis

Druhow chudy porost s dominant@farex brizoides
M/52 - 0 0 8.8.2004 1 3 0 A A SL LP vtrouSer Bistorta major Petasites albud.igusticum
mutelling v lesnim porostu na levénidhuiicky

ZraSelirgla lowka s dominantnim zastoupenim
Calamagrostis villosapii levém Kehuiicky

Na louwice uvnit biezového néletu ca 40 m na levém
biehuieky, zraSelinélé travnikyEriophorum
vaginatum Vaccinium uliginosunCarex nigra
Molinia caerulea Avenella flexuosa

Ve smrkovém lese na terase rtakou, silny zastin,
M/55 - 4 J 8.8.2004 200 25 0 A A L N  zastoupen®accinium myrtillusHomogyne alpina
Trientalis europaeaCalamagrostis villosa

M/53 72 0 0 8.8.2004 150 16 2 A A P/SL LP

M/54 - 0 0 8.8.2004 200 10 13 A N P/SL VL

Degradovanéiesovist zaristajiciCalamagrostis
villosa, zastoupen€alluna vulgaris Vaccinium vitis-
idaeg Knautia arvensisMelampyrum pratense
Arnica montanaHomogyne alpinaPotentilla erecta

M/56 - 30 \ 9.8.2004 2000 75 36 N N P \

Trs na okraji nivy v hustych poroste€larex
brizoides vtrouSer Carex nigra Calamagrostis
villosa, Bistorta major Senecio subalpinu&aleopsis
bifida

Na V okraji cestydervena turisticka zri&a), travnik
sv. Violion caninae

M/57 - 0 0 9.8.2004 4 1 2 A N P VL

M/58 - 0 0 9.8.2004 12 4 10 N N Y4 KT
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Kod

Snimek Sklon Expozice

@]

(¢islo)

Datum
zadznamu

Rozloha Poget
(m2) trst

Pocet
kvet.

lodyh direvin

Nalety Zastin Stabilni

katastr

Habitat

Popis

B/1

B/2

B/3

B/4

65

45-0

20

10

Jv

SSV

JV

14.8.2001

8.8.2003

23.9.2005

23.9.2005

nad

6500 500

nad 800 N

200 70 110 N

250 25 65 N

600 50 60 N

SL

KT

Svah nad Modravskym potokem, potkBnickou
h&jovnou, podél cesty sinModrava, zachovalé
porosty luk svViolion caninae

Svah natbkem, vysokostébelfii lucni porosty
Na svahu fi pravém iehu potoka pod #znickou
hajovnou, v travnicich sW¥iolion caninae
uzivrgjSiho typu sAvenella flexuosaNardus stricta
Juncus filiformis Bistorta major Hypericum
maculatumgj.

VIh¢éi, zapojené travniky sWiolion caninag hojns s
Avenella flexuosaNardus strictaJuncus filiformis
Bistorta major Hypericum maculatupCirsium
heterophyllungj.

LU/l

LU2

LU/3

LuU/4

LU/S

73

4.8.2005

4.8.2005

13.7.2005

13.7.2005

13.7.2005

nad

9000 500

nad 800 N

1000 50 200 N

500 15 50 N

150 8 40 N

95

VL

KT

KT

VL

VL

Vyskyt roztrouSeny po obou stranach potoka ve
vétsSichéi mensSich skupinach v porostech vihkych
travniki sNardus strictaa Molinia caerulea misty
silng zraSelirlé, ¢i s porostyCarex nigra Avenella
flexuosaa Deschampsia cespitosa

Vyskyt na pravém, misty na levérrebu potoka,
druhow chudé travniky blizké sW¥iolion caninaes
Avenella flexuosaNardus strictaSolidago
virgaurea Bistorta major

Kratkostébelny travnik na V stragesty, hned u
cesty, rozvolainé porosty druhavchudé

Na Z strag cesty na vyvySeném mist ohybu
potoka, druho¥ chudé vihké travniky s dominantnim
zastoupeninCarex nigra Avenella flexuosaluncus
filiformis, Bistorta major

ZraSelirtly kratkostébelny travnik, asi 30 m V od
cesty sNardus strictaCarex nigra Avenella
flexuosa Juncus filiformis Luzula multiflora
Homogyne alpinaViola palustris Bistorta major



Kod

Snimek Sklon Expozice

(¢islo)

@]

Datum
zadznamu

Rozloha Poget

(m2) trst

Pocet
kvet.
lodyh

Nalety Zastin Stabilni
dievin

katastr

Habitat

Popis

LU/6
Lur7

LU/8

LU/9

LU/10

LU/11

LU/12

LU/13

LU/14

LU/15

74
75

10

Jz

13.7.2005

13.7.2005

4.8.2005

4.8.2005

4.8.2005

4.8.2005

4.8.2005

4.8.2005

4.8.2005

4.8.2005

400
450

100

100

1000

200

800

100
50

10

30

20

300
90

30

16

100

18

100

96

M

SL

SL

VL
VL

VL

KT

VL

KT

KT

KT

VL

VL

PloSné porosty podél drobnéhidtpku, vyskyt
generativniho zmlazeni

Vyskyt stiadsny na pravy beh potoka, strzeny drn

Na pravém tehu potoka v porostech vihkych
vysokostébelnych luk s vysokym zastoupefiarex
nigra, vtrouSer Calamagrostis villospAvenella
flexuosa druho¥ chudé, zapojené

Na pravém tehu potoka na vyvySeném suSSim enist
nad potokem asi 30 m oddiu v druho¥ chudych
kratkostébelnych porostech

Na levém behu v ohybu potoka, v kratkostébelné
travniky sDeschampsia cespitosauncus filiformis
Bistorta major Carex nigra

Ojedirgly vyskyt ca 10 m na Z od cesty v druldov
chudych travnicich sWiolion caninaezafistajici
Calamagrostis villosa

Vyskyt na vyvySeném mist raselinisti na levém
biehu potoka asi 15 m Z oddhu. Druho¥ chudy
trdvnik sv.Violion caninaes dominantnim
zastoupenimivenella flexuosaAnthoxanthum
odoratum Festuca rubraPotentilla erecta

Na levém behu potoka ca 20 m Z od toku na okraji
zraSelirglé, kratkostébelné travnikyardus stricta
Avenella flexuoses keiky (Vaccinium myrtillu¥

Vyskyt na V strat cesty v porostech druhév
chudého travnikuGarex nigra Avenella flexuosa

Vyskyt roztrouSe# po obou bezich potoka v druhev
chudych porostech s dominantnim zastoupenim
Avenella flexuosagCalamagrostis villosaCarex nigra



Snimek Sklon Expozice Datum Rozloha Poket Potet

Nalety Zastin Stabilni

Habitat Popis

Kod (¢islo) ©) zaznamu  (m2) trst kvet direvin katastr
lodyh

LU/16 ) 3 ssv 4.8.2005 600 30 80 SL KT V suchém tr_avnlku S\Xliolion_ caninagca 40 m V od
cesty s dominandlardus strictaAvenella flexuosa
Vyskyt na svahu nad cestou, v suchém porostu

LU/17 - 5 \% 4.8.2005 450 10 20 SL V degradovanéhoigsovist s Vaccinium uliginosum
Arnica montana

LU/18 ) 15 v 4.8.2005 6 5 18 M KT \% kratkostebelnych travnicich u paty svahu pod
cestou a na levéni¢hu potoka
Za mostem po obourézich potoka v travnicich s

LU/19 76 0 0 14.8.2001 5000 200 500 M KT dominantnim zastoupenilardus strictaa na svahu
cesty, zviiny terén

HK/1 29 2 IV 3.8.2000 13000 nad nad 800 A SL Vv Svucha_lfanjemta louka, mistjeghazejici ve porost

500 viesovistniho charakteru.

HK/2 30 2 v 3.8.2000 800 10 1 SL L U;nma, praydpodobré zivinami obohacena louka sv.
Violion caninae
VIhk& louka podél pramenné struzky, néirn

HK/3 31 2 \Y 3.8.2000 2000 25 52 SL VL degradovana &entiana pannonicaa sussich
mistech.

HK/4 - - - 2.8.2001 800 15 25 SL \% V lemu lou&iyiesovisé podél cesty.
Souvislé porosty v porostech degradovaného

HK/5 32 - - 2.9.2000 1000 20 20 P V viesovisk zaftistanim travami, ip potoku, Gzivné
stanovist, druhow bohaté.

HK/6 33 1 7 2.9.2000 2000 350 nad 500 si v Sucha karrjenltawlouka s roztrouSenymi&mymisty
se zbytky vesovist.

) Na strar prohlubrg, nachazejici se uprastl louky

HK/7 30 S 2.9.2000 800 15 27 SL KT sv. Violion caninae

HK/8 - - - 2.8.2001 500 47 52 SL L NaruSenétmislouce, hojs sHolcus mollis

HK/9 34 6 3z 2.9.2000 350 15 7 SL L UZ|\_/ny, druho¥ bohaty l&ny porost sv.Violion
caninae

HK/10 35 2 3 18.7.2001 1200 204 99 p Vv Degradovanéiesovist zarfistanimAvenella
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flexuosaNardus strictaa naletem smrku.



Pocet

Kod Snimek Sklon Expozice Datum Rozloha Poket kvet Nalety Zastin Stabilni Habitat Popis
(¢islo) ©) zaznamu  (m2) trst ; direvin katastr
lodyh

HK/11 36 3 3 16.7.2001 1000 30 40 A N p v Dvegra’dqvanei’esowsé, zalﬁstaAveneIIa flexuosa
piechéazi v louku, druhé@bohaté.

HK/12 ) 4 3 16.7.2001 700 13 4 A A = N Prevazr s,ter'llnl Vlt}zme v pOI’OSt'I.VJ mladych smtlu
cesty, v zastinu,ite asi vesovist.

HK/13 37 3 J 16.7.2001 950 35 18 A N P \Y Slalegradovanéiesovist na kraji mladého lesa.
Viesovis¢, naznak Gstupu vlivem naletu smrku a

HK/14 38 12 J 16.7.2001 2000 80 20 A N L \ samstaniAvenella flexuosa

HK/15 ) ) ) 16.7.2001 1000 7 5 A A SL N Smrky stigny porost na sejpech, misty zapoj
Calamagrostis villosa

HK/16 - - - 1672001 850 59 13 A A P v Suchéfidke wesove porosty vicholksejpi, na
zastirgnych mistech poro&€alamagrostis villosa

HK/17 ) ) ) 16.7.2001 900 120 20 A A SL v Svejpy |_r1terv12|vn’e vypasane, vliv zastinu vegetace
viesovi¥ prechazi v ldni vegetaci.

HK/18 - 2 Jz 18.7.2001 500 18 0 A A P \Y Degradovaresovist

) ) Vegetace naiiehu potoka, miru cesty

HK/19 39 18.7.2001 1200 120 200 A A P v degradované, na vrcholu sejpu prvkgsovi§

HK/20 ) ) ) 18.7.2001 5000 19 12 A A sL v Komt3|nace Yresowstnlc_h [')oroﬁ_trlg sejpech a
spole&enstev vysokobylinych nivippotoku

HK21 - - - 18.7.2001 23000 381 182 A A SL y Kombinace vesovistnich porostna sejpech a
spole&enstev vysokobylinych nivippotoku

HK/22 40 1 J 18.7.2001 400 55 103 N N SL KT Drubechuzeny lani porost svViolion caninae

HK/23 a1 10 7 28.2001 250 26 9 N SL v ?)/é(;tsr(()éwsé degradované zastanim trav, druhay

HK24 42 - - 282001 550 110 200 N N sL Druhow pesra louka sw/iolion caninag znamky
diivejSiho naruseni

HK/25 - 1 z 2.8.2001 350 10 11 N N SL KT Louka $tolion caninae

HK/26 43 - - 2.8.2001 1500 35 40 A N P/SL \ Drukidxohaté yesovist na sejpech

HK/27 44 2 J 11.8.2001 1200 120 250 N N SL KT U cestyuce svViolion caninae
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Pocet

Kod Snimek Sklon Expozice Datum Rozloha Poket kvet Nalety Zastin Stabilni Habitat Popis
(¢islo) ©) zaznamu  (m2) trst ; direvin katastr
lodyh
HK/28 45 1 Jz 15.8.2001 4600 85 129 A N P \ Drubbohaté vesovist, zafistdAvenella flexuosa
HK29 46 - - 492001 1500 32 37 N N p Degradovanétesovist prechazejici v louku,
ojedirgly nélet smrku
HK/30 47 1 Sz 4.9.2001 1600 100 300 N N P \Y Degradovaesovist, zafistdAvenella flexuosa
HK/31 B 2 v 4.9.2001 60 7 > A A p v Okraj vfesow_sé pfl lesnim lemu, zdista
Calamagrostis villosa
HK/32 - 1 SV 4.9.2001 50 1 6 N N SL L Neobdosptmand, az degradovana louka
HK/33 B ) B 4.9.2001 8000 120 a8 A A P/SL v Degradovangi’es_owsé, ve sniZeninach sejrarista
Calamagrostis villosa
HK/34 48 - - 4.9.2001 1300 60 81 A N P V  8s0viSt na sejpech, tendence kistani lizami
HK/35 - - - 6.9.2001 250 3 12 N N SL KT Sucha louka\dielion caninae
HK/36 - - - 6.9.2001 500 27 11 A A P N V lesnim lemu,asty, zastin
VIhka, misty zraSeligld louka s dominantnim
nad zastoupeninMolinia caerulea Nardus strictaa;.
K/ 49 ! N 10.8.2001 9000 500 nad 800 A N P VL Nélet gitomen pouze okrajéy nebo jen nizky
jedinci.
K2 50 - - 1082001 5000 280 156 A A P Kt Misty kamenita spolenstva oligotrofnich luk, zast
pierostla naletemigvin, zvirgny terén
V lemu lesa - podni&@né smeiny, kratkostébelné
K/3 51 1 J 10.8.2001 200 95 32 A A P KT porosty s dominantiardus strictasttida porost s
dominantnim zastoupeniiolinia caerulea
) ) V nizkém mladém lese na ploSe byvalych
K/4 52 11.8.2001 100 55 0 A A P N kratkostébelnych travnii
Dva vzdalené trsy na kamenném snosu pod solitérnim
K/5 - 12 SV 15.8.2001 90 2 3 A N SL L Picea abies v druho¥ pestrém travnim porostu na
svahu nad Teplou Vitavou
K/6 ) 5 vV 15.8.2001 1 1 0 N N SL L Jediny trs ve vysokostébelné louce s vysokym
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podilemCirsium heterophyllunma svahu néekou



Pocet

Kod Snimek Sklon Expozice Datum Rozloha Poket kvet Nalety Zastin Stabilni Habitat Popis
(¢islo) ©) zaznamu  (m2) trst ; direvin katastr
lodyh

K/7 ) 75 sv 15.8.2001 10 3 3 A A SL N [\Iékolik trsi v porostu naletowchfdvin ve s_vahu na

fekou, v podrostu dominujfgalamagrostis villosa
nad Patetny vyskyt na svahu nadkou v druhow

K/8 53 65 SV 15.8.2001 9000 500 nad 800 A A P/SL L bohatych, kétnatych loukach, misty zésta nalety
dievin (Betulasp.Picea abiey
V druhow pestrych ldnych porostech pod pasem

K/9 54 60 SV 15.8.2001 400 9 12 N P/SL L naletu biizy na svahu natbkou

K0 55 ; - 1582001 1000 75 138 N sL vy Zvinény teren vesovist na byvalych sejpech,
kamenité s expanzivenella flexuosa

K/11 ) 0 0 15.8.2001 15 2 1 A A L KT Ktatkostgbelne travnlky na okraji lesatrstnjici
néletemPicea abies

K/12 56 1 3 15.8.2001 500 90 68 A SL KT K(atkostgbelne t(avnlky na okraji lesatstajici
néletemPicea abies

K/13 ) 5 37 592001 30 21 4 A L N xl:grsnau lesa, v podrostu dominugalamagrostis

K/14 57 3 z 5.9.2001 400 34 13 A P/SL N V lemsde na giseku pod elektrickym vedenim
V loukéach zatstajicich naletem a v lesnim okraji, ve

K/15 - 2 \Y 15.7.2003 900 50 18 A P N travnicich s dominantnim zastouper@alamagrostis
villosa, misty sNardus stricta
V lemu lesa a misty v louce pod lesem, v lese
pievazrg sterilni v louce kvetouci rostliny, v

KI16 58 1 23z 15.7.2003 1900 200 30 A P N porostech se 4 dominanc€alamagrostis epigejos
aNardus stricta

K/17 59 1 237 15.7.2003 500 30 0 N p KT Stg?iel,eg;uhoé/chude, kratkostébelné travniky na
Sterilni trsy na kamenném snosii gtaré cestna

K/18 ) 0 0 15.7.2003 80 12 0 A p KT okraji lesa, chudé kratkostébelné porostascinium
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myrtillus, Avenella flexuoseHomogyne alpini
Melampyrum pratense



Pocet

Kod Snimek Sklon Expozice Datum Rozloha Poket kvet Nalety Zastin Stabilni Habitat Popis
(¢islo) ©) zaznamu  (m2) trst ; direvin katastr
lodyh

Sterilni trsy na kamenném snosii giaré cestna
okraji lesa, chudé kratkostébelné porostascinium

K/19 - 10 SSz 15.7.2003 80 7 0 A A SL KT muyrtillus, Avenella flexuoseHomogyne alpia,
Arnica montanaNardus strictati Melampyrum
pratense

K/20 60 5 ss7 15.7.2003 90 60 3 A A p N Na okraji louky a lesa,ipvazuji sterilni trsy, suché,

Zivinami chudé, zastémé okrajem lesa

Nad svahem sefézovym a smrkovym néletem, na
kamenném zarostlém snosu, mladé ndkitga

K/21 - 10 \% 15.7.2003 100 20 4 A A P N abies lesni lemy 8/accinium myrtillusAvenella
flexuosa Solidago virgaureaHomogyne alpina
Pyrola minoraj.
Druhow pestré vysokostébelné loukyardus stricta

K/22 - 2 J 15.7.2003 1300 15 0 N N P VL aMolinia caerulea Calamagrostis villosgCarex
nigra aj.
K/23 ) 0 0 15.7.2003 450 20 0 A N P kT Velmi suchyViolion caninag prechazi ve kesovistni
vegetaci
Po obou stranach na kamenném snosu v lemu lesa,
K/24 - 0 0 15.7.2003 250 4 0 A A P V  zarista, vyskytVaccinium myrtillusV. uliginosum

Calamagrostis villosgAvenella flexuosa

Zarostly kamenny snos v lemu lesa, kagastoupeny
K/25 - 5 J 15.7.2003 140 15 0 A A P N Melampyrum pratens&accinium myrtillusSolidago
virgaurea Homogyne alpina

Zvinény terén kamenného snosu, v lemu lesa,
kratkostébelné porostyfsvenella flexuosa

K26 ) ) ’ 15.7.2008 >0 15 6 A A L KT Melampyrum pratens&lardus strictaHomogyne
alpina
V piikopu u cesty, na okraji lesa spoie s druhy
K/27 R 2 z 29.6.2004 1 1 1 A N L N Agrostis capillaris Avenella flexuosarnica

montana Willemetia stipitataCarex piluliferg
Vaccinium vitis-idaea
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Kod

Snimek Sklon Expozice

@islo) ()

Datum
zadznamu

(m2)

Rozloha Poget

trsa

Pocet
kvet.
lodyh

Nalety Zastin Stabilni
direvin katastr

Habitat

Popis

K728

K729

K730

K/31

K732

K/33

K/34

K/35

K/36

61 1

62 2

JZ

R y4

S§S7

SSV

29.6.2004

29.6.2004

29.6.2004

29.6.2004

29.6.2004

29.6.2004

29.6.2004

29.6.2004

29.6.2004

700

5000

200

700

6000

120

40

10

30

200

30

15

60
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KT

Pri lesni gSing, jediny trs v druho¥ chudém porostu
s hojnym zastoupenim EQCalamgrostis villosa
Avenulla flexuosaMelampyrum pratens&/accinium
myrtillus

Drobna logka pi okraji lesa s kamennym snosem v
druhow chudém porostu

U cesty, nedaleko chaty, zarostlé v naleicea abies
dominujeAgrostis stoloniferavtrouse® Nardus
stricta, Calamagrostis villosgEpilobium
angustifolium Melampyrum pratensdrientalis
europaea

Suchy chudy okraj lesa, Z&sta lesem, ve vegetaci s
Avenella flexuoséFestuca rubraCalamagrostis
villosa, Homogyne alpingVaccinium uliginosun.
myrtillus

Zbytky pavodnich pastvin, degradovangesovist,
zanstaPicea abiesna staré cesbohaté porosty
Pedicularis sylvatica

Okraj lesa a pastviny, rostliny roztrouseyo okraji,
hlavns pii cest v kratkostébelnych travnicich sv.
Violion caninaeaz wesovistni vegetace

Degradovanéiesovist zafistajiciCalamagrostis
villosa a nalety devin

Viesovist podél lfehu potoka zdista naletenPicea
abies dominujeVaccinium uliginosunV. vitis-idaea
Nardus stricta

Chudy porost degradovanéhiesovist s dominanci

Calamagrostis villosana sejpech nad potokem na
okraji remyzku s naletBetulasp. aPicea abies



Kod

Snimek

(¢islo)

Sklon Expozice

@]

Datum
zadznamu

Rozloha Poget

(m2)

Pocet
kvet.

trsi lodyh

Nalety Zastin Stabilni

direvin

katastr

Habitat

Popis

K/37

K/38

K/39

K/40

K/a1

Kr42

K/43

Kra4

K/45

K/46

63

Jz

SV

29.6.2004

29.6.2004

29.6.2004

29.6.2004

29.6.2004

29.6.2004

29.6.2004

29.6.2004

29.6.2004

29.6.2004

200

500

1900

500

5000

80

50

50

60 55

50 20

300 300
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KT

KT

Vyskyt na zvigném terénu sejppii pravém behu
potoka, vegeté riznorodé porosty, suché
viesoviStni porosty seifdaji s vegetaci
vysokobylinnych niv Aconitum plicatumDoronicum
austriacum

V oplocené zahradv travnicich svViolion caninae
az degradovan&esovise

Na okraji lesa s kamennym snosem s dominanci
Vaccinium myrtillusCalamagrostis villosavtrouSeg
Trientalis europaea

RoztrouSen v pastvirg a na okraji lesa, dominuje
Nardus strictapo okraji zaiistdCalamagrostis
villosa

Uvnitt remizku nélet a i jeho V okraji, vyskyt
Arnica montanaNardus strictaScorzonera humilis
Vaccinium uliginosunrMelampyrum pratense
Melampyrum sylvaticuraj.

Na okraji pastviny a remizu asi 50 m od toku Teplé
Vitavy

Jizng exponované stiina tokem Teplé Vitavy s
roztrouSenymi porostiicea abies

Druhow chudy okraj lesa dominujfgalamagrostis
villosa, vtrouSer Melampyrum sylvaticum
Homogyne alpinaTrientalis europaea

Na okraji lesa v porostech s¥iolion caninaes
Vaccinium myrtillusV. uliginosum

Chudy zastigny okraj lesa s poros#wvenella
flexuosa mistyAnthoxanthum odoratum
Melampyrum pratense



Snimek Sklon Expozice Datum Rozloha Poket Fk’\c/);?t Nalety Zastin Stabilni Habitat Popis

Kod o o - o o
(¢islo) ©) zaznamu  (m2) trst lodyh direvin katastr

Na J stra# zba‘enis& budovy v druho¥ bohatém
K47 64 1 JV 29.6.2004 200 15 32 N N P L porostu svViolion caninaes Phyteuma nigrupBriza
mediaa Arnica montana

V porostech druhavbohatych travnik, hojns
Scorzonera humilia Arnica montanaprvky
degradovanéhoiesovist a misty vyskyt druin
vysokobylinnych niv, zdrstaCalamagrostis villosa

K/48 - 3 J 29.6.2004 1000 55 65 A N P KT

Spodni sus8iast JV exponovaného svahu, bohaté
travniky sv.Violion caninaemisty s ké&icky

Na okraji lesa a pod elektrickym vedenim v druhov
K/50 - 3 Y 29.6.2004 200 15 12 A N P N chudém porostu s dominantnim zastoupenim
Calamagrostis villosa

Nedaleko ruiny staveni, dominujolcus mollis
mistyNardus stricta Avenella flexuosa

K/49 - 2 JV 29.6.2004 600 35 58 N N P KT

K/51 - 1 \% 29.6.2004 200 7 4 N N P KT

V podrostu remizku s naleBetulasp.,Picea abiesv
K/52 - 0 0 29.6.2004 600 50 0 A A P N podrostu dominuj€alamagrostis villosavaccinium
myrtillus, mistyMelampyrum pratense

K/53 - 2 J 29.6.2004 600 30 8 A A P N iMkém porostBetula pendula

Mohutné trsy po obou stranach potoka (Tepla Vitava)
na levém kehu roztrousehv louce, dominuje
Deschampsia cespitogaalamagrostis villosa

Bistrota major

K/54 - 0 0 29.6.2004 100 15 30 N N SL VL

Svah nad nivou porostly naleBetula pendulaztasti
paseno, paseriést vyrazi druhow pestejsi, hdce

K/55 - 25 \% 29.6.2004 3000 150 40 A A P N roztrouSen aZ ve skupinach spoluGalamagrostis
villosa, Ranunculus platanifoliysConvalaria majalis
aj.
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Pocet

Kod Snimek Sklon Expozice Datum Rozloha Poket kvet Nalety Zastin Stabilni Habitat Popis
(¢islo) ©) zaznamu  (m2) trst ; direvin katastr
lodyh
Stary kamenny snos Z@tajiciPicea abies
K/56 ) 2 s 0.8.2004 4 3 0 A A p N vysokym zastoqpenlm EO, d#wenella ﬂexuos{sl
Vaccinium myrtillusMelampyrum pratensekraj
lesa
Druhow chudy a suchy travnik sViolion caninae
K/57 ) 5 Vv 0.8.2004 10 3 0 A A p KT dominujeAvenella flexuosastrouSes Nardus stricta

Veronica officinalisMelampyrum pratensé/.
sylvaticum zaristaPicea abies

Druhow chudy travnik s expandujicihiolcus mollis
vtrouSert Bistorta major na prudSim svahugchazi

K/58 - 0 0 9.8.2004 1000 35 77 A A P V v degradovanéiesovist s Vaccinium myrtillus
Vaccinium vitis-idaegArnica montanaTerénni
deprese tahnouci se S&em podél lesa

Viesovistni porost na sejpech s dominantnim
Vaccicium myrtillusvtrouSe Calluna vulgaris
K/59 - 0 0 9.8.2004 1000 6 3 A A P V Solidago virgaurepArnica montanaaj. V porostech
podél potoka dominuj€arex nigraaDeschampsia
cespitosanaletyBetula pendula

Okraj lesa s byvalymi sejpy podél potoka s porosty
degradovanychiesovi§ sVaccinium uliginosunV.

K/60 - 0 0 9.8.2004 12000 90 27 A A P/SL V muyrtillus, V. vitis-idaea Calluna vulgaris Potentilla
erectg misty zaiistaCalamagrostis villosa nalety
Picea abiesaBetula pendula

ZraSelirgly brech potoka s dominantnim zastoupenim
K/61 - 0 0 9.8.2004 4 2 1 N N P VL Avenella flexuosavtrouSes Bistorta major Carex

nigra, Deschampsia cespitosa

Vyskyt na zatistajicim wesovisti svaccinium

uliginosum V. vitis-idaeaV. myrtilluspod byvalou
K/62 - 3 JJz 9.8.2004 800 20 25 N N P V' vodni nadrzi a jeho blizkém okoli, #ata

Calamagrostis villosadaleAvenella flexuosa

Nardus stricta
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Pocet

Kod Snimek Sklon Expozice Datum Rozloha Poket kvet Nalety Zastin Stabilni Habitat Popis
(¢islo) ©) zaznamu  (m2) trst ; direvin katastr
lodyh
Druhow chudé, suché, kratkostébelné travniky s
K/63 - 3 Jz 9.8.2004 10 3 0 N P KT dominantniAvenella flexuosaNardus stricta
vtrouSer Anthoxanthum odoratymeduzivé trsy
Ki6a - 5 JZ 982004 17000 108 99 N P Kt Prevazuji kratkostebelné travniky, misty zraS#én
zarfistaCalamagrostis villosamistyMolinia caerulea
Vtesovistni porost s misty ZatajiciAvenella
) nad flexuosa hojrg Calluna vulgaris Vaccinium
KI65 5 z 9.8.2004 4500 500 nad 500 A A PISL v uliginosum Solidago virgaurepArnica montana
misty v podrostu naléf hlavrs Betula pendula
K/66 ) 5 3z 0.8.2004 2300 55 20 A = L Rglatlvr]‘a druho_\é pestr’e travnlk_y a okraj lesika z
néletovych devin, sodast pastviny
Degradovanéiesovist s Vaccinium myrtillusV.
K/67 - 3 Jz 9.8.2004 3000 120 50 N P V uliginosum V. vitis-idaea Arnica montanaprechazi
v travniky sv.Violion caninae v pastvii
) Suchy chudy okraj lesafsrenella flexuosaNardus
K/68 4 R 13.9.2004 2 2 0 N P KT stricta, neduzivé drobné trsy
Lesni okraj zatstajiciPicea abiespaseno, zvkny
K/69 - 2 Jz 13.9.2004 200 12 2 A P N terén, pdet kvetoucich pryit neni gresna kwli okusu
dobytka
Okraj druho¥ bohatého travniku s¥iolion caninae
K/70 - 1 Jz 13.9.2004 50 7 0 A P N ana svahu cesty a v podrostu néletujstar
Calamagrostis villosa
Bohaty travnik swiolion caninag zafista
K/71 ) 1 3 13.9.2004 1 1 0 N sL | Calamagrostis villosa Amica montanaPimpinella
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major, Potentilla erectavyskyt pod kamennym
snosem s porosteBetula pendula



Pocet

Kod Snimek Sklon Expozice Datum Rozloha Poket kvet Nalety Zastin Stabilni Habitat Popis
(¢islo) ©) zaznamu  (m2) trst ; direvin katastr
lodyh

Na okraji lesa, v zastinu roztrou$emeduzivé trsy,

K/72 - 5 z 13.9.2004 50 3 0 A P N dominujeAvenella flexuosahojns zastoupeno EO,
zaristadCalamagrostis villosa
Druhow chudé porosty swiolion caninae vysadba

K/73 - 0 0 13.9.2004 500 45 8 A P KT Picea abiesz okraje zarstaCalamagrostis villosa
prvky ruderalizace

) Na okraji lesa na suchém okrajCalamagrostis

KI74 4 237 13.9.2004 400 16 0 A P N villosa, zastino okrajem lesa

K/75 ) 5 7 13.9.2004 1 1 0 A PO N Neduznfy t_rs na okrajl'pasu’naletu podél I_(am_enneho
snosu, zivinami chudé, ZemtaCalamagrostis villosa

K76 ) 5 37 13.9.2004 700 70 9 A = KT DruhO\é_chudy travr,nk swiolion caninaev zéastinu
na okraji lesa, zéastdCalamagrostis villosa
Na pravém tehu Kvildského potoka na vyvySeném

) misg, vihké travniky s dominanti@arex nigra

K77 4 SSv 15.7.2005 200 25 0 A P VL Avenella flexuosérestuca rubraMelampyrum
pratensedruho chudé
Na wesovisti na levé strérkvildského potoka s

K/78 - 0 0 15.7.2005 150 2 0 N P V  Vaccinium uliginosupCalluna vulgaris Avenella
flexuosa Potentilla erectaHomogyne alpina;.

K79 - 0 0  157.2005 50 30 0 N P v Napravém tehu Kvildského potoka na vyvySeném
misg, vlhké travniky s dominanti@arex nigra

K/80 ) 6 7 15.7.2005 1000 50 15 N P L D_ruhO\E ochuzene travniky s vysokym zastoupenim
Bistorta major

K/81 ) 5 sv 4.8.2005 800 40 14 A = KT Sucha louka nad nivou potok_a\lardus stricta
Avenella flexuosaBistorta major

K/82 ) 5 237 4.8.2005 100 10 9 N M VL Suché vyvisené misto s travniky $olion caninaes
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dominanciNardus strictaa Carex nigra



Pocet

Kod Snimek Sklon Expozice Datum Rozloha Poket kvet Nalety Zastin Stabilni Habitat Popis
(¢islo) ©) zaznamu  (m2) trst ; direvin katastr
lodyh
Na byvalych sejpech, zejména ve snizeninach s
K/83 - 0 0 4.8.2005 2000 30 60 N M KT kratkostébelnymi travniky, zejména na levé stran
Kvildského potoka
K/84 ) 3 7 4.8.2005 1200 4 9 N = v Degrgdovane_fw}esowsé sCalluna vulgaris
Vaccinium uliginosumAvenella flexuosa
Druhow chudy travnik swiolion caninae zafista
K/85 - 3 \YALY 22.9.2005 150 15 0 N P KT Calamagrostis villosalouka v ohybu lesa, soést
pastviny
Suchy travnik s dominangivenella flexuosa
K/86 - 2 Jv 22.9.2005 10 6 0 A L KT zastireny okraj lesa
Druhow chudé travniky f okraji lesa, okus dobytka,
K/87 - 0 0 22.9.2005 20 30 1 A P KT suché, Zivinami chudéMardus strictaAvenella
flexuosa Vaccinium myrtillus
K/88 ) 1 3 22.9.2005 30 o5 34 A PO v Okra! Kamenneho snosu ha pomezi lesa a pastviny s
Vaccinium myrtillus
K/89 ) 0 0 2292005 5000 6 0 N P/SL VL ngasenéast, misty mirty zraSeliglé sVaccw_vam
uliginosum Carex nigra Avenella flexuosahojné EO
Louka sv.Violion caninaes roztrousenymi smrky,
F/1 10 8 J 12.8.2001 2500 500 700 A PISL KT vliv zastinu, misty zapdfalamagrostis villosa
Degradované spalenstvo svViolion caninagna
FI2 1 2 J 12.8.2001 200 24 19 P kraji lesa, silny zapdFalamagrostis villosazastin.
F/3 12 2 J 12.8.2001 300 65 80 P V  fe¥ovis¥ Arnico montanae-Callunetuma kraji lesa
Fl4 - - - 12.8.2001 80 58 16 A P N Byvaly kamersmps v lesnim lemu, zastin
Louka sv.Violion caninagdruho¥ chuda s
F/5 13 3 J 12.8.2001 3000 115 92 A P KT roztrouSenymi smrky, zastin, zagoglamagrostis
villosa
/6 14 > 3 12.8.2001 600 110 85 A 7 Degradovanéiesovist, misty zafistaCalamagrostis
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villosa, ¢ast v zastinu



Pocet

Kod Snimek Sklon Expozice Datum Rozloha Poket kvet Nalety Zastin Stabilni Habitat Popis
(¢islo) ©) zaznamu  (m2) trst ; direvin katastr
lodyh
FI7 - 1 JV 12.8.2001 1 1 0 N N L L Osadhntrs na suchém okraji cesty mezi loukami
F/8 _ 1 3 12.8.2001 100 4 16 N N 7 L Travnl_ky virgiho a UZivijSiho typu, hojg
Hypericum maculatum
F/9 15 - - 12.8.2001 35 37 57 N N SL L Louka ‘ginlion caninae vihei, Gzinrgjsi typ
nad Uzivngjsi louka svViolion caninaes nizkym podilem
F/10 16 2 J 12.8.2001 19000 500 nad 800 N N PISLPO L Nardus stricta vyskyt v fizné pasetnych skupinach
nad Druhow bohaté ¥esovist Arnico montanae-
F/L1 1 3 J 12.8.2001 20000 500 nad 800 A N PISL v Callunetum misty zafistaCalamagrostis villosa
F/12 - - - 12.8.2001 1 1 1 N N SL KT Ojedintrs v suché louce
F/13 - - - 12.8.2001 1 1 15 N N P KT Ojedintrs v suché louce
V fidkém lese, sucha &lina s porostem
Fi14 ) . ) 12.8.2001 3 13 3 L N Calamagrostis villosa
F/15 ) ) ) 12.8.2001 1 6 3 A A L NV roztrouSenych snicich na okraji lesa v suchém
tidkém porostiCalamagrostis villosa
Fii6 18 - , 1282001 60 63 61 A A L v Naokraji lesa, byvaléfesovist degradované
zarfistanim expanznimi trhvami a zastinem
F/17 ) 1 sV 12.8.2001 105 12 7 N N L KT DI’UhO}E chuda such_a Io_ukahk)lcus mollis od lesa
zanistaCalamagrostis villosa
F/18 - 1 \% 12.8.2001 1 2 3 N N P KT Such4, druhcwuda louka swWiolion caninae
F/19 - 3 z 12.8.2001 4 3 0 A A PO KT Mala lesnikats roztrouSenymi sy, vliv zastinu
£/20 19 3 J 12.8.2001 200 18 44 N N SL L DggraQovgna az ruderalizovand louka u silniést
znicena vykopem
F/21 ) 4 12.8.2001 20 3 4 SL L Uzivngjsi, druho¥ bohaté louka, hofhs Hypericum
maculatum
FI22 - S 12.8.2001 6 2 13 SL L Eutrofizovémika, degradovany sViolion caninae
F23 20 . - 1282001 400 60 0 A A p n Vlese a fi jeho okraji u kamenného snosu,
degradovany swiolion caninag zastin
/24 21 ) ) 12.8.2001 300 200 3 A A p Degradovane, asti lesem zarostl§esovist na
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kamennych snosech



Pocet

Kod Snimek Sklon Expozice Datum Rozloha Poket kvet Nalety Zastin Stabilni Habitat Popis
(¢islo) ©) zaznamu  (m2) trst ; direvin katastr
lodyh
E/25 29 5 sz 12.8.2001 120 12 32 N N 7 L Neobhospod@vana, degradovana vihouka, hoji

sHolcus mollis
F/26 23 2 J 12.8.2001 50 22 15 N N 4 KT Drudgelmi chudyViolion caninae
Neobhospod@vana louka s vysokym zastoupenim

F/27 - 1 J 13.8.2001 1 1 9 N N z L . )
Bistorta major
VIhéi louka se znamkami degradace spojené s absenci
F/28 24 1 z 13.8.2001 20 4 10 N N P/SL L obhospodgovant
£/29 o5 ) ) 13.8.2001 4000 600 76 A A P N V lemu lesa av _roztrouge_n lesnim porostu, zasta
Calamagrostis villosazastin
F/30 - 1 S 13.8.2001 450 68 60 N N P/SL/PO L Zapojeny léni porost, GzivijSiho charakteru
F/31 - - - 13.8.2001 6 3 16 N N P VL N#ebu potoka v trsecheschampsia cespitosa
S/1 - 3 Z 13.8.2001 10 5 1 A A 4 N Po okraji nalBicea abies
S/2 6 5 7 13.8.2001 700 50 75 A N PO L rI;]oou”lg, okrajo s naletem, vysoké zastoupétdlcus
nad Suché, miré degradované travniky s vyznamnym
S/3 7 5 z 13.8.2001 3000 500 nad 800 N N PO L  zastoupeninCalamagrostis villosaHolcus mollis
Hypericum maculatura Phleum pratense
s/a 8 3 7 13.8.2001 4000 nad nad 800 N N PO KT Travnllky sAvenella er)guosa\lardus stricta
500 Hypericum maculatura;.
s/5 ) > 7 13.8.2001 50 > 0 A A PO N Vqurosty mladyctPicea abiesartstajicich okraje
lu¢ni enklavy
Trsy v druho¥ bohatém travniku sWiolion caninae
S/6 9 1 z 13.8.2001 400 3 2 A A PO/SL L postupr zafistd mladym naletefBetulasp. aSalix
aurita
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Priloha 2 Tabulka fytocenologickych snimk
Tabulka 2 viz CD na zadnintgbalu diserténi prace

Piiloha 3 Zobrazeni vyskytuG. pannonicana mapovaném uUzemi na
podkladu sotasnych ortofotomap a historickych map stabilnihiagiau.

Grafické vystupy viz CD na zadniniigbalu diserténi prace
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Conclusions

The thesis brings a range of novel findings abaaibgical traits, genetic
structure ofGentiana pannonicand summarized habitat character and
conditions of this species. Detailed informationmwt biological traits
and habitats are essential for for the interpratatnolecular data and
selection of appropriate conservation strategyudysspecies.

Based on observations of the development of staraadsstigmas
and performed pollination experiment, pollinationtragegy of
G. pannonicavas examined. The species is mainly outcrossingskstill
self-compatible. Herkogamous flowers are mainhiipated by bumble
bees. Although selfing may decrease productionialble seeds, open-
pollination under natural conditions did not resaolteduced set of viable
seeds. Only in small and inconspicuous populattbesseed set may be
lower than in large populations due to insufficiamount of pollinators.
In general, present populations Gf pannonicain the Bohemian Forest
do not suffer from seed limitation (Papérd, 1V ).

According to field observations and experimentgcsasful seedling
recruitment is currently almost exclusively tiedthe primary habitats. In
the secondary habitats, seedlings are very rarenacuar entirely on the
banks of streams with potentially relict characisbsence of seedling
recruitment in the secondary mountain meadows astlpes seems to be
a consequence of changes in land use in the Jdgtysars. The moisture
and suitable microhabitat characteristics (low aante of plant layer,
presence of moss layer and bare soil) play the rkéy in successful
seedling recruitment. The development and the gairaf seedlings ir6.
pannonica populations therefore seem to be affected by mi@o
limitation (Paper II, IV).

Investigation of genetic variation and structure Gfentiana
pannonicapopulations in three disjunct parts of its digitibn range (the
Eastern Alps, the Bohemian Forest, and the Giarst)Mévealed a low
degree of differentiation on regional and interdapanal level. The
main portion of genetic diversity lay on intrapogiidn level, in spite of
long-term spatial isolation among the regions d®&gopulations. Due to
the longevity of the species, it seems that thes tohisolation was too
short for genetic differentation. The results iradec the possibility of a
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broad distribution of the species during the ldagfocene and the early
Holocene in the unglaciated areas of Central Euregardless of altitude
(Paper III).

The level of intrapopulation diversity correspondedhabitat and
population history ofs. pannonica The highest genetic variation within
populations was recorded in alpine populations e tAlps. The
continuous existence of the alpine and the subalpomes in the Alps
throughout the Holocene enabled survival of numerand large
populations of the species. Thus the influencehef genetic drift and
other stochastic processes was not as pronounceéd the Bohemian
Forest. In the latter mountain range the declineari-forest vegetation in
postglacial periods caused retreat of the populatidhe decrease of
population size and number is reflected in redugedetic diversity
within populations.Raper II, 111 ).

Molecular analyses did not confirm the artificialtroduction of
G. pannonicain the Giant Mts. Given the results from our AFkRIdy
and the absence of any direct evidence on arifia@oduction, the
native origin of G. pannonicain the Giant Mts. actually cannot be
excluded. Unfortunately, due to incomplete samplimgg can only
speculate about iPaper I11).

Investigation of present distribution, together hwithe results of
molecular analyses and seedling regeneration ewpats, clarified
existence of the primary habitats@f pannonican the central part of the
Bohemian Forest. It seems that the open plots alomgtreams played a
key role in survival of the species during the &rperiod of Holocene
(Paper II, 1lIl, V).

Projection of present occurrences@f pannonicaon the historical
maps of the stable cadastre enabled to resolvejukstion about the
impact of cultivation on the distribution of theeges. In the central part
of the Bohemian Forest the human activities, sucltdtivation in the
gardens and fields in the forest-free enclaves miearsettlements or
spontaneous spreading on former fields, affectedgémeral distribution
of G. pannonicaonly marginally Paper V).
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