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A review of the flora and phytogeography of the Czech Republic is given. The diversity of plants in
this country reflects its geographic position in the centre of Europe, local natural conditions and the
effect of intense human activity on the landscape. The Czech flora includes 148 families, 916 gen-
era, 3557 species (plus 194 additional subspecies) and 609 hybrid vascular plants. Families richest
in species are Asteraceae (662 species), Rosaceae (316), Poaceae (275), Fabaceae (170),
Brassicaceae (148), Cyperaceae (127), Lamiaceae (112), Caryophyllaceae (108) and Apiaceae
(100). Most of these species are native and 36.0% are alien. The spectrum of life-forms is dominated
by hemicryptophytes (45.7%), followed by therophytes (22.3%), phanerophytes (14.4%),
geophytes (9.3%), chamaephytes (5.1%) and hydrophytes (3.2%), while the percentage of
epiphytes is negligible (only two species). Several species that occur in the Czech Republic are
relicts from glacial and early postglacial periods. Examples of arctic, boreal, alpine, steppe and
other sorts of relicts are listed. Because of the relatively small size of this country and the consider-
able climatic and vegetational changes caused by glaciations, which repeatedly eliminated the local
flora, endemism is relatively low in the Czech Republic. All endemics are of Quaternary age
(neoendemics). A revised list of endemic species and subspecies includes 74 taxa endemic to the
Czech Republic and adjacent border regions, which is 2% of the total vascular plant diversity. Of
these, 48 taxa are strictly Czech endemics (defined by the borders of the country), the distributions
of the other 26 taxa extend slightly beyond the borders of this country (mostly by less than 1 km) in
the summit areas of the KrkonoSe/Karkonosze Mts and/or in the Krélicky Sn&Znik/Snieznik
Ktodzki Mts. Hieracium and Sorbus are the genera with the greatest number of endemics (25 and 11
species and subspecies, respectively). Patterns in the distribution and occurrence of endemics in dif-
ferent types of habitat are discussed. The greatest concentration of endemics is in the Krkonose Mts,
where they occur mostly in subalpine habitats, such as natural grasslands above the timberline, sum-
mit rocks and rocky slopes, and various sites in glacial cirques including avalanche tracks. Other
endemics of subalpine habitats occur in the Krélicky SnéZnik Mts and Hruby Jesenik Mts.
Endemics at low altitudes mostly occur on rocky outcrops and in associated open thermophilous
forests and grasslands, less frequently on open sandy areas, in fens and various types of forest. Maps
of the distribution of endemics in the Czech Republic are presented. The majority of Czech
endemics are rare and/or strongly endangered and included on the Red List of the Czech flora, and
seven are extinct or missing. Changes in understanding of Czech endemics are reviewed and evolu-
tion of endemics discussed. The Czech Republic is situated at the intersection of several important
European migration routes. The Czech flora is composed of almost all the floristic elements that
occur in central Europe of which the Central-European geoelement is dominant. Other well repre-
sented geoelements include the Central-European-(sub-)alpine, Arctic-alpine, Boreal, Sub-boreal,
Sub-Atlantic, Sub-Mediterranean, Pontic, Sub-pontic and South-Siberian. Examples of all
geoelements are listed. The limits of the distributions of a number of widespread species are in the
Czech Republic. These species are distinguished as boundary or outlying elements. Examples of
species that in the Czech Republic are at the limits of their distributions, which range in different
directions, are listed. Groups of species with similar ecogeographic features within the Czech
Republic are distinguished as regional types of distribution (phytochorotypes). 15 basic phyto-
chorotypes are listed, defined and illustrated using maps. Phytogeographical division of the Czech
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Republic is described. Three principal phytogeographical regions are recognized within the coun-
try, which are based on the dominant flora and vegetation that reflects specific regional topography
and climatic conditions. These regions are further subdivided into phytogeographical provinces,
districts and subdistricts. All of these phytogeographical units (phytochoria) are listed and their
position illustrated on a map.

Keywords: flora, phytogeography, Czech Republic, vascular plants, diversity, relicts, glaciation,
migrations, refugium, endemics, evolution, speciation, floristic elements, geoelements, phytogeo-
graphical division

Introduction

The present-day flora of the Czech Republic reflects its geographic position, climate, veg-
etation history (particularly its late-glacial and postglacial development), diverse geology
and topography, a rich mosaic of habitats and the effect of intense human activity on the
landscape. The geographic position in the centre of the European continent means that its
flora includes plants from the cold north and warm south as well as the oceanic west and
continental east. The great changes in climate that occurred during the Pleistocene, with
many cold (glacial) and warm (interglacial) periods, had major effects on the flora (LoZek
1973, 1988). The distributions of species repeatedly contracted and expanded, as well as
shifted up and down mountains. During the glacial maxima the present-day Czech Repub-
lic was situated in the periglacial zone between the northern-European continental ice
sheet and Alpine glaciers (Lang 1994).

The floristic composition of different regions is also substantially determined by their
geology and topography. The Czech Republic is situated between two European mountain
systems, the Alps and Carpathians. The geological bedrock is made up of two basic geo-
logical formations. The bedrock under the whole of Bohemia and the western and north-
western part of Moravia forms a part of the Bohemian Massif of Proterozoic and Palaeo-
zoic rocks, whereas that under south-eastern and eastern Moravia is part of the young fold
mountains of the West Carpathians, which are mostly covered by Tertiary flysch sedi-
ments (Chlupac 2002).

Nowadays the Czech Republic is situated in the temperate zone of Europe with a sea-
sonal climate that is not very hot in summer or cold in winter. The warmest month is July
and it is also the month of the highest rainfall (Vesecky 1961). The countryside includes
lowland plains, highlands and high mountains (Fig. 1). The altitude ranges from 115 m
(the valley of the Labe river on the German border) to 1602 m (top of Mt Snézka), with an
average altitude of 430 m. The country is covered by a heterogeneous mosaic of cultural
landscape with arable fields, deciduous, mixed and coniferous forests, meadows and
human settlements. The dominant type of natural vegetation is forest. Natural treeless veg-
etation includes alpine and subalpine grasslands, steep rocky slopes, steppe, peat bogs and
natural water bodies.

This paper provides a basic overview of the Czech flora, diversity of species and other
taxa, glacial and postglacial relicts, endemic species and subspecies, most important
geoelements and regional phytochorotypes and the concept of phytogeographical divi-
sion. A parallel review of the vegetation of the Czech Republic is given in this issue by
Chytry (2012), and the diversity of Czech bryophytes and lichens is described by Kucera
et al. (2012) and Liska (2012), respectively.
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Nomenclature mostly follows Danihelka et al. (2012). For taxa that are not listed in that
paper, it follows Flora Europaea (Tutin et al. 1964—1980) or the literature cited.

Current treatments of the Czech flora and distribution atlases

Floristic research relevant to the area of the present-day Czech Republic dates back to the
second half of the 18th century (Skalicky et al. 1988, Pysek et al. 2002, Kirschner et al.
2007, Krahulec 2012). The first attempt to produce a flora for this area was that of Schmidt
(1793-1794), which, however, was not completed due to the premature death of the
author. Several other botanists at that time wrote floras but the manuscripts remained, for
various reasons, unpublished or incomplete. The notable flora by Pohl (1809, 1814) is an
example of an incomplete treatment. The first complete Czech flora, which included
almost 1500 species, was published by the Presl brothers (Presl & Presl 1819). Since then,
a great number of floras covering various regions have appeared. The most notable mile-
stones of the late 19th century were Prodromus of the Bohemian flora by Celakovsky
(1867-1881) and two floras covering Moravia and adjacent Silesia by Oborny
(1883-1886) and Formanek (1887-1897). The most influential floras of the 20th century
for this area were written by Polivka (1900-1904), Polivka et al. (1928) and botanists led
by Dostél (Dostél et al. 1948—-1950, Dostal 1954, 1958). For details of the history of the
floristic and phytogeographical exploration of the Czech Republic see Skalicky et al.
(1988) and Krahulec (2012).

The last complete treatment of the Czech flora appeared in Flora of Czechoslovakia
written by Dostal (1989). This was largely based on the author’s own experience. He
reviewed a considerable amount of literature and summarized the published records for
the former Czechoslovakia and bordering regions. Although this Flora substantially
updated knowledge of the Czech and Slovak floras and was unrivalled at the time, some
records were adopted uncritically and deemed erroneous in later monographic revisions
based on the examination of herbarium material. The last outline of the Czech flora was
presented in the field guide KIi¢ ke kvétené Ceské republiky (Key to the flora of the Czech
Republic; Kubit et al. 2002) that followed the format of the well-established central-Euro-
pean field guides, namely the German Rothmaler’s Exkursionsflora (Schubert & Vent
1994, Jager & Werner 2002) and a similar guide for Austria (Adler et al. 1994). There is an
up-to-date list of vascular plants of the Czech Republic, which incorporates well-founded
recent changes in the systematics, in Danihelka et al. (2012).

A detailed taxonomic inventory of the diversity of plants in the Czech Republic is cur-
rently being undertaken within the project Kvétena Ceské republiky (Flora of the Czech
Republic). This is the first Czech multiauthored flora in which there is a monograph of
each genus or family, based on up-to-date biosystematic knowledge and expert taxonomic
re-evaluation of primary and literature data. The data on plant morphology and variation
are based on field observations, cultivation experiments and extensive studies of herbar-
ium material. The treatment of each species in the Flora includes nomenclature, list of
exsiccate collections, morphological description, chromosome numbers, details of
intraspecific variation, ecology and phytosociology, and a detailed description of its distri-
bution in the Czech Republic and its total range. Because this involves the precise collect-
ing and processing of primary data, it will inevitably take a few decades to complete this
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flora. The first volume of this compendium appeared in 1988 and eight of the ten planned
volumes have been published (Hejny et al. 1988, 1990, 1992, Slavik et al. 1995, 1997,
2000, 2004, St&pankova et al. 2010). The volumes published so far are those on lycopods,
horsetails, ferns, conifers, dicots and part of the monocots. Preparation of the last two vol-
umes, which include the rest of the monocots and supplements and updates to the previous
volumes, is in progress.

A complete atlas of the distribution of vascular plants in the Czech Republic is not yet
available. Four volumes of a grid-based atlas with a grid template of 10 x 6 arc minutes
were published under the serial title Phytocartographical syntheses of the Czech Republic
(Slavik 1986, 1990, 1998, §tépénkové 2012). These include maps of the distributions of
lycopods, horsetails, ferns, conifers and most dicots (see Fig. 2 for a sample map). Alto-
gether, 1225 distribution maps of taxa of 113 families have been published. 240 distribu-
tion maps of selected plants appeared in the introductory chapters of the respective vol-
umes of the Flora of the Czech Republic (Slavik 1988, 1995, 1997, 2000, 2004b). Maps
for 400 rare and endangered plants of the former Czechoslovakia were published in the
Red Data Book of the Czech and Slovak Republics (Cefovsky et al. 1999). Many addi-
tional maps were published separately in studies that focus on taxonomy and distribution
of selected taxa (e.g., Kaplan 2000-2003, 2010, Kubat & Kaplan 2000, Mandak &
Prochazka 2000, Travnicek 2000, 2001, 2010a, Weber 2000, Danihelka 2001a, b, Vasut
2003, Hroudova et al. 2004, Rybka 2004, VaSut & Travnicek 2004, Zielifiski & Travni¢ek
2004, Brabec 2005, Ekrt et al. 2007, Travni¢ek & Zazvorka 2005, Travnicek et al. 2005,
2008, Vasut et al. 2005, 7ila & Weber 2005, Duchacek et al. 2006, 2007, Krahulec et al.
2006, Lepsi & Lepsi 2006, 2009, Duchoslav et al. 2007a, b, Ekrt 2008, Bures et al. 2008,
Travnicek & gtépz’mek 2008, Danihelka et al. 2009, Duchoslav & Krahulec 2009, Lepsi et
al. 2009b, Ekrt et al. 2010, Zazvorka 2010, Chlumsky & Stech 2011, Travnitek & Zila
2011). These publications often resulted from revisions carried out during the preparation
of the Flora of the Czech Republic. Contributions of Czech botanists (particularly of
J. Holub, B. Slavik and J. St&pankové) to Atlas Florae Europacae (Jalas & Suominen
1972-1994, Jalas et al. 1996, 1999, Kurtto et al. 2004, 2007, 2010) also provide important
records of the distributions of Czech vascular plants in the broader continental context.

Despite the long history of research on the Czech flora and the large body of taxonomic
knowledge and data on distribution that has been collected, there is still no complete atlas
of the distributions of Czech vascular plants based on data evaluated by taxonomic
experts.

Basic overview of the flora of the Czech Republic

The flora of the Czech Republic includes 148 families of vascular plants (classification
concept: Stevens 2001 onwards, Angiosperm Phylogeny Group 2009), with 916 genera,
3557 species (with 194 additional subspecies) and 609 hybrids (Danihelka et al. 2012).
Genera with 30 or more species include Taraxacum (221 species), Rubus (127), Carex
(87), Hieracium (59), Pilosella (59), Veronica (35) and Trifolium (34). Families richest in
species are the Asteraceae (662 species), Rosaceae (316), Poaceae (275), Fabaceae
(170), Brassicaceae (148), Cyperaceae (127), Lamiaceae (112), Caryophyllaceae (108)
and Apiaceae (100).
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Fig. 2. - Distribution of Odontites luteus in the Czech Republic. A sample map authored by Slavik & St&pankova
from Phytocartographical syntheses of the Czech Republic (St&pankova 2012).

Most of the taxa are native (2256 species and 145 additional subspecies), 36.0% (1350
taxa that can be assigned to 1301 species and 49 additional subspecies) are alien and the
latter consist mainly of neophytes (76.0%), while archaecophytes are less frequent (24.0%)
(Danihelka et al. 2012, PySek et al. 2012). Within the Raunkir system of life forms, most
frequently represented among Czech plants are hemicryptophytes (45.7%), followed by
therophytes (22.3%), phanerophytes (14.4%), geophytes (9.3%), chamaephytes (5.1%) and
hydrophytes (3.2%), while the percentage of epiphytes is negligible (only two species).

Human activities affect vegetation and result in considerable changes in the structure of
the flora. Hundred-and-fifty-six species or subspecies (4.2% of the Czech flora) are
extinct or vanished (e.g. Betula humilis, Epilobium lanceolatum, Geranium bohemicum,
Gymnadenia odoratissima, Herminium monorchis, Iris spuria, Linnaea borealis,
Oenanthe fistulosa, Orchis coriophora, Pedicularis sceptrum-carolinum, Peucedanum
arenarium, Plantago altissima, Potamogeton compressus, Selaginella helvetica, Sparga-
nium angustifolium and Woodsia alpina) while many others are endangered. An updated
Red List of the Czech flora (Grulich 2012) includes 1564 taxa, which is 41.7% of the
Czech vascular plants. In contrast, the Czech flora is enriched by new invaders. The alien
flora is discussed in detail by PySek et al. (2012).

Besides common and widespread central-European species, the Czech flora includes
also remarkable phytogeographical components such as diverse geoelements, boundary
and outlying elements, glacial and postglacial relicts and local endemics. These are dis-
cussed in detail below.
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Relicts

Because of the fluctuations in climate that occurred in glacial and interglacial phases and
the associated severe changes in the central European landscape during the Pleistocene, no
Tertiary relicts are thought to have survived in the Czech Republic and all relicts that per-
sisted here are of Quaternary age or, probably more precisely, Late Quaternary. During the
last glacial period, the landscape was predominantly treeless in central Europe, dominated
by steppe tundra (West 2000, Stewart & Lister 2001, Granoszewski 2003, Miiller et al.
2003, Lozek 2011), but local patches of boreal woodland or even more extensive forests
existed especially in continental areas, and wet meadows were found at favourable sites
(Willis & van Andel 2004, Jankovska & Pokorny 2008, Kunes et al. 2008, Magyari et al.
2010, Pokorny 2011). Many arctic, alpine, boreal and steppe species were more wide-
spread in central Europe during the last glacial period and in the Early Holocene (e.g.,
Szafer 1912, Tralau 1963, Lang 1994, Lozek 2007, 2009b, Birks & Willis 2008, Ehrich et
al. 2008). Some of them later disappeared when there was a marked change in climate and
forests became more widely distributed (LoZek 1988, 2011, Birks & Willis 2008, Chytry
et al. 2010). Others had markedly restricted ranges but survived in small and fragmented
populations in suitable habitats (refugia), which resulted in the disjunct distributions (e.g.
Rull 2008, 2010, Stewart et al. 2010). These relicts now occur mostly in few small areas in
the Czech Republic, in some cases even at a single or a few localities. Depending on the
species requirements, these refugia are rocky outcrops (mainly in deep valleys), screes,
erosion-prone steep slopes with landslides, serpentine outcrops (particularly those cov-
ered with open pine forests), fens, mires, peat bogs, avalanche tracks in glacial cirques or
natural subalpine to alpine grasslands above the timberline.

In contrast, human activities during the Middle and Late Holocene, particularly those
that are now considered as “traditional management of the landscape”, contributed to the
local spread of several rare (and presumably relict) species of alpine and thermophilous
grasslands, fens and other treeless communities. For example, subalpine to upper montane
anthropogenic meadows in the KrkonoSe Mts are rich in relict subalpine and alpine spe-
cies such as Viola lutea and Campanula bohemica, but these meadows are below the
natural timberline.

Relicts as discussed above are formerly widespread taxa but currently only occur in
refugia that provide a suitable combination of long-term stable ecological conditions.
However, our understanding of the exact history and distribution of the populations that
survived during the Holocene is fragmentary due to the lack of palaeoecological data.
Continuous occurrence of species throughout the Holocene can only be directly confirmed
for species with easily determinable and well-preserved fossils. The precise evaluation
and unequivocal proof of relict status is difficult and there is no good evidence for the sup-
posed relict status of many species. The relict status of a species is usually inferred from
knowledge of its current ecological requirements, dynamics of its recent habitats, its pres-
ent distribution and general knowledge of the Holocene vegetation development in the
region under study. There are many studies that record relict species in the Czech Repub-
lic. Assumed arctic and/or alpine glacial relicts include Rubus chamaemorus (Holub 1995,
Slavik 1995, LozZek 2009b), Pedicularis sudetica (Hendrych & Hendrychova 1988),
Conioselinum tataricum (Holub 1997a), Pinus mugo (Skalicky 1988b), Luzula spicata
(Kirschner 1989) and Gentiana pannonica (Holub et al. 1970). Another group, represented
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by Helictotrichon desertorum (Holub 1962, 1999b), some species of Stipa (Martinovsky
1965, 1975), Allium strictum (Martinovsky 1969, Holub et al. 1970, Krahulec et al. 2006,
Krahulec & Duchoslav 2010), Orobanche coerulescens (Zazvorka 1984) and Bassia
prostrata (TomSovic 1989) are considered to be glacial relicts of continental steppes.
Other species, such as Linum flavum (Hendrych 1984), Achillea pannonica (Danihelka
2001a), Ligularia sibirica (Hendrych 2003, Slavik 2004a, Smidovi et al. 2011), Viola
ambigua (Danihelka & Cefovsky 1999) and Knautia arvensis subsp. pseudolongifolia and
subsp. serpentinicola (Stépanek 1989, Kaplan 1998) are thought to be postglacial relicts,
from the Preboreal and/or Boreal periods. Below selected species that are considered to be
relicts are listed and as far as possible sorted according to their age and origin. Although
this is based on a lot of indirect weak evidence, overall the inferences are strong (see also
Pokorny et al. 2010).

There are a few well documented exceptions in the Czech flora. Pollen records indicate
that Betula nana was widespread during the last glacial and Early Holocene (e.g. Pokorny
2002, Svobodova et al. 2002, Jankovska 2007, Kunes et al. 2008) but it is now confined to
several sites at old peat bogs in high mountains. Based on palaeobotanical finds (fossil
fruits), Pokorny et al. (2010) record that meta-populations of Cladium mariscus survived
in fens along the Labe river throughout the entire Holocene but now its distribution in
Bohemia is more restricted than the fossil sites, which confirmed the previously assumed
status of Cladium mariscus as arelict from at least the Early Holocene (Sadlo 2000). Addi-
tional data came from analyses of the genetic structure of populations. Hensen et al.
(2010) record low genetic diversity within and high genetic differentiation between popu-
lations of Stipa capillata, which is thought to be a postglacial relict that experienced strong
bottlenecks in central Europe, enhanced by isolation and selfing. A strong genetic differ-
entiation between populations of Saxifraga paniculata is attributed to genetic drift in iso-
lated populations and interpreted by Reisch et al. (2003) as evidence that this species is
a glacial relict in central Europe.

Plant macrofossils and pollen records indicate that many arctic species were wide-
spread in tundra at mid-altitudes in central Europe during the last glacial period (Birks &
Willis 2008). The rapid climatic amelioration that occurred at the Pleistocene/Holocene
boundary (and the Holocene thermal maximum) and the associated expansion of forest
eliminated much of the arctic flora, remnants of which occur in northern Europe and/or at
the highest altitudes. Some of the arctic species, however, survived in alpine grasslands or
similar treeless sites above the timberline or habitats ecologically similar to tundra, such as
peat bogs and mires. These glacial arctic relicts include Andromeda polifolia, Betula
nana, Carex bigelowii, C. capillaris, C. limosa, C. rupestris, C. vaginata, Eriophorum
vaginatum, Juncus trifidus, Pedicularis sudetica (Fig. 3), Rhodiola rosea, Rubus chamae-
morus (Fig. 4), Salix herbacea, S. lapponum, Saxifraga oppositifolia and Swertia perennis.

Whereas the distributions of arctic species moved from northern Europe southwards
and back with the waxing and waning of continental glaciers, those of species that origi-
nated in central-European high mountains (particularly in the Alps and Carpathians) expe-
rienced altitudinal shifts. After the retreat of glaciers, these alpines recolonized their origi-
nal mountain ranges but some of them persisted also in Czech mountains. These Central-
European mountain relicts include Adenostyles alliariae, Gentiana asclepiacea,
Homogyne alpina, Hypochaeris uniflora, Pinus mugo and Primula minima. Species with
centres of distribution in the Alps and Carpathians and now occurring in the Czech
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Fig. 3. — An isolated relict occurrence of Pedicularis sudetica subsp. sudetica in the Krkonose Mts, along the
Czech/Polish border, indicated by an asterisk with a dot in the middle. It represents a markedly remote and iso-
lated part of the distribution of the P. sudetica complex, which has the highest diversity in the arctic and northern
boreal areas. Reproduced from Hultén (1971), reproduced with permission.

Republic in predominantly lowland relict sites are represented by Calamagrostis varia
and Tofieldia calyculata.

Another group includes continental plants that presumably colonized central Europe
via cold periglacial steppes (particularly the loess steppe, see LoZek 2009b) along the
Sarmatian migration route north of the Carpathians (Martinovsky 1969, 1971, 1984). Dur-
ing the Last Glacial Maximum, cold and arid steppe was the dominant type of vegetation
across northern Eurasia south of approximately 57°N and occupied a much larger area in
Europe (Tarasov et al. 2000). This type of vegetation, sometimes called “steppe-tundra”,
included elements of modern steppic grassland and northern tundra. It probably does not
have exact current analogues (Stewart & Lister 2001) but recent studies show that it was
very similar in character to the cold continental landscapes of South Siberian mountains
(Pelankovi et al. 2008, Ri¢ankova et al. 2010). These cold steppes were widespread south
and east of the Fennoscandian ice-sheet (Birks & Willis 2008) including in the Czech low-
lands as indicated by fossil pollen (e.g. Kunes et al. 2008). The species of continental
steppe that are thought to have colonized central Europe via the Sarmatian migration route
in the Late Pleistocene are now often designated thermophilous species but they are
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Fig. 4. — Distribution of Rubus chamaemorus in Europe. This Sub-arctic element is widespread in northern
Europe. However, this species is found also in an isolated area in central Europe, namely in peat bogs in the
KrkonoSe Mts, where it occurs as a glacial relict. Reproduced from Kurtto et al. (2010), reproduced with
permission.

actually dry-adapted and eurythermic (cold-tolerant). Spreading westwards north of the
Carpathians they reached Bohemia and later survived in the warmest highlands in its
north-central part; less frequently they occur also in southern Moravia. These glacial
relicts associated with the Sarmatian migration route are represented by Astragalus
arenarius, A. danicus, Allium strictum, Helictotrichon desertorum, Jurinea cyanoides,
Stipa tirsa and species of Stipa dasyphylla agg.

Other species of continental steppe apparently spread along the Pannonian migration
route south of the Carpathians and reached southern Moravia but not Bohemia. Agropyron
pectinatum, Bassia prostrata, Crambe tataria, Jurinea mollis, Prunus tenella and Taraxacum
serotinum are examples, and Crepis pannonica, Onosma arenaria, Phelipanche caesia,
Phlomis tuberosa, Scorzonera austriaca, Stipa borysthenica and Trinia ucrainica appar-
ently also belong to this group. The Pannonian endemic Artemisia pancicii is at the north-
western limit of its distribution in southern Moravia.
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In addition to low temperatures, the climate in lowlands of northern Eurasia was, in gen-
eral, extremely dry during the last glacial period (Hubberten et al. 2004). Saline meadows
and salt marshes were therefore more frequent at suitable sites in central Europe than they
are today. This vegetation largely disappeared later but saline soils locally remained treeless,
which enabled heliophilous halophytes to survive there throughout the Holocene (Magyari
et al. 2010). Glacial relicts associated with this kind of vegetation include Glaux maritima,
Plantago maritima, Salicornia prostrata, Suaeda prostrata and Taraxacum bessarabicum.

Increasing climate warming at the end of the last glaciation and at the Pleisto-
cene/Holocene boundary triggered major shifts in the ranges of species. Steppe persisted
from the full glacial to the Early Holocene but cold steppe was gradually replaced by
grass-rich steppe and forest-steppe, which were extensive in eastern and central Europe
(Magyari et al. 2010). Thermophilous species that during the Pleistocene retreated to more
temperate refugia returned and recolonized central Europe. Many light-demanding spe-
cies underwent a rapid expansion, supported by open habitats where there was little com-
petition. The thermophilous immigrants became mixed with eurythermic species, which
were already present on cold steppes during the last glaciation.

Thermophilous plants migrated along several dispersal routes (e.g. Slavik 1995,
Taberlet et al. 1998, Hewitt 1999, Petit et al. 2002, Sadlo 2007, Parisod 2008, Lozek
2009a, b, 2011, Magyari et al. 2010). The main migration routes for the re-colonization of
the present-day Czech Republic passed through southern Moravia. The sub-Mediterra-
nean element spread from the south along the Illyrian-Noric migration route that passes
along the eastern edge of the Alps. Some species of the Pontic element may have migrated
from the east and south-east along the Pannonian migration route that passes along the val-
ley of the River Danube south of the Carpathians. The West-Sub-Mediterranean element
migrated along the Rhone-Rhine pathway (following the main river valleys of the Rhone
and Rhine) and Upper Danube Corridor north of the Alps into the western part of central
Europe and reached Bohemia from the south-west. In addition, the South-Siberian-Pontic
element continued to spread also along the Sarmatian migration route north of the
Carpathians. Regardless of their origin, some of these thermophilous or eurythermic spe-
cies that arrived and extended their ranges in the Preboreal and Boreal periods now occur
in refugia and are considered to be postglacial relicts. These perhaps include Astragalus
exscapus, Linum flavum, Pedicularis exaltata and Viola ambigua.

Fens (calciphilous and eutrophic mires) were widely distributed in the open landscape
of the Early Holocene (Sadlo 2000) but were later mostly eliminated as a consequence of
forest expansion. Sadlo (2000) suggests that species of open fens may have occurred in
central Europe throughout the entire Holocene in shifting gaps in alder carrs. Cyclic alter-
nations of open fens and alder carrs on lowland floodplains (Pokorny et al. 2000, Pokorny
2011) provided small refugia surrounded by woodlands that might have provided condi-
tions for uninterrupted survival of open fens in the wooded phases of the Holocene. Simi-
lar hypotheses were proposed to account for the survival of relict plant populations in
a dynamic mosaic of open habitats on a mountain floodplain (Sadlo & Bufkova 2002) and
for the long survival of fen species at the meta-population level in a river basin (Pokorny et
al. 2010). Analysis of sediments in old calcareous fens in the West Carpathians revealed
long-term persistence of rare vascular plants in old fens that match well the concept of gla-
cial relicts (Hajek et al. 2011) but more convincing evidence is available for the relict
occurrence of terrestrial snails, whose shells are abundant in fen sediments (LoZek 1964,
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Hajek et al. 2011). The best example of a relict species from the postglacial calciphilous
and eutrophic mires is Cladium mariscus, and Betula humilis, Calamagrostis stricta,
Carex buxbaumii, Eriophorum gracile, Ligularia sibirica, Schoenus ferrugineus and
S. nigricans possibly also belong to this group.

Increasing humidity in the early postglacial enabled also the expansion of boreal taiga.
Species that are now typical of boreal coniferous forests were more widespread previously
in central Europe. Examples of assumed postglacial relicts of boreal taiga include Actaea
europaea, Linnaea borealis, Rhododendron tomentosum, Rubus saxatilis, Stellaria
longifolia and Trientalis europaea.

Steppe grasslands, boreal taiga and other habitats characteristic of the Preboreal and
Boreal periods were later increasingly replaced by deciduous forests. No relicts from more
recent periods are distinguished.

Endemics
Definition of concepts

The distribution of endemics is usually defined in terms of conspicuous topographic fea-
tures, such as a mountain range or an island, or other natural elements, such as a specific hab-
itat of relict character. In central Europe, many endemics occur in alpine and subalpine
grasslands on the summits of mountain ranges. However, Czech national borders often coin-
cide with peaks and ridges in the summit areas. Consequently, the majority of narrow-range
endemics occurring in these border areas are members of floras of two countries. Two of
three mountains ranges in the High Sudetes in the north of the Czech Republic are situated
on the border with Poland. Many of the species endemic to the KrkonoSe/Karkonosze Mts
(Riesengebirge in German, Giant Mts in English) or the Kralicky Sn&Znik/Snieznik Ktodzki
Mts (Glatzer Schneeberg in German) occur both in the Czech Republic and Poland,
although they only occur in an area of a few square kilometres. Paradoxically, none of these
rare endemics would be formally designated as endemic if only endemism within political
borders was considered. This would be highly unpractical as these taxa would be ignored in
all lists of endemics, which are supposed to deserve the highest attention and conservation
priorities. For these reasons, in addition to strictly Czech endemics (defined by the political
borders), species and subspecies with distributions that only slightly exceed the borders of
the country (generally by less than 1 km) and for which the majority of localities are in the
Czech Republic, are also listed as endemics in this paper. If convenient, these latter taxa may
be formally designated as Czech subendemics.

In terms of the extent of their distributions and the size of the Czech Republic, most of
the endemics discussed here may be classified as stenoendemics (endemics confined to
a small geographic area). Some of them are even confined to a single locality such as a gla-
cial cirque or a rocky summit.

Changes in understanding of Czech endemics

There have been several attempts to compile a list of plants endemic to the Czech Repub-
lic. The first treatment of endemic species (as currently defined) that aimed to be complete
and critically analysed was provided by Hada¢ (1977), who listed 118 Czech endemics
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and subendemics (including apomictic taxa). He compiled records previously scattered in
the literature and, in contrast, many previous putative endemics excluded on the basis of
a re-evaluation of their taxonomy and distribution.

A revised list by Holub et al. (1979) appeared soon afterwards. It listed 43 endemic taxa
completely or almost completely confined to the Czech Republic. Of the latter, only spe-
cies with a slight transgression beyond the state borders were admitted (similar approach
to that adopted in this paper). In addition to these Czech endemics, the authors list an addi-
tional 16 endemics with distributions that distinctly extend from the Czech Republic into
bordering countries (subendemics) and 32 mainly central-European endemics that mainly
occur outside the Czech Republic but with some localities in this country. These endemics,
of which the Pannonian endemic Artemisia pancicii occurring in southern Moravia, east-
ern Austria and north-eastern Serbia (Danihelka 1995, Danihelka & Marhold 2003) is
a good example, are not included in this paper.

Czech (and Slovak) endemics were discussed also by Hendrych (1981a) who provided
the shortest list. He intentionally omitted all species known to be apomictic and listed only six
supposedly Czech endemics (Campanula bohemica, C. gelida, Cerastium alsinifolium,
Dianthus carthusianorum subsp. sudeticus, Melampyrum bohemicum and Poa riphaea).
Eleven endemics are mentioned in the overview of the phytogeographical characteristics
of the Czech Republic by Slavik (1988). Recently, Gerza (2009) published a list of 29 sex-
ually reproducing endemics and 40 apomictic Czech endemics. Krahulec (2006) reviewed
the endemics in the KrkonoSe Mts (including the Polish part) and mentions several
endemics that occur in other regions of the Czech Republic.

The considerable differences between these lists reflect not only the different
approaches of the authors but also the changes in the state-of-the-art of taxonomy and
plant distribution that have occurred over the last three decades. Some of the species that
were previously considered to be Czech (or Czechoslovak) endemics were later recorded
in neighbouring countries. For example, Epipactis albensis was described from floodplain
forests along the middle course of the Labe river in central Bohemia (Novdkova & Rydlo
1978) but later recorded in several other countries in central Europe (Delforge 2006,
Batousek 2010). Tephroseris longifolia subsp. moravica was described from a small area
in the Bilé Karpaty Mts (Holub 1979) but later recorded also in the north-western part of
the Slovenské stredohorie Mts in Slovakia (Kochjarova 1997, 1998, Holub 1999f,
Kochjarova & Hrouda 2004). Similarly, Taraxacum bohemicum was described from a lim-
ited area in eastern Bohemia (Kirschner & Stépanek 1986) and considered as a Czech
endemic (Kirschner & St&panek 1994) but later found at one site in westernmost Slovakia
(Kirschner & Stépanek 1998) and therefore is a subendemic. Potentilla lindackeri was
long known only from rocky slopes in river valleys and similar habitats in central Bohemia
(e.g. Hadac 1977, Dostal 1989) but later also found in Saxony, Germany (Sojak 1995,
2009a, Gerstberger 2003, Gregor & Miiller 2005). Both Aconitum plicatum and
Gentianella praecox subsp. bohemica, although having their centres of distribution in the
mountains of the Bohemian Massif in the Czech Republic, occur also in adjacent areas in
Austria, Germany and Poland (Skalicky 1988a, Prochazka & Skalicky 1999, Kirschner &
Kirschnerova 2000) and are better classified as subendemics rather than Czech endemics.
Knautia arvensis subsp. serpentinicola, a relict restricted to serpentine outcrops, is
endemic to the Bohemian Massif with most localities in the Czech Republic but also
occurs at one site in Germany (Kaplan 1998). The endemic status of Symphytum
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bohemicum depends on the taxonomic delimitation of this species. It was described from
central Bohemia and Hadac¢ (1977) and Kubat (2000) recognize it in the narrow sense as
a Czech (Bohemian) endemic microspecies. However, very similar plants, often consid-
ered conspecific with the Bohemian taxon, occur in other areas of central and southern
Europe, concentrated in about 8-9 isolated regions, ranging from Germany in the west and
southern Poland in the north to western Ukraine and Romania in the east and to northern
Italy and Serbia in the south (Holub 1999e, Kubat 2000). It is difficult to define the exact
range of this species because white-flowered individuals of S. officinale are (particularly
in western Europe) often misidentified as S. bohemicum, and consequently S. bohemicum
as a taxon is inappropriately considered conspecific with S. officinale. However, true
S. bohemicum has creamy to yellowish flowers with yellow-green corola tips, and also dif-
fers from S. officinale in having a different type of indumentum, features of leaf and stem
morphology and size of fruit (Kubat 2000). A thorough taxonomic revision based on
material from the entire range of this complex is needed. The endemic status of Hieracium
schmidtii subsp. candicans is also unclear. It was described from central Bohemia and dur-
ing a recent taxonomic revision (Chrtek 2004) shown to occur in rocky localities mainly in
the Ceské stiedohofi highlands, the valley of the River Vltava and the Kfivoklatsko high-
lands. However, this taxon is also recorded from Germany, Austria and Hungary but these
records require expert taxonomic confirmation (Chrtek 2004). Similarly, Hieracium
decipiens was described from the KrkonoSe Mts but some populations in the Carpathians
may belong to this species (Chrtek 2004). Recently Aconitum plicatum subsp. sudeticum
was described as an endemic of the Kralicky SnéZnik Mts and the Hruby Jesenik Mts
(Mitka 2003). It is apparently of hybrid origin, resulting of introgression of A. firmum
subsp. moravicum into A. plicatum. Its evolutionary history and taxonomic validity should
be tested using molecular methods.

Other taxa are excluded from the list of endemics presented here following expert taxo-
nomic re-evaluations of the given groups. For example, Melampyrum bohemicum was
long considered a Czechoslovak endemic species (e.g., Hada¢ 1966, 1977, Hendrych
1981a), which evolved from M. subalpinum that is now confined to eastern Austria. How-
ever, in the revised delimitation by Stech (2000, 2006) the Czech populations and those in
western Slovakia are considered to be conspecific with Austrian populations traditionally
called M. angustissimum. Crepis mollis subsp. velenovskyi was described from a decidu-
ous forest at Sadska in the Labe river basin in central Bohemia (Domin 1904) and was still
listed as a Czech endemic by Hadac (1977). The type specimen is indeed morphologically
peculiar and very distinct from all other plants of C. mollis agg. However, it is an aberrant
phenotype as other collections from the type locality fall within the variation of C. mollis
subsp. succisifolia. That is why the plant described as subsp. velenovskyi is not ascribed
arank (Kaplan & Kirschner 2004). Previously indicated endemic Bohemian subspecies of
Iris aphylla are no longer accepted taxonomically (Hrouda & Grulich 2010). The level of
morphological differentiation of Dianthus lumnitzerii subsp. palaviensis in the Pavlovské
vrchy hills is rather low and does not warrant subspecific rank (Kovanda 1990). Sorbus
hardeggensis from the Dyje/Thaya river valley was described as a hybridogenous species
(Kovanda 1996b, 1999) but recent studies indicate that it is not a stabilized apomictic spe-
cies but a recurrently formed population of primary and backcrossing hybrids (Sefl 2007).

In contrast, several new endemics were recently discovered during detailed taxonomic
revisions of critical groups. Multidisciplinary revisions of Bohemian Sorbus (Lepsi et al.
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2008, 2009b, Velebil 2012, Vit et al. 2012) yielded five additional endemic species. A few
of the regional species of Rubus discovered and described during the past two decades
(Holub 1991, 1992, Weber 2000) are known only from the Czech Republic. Taxonomic
and biosystematic revisions of subalpine Hieracium (Chrtek 1995, 1997, Chrtek &
Marhold 1998) refined our understanding of the diversity and distribution within this
group rich in endemics. An endemic sedge from the KrkonoSe Mts that was recorded in the
literature under the provisional names Carex oederi subsp. pseudoscandinavica (Holub et
al. 1979) or C. viridula subsp. pseudoscandinavica (Holub 1999a) has only recently been
thoroughly evaluated and validly described as C. derelicta (Stépankova 2008). Other
recent additions to the list of Czech endemics include, among others, Carlina biebersteinii
subsp. sudetica (Kovanda 2002), Dactylorhiza bohemica (Businsky 1989), Minuartia
corcontica (Dvotakova 1999b), M. smejkalii (Dvotakova 1988) and Scilla bifolia subsp.
rara (Travnicek et al. 2010).

An extraordinary case of endemism is Oenothera moravica, which evolved recently as
aresult of hybridization between two alien species, Oe. fallax and Oe. victorinii (Jehlik &
Rostafiski 1995). Its origin is similar to that of two Tragopogon allopolyploids, T. mirus
and T. miscellus, which evolved from three diploids (7. dubius, T. pratensis and T. porri-
folius) introduced from Europe to North America (Ownbey 1950). Oenothera moravica
was detected soon after it appeared and at that time reported as occurring only in two
close-by localities in south-western Moravia (Jehlik & Rostaniski 1995). These authors did
not think it was of recurrent polytopic origin because the parental species meet only excep-
tionally in the field but expected that this newly evolved species would spread. Indeed,
additional three localities of Oe. moravica were recorded during a floristic inventory in the
area of its occurrence in 2011 (M. Chytry, J. Danihelka & V. Grulich, unpubl.).

Revised list of endemics

In assessing plant taxa for inclusion on the revised list of endemics of the Czech Republic
presented in this paper, some subjective decisions had to be made, particularly about their
taxonomic rank and delimitation. The taxonomic status mostly follows recent expert revi-
sions of the Flora of the Czech Republic (Hejny et al. 1988, 1990, 1992, Slavik et al. 1995,
1997, 2000, 2004, §tépénkové etal. 2010) and the distribution records therein were partic-
ularly important in assessing endemic status. Only taxa at the rank of species and subspe-
cies are considered. Endemic varieties and forms, such as Salix lapponum var. daphneola
that occur at the Pancick4 louka peat bog in the Krkonose Mts (Chmelat & KobliZek 1990)
or Dianthus lumnitzerii f. palaviensis (Kovanda 1990, Weiss et al. 2002) in the Pavlovské
vrchy hills, are not discussed here.

A number of taxa do not appear in the current list because they have been re-evaluated
taxonomically and reduced to synonyms of more widespread species. Doubtful taxa of
highly limited occurrence and not adopted and substantiated in recent revisions were gen-
erally excluded. They are often only minutely distinct from their widespread relatives.
Examples include Coronilla moravica, which was based on a single herbarium specimen
collected near Pasovice in the Bilé Karpaty Mts (Chrtkovd & Stavélova 1986) and has not
been found in the field again. Several recently described species are taxonomically uncer-
tain and may be reclassified in future revisions. In the absence of modern monographs,
these are provisionally included here among recognized endemic taxa.
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Among apomictic microspecies of Hieracium and Taxacum only those groups that
were recently revised by experts in the Czech Republic are considered. These include the
majority of subalpine groups of Hieracium (Chrtek 1995, 1997, 2004, Chrtek & Marhold
1998), Taraxacum sect. Palustria (Kirschner & §tépének 1998, Kirschner 2010) and
Taraxacum sect. Alpestria (Stépanek 2010, St&panek et al. 2011). In contrast, the subal-
pine Hieracium prenanthoides group, occurring above the timberline in the KrkonoSe,
Krélicky SnéZnik and Hruby Jesenik Mts, is likely to include local endemics (Chrtek
2004, Krahulec 2006) but this still waits detailed investigation. No modern taxonomic
revision is available for the Ranunculus auricomus complex in the Czech Republic, which
may also contain endemic microspecies.

Of the facultatively apomictic Rubus only regional species reported exclusively from
the Czech Republic in the recent Atlas Florae Europaeae (Kurtto et al. 2010) were
adopted, whereas individual plants (single bushes) and local biotypes (i.e., forms occupy-
ing an area smaller than 20 km in diameter) were not considered in accordance with the
present-day batological approach (Weber 1977, 1995, 1996, Holub 1991, 1997b).

In this paper 74 species and subspecies are considered to be endemic to the Czech
Republic and closely bordering regions (Table 1), which is 2% of the total vascular plant
diversity. Of these, 48 species and subspecies (1.3% of the total diversity) are strictly
Czech endemics, that is they occur only within the borders of the country, the distributions
of the other 26 extend slightly beyond the borders of the country (mostly by less than
1 km) in the summit areas of the Krkonose/Karkonosze Mts and/or in the Kralicky
Sné&znik/Snieznik Ktodzki Mts. There is no genus endemic to the Czech Republic. For
habitats and distribution of the endemics, references to selected literature on taxonomy
and biology and additional notes, see Table 1.

The Czech Republic and closely adjacent areas are not particularly rich in endemic spe-
cies. The proportion of endemic plants reflects size (78 867 km?) and geographic position
of the country in Europe, absence of massive mountain ranges with extensive alpine belts
and the Quaternary history of the central-European landscape. The glaciations during the
Pleistocene with considerable climatic and vegetational changes repeatedly eliminated
many species of previously established flora. The climatic conditions have stabilized since
the end of the Pleistocene but there was not sufficient time in the Holocene for the evolu-
tion of a highly diversified flora with many local endemics. All Czech endemics are there-
fore of Quaternary age (neoendemics) and often not well differentiated morphologically,
and there are no endemics of Tertiary age (palaeoendemics).

Table 1. — A revised list of species and subspecies endemic to the Czech Republic, with descriptions of their habi-
tats, distributions and references to the literature. Subalpine taxa occurring on the summits of the Sudetes Mts
whose distributions only slightly extend beyond the borders of the country (generally less than 1 km) but with the
great majority of their localities in the Czech Republic are included. Endemics that occur only within the borders
of the country are indicated as CZ in the column Notes. Only a selection of the most relevant literature on the tax-
onomy and biology is given.
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Distribution and habitats of endemics

The endemic taxa are very unevenly distributed in the country (Fig. 5). The highest num-
bers of endemics are confined to the High Sudetes, which are the only mountain ranges in
the Czech Republic that extend above the timberline. Among the individual mountain
ranges of the High Sudetes (KrkonoSe Mts, Kralicky SnéZnik Mts, and Hruby Jesenik
Mts), the number and size of glacial cirques and the extent of alpine and subalpine summit
habitats is highest in the KrkonoSe Mts, which host 31 endemics (Table 1). Of these, 26
taxa are confined to the KrkonoSe Mts, with 6 occur only on the Czech side of the border
(Carex derelicta — Fig. 6, Euphrasia corcontica — Fig. 6, Hieracium purkynei, Knautia
arvensis subsp. pseudolongifolia — Fig. 7, Minuartia corcontica — Fig. 8, Sorbus sudetica —
Fig. 9) and 20 also on the Polish side of the border (Campanula bohemica — Fig. 6,
Pedicularis sudetica subsp. sudetica — Fig. 8, Primula elatior subsp. corcontica — Fig. 10,
Taraxacum alpestre — Fig. 9, and 16 Hieracium species and subspecies — Fig. 7). Finally,
two taxa also occur in the Hruby Jesenik Mts (Campanula rotundifolia subsp. sudetica —
Fig. 8, Hieracium chlorocephalum), two others in the Kralicky SnéZnik Mts (Hieracium
schustleri, H. uechtritzianum) and one in the the Hruby Jesenik Mts and Slavkovsky les
Mts (Galium sudeticum s.1. — Fig. 11). Three Hieracium endemics, namely H. chloro-
cephalum, H. pedunculare and H. tubulosum, were each once recorded also in the closely
adjacent Jizerské hory Mts (Brautigam 2001, Chrtek 2004). However, these occurrences
were associated with temporary introductions during the time of extensive land-use at high
altitudes and all vanished immediately after the traditional management of the landscape
ceased (Krahulec 2006). All KrkonoSe endemics, including those that only occur on the
Polish side of the border, are discussed in detail by Krahulec (2006).

Nine Czech endemics occur in the Hruby Jesenik Mts, mainly in the two glacial cirques
there, and on adjacent mountain summits. Five of them are restricted to these mountains
(Campanula gelida — Fig. 7, Carlina biebersteinii subsp. sudetica — Fig. 6, Dianthus
carthusianorum subsp. sudeticus — Fig. 11, Plantago atrata subsp. sudetica — Fig. 10, Poa
riphaea — Fig. 9), two occur also in the KrkonoSe Mts (Campanula rotundifolia subsp.
sudetica — Fig. 8, Hieracium chlorocephalum), one also occurs in the Kralicky SnéZnik Mts
(Hieracium chrysostyloides) and the last one is the above-mentioned Galium sudeticum s.1.

There is a small area of subalpine habitat and a poorly developed cirque in the Kralicky
SnéZznik Mts. There is only one avalanche track, with infrequent avalanches and no
removal of weathered material (Krahulec 1990). Four Czech endemics occur there but
only one of them (Hieracium nivimontis) is exclusively endemic to these mountains, oth-
ers also occur either in the KrkonoSe Mts or the Hruby Jesenik Mts.

In these mountains the endemics occur in a wide range of alpine and subalpine habitats,
such as natural grasslands above the timberline, summit rocks and rocky slopes, and vari-
ous sites in glacial cirques including avalanche tracks; less frequently they occur in moist
places such as springs. Most of the endemics are restricted to these natural habitats but
Campanula bohemica, Primula elatior subsp. corcontica and locally also some
Hieracium species (such as H. nigrescens, H. rohlenae and H. schustleri) also occur in
man-made subalpine or even montane meadows in the KrkonoSe Mts. Campanula
bohemica is the most frequent among the Sudetes endemics, while the majority of the oth-
ers are rare and some of them (e.g. Campanula gelida, Carex derelicta, Knautia arvensis
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Fig. 5. — Distribution of the main habitats in which Czech endemics occur. Habitats of endemic species of Rubus
and of Oenothera moravica are not mapped. Numbers indicate numbers of endemic taxa (if more than one) occur-
ring in the indicated habitat and in a particular region or locality.

@ Campanula bohemica @ Pilosella callimorphoides
W Carex derelicta W Sorbus albensis
@ Carlina biebersteinii @ Sorbus alnifrons
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Fig. 6. — Distribution of selected endemic taxa in the Czech Republic.
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Fig. 7. — Distribution of selected endemic taxa in the Czech Republic.
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Fig. 8. — Distribution of selected endemic taxa in the Czech Republic.
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Fig. 9. — Distribution of selected endemic taxa in the Czech Republic.
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Fig. 10. — Distribution of selected endemic taxa in the Czech Republic.
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Fig. 11. — Distribution of selected endemic taxa in the Czech Republic.

subsp. pseudolongifolia, Poa riphaea) only found at a single locality. Two species
(Euphrasia corcontica, Hieracium purkynei) are extinct.

Other endemic taxa are confined to specific habitats at low altitudes (Fig. 5). Seventeen
endemics occur on rocks, screes or in associated open thermophilous forests and grass-
lands. Dianthus moravicus (Fig. 9) and Saxifraga rosacea subsp. steinmannii (Fig. 7)
occur in open thermophilous vegetation on rocks in deep river valleys whereas Cortusa
matthioli subsp. moravica (Fig. 10) occurs only on limestone rocks and scree at the bottom
of the Macocha abyss in the karst area of Moravsky kras. The eleven endemic Sorbus spe-
cies are most frequent in thermophilous open woodlands on rocky outcrops and tops of
limestone or basaltic hills (Figs 6-9, 11). Three Hieracium endemics of low altitudes
(H. chamaedenium — Fig. 11, H. schmidtii subsp. winkleri — Fig. 10, H. schmidtii subsp.
diversifolium — Fig. 9) occur in similar rocky habitats whereas Pilosella tephrophyton
(Fig. 10) was recorded in dry grasslands. Dianthus arenarius subsp. bohemicus (Fig. 11)
and Potentilla psammophila (Fig. 10) are the only Czech endemics occurring in sandy
habitats.

The serpentine outcrops in the Bohemian Massif with their specific physical features,
chemical properties (particularly the high Mg:Ca ratio, high proportion of heavy metals
such as Ni, Cr and Co, and low amount of P) and specific type of vegetation (often relict
open pine forests that probably persisted throughout the Holocene) provide unique habitats
for three Czech endemics, Cerastium alsinifolium (Fig. 8), Minuartia smejkalii (Fig. 8)
and Galium sudeticum s.1. (Fig. 11), and for several other subendemic taxa, such as



Kaplan: Flora and phytogeography of the Czech Republic 533

Armeria elongata subsp. serpentini, Dianthus carthusianorum subsp. capillifrons, Knautia
arvensis subsp. serpentinicola and Potentilla crantzii subsp. serpentini.

Species-rich calcareous fens and wet meadows are the habitats of Dactylorhiza
bohemica, D. carpatica, Pinguicula vulgaris subsp. bohemica and Taraxacum indigenum.
These habitats are potentially suitable for agriculture and that is why they have been
drained and converted to arable land at many sites. There are now only a small number of
species-rich fens. The two endemic Dactylorhiza species are each known only from one
locality (Figs 7 and 11). Pinguicula vulgaris subsp. bohemica occurred at about 10 locali-
ties in the past (Fig. 9), but only one is now extant. The distribution of Taraxacum
indigenum (Fig. 6) indicates that it also was more widespread in the past but only three
populations have been found since the species was recently distinguished taxonomically.
A somewhat wider range of moist habitats is occupied by Alchemilla obtusa subsp.
trapezialis, which occurs not only in wet meadows but also around springs and in alder
carrs (Fig. 11).

The only endemic confined to moist deciduous forests is Scilla bifolia subsp. rara,
which is known from a single locality (Fig. 7). In contrast, secondary, mostly coniferous
forests and associated habitats such as forest fringes and clearings are the habitats of
endemic species of Rubus. The recently evolved Oenothera moravica, which is still con-
fined to a relatively limited area, occurs only in antropogenic habitats (Fig. 8).

A majority of the Czech endemics are rare and/or strongly endangered plants and
included on the Red List of the Czech flora (Grulich 2012). Seven endemic species are
extinct (Euphrasia corcontica, Hieracium purkynei, Pilosella tephrophyton) or missing
and probably extinct (Hieracium chamaedenium, Pilosella callimorphoides, P. pseudo-
calodon, Potentilla psammophila).

Evolution of endemics

The origin of the majority of Czech endemics is associated with glaciation. In response to
climatic changes, arctic species migrated from northern Europe southwards while central-
European montane and alpine species descended to lower altitudes. After the retreat of the
glaciers and climatic amelioration at the Pleistocene/Holocene boundary, most of these
species returned to their original areas but relict populations of some species survived in
suitable refugia. These peripheral populations were isolated from the main species range
and mostly consisted of relatively few of individuals, which facilitated rapid evolution by
means of genetic drift. Mutations and natural selection in response to different selection
pressures also played their roles. Because the effect of genetic drift is greater and faster in
small populations, the isolated relict populations could potentially accumulate enough
genetic differences for allopatric speciation even within the relatively short period of time
since the end of the last glacial period (approximately 11,600 cal. years BP). These evolu-
tionary processes led in some groups to substantial genetic and phenetic divergence and
the respective plants are recognized as distinct endemic taxa.

Ancestors of several endemics found suitable refugia on serpentine outcrops, which are
scattered in highland areas of the Bohemian Massif. These serpentines often host open
pine forests, which enabled heliophilous species to persist throughout the Holocene.
Cerastium alsinifolium is an endemic that occurs only in the serpentine area near Mnichov
in the Slavkovsky les Mts in western Bohemia. It apparently evolved from a relict
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population of an alpine species from the C. alpinum group that migrated to Bohemia from
the Alps during glaciations (Novak 1960). After the expansion of forest in the Early Holo-
cene it largely disappeared surviving only in open pine forests in serpentine areas where
a small relict population evolved into a new species. In a similar way, Minuartia smejkalii
appears to have evolved from populations of M. gerardii that descended from the Alps
during the glacial period and survived in open pine forest on serpentine outcrops in the
Ceskomoravska vrchovina highlands (Dvofdkova 1988). Serpentines in the Slavkovsky
les Mts are one of the areas where of Galium sudeticum s.1. occurs whereas other localities
are above the timberline in the KrkonoSe and Hruby Jesenik Mts. This taxon may be
polyphyletic, having evolved from two different lineages within G. pumilum agg., which
currently corespond to subalpine vs. serpentine populations. Their origin and exact taxo-
nomic identity require further study.

Some endemics evolved from relicts of the arctic and alpine flora that survived the
postglacial expansion of forest in grasslands or similar treeless habitats above the timber-
line. Campanula bohemica and C. gelida (Fig. 12) apparently evolved from C. scheuch-
zeri (Hadac¢ 1977, Kovanda 1977, Hendrych 1981a). This species nowadays occurs in the
Alps and a few other high mountains in southern Europe but in colder periods in the past,
perhaps during the last glacial period, spread to lowlands in central Europe and remained
isolated in the Sudetes Mts in the following postglacial period. Remnants of the isolated
populations evolved into the two separate neoendemic species, C. bohemica in the Krkonose
Mts and C. gelida in the Hruby Jesenik Mts. Similar processes of genetic and phenetic dif-
ferentiation occurred in Plantago atrata, which diverged during the Holocene into several
allopatric subspecies isolated in the high mountains in the southern half of Europe. The
small population in the Hruby Jesenik Mts is recognized as P. atrata subsp. sudetica.
Another stenoendemic species in the Hruby Jesenik Mts, Poa riphaea, apparently evolved
from P. glauca s.1. (Jirdsek & Chrtek 1963, Hada¢ 1977) that spread from the Arctic to
central Europe during a glacial period and currently there are relic populations on some
central-European mountains. The small relict population that survived on the Hruby
Jesenik Mts rapidly evolved into a new endemic species. Minuartia corcontica is a local
endemic of rocky slopes in glacial cirques in the KrkonoSe Mts that apparently originated
in relict populations of M. gerardii (Dvordkova 1999b).

The Pedicularis sudetica complex consists of 7-9 taxa with arctic-alpine distributions
(Hultén 1961, Molau & Murray 1996). It has the highest diversity in the arctic and north-
ern boreal zones where there are at least six taxa whereas two taxa occur in southern
mountain ranges. The population in the KrkonoSe Mts is a relict of the arctic flora that
occurred in central Europe during the last glacial period. Now it is a remote isolated popu-
lation far from the continuous range of the P. sudetica complex (Fig. 3), with nearest local-
ities on the Kola Peninsula ca 2300 km away, where P. sudetica subsp. arctoeuropaea
occurs. Hultén (1961) classified the plants from the KrkonoSe Mts as endemic P. sudetica
subsp. sudetica (Fig. 13). In their recent revision, Molau & Murray (1996) pointed out that
this population has been isolated from all the arctic taxa of this complex for a very long
time and argued that it is well morphologically differentiated from the others and should
be treated as a separate species, P. sudetica s. str.

In contrast, relatives of other endemics now restricted to refugia above the timberline
have the centre of their present-day distributions in warmer low-altitude areas. Relict,
mostly diploid populations of Knautia arvensis occur in several refugial localities on the
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Fig. 12. — Campanula gelida on the summit rock on Mt. Petrovy kameny in the Hruby Jesenik Mts (17th July
2003, photo Jan Suda).

Fig. 13. = Pedicularis sudetica subsp. sudetica near the Lu¢ni bouda chalet in the Krkonose Mts (14th June 2007,
photo Martin Hanzl).
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Fig. 14. — Carlina biebersteinii subsp. sudetica in the Mal4 kotlina glacial cirque in the Hruby Jesenik Mts (8th
August 2000, photo Leo Bures).

Fig. 15. — Saxifraga rosacea subsp. steinmannii on rocks in the valley of the Labe river at Usti nad Labem (16th
May 2011, photo Karel Nepras).
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Bohemian Massif, within an area otherwise occupied by the widespread tetraploids classi-
fied as K. arvensis subsp. arvensis (Stépanek 1982, 1989, 1997, Kaplan 1998, Kolaf et al.
2009). These relict populations are confined to two different types of habitat and are mor-
phologically differentiated: populations occurring in open pine forest on serpentine out-
crops in Bohemia and closely adjacent Bavaria are distinguished as K. arvensis subsp.
serpentinicola (Stépanek 1997, Kaplan 1998), whereas diploids restricted to subalpine
habitats in the Kotelné jamy cirque in the KrkonoSe Mts are treated as K. arvensis subsp.
pseudolongifolia (Stépanek 1989, 1997). The origin of these relict populations is thought
to be remnants of an ancestral diploid of K. arvensis that was widespread in central Europe
in the early postglacial period in non-forest vegetation, namely during the Preboreal and
Boreal periods, before the expansion of forest (§tépének 1989, Kaplan 1998). Under these
specific conditions, the isolated relict populations gradually diverged into new entities.
The widespread tetraploids now occurring in man-made habitats in central Europe
evolved from diploids displaced by the spreading forest to the southern part of central
Europe. They later colonized most of the northern half of Europe when this area was
deforested by humans (Kaplan 1998). A similar evolutionary history of continuous differ-
entiation of small populations isolated in subalpine refugia may be hypothesized for Cam-
panula rotundifolia subsp. sudetica, Carlina biebersteinii subsp. sudetica (Fig. 14),
Dianthus carthusianorum subsp. sudeticus and Primula elatior subsp. corcontica, of
which their closest relatives occur at low altitudes, often mainly in warm areas.
Endemics of another group have evolved from relicts surviving in specific habitats at
low altitudes. Cortusa matthioli subsp. moravica has evolved from a small isolated popu-
lation. Both Dianthus moravicus and Saxifraga rosacea subsp. steinmannii (Fig. 15) also
originated on isolated rocky outcrops. Dianthus arenarius subsp. bohemicus (Fig. 16) is
confined to open sandy habitats in the northern part of central Bohemia. The ancestral
form of D. arenarius was apparently widespread in the northern part of central Europe and
north and east of the Carpathians (Sarmatian element) during the Preboreal period (Novak
1927). Later isolation associated with the spread of forest led to differentiation into 4-5
currently recognized subspecies. Among them, subsp. bohemicus is isolated in the most
south-western outpost of the species range (Fig. 18). In contrast to these predominantly
dry habitats, Pinguicula vulgaris subsp. bohemica occurs in species-rich mossy fens.
Evolution of some endemic species was affected by hybridization events. These often
occurred when two previously allopatric species temporarily came into contact during
major shifts in the ranges of species triggered by climatic changes. In some groups,
hybridization was followed by a change in the mode of reproduction to agamospermy.
In addition to mostly diploid sexually reproducing species, the genus Sorbus includes
also apomictic polyploids that evolved from hybridization of diploids (Karpati 1960).
Apomictic S. sudetica (Fig. 17) resulted from a past hybridization of S. chamaemespilus
and S. aria s.I. (Karpati 1960, Challice & Kovanda 1978, Jankun & Kovanda 1986,
Kovanda 1992¢, Nelson-Jones et al. 2002). It probably originated during a temporary co-
occurrence of the parental species in the Krkonose Mts in the Early Holocene, perhaps
during the Boreal period. The later climatic and vegetation changes caused the disappear-
ance of parental species from KrkonoSe but S. sudetica occurs in suitable habitats in two
glacial cirques.
Other apomictic Sorbus endemics occur in relict rocky habitats in warmer areas.
Chemotaxonomic investigations indicate that S. bohemica originated from hybridization
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between S. danubialis and S. torminalis (Challice & Kovanda 1978) whereas S. eximia
arose from backcrossing of a S. aria s.1. x S. torminalis F1 hybrid with S. aria s.1. (Challice
& Kovanda 1986). Judging from its morphology, the recently described triploid S. milensis
originated from a cross between sexual S. aria s.1. and S. torminalis (Lep$i et al. 2008),
while S. albensis, S. portae-bohemicae and S. omissa originated from crosses between
S. danubialis and S. torminalis (Lepsi et al. 2008, Velebil 2012) and S. barrandienica is
assumed to have originated from a cross between S. danubialis or S. aria s.. and
S. torminalis (Vit et al. 2012).

Ancient hybridization associated with subsequent agamospermy has been the key
speciation mechanisms also in Taraxacum, Hieracium, Rubus and Alchemilla. However,
the parental species and when the currently recognized taxa originated are generally
unknown because the variation and evolutionary histories within these genera are too
complicated. Considering the fact that related sexual diploids of many of these apomictic
taxa either occur in distant areas, such as the East Carpathians or southern Europe
(Hieracium, Taraxacum), or may be extinct (Alchemilla), they may be very old lineages.
Considering the pattern of distribution of the KrkonoSe endemics in these groups and of
their relatives, Krahulec (2006) assumes they are of pre-Holocene origin and occurred
over a wide area at low altitudes during the glacial periods. At the end of the last
(Weichselian/Wiirm) glaciation, some of them followed the retreat of the continental gla-
ciers into northern Europe while others colonized high mountain ranges in the southern
half of Europe.

The recently described Potentilla psammophila belongs to Potentilla subsect.
Collinae, which includes apomictic species that originated from hybridization between
P. argentea and P. verna or P. incana. The newly distinguished P. psammophila is a close
relative of P. lindackeri s. str. and seven other microspecies that originated from P. argentea
x P. verna (Sojék 2009b).

In contrast to the relative stability of apomicts, small isolated populations of sexual
plants are subject to genetic drift, which promotes speciation. It is hypothesized that the
origin and evolution of Carex derelicta was dependent on a geographically isolated popu-
lation of the NW European C. scandinavica (or a close relative of it) persisting in
arefugium in the KrkonoSe Mts as a glacial relict and subsequently being introgressed by
another taxon of the subsect. Serotinae, perhaps C. demissa (Stépankova 2008).

Another endemic in the KrkonoSe Mts, Euphrasia corcontica, is thought to have origi-
nated from the hybridization of E. micrantha and E. minima (Smejkal 1963, Smejkal &
Dvorakova 2000). The latter species currently does not occur in the Czech Republic but an
isolated relict population still survives on the Polish side of KrkonoSe/Karkonosze. The
centre of its distribution is in the Alps and it may have colonized the lowlands from there
during one of the glacial periods, like many other alpine species, and hybridized with local
E. micrantha during the last glacial period or in the early Holocene. The hybridogenous
population persisted in suitable subalpine refugia in KrkonoSe throughout most of
the Holocene and was repeatedly recorded by botanists during the 19th century. Unfortu-
nately, this taxon is now extinct, which is why it is not possible to carry out a biosystematic
investigation of its origin.

Most tetraploid European Dactylorhiza, including the widespread D. majalis and
D. traunsteineri, are considered to be allotetraploids. These have evolved by repeated
hybridization between diploid species D. incarnata s.1. and D. fuchsii s.1. (Hedrén 1996,
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Fig. 16. — Dianthus arenarius subsp. bohemicus in open sandy grassland at Klene¢ (1st July 2010, photo Jana
Kaluskova).

Fig. 17. — Sorbus sudetica in the Obfi dul glacial cirque in the Krkonose Mts (20th June 2005, photo Petr Vit).
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Fig. 18. — Total distribution of Dianthus arenarius s.1. The only locality of the local endemic subsp. bohemicus in
central Bohemia, indicated by an asterisk, is the most south-western outpost of this species range. Reproduced
from Jalas & Suominen (1986), reproduced with permission.

Devos et al. 2006, Pillon et al. 2007, Nordstrom & Hedrén 2009). Morphologically, geo-
graphically and/or ecologically separated allotetraploids of this complex are recognized as
species or subspecies. Some even hybridize with each other or backcross with parental
taxa. This hybridogenous complex includes two morphologically distinct local popula-
tions in the Czech Republic, which were described as D. bohemica (Businsky 1989) and
D. *carpatica (Batousek & Kreutz 1999).

The diversity of Pilosella includes so called (1) basic species, (2) intermediate
hybridogenous species, and (3) recent hybrids (e.g. Nigeli & Peter 1885, Zahn
1921-1923, Chrtek 2004, Rotreklova et al. 2005, Krahulec et al. 2008, 2011, Kfistalova et
al. 2010). The latter two groups both include plants of hybrid origin, of which the interme-
diate hybridogenous species are stabilized and often occur in the absence of their parental
species unlike the F1 hybrids or very early subsequent generations. Based on their mor-
phology two Czech Pilosella endemics are of hybrid origin. Pilosella callimorphoides
apparently originated from hybridization between P. levieri and P. officinarum (formula
P. levieri < P. officinarum) whereas P. pseudocalon is the result of a cross between P.
calodon and P. setigera (Chrtek 2004). Their taxonomic identity and evolutionary history
cannot be investigated because both species are now extinct.
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Floristic geoelements

Analysing the ranges of species provides a basis for distinguishing geographic (floristic)
elements (geoelements), which are groups of species with similar distributions. The tradi-
tional concept of geoelements is based on heuristic approaches of classification using
visual inspection of distribution maps and expert judgement. There is no analytical revi-
sion of European geoelements using numerical methods mainly because there is no com-
plete synthesis of the distribution data at the continental level. Finnie et al. (2007) recently
attempted to provisionally identify floristic elements in the European flora using a numeri-
cal analysis of the distributions of species mapped in 12 volumes of Atlas Florae
Europaeae (Jalas & Suominen 1972-1994, Jalas et al. 1996, 1999), which represent
approximately 20% of the European flora. Their clustering procedure classified the spe-
cies into 18 floristic elements. This, however, cannot be considered to be a final revision of
European elements because it is not based on a taxonomically representative sample. For
these reasons, the floristic characteristics given here inevitably rely on the geoelements
traditionally distinguished in central European literature.

The flora of the Czech Republic includes mainly lowland to mountain central-Euro-
pean plants. The Czech Republic is situated at the intersection of several important Euro-
pean migration routes. The Czech flora is composed of almost all the floristic elements
occurring in central Europe. Based on similarities in the geographic distributions of spe-
cies (see e.g. Hultén 1964, 1971, Meusel et al. 1965, 1978, Jalas & Suominen 1972—-1994,
Hultén & Fries 1986, Meusel & Jager 1992, Jalas et al. 1996, 1999, Kurtto et al. 2004,
2007, 2010), a number of geoelements are distinguished in central European literature
(e.g. Meusel et al. 1965, Walter & Straka 1970, Hendrych 1984, Walter 1986, Slavik 1988,
1995). Their number, delimitation and hierarchical subdivision vary between authors. For
example, a species that is characterized as sub-arctic-alpine by an author can be viewed as
boreal by another. In the absence of an analytical revision based on extensive sets of com-
plete data, only the principal geoelements traditionally distinguished in central Europe and
relevant to the Czech Republic are discussed here.

The Central-European geoelement (in a narrow sense) includes species with their cen-
tres of distribution entirely in or in a large part of central Europe, but sometimes extending
north to central Scandinavia, south to mountains in southern Europe and east to the Ural
Mts. Its species mostly occur in the zone of deciduous or mixed forests (with dominance of
oak, hornbeam and beech forests) where the summers are mild with a relatively high pre-
cipitation and mild winters with a short period of frost. This is the geoelement most fre-
quently represented in the Czech flora. Woody plants are represented by Acer platanoides,
A. pseudoplatanus, Alnus glutinosa, Carpinus betulus, Cornus sanguinea, Corylus
avellana, Fagus sylvatica, Fraxinus excelsior, Hedera helix, Prunus avium, Quercus
petraea and Tilia cordata, herbaceous plants in this geolement include Ajuga reptans,
Aquilegia vulgaris, Alliaria petiolata, Allium ursinum, Arrhenatherum elatius, Arum
maculatum, Astrantia major, Atropa bella-donna, Briza media, Campanula patula, Carex
brizoides, C. sylvatica, C. umbrosa, Cirsium oleraceum, Colchicum autumnale, Corydalis
cava, Cynosurus cristatus, Dentaria enneaphyllos, Euphrasia officinalis, Euphorbia
cyparissias, Ficaria verna, Galeobdolon luteum, G. montanum, Galium sylvaticum, Genista
germanica, G. tinctoria, Geranium robertianum, Glyceria fluitans, Helianthemum
grandiflorum subsp. obscurum, Hepatica nobilis, Hordelymus europaeus, Hylotelephium



542 Preslia 84: 505-573, 2012

maximum, Hypericum montanum, Lathraea squamaria, Lunaria rediviva, Luzula
luzuloides, Lysimachia nummularia, Mercurialis perennis, Petasites albus, Phyteuma
spicatum, Pimpinella major, Polygonatum multiflorum, Pulmonaria officinalis, Ranunculus
lanuginosus, Stachys sylvatica, Stellaria holostea, Thalictrum aquilegiifolium and
Trifolium medium.

The distributions of some species have shifted towards eastern Europe, often as far as
the Ural Mts, and these are sometimes distinguished as the Sarmatian geoelement (or
subelement). They are more tolerant of a continental climate, which is drier and with
a greater oscillation in temperature between summer and winter. In the Czech Republic
they have limited distributions, often being relicts from late glacial or early postglacial
ages. Astragalus arenarius (Fig. 19), Dianthus arenarius, Jurinea cyanoides and Thesium
ebracteatum may be cited as examples.

The Central-European-(sub-)alpine geoelement includes species of subalpine to alpine
belts with centres of distribution in the mountains of central Europe. This geoelement
includes Alnus alnobetula, Biscutella laevigata, Calamagrostis villosa, Gentiana
asclepiadea, G. punctata, Geum montanum, Hieracium villosum, Homogyne alpina,
Hypochaeris uniflora, Lilium bulbiferum, Luzula sylvatica, Meum athamanticum, Pinus
mugo, Potentilla aurea, Primula minima, Rosa pendulina, Scabiosa lucida and Sesleria
caerulea. The species that occur mainly or exclusively at high altitudes in the Alps and
Carpathians, however, are sometimes placed in the Alpine-Carpathian geoelement.

The Carpathian geoelement is confined to the Carpathians or sometimes extend into
adjacent regions. It includes alpine, subalpine and montane species, which in the Czech
Republic occur mainly in the easternmost part particularly in the Moravskoslezské
Beskydy Mts. Examples include Aconitum firmum subsp. moravicum, Cardamine amara
subsp. opicii, Centaurea oxylepis, Dentaria glandulosa (Fig. 20), Euphrasia slovaca,
Salix silesiaca, Scilla kladnii and Thymus pulcherrimus.

The Alpine geoelement occurs mainly in the Alps, and sometimes also in their foot-
hills. Several species reach the Czech Republic, occurring either in the Sumava Mts or the
whole of western Bohemia, but only exceptionally at isolated localities further east. Erica
carnea, Gentiana pannonica, Polygala chamaebuxus, Salix appendiculata, Soldanella
montana, Thesium rostratum and Willemetia stipitata subsp. stipitata may be given as
examples.

The Arctic geoelement, with centres of distribution in northern tundra where there is
permafrost, is absent in the Czech Republic but the Arctic-alpine geoelement, which
occurs also in more southern mountains, is represented here by Bartsia alpina, Carex
atrata, C. rupestris, Diphasiastrum alpinum, Epilobium anagallidifolium, Gnaphalium
norvegicum, Hieracium alpinum, Juncus trifidus, Luzula spicata, Pedicularis sudetica
(s.l.) (Fig. 3), Pseudorchis albida, Rhodiola rosea, Salix herbacea and Saxifraga
oppositifolia. Similarly the Sub-arctic element extends further south than the Arctic
geoelement and occurs in forest tundra, which in the Czech Republic is represented by the
Sub-arctic-alpine geoelement with species such as Betula nana, Carex capillaris,
C. chordorrhiza, Eriophorum vaginatum, Phleum alpinum, Polystichum lonchitis, Rubus
chamaemorus (Fig. 4), Salix myrtilloides, Selaginella selaginoides, Trichophorum alpinum
and Viola biflora.
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Fig. 19. — Distribution of Astragalus arenarius, a Sarmatian geoelement, and Astragalus asper, a Pontic-South-
Siberian geoelement. Both species reach the western limit of their distributions in central Europe. Reproduced
from Hultén & Fries (1986), reproduced with permission.
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Fig. 20. — Dentaria glandulosa is an example of the Carpathian geoelement that entered the Czech Republic from
the east and whose western border of distribution is in Moravia. Reproduced from Jalas & Suominen (1994),
reproduced with permission.
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The Boreal geoelement includes species adapted to long winters with centres of distri-
bution in the boreal zone, which occur further south mostly in mountains, usually in conif-
erous forests (in more oceanic regions they sometimes occur in mixed or broad-leaved
deciduous forests). Their occurrence at low altitudes is often associated with the occur-
rence of wet habitats such as marshes and peat bogs. These plants were more frequent in
central Europe during the early postglacial period but many still occur in some types of
vegetation. This geoelement is represented, for example, by Calla palustris, Carex
canescens, Cirsium heterophyllum, Coeloglossum viride, Corallorhiza trifida, Epilobium
angustifolium, Eriophorum angustifolium, Geranium pratense, Lycopodium annotinum,
Maianthemum bifolium, Melampyrum sylvaticum, Menyanthes trifoliata, Persicaria
amphibia, Rhododendron tomentosum, Trientalis europaea, Vaccinium myrtillus and
V. vitis-idaea.

The Sub-boreal geoelement is similar to the Boreal geoelement but extends further
south, particularly in the more oceanic regions. In these areas it is more frequent in mixed
and deciduous forests and at low altitudes. This geoelement is one of the most common in
the Czech flora. It includes, for example, the trees, Alnus incana, Betula pubescens,
Frangula alnus, Juniperus communis, Pinus sylvestris, Salix caprea, Sorbus aucuparia
and Viburnum opulus, and herbaceous plants, Achillea ptarmica, Angelica sylvestris,
Athyrium filix-femina, Bistorta officinalis, Cardamine pratensis, Carex acuta, Chryso-
splenium alternifolium, Circaea alpina, Delphinium elatum, Deschampsia cespitosa,
Dryopteris filix-mas, Filipendula ulmaria, Geum rivale, Glyceria maxima, Gnaphalium
sylvaticum, Gymnadenia conopsea, Heracleum sphondylium, Hypericum perforatum,
Lycopodium clavatum, Melampyrum pratense, Melica nutans, Milium effusum, Oxalis
acetosella, Paris quadrifolia, Phalaris arundinacea, Poa nemoralis, Potamogeton
natans, Potentilla erecta, Pyrola rotundifolia, Rumex acetosa, Sanguisorba officinalis,
Scirpus sylvaticus, Symphytum officinale and Urtica dioica.

The South-Siberian geoelement includes species distributed mainly in southern Siberia
and adjacent regions. Many of them occur in Europe and may be called the European-
South-Siberian geoelement. They tolerate extreme continental climate with a short grow-
ing season, warm but short summers and long winters with severe frosts. They occur in
a broad range of habitats including steppes and forests. The examples occurring in the
Czech Republic are Adenophora liliifolia, Artemisia campestris, Brachypodium
pinnatum, Fragaria viridis, Filipendula vulgaris, Inula salicina, Koeleria glauca, Lilium
martagon, Phleum phleoides, Platanthera bifolia, Pimpinella saxifraga, Rhamnus
cathartica, Silene nutans, Veratrum album subsp. lobelianum and Vicia sylvatica.

The Pontic geoelement (sometimes called the Pontic-Pannonian geoelement) has cen-
tres of distribution in the steppes and forest-steppes of southern Ukraine and southern part
of European Russia. Many of these species spread west or south-west through the
Pannonian basin to central Europe, or even extends further west. This element comprises
species that tolerate a continental climate with warm and dry summers and extremely cool
winters. Within this geoelement, Slavik (1988) distinguishes the Pannonian subelement
that differs from the Pontic-South-Siberian element that occurs along the northern coast of
the Black Sea and in the south-Siberian steppes. Examples of the Pontic geoelement (in
the broad sense) include Adonis vernalis, Artemisia pontica, Clematis integrifolia,
C. recta, Crepis pannonica, Echium maculatum, Galium glaucum, Inula germanica,
L. hirta, Iris pumila, Linaria genistifolia, Linum flavum, Melica transsilvanica, Prunus
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fruticosa, Ranunculus illyricus, Scabiosa ochroleuca, Scorzonera purpurea and Stipa
pennata. The Sub-pontic geoelement is similarly distributed and its species have similar
ecological requirements as those of the Pontic geoelement but tend to occur more fre-
quently in open forests than on steppes. They more frequently occur in central Europe and
are more numerous there than species of the Pontic geoelement. Species occurring in the
Czech Republic include Anemone sylvestris, Astragalus glycyphyllos, Chamaecytisus
ratisbonensis, Cota tinctoria, Euonymus verrucosus, Gentiana cruciata, Iris aphylla,
Ononis arvensis, Potentilla recta, Prunus spinosa, Securigera varia, Seseli annuum,
Stachys recta, Tanacetum corymbosum, Trifolium montanum, Verbascum lychnitis and
Vincetoxicum hirundinaria.

The Mediterranean geoelement occurs around the Mediterranean Sea or in parts of this
region. Its species occur where the winters are short and mild with high precipitation and
can tolerate hot and dry summers. They extend northwards to the southern edge of central
Europe but do not reach the Czech Republic. The Sub-Mediterranean geoelement occurs
further north and also occurs in central Europe. Those species that reach the Czech Repub-
lic mostly spread through the Balkan Peninsula and from the southern and eastern edges of
the Alps and often occur in thermophilous oak forests. This geoelement is well repre-
sented in the Czech Republic, e.g. by Bifora radians, Bromus erectus, Buglossoides
purpurocaerulea, Carex michelii, Cornus mas, Coronilla vaginalis, Danthonia alpina,
Euphorbia amygdaloides, Globularia bisnagarica, Heliotropium europaeum, Ligustrum
vulgare, Linum tenuifolium, Loranthus europaeus, Medicago minima, Melica ciliata,
Melittis melissophyllum, Muscari comosum, Ophrys apifera, Orchis purpurea, Orlaya
grandiflora, Quercus pubescens, Potentilla micrantha, Prunella laciniata, Pseudoturritis
turrita, Rosa gallica, Salvia verticillata, Sorbus torminalis, Staphylea pinnata, Teucrium
chamaedrys, Thlaspi perfoliatum, Trinia glauca, Viburnum lantana and Viola alba.

The Atlantic geoelement occurs mainly along the coast of the Atlantic Ocean and in
adjacent regions from Portugal to Norway. Its species occur where the winters are mild
and sometimes frostless and the summers are mild with high precipitation. This
geoelement is in its strict sense represented in the Czech Republic only by Erica tetralix
(questionably native) and Narthecium ossifragum (a single locality, now extinct); their
Czech localities are at the border of their distribution. The Sub-Atlantic geoelement
extends further on to the European mainland and is slightly more tolerant of frost and
drought. It is more numerous in the Czech Republic than the Atlantic geoelement, and is
represented e.g. by Aira praecox, Hypericum humifusum, H. pulchrum, Calluna vulgaris,
Carex pseudobrizoides, Chrysosplenium oppositifolium (Fig. 21), Cytisus scoparius,
Euphrasia nemorosa (s.l.), Luronium natans, Lysimachia nemorum, Pedicularis
sylvatica, Polygala serpyllifolia, Potamogeton polygonifolius, Rhynchospora fusca and
Sagina subulata.

The Sub-Atlantic-Sub-Mediterranean geoelement is in many respects transitional
between the two respective geoelements. It extends into central Europe from the south
and/or west. Its species usually occur in deciduous forests where the winters are mild and
short and the summers not extremely dry and hot. Examples include Asplenium
scolopendrium, Genista pilosa, Hippocrepis comosa, Lathyrus nissolia, Osmunda
regalis, Saxifraga granulata and Trifolium striatum.
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Fig. 21. — The Sub-Atlantic geoelement Chrysosplenium oppositifolium has the eastern limit of its continuous
distribution in the Czech Republic. Reproduced from Jalas et al. (1999), reproduced with permisson.

Boundary and outlying elements

A number of widespread species are on the borders of their distributions in the Czech
Republic (Slavik 1988). Boundary elements are at the limit of their more or less continu-
ous distributions here, whereas outlying elements occur at a few isolated sites in the Czech
Republic, which are well separated from the rest of their distribution. The limits of their
distributions are often not the absolute limit in a particular geographic direction but rather
the regional edge of the distribution.

Most frequently represented are thermophilous species of the Sub-Mediterranean and
Pontic-South-Siberian geoelements that occur in the Pannonian Basin and have their
northern or north-western (in a few cases north-eastern) boundaries in the warm and dry
area of southern Moravia or even in Bohemia. These include Allium flavum, Astragalus
asper (Fig. 19), A. austriacus, Buglossoides purpurocaerulea, Cirsium brachycephalum,
Clematis integrifolia, Cotoneaster melanocarpus, Crambe tataria (Fig. 22), Crypsis
alopecuroides, C. schoenoides, Danthonia alpina, Draba nemorosa, Euphorbia epithy-
moides, Globularia bisnagarica, Helianthemum canum, Himantoglossum adriaticum, Iris
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Fig. 22. — The European part of the extensive distribution of Crambe tataria. The localities in southern Moravia
are at the north-western border of its distribution. Reproduced from Jalas et al. (1996), reproduced with permisson.

arenaria, I. pumila, Linum flavum, L. hirsutum, Medicago monspeliaca (Fig. 23),
Minuartia glaucina, Notholaena marantae (Fig. 24), Onosma arenaria, Orlaya grandi-
flora, Potentilla micrantha, P. patula, Prunella laciniata, Prunus tenella, Quercus cerris
(Fig. 25), Q. pubescens, Salvia aethiopis, Seseli pallasii, Sorbus aria, Thesium arvense,
T. dollineri, Trinia glauca and Veratrum nigrum. Other thermophilous species (mainly of
the West-Sub-Mediterranean geoelement) came from the south-west and either reached
their limits in Bohemia (such as Anthericum liliago and Dianthus gratianopolitanus) or in
Moravia (Arenaria grandiflora — Fig. 26, Sedum reflexum, Teucrium botrys). Several spe-
cies spreading from the Alps also reach their northern or north-eastern limits in this coun-
try, mostly in the mountains or highlands in southern and/or western Bohemia, seldom in
south-western Moravia. Examples include Alnus alnobetula, Cyclamen purpurascens,
Gentiana pannonica, Ranunculus aconitifolius (Fig. 27), Salix appendiculata, Soldanella
montana, Thesium rostratum, Veratrum album subsp. album and Willemetia stipitata.
The eastern or north-eastern limits of the ranges of some Atlantic-Sub-Mediterranean
species such as Fourraea pauciflora, Lathyrus linifolius, Juncus subnodulosus and
Polygala chamaebuxus are in western Bohemia and in a few cases in south-western
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Fig. 23. — Distribution of Medicago monspeliaca, the northernmost locality of which is in the Ceské stfedohofi
highlands. Reproduced from Meusel et al. (1978), reproduced with permisson.

Fig. 24. — Notholaena marantae is an example of the Mediterranean geoelement that reaches the absolute north-
ern boundary of its distribution in the Czech Republic. Adopted from Jalas & Suominen (1972) and supplemented
with the northernmost locality recently recorded in the Cesky kras karst. Reproduced with permisson.

Fig. 26. — The European distribution of Arenaria grandiflora. The north-easternmost locality of this species is in the
Pavlovské vrchy hills in southern Moravia. Reproduced from Jalas & Suominen (1983), reproduced with
permisson. P
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Fig. 25. — The European distribution of the Mediterranean geoelement Quercus cerris. The northern limit of its
native distribution runs through southern Moravia. Reproduced from Jalas & Suominen (1976), reproduced with
permisson.
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Fig. 27. — The core of the distribution of Ranunculus aconitifolius is in the Alps and its north-eastern limit in the
Sumava Mts in south-western Bohemia. Reproduced from Jalas & Suominen (1989), reproduced with permisson.

Fig. 28. — Distribution of Actaea europaea, the westernmost localities of which are in the Czech Republic. Repro-
duced from Jalas & Suominen (1989), reproduced with permisson.

Moravia. There are a relatively large number of Sub-Atlantic species that spread from
the north-west, which are at the south-eastern (or eastern) limit of their continuous distri-
butions in the Czech Republic. It includes Arnoseris minima, Chrysosplenium oppositi-
folium (Fig. 21), Corrigiola littoralis, Hydrocotyle vulgaris, Hylotelephium telephium,
lllecebrum verticillatum, Juncus bulbosus, Lotus pedunculatus, Lysimachia nemorum,
Myriophyllum alterniflorum, Pedicularis sylvatica, Polygala serpyllifolia, Potentilla
anglica, P. sterilis, Radiola linoides, Spergula morisonii, Stachys arvensis and Teesdalia
nudicaulis.

In contrast, some sub-arctic and boreal species reach the regional or absolute southern
limit of their distributions in Czech mountains, or rarely in lowland relict sites; examples
include Betula nana, Calamagrostis phragmitoides, Carex vaginata, Pedicularis
sceptrum-carolinum, P. sudetica (s.1.) (Fig. 3), Rhododendron tomentosum, Rubus
chamaemorus (Fig. 4), Salix myrtilloides and Trichophorum cespitosum. Another species,
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Calamagrostis stricta, occurs mainly in lowland mires. The Sarmatian element with its
south-western boundary in the Czech Republic is represented by Astragalus arenarius
(Fig. 19), Dianthus arenarius (Fig. 18), Jurinea cyanoides, Pulsatilla patens and Thesium
ebracteatum.

Finally, the distributions of several species extend from the West Carpathians or their
foothills and reach their western limits in Moravia or north-eastern Bohemia. These
(mostly Carpathian) taxa include Aconitum firmum subsp. moravicum, Actaea europaea
(Fig. 28), Cardamine amara subsp. opicii, Dentaria glandulosa (Fig. 20), Euphrasia
slovaca, Hacquetia epipactis, Pedicularis exaltata, Salix silesiaca, Scilla kladnii and Thy-
mus pulcherrimus. Several of the species that have extensive ranges also have the western
boundary of their distributions in the Czech Republic. Most of them are continental plants
that occupy large areas that extend to southern Siberia. Examples include Conioselinum
tataricum, Crepis pannonica, C. sibirica (Fig. 29), Echium maculatum, Erigeron podolicus,
Gypsophila paniculata, Helictotrichon desertorum, Pilosella echioides, P. onegensis,
Stipa glabrata, Trinia ucrainica and Verbascum speciosum. For many of them the Czech
Republic is also at the northern limit of their distribution in central Europe.

Fig. 29. — Crepis sibirica has a wide distribution in eastern Europe and western and central Asia. Its westernmost
locality is in the Velkd kotlina glacial cirque in the Hruby Jesenik Mts. Reproduced from Hultén & Fries (1986),
reproduced with permisson.
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Phytochorotypes of the Czech flora

Based on similar principles to those used to distinguish geoelements at higher levels (such
as the European continent), species can be classified according to their distribution within
a country. Based on a comparison of several hundred distribution maps of vascular plants
in the Czech Republic, Slavik (1984) identified 15 basic regional types of distribution of
groups of species with common ecological requirements and geographical distributions,
for which he proposed the term phytochorotypes. Species are assigned to phytochorotypes
based on the similarity of their distributions within the Czech Republic, which reflect not

1.1 1.2

Fig. 30. — Schematic maps of the distributions of basic phytochorotypes of the Czech Republic. Redrawn from
Slavik (1984) and slightly modified.
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only local climate, geology and geomorphology but also migration history. Total ranges of
species are not considered at this scale, which is why species of different major
geoelements can belong to the same phytochorotype. Only native species and archeo-
phytes with relatively stable distributions were used for the comparisons.

The 15 basic phytochorotypes are divided into three groups according to their prevail-
ing relation to one of the three principal phytogeographical regions in the Czech Republic
(see below). The phytochorotypes were named after pairs of species typical of a given
phytochorotype. Only a brief account of their characteristics is given here. For a descrip-
tion of the phytogeographical division of the Czech Republic and definitions of
phytogeographical regions (Thermophyticum, Mesophyticum and Oreophyticum) see
below. Details, characteristic species and distribution maps of the species in each
phytochorotype are given by Slavik (1984). This concept was applied by Slavik in his later
studies (Slavik 1998, 2002), a slightly modified version supplemented with a group of
edaphically specialized phytochorotypes is proposed in the introductory chapters to the
Flora of the Czech Republic (Slavik 1988). Schematic illustrations of the 15 phyto-
chorotypes based on Slavik’s analysis and refined according to updated maps of distri-
butions are given in Fig. 30.

1. Species common throughout the country or with their centres of distribution in

Mesophyticum.

1.1. Phytochorotype: Achillea millefolium-Urtica dioica
Species distributed throughout or nearly throughout the Czech Republic.

1.2. Phytochorotype: Hypericum maculatum-Luzula pilosa
Species distributed throughout most of the Czech Republic but absent or rare in
the Pannonian subregion in southern Moravia.

1.3. Phytochorotype: Chaerophyllum aureum-Polygala chamaebuxus
Species largely confined to the western half of Bohemia, regardless of the regional
phytogeographical division.

1.4. Phytochorotype: Euphorbia amygdaloides-Galium rivale
Species largely confined to the eastern half of the Czech Republic, occurring
exclusively in Moravia or reaching only the eastern part of Bohemia.

2. Species with their centres of distribution in Thermophyticum.

2.1. Phytochorotype: Buglossoides purpurocaerulea-Ranunculus illyricus
Species distributed in both Bohemian and Pannonian thermophyticum.

2.2. Phytochorotype: Euphorbia epithymoides-Hesperis tristis
Species of Pannonian thermophyticum, particularly of its warmest parts in southern
Moravia. This region is often the area where these species reach the northern or
north-western limit of their distributions.

2.3. Phytochorotype: Erysimum crepidifolium-Lactuca perennis
Species that occur in Bohemian thermophyticum, sometimes with local exten-
sions south to the warmer parts of Mesophyticum (up to the Plzeii area and to the
middle Vltava river valley).

2.4. Phytochorotype: Bothriochloa ischaemum-Scabiosa ochroleuca
Slightly thermophilous species with their centres of distribution in Thermophy-
ticum and also occurring in warmer parts of Mesophyticum.
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3. Species with their centres of distribution in Oreophyticum that occasionally occur in
the cooler parts of Mesophyticum, particularly at sites with temperature inversions in
valleys and ravines or peat bogs.

3.1. Phytochorotype: Rumex arifolius-Streptopus amplexifolius
Species that occur on all or most high mountains in the Czech Republic
(Krkonose, Jizerské hory, Orlické hory, Kralicky SnéZnik, Hruby Jesenik,
Moravskoslezské Beskydy, Sumava, and Kru$né hory) and sometimes also on
mountains at lower altitudes (Slavkovsky les, Brdy, Novohradské hory, Cesko-
moravské vrchovina, Teplicko-adrSpasské skaly, and Nizky Jesenik).

3.2. Phytochorotype: Anemonastrum narcissiflorum-Delphinium elatum
Species that occur only in the Sudetes Mts, particularly in the High Sudetes
(Krkonose, Kralicky Snéznik, Hruby Jesenik) and sometimes also other moun-
tains in the Sudetes range (LuZické hory, Jizerské hory, Teplicko-adr§paSské skaly,
Orlické hory, Nizky Jesenik). Some of them only occur in the KrkonoSe and
Hruby Jesenik Mts, which have a well-developed subalpine belt.

3.3. Phytochorotype: Dentaria glandulosa-Luzula luzulina
Carpathian species that have their centres of distribution in the Czech Republic in
the Moravskoslezské Beskydy Mts and which sometimes occur in adjacent parts
of Mesophyticum.

3.4. Phytochorotype: Salix appendiculata-Veratrum album subsp. album
Species that occur in Oreophyticum in southern Bohemia (particularly those that
came from the Alps) and in adjacent parts of Mesophyticum (mainly aquatic plants).

3.5. Phytochorotype: Potentilla aurea-Veratrum album subsp. lobelianum
Species that occur in the Sudetes and Carpathian Mts, and occasionally in adjacent
parts of Mesophyticum.

3.6. Phytochorotype: Epilobium anagallidifolium-Trichophorum cespitosum
Species that occur both in the Sudetes Mts and Oreophyticum in southern Bohe-
mia where there is an Alpine influence.

3.7. Phytochorotype: Montia fontana-Polygonatum verticillatum
Species that are found throughout (almost) the Czech Republic in Oreophyticum
and cooler parts of Mesophyticum.

Phytogeographical division

In phytogeography, a process complementary to the identification of floristic elements,
areas are divided up into floristic regions in each of which the flora is broadly similar. In
the phytogeographical division of Europe proposed by Meusel et al. (1965), the Czech
Republic occurs in the temperate zone of the Holarctic floristic kingdom, and in its Middle
European region. Within this region, most of the Czech Republic is situated in Middle
European subregion (and its Central European province) while the mountains of eastern
Moravia are in the Carpathian subregion (and its Northwest Carpathian province). The
Pannonian province in the Pontic-South-Siberian subregion does not reach the Czech
Republic under this concept. There is another concept proposed by Takhtajan (1986)
under which there are 20 floristic provinces in Europe, Asia Minor and the Caucasus, and
in which the whole of the Czech Republic is in the Central European province.
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The system of Meusel et al. (1965) was modified and refined by Slavik (1988) who
argued that the Pannonian lowland is an isolated area of forest-steppe, separated from the
Pontic-South-Siberian subregion by the Carpathian mountain range and influenced by
a Sub-Mediterranean geoelement. He distinguished this area as a separate Pannonian sub-
region and extended it (in contrast to Meusel’s Pannonian province) in the north-west to
southern Moravia.

Within the Czech Republic, the currently used concept of regional phytogeographical
division was elaborated by phytogeographical experts of the Czech Botanical Society
coordinated by V. Skalicky (Skalicky 1982, 1988c). This system replaced the previous
phytogeographical divisions of Czechoslovakia by Dostal (1957, 1960), which more
closely reflected the central-European context and occurrence of geoelements. The final
version of his division (Dostél 1960) included three regions in the Czech Republic, namely
Hercynicum, with central-European temperate forest vegetation; Pannonicum, with
termophilous vegetation; and Carpaticum occidentale, with vegetation typical of the West
Carpathians. The concept published by Skalicky is the basic system used for recording the
distribution of species and subspecies in the Flora of the Czech Republic (Hejny et al.
1988, 1990, 1992, Slavik et al. 1995, 1997, 2000, 2004, Stépankova et al. 2010) as well as
in many floristic and taxonomic studies. Species and plant communities diagnostic and
characteristic of each region are listed by Skalicky (1988c).

A four-level hierarchical system of phytogeographical units (phytochoria) is used in
the phytogeographical division of the Czech Republic (see Electronic Appendices 1-3).
Three principal phytogeographical regions are recognized, based on the dominant flora
and vegetation that reflects specific regional geomorphological and climatic conditions:
Thermophyticum, Mesophyticum and Oreophyticum (Fig. 31, and Electronic Appendix
1). Mesophyticum is the basic region with flora and vegetation typical for the central Euro-
pean temperate zone. In terms of the altitudinal zonation of vegetation (Skalicky 1988c,
Chytry 2012), Mesophyticum occurs in the supracolline and submontane belts. The other
two regions are partly extrazonal. Thermophyticum includes warm areas with a thermo-
philous flora and vegetation, often characteristic of the sub-meridional floristic zone. It
includes the lowland and colline belts. In contrast, Oreophyticum is a cold region with
mountain flora and vegetation corresponding to forests of the boreal zone, with smaller
areas above the timberline similar to habitats in the artic zone; thermophilous species gen-
erally do not occur there except at some protected sites in cirques. It occurs in montane,
supramontane, subalpine and alpine belts.

Each of the phytogeographical regions has a characteristic flora and vegetation, which
have diagnostic value. Thermophyticum is characterized by the occurrence of basiphilous
thermophilous oak forests of the Quercion pubescenti-petraeae, Aceri tatarici-Quercion
and Quercion petraeae alliances and oak-hornbeam forests of the Carpinion betuli alliance,
dry scrub of the Prunion fruticosae alliance and particularly dry grasslands of the Festuco-
Brometea class; beech forests are nearly absent. There are the remains of softwood
floodplain forests of the Salicion albae alliance and hardwood floodplain forests of the
Alnion incanae suballiance in lowland basins. Other communities differentiating Thermo-
phyticum from Mesophyticum include the alliances Geranion sanguinei, Festucion valesia-
cae, Onopordion acanthii, Spergulo arvensis-Erodion cicutariae, Eragrostion cilianensi-
minoris, Corynephorion canescentis and Hydrocharition. This region largely overlaps the
distribution of loess deposits. Peat bogs are absent, but remnants of calcareous fens are
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present in some areas (Junco subnodulosi-Schoenetum nigricantis, Cladietum marisci) and
locally there are remnants of saltmarshes and saline meadows (Meliloto dentati-
Bolboschoenion maritimi, Salicornion prostratae, Puccinellion limosae, Juncion gerardii).
Differential species of Thermophyticum include Adonis vernalis, Astragalus exscapus,
Buglossoides purpurocaerulea, Cytisus procumbens, Loranthus europaeus, Lotus
maritimus, Quercus pubescens, Rumex hydrolapathum, Sesleria uliginosa, Sium latifolium,
Viburnum lantana and Viola ambigua.

The potential natural vegetation in Mesophyticum consists mainly of various types of
mesic beech or hornbeam forests. Communities differentiating Mesophyticum from
Oreophyticum include meadows and grasslands of alliances Arrhenatherion elatioris,
Molinion caeruleae and Bromion erecti, mesic herbaceous forest fringes of the Trifolium
medii alliance and some specific communities such as the vegetation on the exposed bot-
toms of fishponds of the Eleocharition ovatae alliance. Communities differentiating
Mesophyticum from Thermophyticum include alliances Luzulo-Fagion, Fagion sylvaticae
and Trifolion medii.

Oreophyticum is dominated by coniferous forests (mainly acidophilous spruce forests)
or by mixed forests with a high abundance of conifers. The area of treeless communities is
relatively small. Natural subalpine and alpine grasslands occur only at the highest altitudes
and most of the present-day subalpine and montane meadows were made by humans. The
following montane, subalpine and alpine communities are characteristic of this region:
Luzulo-Fagion sylvaticae, Piceion abietis, Alnetum incanae, Pinion mugo, Nardion
strictae, Oxycocco microcarpi-Empetrion hermaphroditi, Adenostylion alliariae, Cala-
magrostion villosae, Calamagrostion arundinaceae, Dryopterido filicis-maris-Athyrion
distentifolii, Rumicion alpini, Androsacion alpinae, Agrostion alpinae, Juncion trifidi,
Littorellion uniflorae and Salicion silesiacae. Differential species include montane and
subboreal species, such as Aconitum firmum, A. plicatum, Carex pauciflora, Hieracium
alpinum agg., Juncus trifidus, Ligusticum mutellina, Listera cordata, Luzula sylvatica,
Meum athamanticum, Pinus mugo, Swertia perennis, Trichophorum cespitosum and Viola
biflora, other species mainly occurring in the Czech Republic in Oreophyticum are for
example Doronicum austriacum, Gentiana asclepiadea, Homogyne alpina, Huperzia
selago and Streptopus amplexifolius.

Each of these three regions is subdivided into two provinces (Fig. 31). Thermophyticum
occurs in two separate areas, one being Bohemian thermophyticum, which is an isolated
area of thermophilous vegetation in the northern half of Bohemia, the other Pannonian
thermophyticum, which is located in southern Moravia and connected to the forest-steppe
area centered in the Pannonian Basin. Mesophyticum and Oreophyticum are each subdi-
vided based on their assignment to major mountain systems and floristic differences reflect-
ing the proportion of Hercynian vs. Carpathian flora and the gradient of oceanity vs.
continentality (increasing from the west to the east). Accordingly, most of Mesophyticum
that is associated with the Bohemian Massif is recognized as Bohemian-Moravian
mesophyticum whereas the smaller part in eastern Moravia and that associated with the West
Carpathians belongs to Carpathian mesophyticum. In parallel, Oreophyticum is divided into
Bohemian-Moravian oreophyticum and Carpathian oreophyticum. Based on the specific
and relatively uniform composition of the local flora and vegetation and particularly the con-
trast with that in neighbouring areas, these provinces are further subdivided into 99
phytogeographical districts (see Electronic Appendix 3 for a list and codes and Fig. 31 for
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their position), of which 21 are in Thermophyticum, 63 in Mesophyticum and 15 in
Oreophyticum. Some of the districts, which are more heterogeneous than others, are subdi-
vided into subdistricts. Many of these phytochoria do not have sharp boundaries and are sep-
arated from the others by transitional zones. Exceptions are the boundaries that follow
highly contrasting natural conditions, such as the geological boundary between calcium-rich
rocks and acid sands.

See http://www.preslia.cz for Electronic Appendices 1-3.
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Souhrn

Clanek piinasi zdkladni pehled flory a fytogeografie Ceské republiky. Na diverzitu rostlin v tomto Gzemi ma nejvét-
§i vliv poloha ve stfedu evropského kontinentu, mistni klima, vyvoj vegetace béhem ¢tvrtohor, riznorodost hornino-
vého podkladu, Glenitost reliéfu, diverzita stanovist a vliv ¢lovéka. Kvétena cévnatych rostlin Ceské republiky zahr-
nuje 148 Celedi, 916 rodd, 3557 druhd (s 194 dalsimi, obvykle nenominatnimi poddruhy) a 609 dostate¢né zdoku-
mentovanych kiiZzenct. Druhové nejbohatsi Celedi jsou Asteraceae (662 druhtt), Rosaceae (316), Poaceae (275),
Fabaceae (170), Brassicaceae (148), Cyperaceae (127), Lamiaceae (112), Caryophyllaceae (108) a Apiaceae
(100). Vétsina druht je u nés pavodnich, 36.0 % rostlin je zavle¢enych. Z hlediska Zivotnich forem jsou nejvice za-
stoupeny hemikryptofyty (45,7 %), nasledované terofyty (22,3 %), fanerofyty (14,4 %), geofyty (9,3 %), chamaefy-
ty (5,1 %) a hydrofyty (3,2 %); podil epifyti je zanedbatelny (pouze dva druhy). Cetné druhy nai kvéteny jsou relik-
ty z dob ledovych nebo z raného postglacialu. V ¢lanku jsou uvedeny piiklady arktickych, boredlnich, alpinskych,
stepnich a dal3ich skupin relikt.. Mira endemismu je v Ceské republice relativng nizkd. Vyrazné klimatické vykyvy
souvisejici se stiidanim dob ledovych a meziledovych v pleistocénu opakované drasticky ochuzovaly mistni floru.
Veskeré ceské endemity jsou ctvrtohorniho stafi (neoendemity), tietihorni endemity (paleoendemity) se u nas nevy-
skytuji. Na zakladé taxonomické a chorologické revize nasi kvéteny byl vytvofen seznam 74 endemickych druhti
a subspecii, coz odpovida 2 % celkové diverzity naSich cévnatych rostlin. Z t€chto endemiti je 48 vazano vyhradné
na tzemi Ceské republiky, zbyvajicich 26 taxonti ma t&Zi§t8 rozsifeni v Ceské republice a jen nevyrazn& (vétsinou
méné nez | km) zasahuji v Krkonosich nebo na Kralickém SnéZniku na tizemi Polska. Na endemity nejbohatsi rody
jsou Hieracium s (nejméné) 25 druhy a poddruhy a Sorbus s 12 druhy. Zakladni charakter rozsifeni a vazba na stano-
vi§té jsou uvedeny pro vSechny nase endemity, vétSina endemitd je i vymapovana. Nejvice endemitt se vyskytuje
v Krkonosich, kde rostou pfevazné na subalpinskych stanovistich, jako jsou travniky nad horni hranici lesa, vrcholo-
vé skaly a suté a nejrizn&jsi typy stanovist v ledovcovych karech véetné lavinovych drah. Kromé Krkono$ se ende-
mity vysokohorskych poloh vyskytuji jesté na Kralickém Snézniku a v Hrubém Jeseniku. V nizsich polohéch se en-
demity nejcastéji vyskytuji na skalach a v prilehlych fidkych teplomilnych lesich a na trdvnicich, méné ¢asto na had-
covych vychozech, pis¢inach, slatinich, v raznych typech lest, vyjime¢né i na jinych stanovistich. VEétSina nasich
endemitdl jsou vzdcné a silng aZ kriticky ohroZené rostliny zahrnuté do Cerveného seznamu. Piivod a evoluce Ges-
kych endemitii jsou v Glanku stru¢né popsany. Diky umisténi Ceské republiky ve stiedu Evropy se na nasem tizemi
v minulosti protinaly riizné migra¢ni proudy. Ceska flora proto obsahuje témét viechny floristické elementy ovliv-
fujici sttedni Evropu. Nejvice zastoupeny je stiedoevropsky geoelement, vyrazngjsi zastoupeni maji dale geoele-
menty stiedoevropsko-(sub)alpinsky, arkticko-alpinsky, boredlni, subboreélni, subatlanticky, submediteranni,
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ponticky, subponticky a jihosibifsky. Pro kazdy geoelement je uvedena stru¢na charakteristika a vycet vybranych
druhti. Cetné druhy dosahuji na tzemi Ceské republiky hranici svého viceméné souvislého roziifeni nebo se zde
vyskytuji okrajové arely. Clanek piinasi piklady téchto meznich a exklavnich prvkdi. Na zékladé porovnani rozsi-
feni druhdi v Ceské republice byly vytvofeny skupiny druhfi s podobnym roziffenim, tzv. fytochorotypy, které
jsou strucné definovany a charakter jejich rozsifeni je ilustrovan na mapach. Popsano je i v soucasnosti pouZivané
fytogeografické &lenéni Ceské republiky. Podrobn&ji jsou charakterizovany tii zdkladni fytogeografické oblasti,
které se dale hierarchicky déli na fytogeografické obvody, okresy a podokresy. Poloha vSech fytochoriont je
zobrazena na mapg.
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