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Abstract

The Czech Republic is a central European country whose geographical location, natural conditions, history of
human settlement, and present land-use management make it relatively prone to plant invasions, hence it represents
a convenient model for their study. Research in plant invasions, which date to the late 19th century, is reviewed in the
present paper. A long-term floristic tradition allowed for the accumulation of a large body of floristic data on alien
plants. During the 1960s—1970s, the main research focus was on their distribution. In this period, attempts were
also made to predict potential invasiveness of weeds of arable land. The success rate of this prediction was about
39%. Considerable effort was put into a detailed classification of human-accompanying plants and the terminology
associated with the issue. There is a high level of taxonomic research conducted in the country, and the new
Flora of the Czech Republic treats the immigration status of taxa with reasonable care and detail. A complete,
serious catalogue of the alien plants of the country has been published recently: there are currently 1378 alien
plants (33.4% of the total flora). The core of present research in plant invasions is in ecological, biological, and
biogeographical studies, focussed on (i) the history of invasion of particular species since their introduction, (ii) the
role and importance of alien species in vegetation, including their participation in succession, and (iii) the major
invasive species of the Czech flora and comparison of congeners. Reynoutria spp., Heracleum mantegazzianum,
Oenothera spp., Pinus strobus, and Bidens frondosa are among the taxa most intensively studied in recent time.
A complete list of 69 invasive plants in the Czech flora introduced after the year 1500 [following the definition of
Richardson et al. (2000a) Diversity and Distributions 6: 93—107] is given. The available legal instruments relevant
to the issue are reviewed.

Introduction

Invasions by introduced plants constitute one of the
most serious threats to biodiversity, and invaders
can profoundly alter ecosystem structure and func-
tion (Vitousek et al. 1987; Zavaleta 2000). The field
has attracted considerable attention after becoming the
topic of the SCOPE programme in the 1980s (Drake
et al. 1989) and its importance has been increasing
since then (PySek 1995a; Richardson et al. 2000a;
McNeeley et al. 2001). Various efforts to generalize

the information available on invasive species have been
made, mostly concerned with analysing their biological
and ecological properties (Williamson 1996; Crawley
et al. 1996). At present, it appears that generaliza-
tions and predictions are possible at the level of par-
ticular taxonomical groups or life forms (Rejmanek
and Richardson 1996). Rejmanek (1996) has achieved
success with a promising theory linking together bio-
logical and ecological properties and role of dispersal
vectors, and predicts that species with a low amount of
DNA might have an increased invasion potential within
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a given taxonomic group (see also Grotkopp et al.
2002).

Alien species exhibit specific spreading dynamics
(Pysek and Prach 1993; Kowarik 1995) for various
reasons: they may escape from natural enemies, are
able to occupy vacant niches and by not having a
common past with native flora, they may not be regu-
lated by the same abiotic factors (Keane and Crawley
2002). The differential success of introduced species
as invaders provides a useful natural experiment for
deriving empirical evidence on the factors that deter-
mine whether an introduced species will invade or not.
Similarly, the differential success of particular species
in different areas provides us with the potential to rec-
ognize the factors that determine why it has succeeded
in invading some regions and failed elsewhere (Tucker
and Richardson 1995).

At the community level, there is a consensus on the
importance of the recipient vegetation for the outcome
of invasions (Rejmének 1989). Considerable attention
has been devoted to the question of whether some com-
munities are more invasible than others (Williamson
1996) and, consequently, whether some regions are
more susceptible to invasions than others (Lonsdale
1999). Fluctuation in available resources was pro-
posed as a crucial mechanism explaining invasibility
of ecosystems (Davis et al. 2000; Davis and Pelsor
2001). There is now evidence that an alteration of the
disturbance regime may be the most profound effect
that an invading species can have on ecosystem struc-
ture and function (Mack and D’Antonio 1998). The
potential effect of global warming on the dynamics of
invasions is also recognized (Mooney and Hobbs 2000;
Richardson et al. 2000b).

Although invasions are a global problem extending
over political boundaries, their extent and impact vary
considerably among different parts of the globe (Pysek
1995a). The approach of particular countries may differ
in the awareness of the problem by local authorities,
in research intensity and the problems studied, and in
the legislative tools available. The present paper deals
with the situation in the Czech Republic.! It is aimed
at summarizing the history of research in plant inva-
sions in the country, reviewing the current focus and
topics studied, and suggesting future research topics.
Moreover, the country’s geographical location, history,
and intensity of present human impact on the landscape
as well as tradition of botanical research makes it a
convenient model on which it can be demonstrated how
different approaches can be used to tackle the problem

of plant invasions. In any region suffering from the
impact of plant invasions, an integrated research built
on the interplay of natural history, plant taxonomy, and
modern ecological approaches is needed to provide a
more fundamental look at invasion theory.

Geographical and historical context

The Czech Republic, a central European country with
an area of 78,864 km? and 10.3 million inhabitants,
has some specific features related to invasions by alien
plants. Due to its geographical location in the very
centre of the continent, the country was a crossroad
between West and East, and South and North of Europe
since early times, and intensive movement of people
and goods have contributed to the introduction of many
species. The country is considered one of the important
gates for introducing species of eastern origin farther to
the northwest of Europe. This route has been probably
effective as early as the Neolithic period, and many
archeophytes were introduced during the Bronze Age
(2000-1000 B.C) (Opravil 1980). More recently, many
species of Asian and east-European origin entered the
central part of the continent via one of the largest
railway stations on the east—west oriented railway sys-
tem, i.e. Cierna pii Cope in the Slovak part of former
Czechoslovakia (Jehlik and Hejny 1974; Jehlik 1998).
Besides railways and roads, river traffic on the Elbe
River, the Donau River and their tributaries signifi-
cantly contributed to the richness of present alien flora
(Jehlik 1998).

Once introduced, an alien species has a relatively
high chance of establishing for the following reasons:
The country is rather diverse in terms of physio-
geographical features, primarily due to diverse geol-
ogy and geomorphology, resulting into a fine-scale
mosaic of diverse habitats. There is a rather dense
human population (131 inhabitants/km?) and high set-
tlement density, resulting in a rather dense network
of roads (0.71 km/km?) and railways (0.11 km/km?),
which contributes to the invasibility of the territory.
The intensively used landscape is rather fragmented
due to the long-term effect of human activities and large
undisturbed areas of landscape are virtually missing.

The country has relatively well developed industry
(from the late 18th to the middle of the 20th century
it was one of the most industrialized parts of Europe)
and a long-term gardening tradition going back to the
19th century, which was responsible for the introduc-
tion of many ornamental plants; some of them are



present day invaders. A similar role was played by
intensive forestry, converting the original broad-leaf
woodlands into conifer plantations and using some
species of alien origin. The process of tree planting
can serve as an important vector for spreading alien
species (Prach et al. 1995).

Later on, the invasibility of the territory was
increased by large-scale changes in land use
imposed during the time of the communist econ-
omy (1948-1989). Many sites were abandoned, espe-
cially in settlements and industrial zones as well as
in extensive border areas and military zones, resulting
in relatively large proportion of ill-managed waste-
land. Many formerly managed meadows and pas-
tures were either abandoned or over-exploited. Arable
land was heavily fertilized which leads to a highly
eutrophicated landscape. Various building activities
and the transport of materials supported the spread
of invasive aliens. The present landscape is there-
fore relatively fragmented and prone to invasions
(see PysSek et al. 1998b for a classification of particular
habitats and their relationship to invasions). Built-up
areas are disproportionally prone to invasions, cover-
ing 10.4% of the country but contributing 53.6% to the
number of localities of alien species; the corresponding

Table 1. Invasive plants of the Czech Republic.
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figure for riparian habitats, another disproportionally
invaded type, being 2.0% and 22.4%, respectively
(Pysek et al. 1998Db).

There are 1378 alien species reported from the
country; of these 332 are archaeophytes and 1046
neophytes (PySek et al. 2002b, 2003c). There are
891 casual and 397 naturalized species (in the sense
of Richardson et al. 2000a). The total number of
invasive species is 90 of which 21 are archaeophytes
and 69 neophytes (Table 1). Analysis of the tem-
poral patterns of immigration to the country showed
that neophytes of European origin and exhibiting CSR
strategy arrived earlier than those of other origins and
strategies. Deliberately introduced neophytes appeared
earlier than accidental arrivals, and those cultivated
for utilitary reasons on average arrived earlier than
ornamentals. Species capable of early flowering were
remarkably more represented among early newcomers
(Pysek et al. 2003b)

Although nature reserves represent an effective bar-
rier against invasion by alien species (PySek et al.
2003d), protected areas included within the system
of nature conservation are also endangered by alien
species (Pysek et al. 2002a) because the reserves are
mostly small-scale, adjacent to disturbed landscape

Species Family 1st record Habitat  Introduction  Origin Life form
Acer negundo Acerac 1835%, 1875 hn del America N t
Amaranthus powellii Amaran 1853 h ac America a
Amaranthus retroflexus Amaran 1818 h ac America S a
Rhus hirta Anacard 1835*, 1900 hn del America N S
Angelica archangelica Apiac 1517 hn del Europe N pm
Heracleum mantegazzianum Apiac 1862 hn del Caucasus pm
Imperatoria ostruthium Apiac 1809 hn del Europe SW pp
Mpyrrhis odorata Apiac 1819 hn del Europe SW pp
Ambrosia artemisiifolia Asterac 1883 h ac America N a
Aster x salignus Asterac 1872 hn del hybrid pp
Aster lanceolatus Asterac hn del America N pp
Aster novi-belgii Asterac 1850 hn del America N juy)
Aster versicolor Asterac hn del hybrid PP
Bidens frondosa Asterac 1894 hn ac America N a
Conyza canadensis Asterac 1750 h ac America N a
Echinops sphaerocephalus Asterac 1871 h ac Europe S, SE pm
Erigeron annuus subsp. septentrionalis ~ Asterac h ac America N a
Galinsoga ciliata Asterac 1901 h ac America S a
Galinsoga parviflora Asterac 1867 h ac America S, C a
Helianthus tuberosus Asterac 1885 hn del America N juy)
Matricaria discoidea Asterac 1851 h ac Asia a
Rudbeckia laciniata Asterac 1859 hn del America N pp
Solidago canadensis Asterac 1838 hn del America N PP
Solidago gigantea Asterac 1851 hn del America N pp
Telekia speciosa Asterac hn del Europe E pp
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Table 1. Continued

Species Family 1st record Habitat  Introduction  Origin Life form
Impatiens glandulifera Balsamin 1896 hn del Asia: Himalayas a
Impatiens parviflora Balsamin 1870 hn ac Asia a
Mahonia aquifolium Berber 1844* hn del America N s
Bunias orientalis Brassic 1856 h ac Europe E, SE b, pm
Sisymbrium loeselii Brassic 1819 h ac Europe SE, Africa N, Asia a
Cannabis ruderalis Cannab 1868 h ac Asia M, Caucasus a
Symphoricarpos albus Caprifol hn del America N s
Kochia scoparia subsp. scoparia Chen 1819 h ac Europe SE, Asia a
Cuscuta campestris Convol 1883 h ac America N a, cl
Sedum hispanicum Crass h ac Europe S, Asia juy)
Echinocystis lobata Cucurbit 1911 hn del America N a
Virga strigosa Dipsac 1864 h del Asia b
Amorpha fruticosa Fabac 1865%,1932 h del America N s
Cytisus scoparius subsp. scoparius Fabac 1819 hn del Europe W S
Lupinus polyphyllus Fabac 1895 hn del America N pp
Robinia pseudacacia Fabac 1710%, 1874 hn del America N t
Quercus rubra Fagac 1799* n del America N t
Geranium pyrenaicum Geran 1819 h del Europe med, Caucasus b, pm
Elodea canadensis Hydroch 1879 hn ac America N pp
Juncus tenuis Juncac 1851 hn ac America N pp
Galeobdolon argentatum Lam hn del hybrid pp
Fraxinus pennsylvanica Oleac 1834* hn del America N t
Syringa vulgaris Oleac 1809 hn del Europe SE s, t
Epilobium ciliatum Onagr 1926 hn ac America N pp
Oenothera biennis Onagr 1831 h ac America N b
Pinus strobus Pinac 1800 n del America N t
Arrhenatherum elatius Poac hn ac Europe juy)
Persicaria polystachya Polyg hn del Asia: Himalayas juy)
Reynoutria x bohemica Polyg 1942 hn del hybrid pp
Reynoutria japonica Polyg 1892 hn del AsiaE pp
Reynoutria sachalinensis Polyg 1869 hn del AsiaE pp
Rumex alpinus Polyg 1819 hn del Europe S,C, Caucasus pp
Rumex longifolius Polyg 1961 hn ac Europe SW juy)
Rumex thyrsiflorus Polyg h ac Europe E juy)
Physocarpus opulifolius Rosac 1874 hn del America N S
Prunus serotina Rosac 1811 hn del America N t,s
Populus x canadensis Salic h ac, del America N t
Digitalis purpurea Scroph 1790 hn del Europe W, SW b, pm
Mimulus guttatus Scroph 1853 hn del America N juy)
Veronica filiformis Scroph 1938 hn del Asia M, Caucasus jus)
Veronica persica Scroph 1809 hn ac Asia C a
Ailanthus altissima Simar 1865%, 1874 hn del Asia: China t
Lycium barbarum Solan 1870 hn del Asia: China S
Parthenocissus inserta Vitac 1900 hn del America N pp, cl

Species fitting the definition of Richardson et al. (2000a) are included, i.e. naturalized plants that produce reproductive offspring, often in very
large numbers, at considerable distances from parent plants (approximate scales: >100m; <50 years for taxa spreading by seeds and other
propagules; >6 m/3 yrs for taxa spreading by roots, rhizomes, stolons, or creeping stems). Included also are taxa which spread previously, but
do not spread currently because the total range of suitable habitats and landscapes has been occupied. Only neophytes (species supposed to be
introduced after 1500) are listed. Species are also included which went through the phase of invasion in the past and then retreated (i.e. Elodea
canadensis). The archaeophytes which also fit the definition of invasive species (e.g. Atriplex sagitatta, A. oblongifolia, Ballota nigra subsp.
nigra, Apera spica-venti, Cymbalaria muralis, Echinochloa crus-galli, Orobanche minor, Viola odorata) were omitted (see Pysek et al. 2002b
for their list). Family names are abbreviated. Date of the first record in the wild from the country is given where known; if marked by asterisk, it
refers to the date of introduction to cultivation. Habitas invaded: h = human-made, n = (semi) natural. Type of introduction: ac = accidental,
del = deliberate (the species has been planted). Origin: S = south, N = north, E = east, W = west, C = central, med = mediterranean, M =
minor, (?) = uncertain. Life form: a = annual, b = biennial, pm = monocarpic perennial, pp = polycarpic perennial, cl = climber, s = shrub,
t = tree. Species are arranged alphabetically by families. Nomenclature follows Kubat et al. (2002).



and therefore easily reached by the diapores of alien
species. At present, there are intensive efforts to
use these areas commercially, which brings about
disturbances, and increases the number of visitors and
traffic intensity. Since there is a positive relationship
between the number of visitors and reserve invasibility
(Macdonald et al. 1988; Lonsdale 1999), these trends
represent a serious danger to the biodiversity of the
country (Pysek et al. 2003d).

Research history
Floristic tradition

The alien status of some plants present in the Czech
flora was recognized and commented on in the first
complete catalogue (Celakovsky 1867—1881). More
detailed interest in this group of plants dates to the early
20th century when botanists started to recognize
human-made and disturbed habitats as source of addi-
tions to the native flora (Laus 1908, 1936; Domin 1917—-
1919; Rohlena 1922-1931 cited by Hejny et al. 1973).
Alien plants started to be systematically recorded dur-
ing 1940s and 1950s in many countries of central and
western Europe (Wittig 1991). In the Czech Republic,
the field was put on a more solid footing by the founding
a specialized research section devoted to alien plants
in the Institute of Botany, Prihonice, in the 1960s.
Systematic research has been focussed on specific
habitats (ports, railways, oilseed or wool processing
factories, grain silos, mills, rubbish tips, arable land,
etc.). Interest in the taxonomy and distribution of alien
plants, as well as their ecology and impact, was trig-
gered during this period and remains quite remarkable
since then (see Hejny et al. 1973; PySek 1995c; Jehlik
1986, 1998 for references). In addition to this research,
valuable floristic information about species immigra-
tion status can be derived by a careful analysis of old
floral works, some of which date to 1600 (Hendrych
2001).

Classification and terminology associated with
alien plants

More than a century of effort by European botanists
to classify human-accompanying plants has yielded a
number of classification systems (De Candolle 1855;
Ascherson 1883; Thellung 1922; Schroeder 1969)
mostly based on the time of immigration of a species
into the region, the means of its introduction by humans
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(intentionally or unintentionally), and the degree of
its naturalization. The Czech contribution to this field
is represented by a classification system proposed by
Holub and Jirasek (1967), one of the most carefully
elaborated. Some of these systems are rather compli-
cated and have led to the creation of an extensive jargon
(Binggeli 1994; Richardson et al. 2000a). Their com-
plexity, as well as the fact that they attempt to reflect
circumstances specific to central Europe, is probably
the main reason they became restricted to this region
(PySek 1995b). Complicated classification schemes
repeatedly produced by central-European botanists
may be the consequence of a strong ‘classificatory’ tra-
dition in this part of the world (Mayr 1982; Jahn 1998;
see discussion in Richardson et al. 2000a). This con-
cerns not only plant immigration status; complicated
classification systems were used also for the purpose
of describing the means of dispersal, each variant being
given a special term (e.g. Hejny et al. 1973).

Vegetation and autecological studies

An interest in vegetation of human-made habitats,
backed up by a strong phytosociological tradition,
led to the publication of numerous studies in large
cities, villages, and other disturbed habitats (see PySek
1995¢ for a review). The large number of phytoso-
ciological relevés accumulated make it possible to
synthesize overviews of the ruderal vegetation of the
Czech Republic (Hejny et al. 1979; Kopecky and
Hejny 1992). In these studies, special attention was
paid to communities dominated by alien plants. Using
the so-called ‘deductive method’ of phytosociologi-
cal classification (Kopecky and Hejny 1978) it was
possible to classify most of the stands found in the
field, including those built by newcoming alien species
whose dynamics makes phytosociological treatment of
their stands rather complicated (PySek 1991b).

At present, because of the shift from vegetation
classification to ecological studies and experimental
research of invasive plants, vegetation studies deal-
ing with alien plants are less frequent (e.g. Kolbek
et al. 1994). A significant proportion of the vegeta-
tion relevés containing alien taxa, both published and
unpublished, has been loaded into the TURBOVEG
database program (Hennekens 1995; Chytry and
Rafajova 2003).

Ecological studies from previous period were
focussed mostly on dispersal (Slavik and Lhotska
1967; Lhotska 1968; Lhotska and Hejny 1979).
Autecological work was largely descriptive but the
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large body of accumulated information allowed for
some generalization, e.g. the classification of several
migration routes of alien plants into the country (Jehlik
and Hejny 1974) or one of the earliest attempts to pre-
dict future potential invasiveness (Hejny et al. 1973).
Interestingly enough, another paper published recently
by the same research team (Jehlik 1998) using the same
methodology made it possible to assess the success of
these predictions after a quarter of a century. The pre-
dictions were successful for 39.3% of species included
(PySek 2001).

Current research
Taxonomic knowledge

A previous flora of the Czech Republic (Dostal 1948—
1950) consistently distinguished native species from
aliens and listed the information on the immigration
status, albeit with numerous imprecisions and errors.
The recently published new flora, which is still in
progress (Hejny and Slavik 1988-1992; Slavik 1995—
2000), considers species origin as an important part of
species accounts, although in some taxa, the origin is
not explicitely given and, depending on the author of
the account, the level of detail varies. The work for the
flora yielded some modern comprehensive taxonomic
elaboration of genera with a large amount of alien
species, e.g. Amaranthus (Jehlik 1990), Chenopodium
(Dostélek et al. 1990), Oenothera (Jehlik 1997),
Solanum (Stépanek and TomSovic 2000), Mentha
(St&panek 2000).

Despite the long-term floristic research and large
body of taxonomic knowledge and distribution data
accumulated, a complete list of alien species of the
Czech flora has been published only recently. The first
catalogue of alien species covers all alien taxa recorded
at the territory level of the country, with information
on their immigration status (using the scheme pro-
posed by Richardson et al. 2000a), habitats occupied,
abundance and character of the occurrence as well as
numerous biological and ecological attributes (PySek
et al. 2002b).

Ecological studies
Recent ecological research, conducted since the

beginning of the 1990s, reflects both species- and
habitat-centred approaches to plant invasions.

General aspects of plant invasions

These studies, focussed on both regional and global
levels, were carried out in order to (i) describe various
aspects of general patterns of plant invasions, (ii) iden-
tify invasive species and genera relevant to the territory
of the Czech Republic, evaluate the role they play in
the process of plant invasions and choose appropriate
objects for further population-biological and compara-
tive studies, and (iii) formulate hypotheses to be tested
by other approaches.

General aspects of plant invasions were studied by
analysing the alien flora of the Czech Republic. Various
characteristics of invading species were compared to
reveal which of them favour successful invasion. It
was found that the sets of biological and ecologi-
cal properties contributing to successful invasion into
human-made habitats differed from those supporting
invasion into relatively undisturbed vegetation (Pysek
et al. 1995b). The dynamics of alien species spread
has been studied, based on more than 32,000 floristic
records covering more than two centuries (Pysek et al.
1998b). Representatives of different life forms were
compared with respect to the rate of invasion. The lag
and exponential phases of spread were distinguished
and the timing of the beginning of invasion was esti-
mated for some species. Habitat preferences differed
between species in both the lag and exponential phases
of spread and a different pattern of invasion dynamics
with respect to the life form was indicated (PySek and
Prach 1993, 1995). The Czech alien flora was used as
one of the data sources in global studies examining the
role of taxonomic position (PySek 1998c) and clonality
(Pysek 1997) in the invasion process.

Extent of invasions in particular habitats

The pattern of occurrence of alien species in urban
habitats was analysed in 54 European cities, including
4 Czech cities (Pysek 1998a) and 42 Czech villages
(Pysek 1998b). City size and temperature were the
best predictors of representation of alien species while
in the villages, the size and distance from the near-
est middle sized town played the most important role
(Pysek 1998b). The role alien species play in extreme
habitats represented by 96 rubbish dumps is driven by
the interaction of dump age with toxicity of substrata
and density of human population as a surrogate of
propagule pressure (PySek et al. 2003a). The occur-
rence of aliens in relatively undisturbed vegetation was



studied by using floristic lists of 302 nature reserves
in the Czech Republic (Pysek et al. 2002a). In total,
there were 153 species of archaeophytes (introduced
before the year 1500) and 169 species of neophytes
(introduced after that date), representing 7.1% and
7.8% of the total number of vascular species of the
reserves, respectively. The proportion of aliens dramat-
ically decreased with increasing altitude. Other fac-
tors showing significant effects on the infestation of
a reserve by aliens were mean January temperature,
climatic district, and vegetation type prevailing in the
reserve (PySek et al. 2002a). The role alien species
play in various successional seres of a different age in
human-made habitats was assessed (Bastl et al. 1997),
concluding that 10 years old successional stages were
more sensitive to invasions than those exposed to suc-
cession immediately after the disturbance. Mihulka
(1998) described the occurrence of alien species in a
landscape section running from a medium sized city to
a forested landscape at higher altitude. The frequency
of aliens decreased with the distance from the city.

Biogeographical and comparative ecological
case studies

These studies of major invading species (or genera
with a high representation of invaders) of the Czech
flora® include the history of invasion of major alien
species (Heracleum mantegazzianum — Pysek 1991a,
1994; Pysek et al. 1998a; Impatiens glandulifera —
PySek and Prach 1995; Reynoutria spp. — Pysek
and Prach 1993; Rudbeckia laciniata — Francirkova
2001; Oenothera spp. — Mihulka and PysSek 2001;
Atriplex sagittata — Manddk and Pysek 1998) in
the Czech Republic. The course of invasion was
reconstructed from floristic data, the rate of inva-
sion was quantified and compared with neigh-
bouring countries for some species (PySek and
Prach 1995). Environmental factors affecting inva-
sion of H. mantegazzianum were studied by using
GIS methods (Pysek et al. 1998a). Field studies were
focussed on the habitat preferences of this species in
heavily invaded areas (PySek and PySek 1995) and on
its regeneration abilities (PySek et al. 1995a).

Studies on the biology and ecology of alien con-
geners are represented by a Polygonaceae genus
Reynoutria (native to Asia) comprising two species
(R. japonica and R. sachalinensis) and their hybrid
(Reynoutria x bohemica). The resulting hybrid has
been spreading rapidly in the Czech Republic, and there
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are observations indicating that its invasion dynamics
are accelerating. This constitutes a unique and most
interesting ecological situation, i.e. a pair of alien con-
geners and their hybrid spreading almost exclusively
by clonal means in the area of their secondary dis-
tribution. The persistence of clones known from his-
torical records was assessed in the landscape (PySek
et al. 2001a). Experiments were carried out comparing
regeneration potential (both from rhizome and stem
segments) of the three congeners (Bimova et al. 2003),
their response to control measures (Bimova et al. 2001)
and their competitive ability. Preliminary results sug-
gest that hybrid progeny originates in the adventive
region and that the vigour of the hybrid is greater than
that of both parents (B. Mandék and P. PySek, unpub-
lished data). The establishment and survival of the three
taxa was studied in meadow communities; the study
has shown that they can be effectively controlled by
mowing (Brabec and Pysek 2000).

The North American Pinus strobus invades both nat-
ural P. sylvestris forests and its plantations in sandstone
areas of the Czech Republic. Comparison of this alien
tree with its native congener indicates that the former
produces higher amount of more slowly decompos-
ing litter. Under such conditions it regenerates better
than the native congener, and this attribute is likely
to contribute to its enormous success as an invader
(Hadincova et al. 1997; Hanzélyova 1998; Hartel and
Hadincova 1999).

A North American composite, Bidens frondosa,
exhibits higher seed production, germinates better
under lower temperatures, and its seeds are more
easily dispersed compared with its native congeners
B. tripartita, B. radiata, and B. cernua (Gruberova et al.
2001).

The success of A. sagittata (Chenopodiaceae) in the
present central European landscape may be associated
not only with a high biomass production, dense canopy,
high fecundity, and salt tolerance, but also with its
heterocarpy (Mandak and PySek 1999a, b). The species
produces three types of fruits differing in the presence
of bracteoles and level of dormancy which play dif-
ferent roles in the life cycle of the plant (Mandédk and
Pysek 2001a, b).

Legal status and nature conservation
The Czech Republic is among the contracting parties of

the Convention on Biological Diversity (Nairobi 1992),
which represents the potentially most powerful legal



344

instrument for the control, containment, and eradi-
cation of invasive species (Shine et al. 2000). Other
documents which can be effectively used for this pur-
pose are the Bern Convention on the Conservation of
European Wildlife and Natural Habitats (1979), the
International Convention on Plant Protection (Rome
1951), and Council Directive 92/43/EEC on the con-
servation of natural habitats and of wild fauna and flora
(1992) which is relevant to the efforts of the country to
become a member of the European Union. Contracting
parties are supposed to fulfil the commitments result-
ing from international conventions by their internal
legislation.

Legal instruments available for this purpose in the
Czech Republic are associated with the laws and regu-
lations on nature protection. These are mostly focussed
on the general protection of plant species; all organisms
are protected by law against damage and eradication.
The law does not distinguish between alien species
already naturalized and well established in the land-
scape and native species so that protection measures are
applied to the former in the same way as to every species
occurring ‘in the wild’. Exceptions are therefore being
made to treat widely distributed and spreading invasive
species (Maca 2001).

Act No. 114/1992 on nature and landscape pro-
tection determines that species of alien origin can be
introduced and spread purposedly only with permis-
sion from the nature conservancy authorities. Such
permission is explicitly forbidden to be given in
national parks, protected landscape areas, and nature
reserves.

Act No. 147/1996 on plant protection service can be
also applied to invasive species. It is aimed at the pro-
tection of the state territory from the introduction and
spread of noxious (so-called ‘quarantine’) organisms,
including weeds of arable lands which are harmful to
other plants, do not occur as yet in the territory of the
state (or their distribution is limited), are difficult to
eradicate and which can cause considerable harm and
losses.

From the legal viewpoint, the Czech national legis-
lation suffers from the following shortcoming: There
are no legal measures dealing explicitly with eradi-
cation. No regulations laying down the process for
allowing exceptions to the rules have been produced.
No sanctions are explicitly laid down for introduc-
tions due to carelessness. Finally, the public is not
sufficiently informed about the relevant legislation
(Maca 2001).

Future research topics

Future research on plant invasions in the Czech
Republic should be related to the ‘hot topics’ of
contemporary invasion biology which have emerged
recently or are being recognized. There is still a lack
of generalization regarding invasion impacts, and the
information needed to prioritize management efforts.
Little formal attention has been given to defining what
is meant by impact or connecting ecological theory
with particular measures of impact (Parker et al. 1999).
Hybridization, both between aliens and between invad-
ing aliens and native plants, can also have a pro-
found effect on the outcome of invasion (Daehler and
Strong 1996; Vila et al. 2000) and has been receiving
increasing attention. Knowledge of the genetic make
up of invading populations is becoming a powerful
tool for explaining invasion success (Ellstrand and
Schierenbeck 2000; Lee 2002). Long-term absence
of natural control agents may lead to genetic changes
in the growth and biomass allocation patterns in the
non-native populations. It has been predicted that they
should evolve into more competitive genotypes, com-
pared to populations of the same species growing in
their native range (Blossey and N&tzold 1995).

To meet these challenges, the Czech national
research programme on invasive species should focus
upon (i) completing the collation of existing data on the
abundance and distribution of alien species and their
presence in vegetation. Analysis of such databases will
provide the information on the history of invasion at
the landscape scale, quantitative pattern of their dis-
tribution in various plant communities/habitats, and
assessment of their impact. (ii) Ecological studies, both
field and experimental, devoted to the major invading
species of the Czech flora, with emphasis on their life
histories, population dynamics, modes of reproduction,
and genetics, represent a powerful approach, espe-
cially when conducted as comparative studies of con-
geners and/or within taxonomic or functional groups.
(iii) Davis et al. (2001) concluded that the development
of invasion ecology has been hampered for decades
due to an unfortunate dissociation from other fields of
ecology, particularly succession ecology, and that each
seldom refers to the other. Czech invasion ecologists
represent one of the exceptions to this rule and efforts
have been made to relate these two issues closely, either
by analysing existing data (e.g. Rejmanek 1989; Prach
and PySek 1999) or using experimental approaches
(Bastl et al. 1997). More carefully designed studies



are needed to obtain closer insight into this challenging
issue. And last, (iv) close relationship between compar-
ative ecological research and taxonomy of the groups
studied is a necessary condition for meaningful studies,
with both fields mutually profiting from each other.
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Notes

I'The terms used to describe immigration status of alien species
follow those suggested by Richardson et al. (2000a) throughout.

2 At present, the following taxa are the subject of ecological stud-
ies conducted at the University of South Bohemia, Ceské Bud&jovice
and the Institute of Botany Prihonice: Aster spp., Atriplex spp.,
Bidens frondosa, Conyza canadensis, Galinsoga spp., Helianthus
tuberosus, Heracleum mantegazzianum, Impatiens glandulifera,
Oenothera spp., Reynoutria spp., Rudbeckia laciniata, Solidago
canadensis.

References

Ascherson P (1883) Einfluss des Menschen auf Vegetation. In:
Synopsis der Pflanzenkunde, pp 791-795. J. Leunis, Hannover,
Germany

Bastl M, Kocar P, Prach K and PySek P (1997) The effect of succes-
sional age and disturbance on the establishment of alien plants
in man-made sites: an experimental approach. In: Brock JH,
Wade M, Pysek P and Green D (eds) Plant Invasions: Studies from
North America and Europe, pp 191-201. Backhuys Publishers,
Leiden, The Netherlands

Bimova K, Mandédk B and Pysek P (2001) Experimental control
of Reynoutria congeners: a comparative study of a hybrid and
its parents. In: Brundu G, Brock J, Camarda I, Child LE and
Wade M (eds) Plant Invasions: Species Ecology and Ecosystem
Management, pp 283-290. Backhuys Publishers, Leiden, The
Netherlands

345

Bimova K, Manddk B and Pysek P (2003) Experimental study of
vegetative regeneration in four Reynoutria taxa. Plant Ecology
166: 1-16

Binggeli P (1994) The misuse of terminology and anthropometric
concepts in the description of introduced species. Bulletin of
British Ecological Society 25(1): 10-13

Blossey B and Notzold R (1995) Evolution of increased competitive
ability in invasive nonindigenous plants: a hypothesis. Journal of
Ecology 83: 887-889

Brabec J and Pysek P (2000) Establishment and survival of three
invasive taxa of the genus Reynoutria (Polygonaceae) in mesic
mown meadows: a field experimental study. Folia Geobotanica
35:27-42

éelakovsk}'/ L (1867-1881) Prodromus der Flora von Bohmen,
enthaltend der wilwachsenden und allgemein kultivierten
Gefisspflanzen der Konigreiches. . . Vols 1-4, pp 1: I-VIII, 1-112
(1867); 2: 113-388 (1871); 3: I-III, 389-691 (1875); 4: I-VIII,
693-955 (1881). Academia, Prague

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

Crawley MJ, Harvey PH and Purvis A (1996) Comparative ecology
of the native and alien floras of the British Isles. Philolosophi-
cal Transactions of the Royal Society of London, Series B 351:
1251-1259

Daehler CC and Strong DR (1996) Status, prediction and preven-
tion of introduded cordgrass Spartina spp. invasions in Pacific
estuaries, USA. Biological Conservation 78: 51-58

Davis MA and Pelsor M (2001) Experimental support for a resource-
based mechanistic model of invasibility. Ecology Letters 4:
421-428

Davis MA, Grime JP and Thompson K (2000) Fluctuating resources
in plant communities: a general theory of invasibility. Journal of
Ecology 88: 528-534

Davis MA, Grime JP and Thompson K (2001) Charles S. Elton and
the dissociation of invasion ecology from the rest of ecology.
Diversity and Distributions 7: 97-102

De Candolle AP (1855) Géographie botanique raisonné. Vol 2.
V. Masson, Paris

Dostdl J (1948-1950) Kvétena CSR. Piirodovédecké nakladatelstvi,
Prague

Dostélek J Jun, Hejny S, Husdk S, Schwarzova T and Dvorék F
(1990) 3. Chenopodium — merlik. In: Hejny S, Slavik B,
Kirschner J and Kiisa B (eds) Kvétena Ceské republiky, Vol 2,
pp 223-265. Academia, Prague

Drake JA, Mooney HA, di Castri F, Groves RH, Kruger FJ,
Rejmének M and Williamson M (eds) (1989) Biological Invasions:
a Global Perspective. John Wiley and Sons, Chichester, UK

Ellstrand NC and Schierenbeck KA (2000) Hybridization as a stim-
ulus for the evolution of invasiveness in plants. Proceedings of
the National Academy of Sciences 97: 7043-7050

Francirkova T (2001) Contribution to the invasive ecology of
Rudbeckia laciniata. In: Brundu G, Brock J, Camarda I, Child LE
and Wade M (eds) Plant Invasions: Species Ecology and Ecosys-
tem Management, pp 89-98. Backhuys Publishers, Leiden,
The Netherlands

Grotkopp E, Rejmanek M and Rost TL (2002) Toward a causal expla-
nation of plant invasiveness: seedling growth and life-history
strategies of 29 pine (Pinus) species. American Naturalist 159:
396-419



346

Gruberova H, Bendova K and Prach K (2001) Seed ecology of alien
Bidens frondosa L. in comparison with native species of the genus.
In: Brundu G, Brock J, Camarda I, Child LE and Wade M (eds)
Plant Invasions: Species Ecology and Ecosystem Management,
pp 99-104. Backhuys Publishers, Leiden, The Netherlands

Hadincova V, Dobry J, Hanzélyova D, Herben T, Krahulec F, Kyncl J,
Moravcova L, Smilauer P and Smilauerovd M (1997) Invazni druh
Pinus strobus v Labskych piskovcich. Zpravy Ceské Botanické
Spolecnosti, 32, Materidly 14: 63-79

Hanzélyovda D (1998) A comparative study of Pinus strobus
and Pinus sylvestris L.: growth at different soil acidities and
nutrient levels. In: Starfinger U, Edwards K, Kowarik I and
Williamson M (eds) Plant Invasions: Ecological Mechanisms and
Human Responses, pp 185-194. Backhuys Publishers, Leiden,
The Netherlands

Hirtel H and Hadincovd V (1999) Invasion of White Pine
(Pinus strobus L.) into the vegetation of the Elbsandsteigebirge
(Czech Republic/Germany). In: Synge H and Akeroyd J
(eds) Planta Europa Proceedings, pp 251-255. Uppsala and
London

Hejny S and Slavik B (eds) (1988-1992) Kvétena Ceské republiky.
Vols 1 (1988), 2 (1990), 3 (1992). Academia, Prague

Hejny S, Jehlik V, Kopecky K, Kropa¢ Z and Lhotskda M (1973)
Karanténni plevele Ceskoslovenska. Studie Ceskoslovenské
Akademie Véd 1973/8: 1-156

Hejny S, Kopecky K, Jehlik V and Krippelova T (1979) Prehled
ruderélnich rostlinnych spoletenstev Ceskoslovenska. Rozpravy
Ceskoslovenské Akademie V&d, Rada Pifrodovédnd 89(2):
1-100

Hendrych R (2001) Kvétena — Krkono§ zvlaste¢ — pred Ctyfmi
staletimi. Preslia 73: 29-58

Hennekens SM (1995) TURBO(VEG). Software package for input,
processing, and presentation of phytosociological data. IBN-
DLO, Wageningen, The Netherlands/University of Lancaster,
UK

Holub J and Jirdsek V (1967) Zur Vereinheitlichung der Terminologie
in der Phytogeographie. Folia Geobotanica et Phytotaxonomica
2:69-113

Jahn I (1998) Geschichte der Biologie. Gustav Fischer Verlag, Jena

Jehlik V (1986) The vegetation of railways in Northern Bohemia
(eastern part). In: Vegetace CSSR, Ser A, 14: 1-366. Academia,
Prague

Jehlik V (1990) 2. Amaranthus — laskavec. In: Hejny S, Slavik B,
Hrouda L and Skalicky V (eds) Kvétena Ceské republiky 2:
292-310. Academia, Prague

Jehlik V (1997) 2. Oenothera—pupalka. In: Slavik B, Chrtek J jun and
Tomgovic P (eds) Kvétena Ceské republiky 5: 68-94. Academia,
Prague

Jehlik V (ed) (1998) Cizi expanzivni plevele Ceské republiky a
Slovenské republiky. Academia, Prague

Jehlik V and Hejny S (1974) Main migration routes of adventitious
plants in Czechoslovakia. Folia Geobotanica et Phytotaxonomica
9:241-248

Keane RM and Crawley MJ (2002) Exotic plant invasions and the
enemy release hypothesis. Trends in Ecology and Evolution 17:
164-170

Kolbek J, Lecjaksova S and Hirtel H (1994) The integration of
Heracleum mantegazzianum into the vegetation: an example from
Central Bohemia. Biolégia 49: 41-51

Kopecky K (1983) Poznamky k zménam vegetace ve vztahu k aler-
gickym onemocnénim dychacich cest na piikladu jihozdpadni
Casti Prahy. Preslia 55: 149-163

Kopecky K and Hejny S (1978) Die Anwendung einer
deduktiven Methode syntaxonomischer Klassifikation bei der
Bearbeitung der strassenbegleitenden Pflanzengesellschaften
Nordostbohmens. Vegetatio 36: 43-51

Kopecky K and Hejny S (1992) Ruderdlni spoleCenstva bylin Ceské
republiky. Studie CSAV, Praha, 1992/1: 1-128

Kowarik I (1995) Time lags in biological invasions with regard to
the success and failure of alien species. In: PySek P, Prach K,
Rejmének M and Wade M (eds) Plant Invasions: General Aspects
and Special Problems, pp 15-38. SPB Academic Publishers,
Amsterdam

Kubat K, Hrouda L, Chrtek J jun, Kaplan Z, Kirschner J, §tépének J
and Zézvorka J (eds) (2002) Kli¢ ke kvétend Ceské republiky.
Academia, Prague

Lee CE (2002) Evolutionary genetics of invasive species. Trends in
Ecology and Evolution 17: 386-391

Lhotskd M (1968) Die Gattung Bidens in der Tschechoslowakei.
Folia Geobotanica et Phytotaxonomica 3: 65-98

Lhotski M and Hejny S (1979) Chenopodium pumilio in
Czechoslovakia:  its strategy of dispersal and domes-
tication. Folia Geobotanica et Phytotaxonomica 14:
367-375

Lonsdale M (1999) Global patterns of plant invasions and the concept
of invasibility. Ecology 80: 1522-1536

Mica V (2001) Pravni dprava problematiky nepavodnich druht
organismi v pravnich fadech CR a dalSich vybranych statd.
Thesis. Charles University, Prague

Macdonald IAW, Graber DM, DeBenedetti S, Groves RH and
Fuentes ER (1988) Introduced species in nature reserves in
Mediterranean type climatic regions of the World. Biological
Conservation 44: 37-66

Mack MC and D’ Antonio C (1998) Impacts of biological invasions
on disturbance regime. Trends in Ecology and Evolution 13:
195-198

Mandak B and Pysek P (1998) History of the spread and habi-
tat preferences of Atriplex sagittata (Chenopodiaceae) in the
Czech Republic. In: Starfinger U, Edwards K, Kowarik I and
Williamson M (eds) Plant Invasions: Ecological Mechanisms and
Human Responses, pp 209-224. Backhuys Publishers, Leiden,
The Netherlands

Mandak B and Pysek P (1999a) Effects of plant density and nutrient
levels on fruit polymorphism in Atriplex sagittata. Oecologia 119:
63-72

Mandak B and Pysek P (1999b) How does density and nutrient stress
affect allometry and fruit production in a heterocarpic species
Atriplex sagittata (Chenopodiaceae)? Canadian Journal of Botany
77:1106-1119

Mandak B and Pysek P (2001a) The effects of light quality, nitrate
concentration and presence of bracteoles on germination of dif-
ferent fruit types in the heterocarpous Atriplex sagittata. Journal
of Ecology 89: 149-158

Mandak B and Pysek P (2001b) Fruit dispersal and seed banks in
Atriplex sagittata: the role of heterocarpy. Journal of Ecology 89:
159-165.

Mayr E (1982) The Growth of Biological Thought. Diversity,
Evolution and Inheritance. Belknap, New York



McNeely JA, Mooney HA, Neville LE, Schei PJ and Waage JK
(eds) (2001) Global Strategy on Invasive Alien Species. [UCN,
Gland

Mihulka S (1998) The effect of altitude on the pattern of plant
invasions: a field test. In: Starfinger U, Edwards K, Kowarik I
and Williamson M (eds) Plant Invasions: Ecological Mecha-
nisms and Human Responses, pp 185-194. Backhuys Publishers,
Leiden, The Netherlands

Mihulka S and Pysek P (2001) Invasion history of Oenothera con-
geners in Europe: a comparative study of spreading rates in the
last 200 years. Journal of Biogeography 28: 597-609

Mooney HA and Hobbs RJ (2000) Invasive Species in a Changing
World. Island Press, Washington, DC

Opravil E (1980) Z historie synantropni vegetace, 1-6, 28: 4-5,
53-55, 88-90, 130-131, 167168, 206-207. Ziva, Prague

Parker IM et al. (1999) Impact: toward a framework for under-
standing the ecological effect of invaders. Biological Invasions
1:3-19

Prach K and Pysek P (1999) How do species dominating in succes-
sion differ from the others? Journal of Vegetation Science 10:
383-392

Prach K, Hadinec J, Michalek J and PySek P (1995) Forest planting
as a way of species dispersal. Forest Ecology and Management
76: 191-195

Pysek P (1991a) Heracleum mantegazzianum in the Czech Republic:
the dynamics of spreading from the historical perspective. Folia
Geobotanica et Phytotaxonomica 26: 439—-454

Pysek P (1991b) Die Siedlungsvegetation des Bohmischen Karsts.
1. Syntaxonomie. Folia Geobotanica et Phytotaxonomica 26:
225-262

PySek P (1994) Ecological aspects of invasion by Heracleum
mantegazzianum in the Czech Republic In: de Waal LC, Child EL,
Wade PM and Brock JH (eds) Ecology and Management of
Invasive Riverside Plants, pp 45-54. John Wiley and Sons,
Chichester, UK

PySek P (1995a) Recent trends in studies on plant invasions
(1974-93). In: Pysek P, Prach K, Rejmanek M and Wade M
(eds) Plant Invasions: General Aspects and Special Problems,
pp 223-236. SPB Academic Publishers, Amsterdam

Pysek P (1995b) On the terminology used in plant invasion studies.
In: Pysek P, Prach K, Rejmanek M and Wade M (eds) Plant
Invasions: General Aspects and Special Problems, pp 71-81. SPB
Academic Publishers, Amsterdam

Pysek P (1995c) Approaches to studying spontaneous settlement
flora and vegetation in central Europe: a review. In: Sukopp H,
Numata M and Huber A (eds) Urban Ecology as the Basis
of Urban Planning, pp 23-39. SPB Academic Publishing,
Amsterdam

PySek P (1997) Clonality and plant invasions: can a trait make a
difference? In: de Kroon H and van Groenendael J (eds) The
Ecology and Evolution of Clonal Plants, pp 405-427. Backhuys
Publishers, Leiden, The Netherlands

Pysek P (1998a) Alien and native species in Central European urban
floras: a quantitative comparison. Journal of Biogeography 25:
155-163

Pysek P (1998b) Alien plants in Czech village flora: an analysis of
species numbers. Feddes Repertorium 109: 139-146

Pysek P (1998c) Is there a taxonomic pattern to plant invasions?
Oikos 82: 282-294

347

Pysek P (2001) Past and future of predictions in plant invasions: a
field test by time. Diversity and Distributions 7: 145-151

Pysek P and Prach K (1993) Plant invasions and the role of riparian
habitats — a comparison of four species alien to central Europe.
Journal of Biogeography 20: 413—420

Pysek P and Prach K (1995) Invasion dynamics of Impatiens
glandulifera: a century of spreading reconstructed. Biological
Conservation 74: 41-48

Pysek P and Pysek A (1995) Invasion by Heracleum mantegazzianum
in different habitats in the Czech Republic. Journal of Vegetation
Science 6: 711-718

Pysek P, Kucera T, Puntieri J and Mandak B (1995a) Regeneration in
Heracleum mantegazzianum: response to removal of vegetative
and generative parts. Preslia 67: 161-171

Pysek P, Prach K and Smilauer P (1995b) Relating invasion suc-
cess to plant traits: an analysis of the Czech alien flora. In:
Pysek P, Prach K, Rejmanek M and Wade M (eds) Plant Invasions:
General Aspects and Special Problems, pp 39-60. SPB Academic
Publishers, Amsterdam

Pysek P, Kopecky M, Jarosik V and Kotkovd P (1998a) The role
of human density and climate in the spread of Heracleum
mantegazzianum in the central European landscape. Diversity and
Distributions 4: 9-16

Pysek P, Prach K and Mandak B (1998b) Invasions of alien plants
into habitats of central European landscape: an historical pattern.
In: Starfinger U, Edwards K, Kowarik I and Williamson M (eds)
Plant Invasions: Ecological Mechanisms and Human Responses,
pp 23-32. Backhuys Publishers, Leiden, The Netherlands

Pysek P, Mandak B, Francirkova T and Prach K (2001) Persistence
of stout clonal herbs as invaders in the landscape: a field test of
historical records. In: Brundu G, Brock J, Camardal, Child LE and
Wade M (eds) Plant Invasions: Species Ecology and Ecosystem
Management, pp 235-244. Backhuys Publishers, Leiden, The
Netherlands

Pysek P, Jarosik V and Kucera T (2002a) Regional pattern of invasi-
bility in natural plant communities. Biological Conservation 104:
13-24

Pysek P, Sadlo J and Mandak B (2002b) Catalogue of alien plants of
the Czech Republic. Preslia 74: 97-186

Pysek A, Pysek P, Jarosik V, Hijek M and Wild J (2003a) Diver-
sity of native and alien plant species on rubbish dumps: effect
of dump age, environmental factors and toxicity. Diversity and
Distributions 9: 177-189

Pysek P, Sadlo J, Mandék B and Jarosik V (2003b) Czech alien flora
and a historical pattern of its formation: what came first to Central
Europe? Oecologia 135: 122-130

Pysek P, Sadlo J and Manddk B (2003c) Alien flora of the
Czech Republic, its composition, structure and history. In: Child
LE, Brock JH, Brundu G, Prach K, PySek P, Wade M and
Williamson M (eds) Plant Invasions: Biological Threats and
Management Options, pp 113-130. Backhuys Publishers, Leiden,
The Netherlands

Pysek P, Jarosik V and Kucera T (2003d) Inclusion of native and
alien species in temperate nature reserves: an historical study
from Central Europe. Conservation Biology 17: 1414-1424

Rejmanek M (1989) Invasibility of plant communities. In: Drake JA,
Mooney HA, di Castri F, Groves RH, Kruger FJ, Rejmanek M and
Williamson M (eds) Biological Invasions: a Global Perspective,
pp 369-388. John Wiley and Sons, Chichester, UK



348

Rejmanek M (1996) A theory of seed plant invasiveness: the first
sketch. Biological Conservation 78: 171-181

Rejmanek M and Richardson DM (1996) What attributes make some
plant species more invasive? Ecology 77: 1655-1661

Richardson DM, Pysek P, Rejmanek M, Barbour MG, Panetta FD
and West CJ (2000a) Naturalization and invasion of alien plants:
concepts and definitions. Diversity and Distributions 6: 93-107

Richardson DM, Bond WJ, Dean WRIJ, Higgins SI, Midgley GF,
Milton SJ, Powrie L, Rutherford MC, Samways MJ and
Schulze RE (2000b) Invasive alien species and global change:
a South African perspective. In: Mooney HA and Hobbs RJ (eds)
Invasive Species in a Changing World, pp 303-349. Island Press,
Washington, DC

Schroeder FG (1969) Zur Klassifizierung der Anthropochoren.
Vegetatio 16: 225-238

Shine C, Williams N and Giindling L (2000) A guide to design-
ing legal and institutional frameworks on alien invasive species.
TIUCN Environmental Policy and Law Paper No. 40, Gland,
Switzerland/Cambridge, UK

Slavik B (ed) (1995-2000) Kvé&tena Ceské republiky. Vols 4 (1995),
5(1997), 6 (2000). Academia, Prague

Slavik B and Lhotskd M (1967) Chorologie und Verbreitungsbiologie
von Echinocystis lobata (Michx.) Torr. et Gray mit besonderen
Beriicksichtigung ihres Vorkommens in der Tschechoslowakei.
Folia Geobotanica et Phytotaxonomica 2: 255-282

Stépének J (2000) Mentha L. — miéta. In: Slavik B, Stépankové J and
Chrtek J Jr (eds) Kvétena Ceské republiky 6: 674-693, Academia,
Prague

gtépének Jand TomsSovic P (2000) 7. Solanum L. —lilek. In: Slavik B,
Stépankova J and Chrtek J Jr (eds) Kvétena Ceské republiky 6:
260-280. Academia, Prague

Thellung A (1922) Zur Terminologie der Adventiv- und
Ruderalfloristik. Allgemeiner Botanische Zeitschrift, Karlsruhe,
1918/1919, 24/25: 36-42

Tucker KC and Richardson DM (1995) An expert system for screen-
ing potentially invasive alien plants in South African fynbos.
Journal of Environmental Management 44: 309-338

Vila M, Weber E and D’ Antonio CM (2001) Conservation implica-
tions of invasion by plant hybridization. Biological Invasions 2:
207-217

Vitousek PM et al. (1987) Biological invasion by Myrica faya alters
ecosystem development in Hawaii. Science 238: 802-804

Williamson M (1996) Biological Invasions. Chapman & Hall,
London

Wittig R (1991) Okologie der Grossstadtflora. Gustav Fischer Verlag,
Stuttgart, Germany

Zavaleta E (2000) Valuing ecosystem services lost to Tamarix
invasion. In: Mooney HA and Hobbs RJ (eds) Invasive
Species in a Changing World, pp 261-300. Island Press,
Washington, DC



