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This is the first complete inventory of alien vascular plant taxa for the Slovak Republic. The pre-
sented database contains information on family affiliation, residence status, invasion status, time of
introduction, mode of introduction, planting purpose, abundance and distribution within phytogeo-
graphic regions, types of invaded habitats and syntaxa, and life forms and geographical origin of the
alien taxa. In total, 21.5% of the total flora is made of up of alien taxa, comprised of 282 archaeo-
phytes that make up 6.6% and 634 neophytes 14.9% of the total number of taxa, respectively. The
majority of the alien taxa are casuals (57.6%), 39.1% are naturalized and 3.3% invasive. Most of
them come from Europe (32.8%) and Asia (32.8%), followed by Africa (12.2%) and North America
(10.8%). The database contains members of 98 families of which the Asteraceae, Brassicaceae,
Fabaceae, Poaceae, Amaranthaceae and Rosaceae are the most represented. Almost 50% of the
alien taxa are therophytes. Hemicryptophytes (26.3%) and phanerophytes (15.6%) are also abun-
dant. More of the alien taxa were introduced deliberately (49.0%) than unintentionally (43.9%), and
the majority were introduced as ornamental plants (55.9%). Of the total number of alien taxa, 45.2%
are recorded from less than five localities. Most of them prefer human-made habitats; they are found
in 137 phytosociological alliances, with those richest in alien taxa categorized as synanthropic
vegetation.

Keywords: adventive taxa, archaecophyte, invaded syntaxa, invasion status, land use, life form,
mode of introduction, neophyte, pattern of distribution, planting purpose, residence status, Slovak
Republic, time of introduction

Introduction

Along with the vast global changes that have resulted from the dramatic increase in num-
bers of people worldwide over the last few centuries and decades, there has been an
increasing concern about the consequences of the introduction and spread of alien species.
As numerous studies have shown, both intentionally and accidentally introduced alien
species of plants may have huge environmental effects on native biodiversity, through
changes in community structure, nutrient cycles, trophic levels, hydrology, fire regimes,
allelopathy, competition, hybridization and others, and may even cause high economic
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losses by reducing yields in crops and pastures, promoting allergic reactions and altering
the natural environment (Abbott 1992, Mack et al. 2000, Manchester & Bullock 2000,
Pimentel et al. 2001, Levine et al. 2003, Munoz & Cavieres 2008, Kettunen et al. 2009,
Winter et al. 2009, PySek & Richardson 2010, Vila et al. 2010, 2011, Stohlgren et al. 2011,
Pysek et al. 2012b).

Therefore, numerous studies have been devoted to finding answers to a few basic ques-
tions about the patterns of invasions of alien species, in particular, why some species are
more invasive than others (e.g. Mack 1996, Rejméanek 1996, Rejmanek & Richardson
1996, Williamson 1996, Hamilton et al. 2005, Richardson & PySek 2006, Pysek et al.
2009, Kubesova et al. 2010, Moravcova et al. 2010, Van Kleunen et al. 2010; see PySek &
Richardson 2007 for a review) and why some habitats are more invaded than others (e.g.
Tilman 1997, Lonsdale 1999, Stohlgren et al. 1999, 2006, Chytry et al. 2005, 2008a, b,
Herben 2005, Pysek et al. 2005, Sanz-Elorza et al. 2006, Vila et al. 2007, Simonova &
Lososova 2008, Carranza et al. 2011, Pinke et al. 2011).

Complete lists of alien floras are a very helpful tool for addressing the above-men-
tioned questions and enable us to perform macroecological studies on invasion patterns
and trends at both national (e.g. Deutschewitz et al. 2003, Kiihn et al. 2003, Chytry et al.
2005, 2009a, Williamson et al. 2005, Brindle et al. 2008, Kiister et al. 2008, Arianoutsou
etal. 2010, PySek et al. 2011) and continental levels (e.g. Weber 1997, Chytry et al. 2008b,
2009b, Hulme et al. 2008, 2009, Lambdon et al. 2008, Winter et al. 2009, Phillips et al.
2010, PySek et al. 2010a, b, Essl et al. 2011), with the progress on the latter stimulated by
the EU funded DAISIE project that resulted in major progress in the knowledge of the
state of the art of biological invasions in Europe (DAISIE 2009, Hulme & Weser 2011). As
a result, detailed catalogues of the alien plants in various European countries were pro-
duced during the last decade (e.g. Preston et al. 2004 for UK, Celesti-Grapow et al. 2009
for Italy, Arianoutsou et al. 2010 for Greece). Although there are such catalogues for sev-
eral neighbouring countries (Protopopova 1991 for Ukraine, and PySek et al. 2012a for the
Czech Republic) or partial lists of archaecophytes (Zajac & Zajac 1975, Zajac 1979, 1987a,
b, 1988 for Poland, Terp6 et al. 1999 for Hungary, Protopopova & Shevera 2005 for
Ukraine), neophytes (Zajac et al. 1998 for Poland, Essl & Rabitsch 2002 for Austria,
Balogh et al. 2004 for Hungary) or invasive species (Protopopova et al. 2006 for Ukraine),
these catalogues only have regional validity, and they are of limited value for addressing
the above questions in Slovakia.

History of botanical research in Slovakia on alien species

Botanical research in the region of the current Slovak Republic has a long tradition. The
first floristic work from this region, by Lumnitzer (1791), was on the flora of the city of
Bratislava and its surroundings. The work contained a complete list of all of the taxa pres-
ent, often including detailed information on their distribution, habitat preferences and
even naturalization status, and stating whether the species was only cultivated or already
spreading spontaneously. Because Bratislava was one of the most important centres of
transport, trade and industry at that time and is located in the most invaded southern part of
the country, we may presume that the work included most of the alien species that were
present in the region of current Slovakia at that time.
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Lumnitzer’s Flora Posoniensis (1791) was followed by the work of Endlicher (1830),
again from the region of Bratislava and its surroundings, which increased the knowledge
of the process of naturalization of new taxa by including more alien species that were
introduced after 1791 and stating that some species, which were reported as only culti-
vated by Lumnitzer, were already spreading spontaneously.

The first flora for the whole region of Slovakia was prepared by Reuss (1853); his work
mentions naturalization status as well, often stating that a given species was both culti-
vated and found at ruderal sites. The studies of other botanists in the second half of the
19th century focused especially on regional floras, such as the flora of Bratislava and its
surroundings (e.g. Bolla 1856, Richter 1863, Wiesbaur 1865) or the counties of Gemer
(e.g. Fabry 1867), Trencin (e.g. Holuby 1896) and Nitra (e.g. Pantocsek 1899); a more
detailed overview of the work prior to 1975 is presented by Krippelova (1975). After the
formation of Czechoslovakia, a request for a new national flora emerged and was com-
pleted by Domin et al. (1928) and Dostal (1948—1950). Together with an increasing scien-
tific knowledge about alien species, the number of works dedicated to the taxonomy,
spread, distribution and ecology of alien taxa increased, e.g. Oxalis (Smejkal 1965),
Oenothera (Jehlik & Rostanski 1979) and Chenopodium (Schwarzova 1999). The vol-
umes of the Flora of Slovakia, published since 1966, also contain information on many
alien taxa. The knowledge of the taxonomy, ecology and distribution of the most impor-
tant alien species of the former Czechoslovakia is summarized by Hejny et al. (1973) and
Jehlik (1998). Information on neophytes is included in the work of Dostil & Cervenka
(1991-1992); however, the value of that data is limited because it was for all Czechoslova-
kia, and many of the taxa mentioned as neophytes were absent in Slovakia. Additionally,
some records of the species given in that work are now considered to be doubtful, such as
those of Aster cordifolius L. (M. Slovédk, pers. comm.), Hainardia cylindrica (Willd.)
Greuter (P. Elia$ jun., pers. comm.) and Trifolium squarrosum L. (Kubét in Slavik 1995).
Although lists of archaeophytes (Halada 1997) and the most important alien, invasive and
expansive species (Gojdi¢ova et al. 2002) in the region of Slovakia were compiled, and
some information on alien species was included in Marhold (1998), there was a growing
need for the preparation of a complete inventory of all of the alien vascular taxa in
Slovakia, which summarizes all of the data published on certain alien taxa recorded in
Slovakia to date. Therefore, the present study was designed to report the current state of
the alien vascular flora of Slovakia and it is believed that the results of this study will have
many scientific and practical applications.

Characteristics of the region studied
History of the effects of humans on the regional flora

The first archaeological evidence of the presence of early humans and human ancestors
(Homo erectus and H. neanderthalensis) in the region of Slovakia are from
1,000,000-250,000 BC (Skvarna et al. 2002). At that time, the region was inhabited by
hunter-gatherers, who obtained their food from wild plants and animals, and had a negligi-
ble effect on the surrounding countryside. More significant changes came at the beginning
of the Neolithic era (around 5700 BC), which was characterized by the beginning and
expansion of the planting of cultivated crops, such as Hordeum, Lens, Panicum, Pisum
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and Triticum, accompanied by the first alien weeds (archaeophytes), such as Asperula
arvensis, Chenopodium hybridum, Echinochloa crus-galli, Fallopia convolvulus, Galium
tricornutum and Solanum nigrum (Hajnalova 1993). Archaeological finds demonstrate
that Neolithic man raised cows, sheep, pigs and goats (Skvarna et al. 2002). Further devel-
opment included the mining and processing of metals such as copper, gold and iron, the
increase in the concentration of people into larger settlements and the exchange of goods.
The territory of Slovakia has played an important role as a crossroad of commercial and
cultural paths (The Amber Road, Via Bohemica, Via Magna) since the Early Bronze Age
(Skvarna et al. 2002).

All of these changes in land use, together with an increased need for arable land,
resulted in the increased use of wood and subsequent deforestation. The process of settle-
ment started in the lowlands and on terraces of large rivers; however, the mountainous
regions were settled during the final phase of the Bronze Age (Caplovi¢ 1987). In the
Early Iron Age, during the Hallstatt culture (around 700 BC), the exploitation of forest
increased (Krippel 1986). The native plant cover was completely removed in many parts
of central Europe prior to the Roman period. The forest communities, which have re-
established on the same sites later, could be considered anthropogenic from the historical
point of view (Ralska-Jasiewiczova 1982). Deforestation continued during the Roman
period (0-375 AD) due to the timber requirements of the Romans and use of iron saws.
During the Great Moravian Empire (833-907 AD), the exploitation of forests decreased,
and the forests partially naturally regenerated, mainly because the Slavic tribes required
less timber, did not use iron saws and developed agricultural systems that resulted in
a more efficient use of arable land, which resulted in a decrease in deforestation. More-
over, the forests were protected both for religious reasons and as a food source (Krippel
1986). The lower human pressure on forests over a large area was typical in this period.
Kostrowicki (1982) states that in Europe more than half of the formerly cultivated land
returned to a more natural state during the early Middle Ages (5th to the 11th century AD).
From the 12th to the 17th century, many sparsely inhabited and less-fertile regions of cur-
rent Slovakia were colonized and cultivated under German, Walachian and mountain
farmer law, resulting in further changes in the land use (Skvarna et al. 2002). Arrival of
Turks, Tartars, Croatians and other Balkan ethnic groups, together with the establishment
of vineyards and medieval monastery gardens represented other important sources of alien
species during the Middle Ages.

The development of modern society brought new technologies, means of manufacture
and population growth as well as an expanding local, international and even intercontinen-
tal exchange of goods. These changes led to a new wave of introductions of alien plants,
both accidental and deliberate. A greater knowledge of agriculture and forestry motivated
and encouraged people to introduce foreign species of crops, ornamentals and trees. In
forestry for example, the 18th and 19th century represented an era of numerous introduc-
tions of new species of trees, mostly from North America and Asia, both to parks and natu-
ral forests (Bencaf 1982). The 19th century was also the era of the Industrial Revolution in
this region, leading to vast changes in the society, economy and land use. From 1945 to
1989, the region was under a communist regime, which enormously affected the whole
country: the transport of people and goods through the Iron Curtain was limited, there
were vast changes in land use and agricultural technologies due to collectivization and the
formation of cooperative farms, and people were motivated to move from villages to



Medvecka et al.: Alien flora of Slovakia 261

towns, leading to the depopulation of rural areas and the abandonment of less productive
or remote sites, among other changes. In contrast, there was a massive exchange of goods
between the former Czechoslovakia and former USSR, which were carried via the rail-
ways and waterways, leading to numerous accidental introductions of alien species from
Asia and Eastern Europe (Jehlik & Hejny 1974). After the revolution in 1989, the limita-
tions on the transport of goods and people were removed and this country underwent many
of the same changes as occurred in the surrounding countries.

Geography and climate

The southern part of the Slovak Republic forms part of the province of Pannonia and has
a minimum altitude of 94 m. The rest of the country is predominantly mountainous and
forms part of the Western and also Eastern Carpathians, where the maximum altitude is
2655 m (§ucha 2011). Slovakia is in central Europe, located on the transition line between
atemperate oceanic and temperate continental climate. The average annual precipitation is
807.5 mm (arithmetic mean for the years 2000-2009, Slovak Hydrometeorological Insti-
tute 2011), ranging from 500 mm in the lowlands of southern Slovakia to 2000 mm in the
High Tatras in the north, and 40% of the precipitation falls in summer (June-August). The
average annual temperatures range from 9 to 11 °C in the lowlands of southern Slovakia to
-3 °C at the peaks of the High Tatras in the north. July is the warmest month, while January
is the coldest month. Average number of frost days (period of 24 hours in which the mini-
mum temperature in a thermometer screen is equal to or below 0 °C) varies from 90 in the
south of Slovakia to 160 in the mountain valleys in the north of Slovakia (Slovak Hydro-
meteorological Institute 2011).

Land use

Almost half of the total area of Slovakia is used for agriculture (49.3%). The remaining
surface area is composed of forests (41.0%), water bodies (1.9%), built-on land (4.7%)
and other land uses (3.1%) (Statistical Office of the Slovak Republic 2010). Most of the
agricultural land is arable (69.9%), with the remainder composed of grasslands (27.1%),
vineyards (0.8%), orchards (0.5%), home gardens (1.7%) and other types of agriculture
(0.04%) (Rozborilova & Bastekova 2010). A total of 69.8% of the forests are commercial,
17.1% are protected, and 13.1% have a special purpose. Almost one fifth (19.1%) of the
land area is protected (Statistical Office of the Slovak Republic 2010).

The infrastructure of the region consists of a relatively dense transportation network
(roads, railways, navigable rivers and airports). Few important international motorways
pass through the country from the Czech Republic, Austria and Hungary. The railway sta-
tions Cierna nad Tisou and Dobra were important international transhipment points for
goods traded between the former USSR and central Europe and served as important
sources of propagules of alien species from the east (Jehlik & Dostéalek 2008). There are
two important international ports on the Danube River on the Rhine-Main-Danube water-
way in Bratislava and Komarno, which serve as important transhipment points for both the
transport of goods (coal, ore, crops and other agricultural products, etc.) and passengers
(Jehlik 1998).
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Methodology and terminology

To characterize the residence and invasion status of a taxon, we use the definitions proposed
by Richardson et al. (2000), further elaborated in PySek et al. (2004) and Blackburn et al.
(2011), because their terms are clearly defined. Their terminology is also widely accepted in
the current literature, enabling a more efficient comparison of our results with those for other
countries. The presented database consists of all taxa of vascular plants (including
nothotaxa) that are not considered to be natives of the Slovak Republic and were recorded in
the wild (not cultivated) at least in one locality. We consider a taxon native if it evolved in the
territory, arrived there before the beginning of the Neolithic era or came to the region after-
wards but through methods entirely independent of human activity (Webb 1985, Pysek et al.
2004). We therefore consider as alien all taxa that arrived in Slovakia after the beginning of
the Neolithic era, were introduced either directly by man or as a result of human activity or
the activity of domestic animals and were recorded growing wild at least once. If the taxon is
considered to be native at any locality within the territory, it is not included in the list (e.g.
Telekia speciosa). Hybrids with non-native taxa are considered to be alien because they
would not occur without the presence of their exotic parent (Pysek et al. 2004). The hybrids
that are cultivated and do not have any recorded locality outside of the cultivation area were
excluded from the list. The hybrids of two archaeophytes or of an archaeophyte and a native
taxon are considered to be archaeophytes, even if they were recently recorded because it is
possible that the nothotaxon might have also hybridized in the past. The hybrids with one
neophyte parent, regardless of the residence status of the other parent, are considered to be
neophytes (PySek et al. 2002). The taxa are mostly reported at the species level; the only
exceptions are the species with subspecies that have different residence statuses. Some of the
taxonomically problematic taxa were included in aggregates, namely Aster novi-belgii agg.
(A. laevis, A. lanceolatus, A. novi-belgii, A. parviflorus, A. xsalignus, A. xversicolor Willd.)
and Xanthium orientale agg. (X. albinum, X. italicum, X. ripicola, X. saccharatum). The
nomenclature of the taxa follows Marhold et al. (2007). Taxa that are not included in
Marhold et al. (2007) are associated with a particular author in the text or marked by aster-
isks in Appendix 1.

Data sources

We have collated data from all of the main publications on the floristics of the region of
Slovakia, namely, the Flora of Slovakia (Futdk 1966, Futik & Bertova 1982, Bertova
1984, 1985, 1988, 1992, Bertova & Goliasova 1993, Goliasova 1997, Goliasova &
gipoé.ové 2002, 2008, Goliasova & Michalkova 2006, 2012), studies of Dostal &
Cervenka (1991-1992), a book on the alien invasive species in the Czech and Slovak
Republics (Jehlik 1998), information in accessible journals, unpublished data of our col-
leagues and our own personal knowledge. We also consulted the works of Halada (1997)
on archaeophytes and Gojdicova et al. (2002) on the alien, invasive and expansive vascular
plants in Slovakia. The paleobotanical works of Tempir (1969), E. Hajnalova (Hajnalova
1975, 1985, 1989, 1993, 1999, 2001, Hajnalova et al. 1993), M. Hajnalova (Hajnalova
1994) and Opravil (1978) were also consulted. The historical botanical works of
Lumnitzer (1791), Endlicher (1830), Reuss (1853), Richter (1863), Fabry (1867), Holuby
(1896) and Dostél (1948—1950) and others were also studied. We have critically reviewed
the opinions of all of the above mentioned authors, taking into consideration the criteria
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suggested by Webb (1985), namely the fossil evidence, historical evidence, habitat, geo-
graphical distribution, ease of known naturalization elsewhere, genetic diversity, repro-
ductive pattern and supposed means of introduction. The complete list of references
employed in producing the database is given in Electronic Appendix 1.

During the determination of residence time and invasion status of alien taxa in
Slovakia, we have taken into consideration the relevant data from the surrounding coun-
tries — Austria (Essl & Rabitsch 2002, Fischer et al. 2008), Czech Republic (PySek et al.
2002), Hungary (Priszter 1997, Terpd et al. 1999), Poland (Zajac & Zajac 1975, Zajac
1979, 1987a, b, 1988, Rostariski & Sowa 1986-1987, Zajac et al. 1998, Mirek et al. 2002),
Ukraine (Protopopova 1991, Prototopova & Shevera 2005, Prototopova et al. 2006) and
central Europe as a whole (Lohmeyer & Sukopp 1992, Sukopp 2006).

For the evaluation of taxon abundance, distribution in phytogeographic regions and
occurrence in plant communities attributed to various syntaxa of the phytosociological
classification, as well as in various types of habitats, we have used published data and our
own unpublished data of field research and that of our colleagues, together with the Cen-
tral Database of Phytosociological Relevés (CDF, http://ibot.sav.sk/cdf/) and the Database
of Floristic Data, which are both administered by the Institute of Botany of the Slovak
Academy of Sciences, and the Informational System on Taxa and Biotopes (ISTB,
http://www.sopsr.sk/istb/), which is maintained by the State Nature Conservancy of the
Slovak Republic. The CDF consists of more than 50,000 phytosociological relevés carried
out in Slovakia. To increase the credibility of the results, we have excluded doubtful
records and those of cultivated taxa from the relevés. The use of a geographical stratifica-
tion (Chytry et al. 2005) was inconvenient because it led to the exclusion of rare casual
taxa and rare syntaxa, and the pattern of distribution within the phytogeographic regions
of the frequent taxa in the stratified database was very similar to that of the unstratified
database. The resulting output of the CDF database consisted of 51,523 relevés. The ISTB
database contained 5,872 records.

All of the data collected are stored in the newly created Database of the Alien Species
of Slovakia (DASS), which served as a source for the preparation of Appendix 1 and of the
analyses presented.

Evaluated categories

To indicate the residence time of taxa, we have used the terms archaeophyte and neophyte.
The term archaeophyte refers to alien taxon introduced to the region from the beginning of
Neolithic agriculture up to the year 1500, and neophyte for those introduced after this date
(sensu PySek et al. 2004). To indicate the invasion status of a taxon, we have used the terms
casual, naturalized and invasive, following the definition of Richardson et al. (2000).
Casual taxa are defined as alien taxa that may flourish and eventually reproduce in an area
but do not form self-reproducing populations and therefore are dependent on repeated
introductions. Naturalized aliens reproduce regularly, forming stable populations lasting
for many life cycles. Invasive taxa are naturalized aliens whose propagules are able to
spread over a considerable area. If a taxon appeared to be invasive in the past or was pres-
ent at many more localities in the past and now has stable or decreasing populations, we
have indicated this by means of an octothorpe (#) in the residence time column of the table
in Appendix 1.
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The time of introduction of neophytes refers to the year of its first reported occurrence
in the region from which the so-called minimum residence time can be inferred (Rejmanek
2000, PySek & JarosSik 2005). The taxon might have occurred in the region before this
date; however, we have no published record of its presence. For some of the taxa, we did
not have precise information about the year of introduction, and therefore, we have stated
the century of the known introduction. The years of the first known occurrence in the wild
(that is, at a place where the taxon was not deliberately planted) for the taxa that were
introduced deliberately are included in brackets in Appendix 1. For the taxa that were
introduced unintentionally, the year of introduction is the same as the year of the first doc-
umented occurrence in the wild. For the archaecophytes, we have stated the era for which
we have the first archaeological evidence of the taxon’s occurrence within the region,
namely the Neolithic and Aeneolithic era (5000-1900 BC), Bronze Age (1900-700 BC),
Iron Age (700-0 BC), Roman period and Migration period (0-565 AD) or Medieval
period (565-1500 AD). The paleobotanical works of Tempir (1969), Opravil (1978),
E. Hajnalova (Hajnalova 1975, 1985, 1989, 1993, 1999, 2001, Hajnalova et al. 1993) and
M. Hajnalova (Hajnalova 1994) were the main sources of data for the archaeophytes. The
historical botanical works of Lumnitzer (1791), Endlicher (1830), Reuss (1853), Richter
(1863), Fabry (1867), Holuby (1896) and Dostal (1948-1950) were the main sources for
the neophytes. The work by Bencat (1982) was the main source for the time of introduction
of most of the trees.

The introduction mode is the main pathway of introduction of the taxa into the country.
The taxon may have been introduced either deliberately by man or unintentionally as
a result of human activity (Hulme et al. 2008). Some of the taxa were introduced by both
means and it is hard to distinguish which mode was more important. In some cases, how-
ever, one of the modes is considerably more important; for example, Prunus persica both
escapes from areas, where it is cultivated and accidentally spreads from ports, although
plantations are considered to be a much more important source of its propagules.

The planting purpose was evaluated for the cultivated taxa. All of the possible uses
were divided into several categories: fodder crops, food (cereals, fruit, legumes, vegetable,
nuts, seeds, etc.), forestry (including trees planted for timber, landscaping and prevention
of soil erosion), medicinal plants (including cosmetics), melliferous plants, oil crops,
ornamentals (including garden ornamentals, park trees and aquarium plants), spices and
technical crops (including fibres and dyes). If a taxon is cultivated for more than one rea-
son, we have assigned it to each of its cultivation purposes.

The abundance in Slovakia was derived from the number of records in the CDF and
ISTB and from other published and unpublished sources by using the semi-quantitative
scale of Clement & Foster (1994 sec. Pysek et al. 2002): 1 = 1-4 localities, 2 = 5-14,3 =
15-49, 4 =50-499, 5 = more than 500 localities. We attempted to avoid counting the same
locality more than once by skipping the sources that were already included in the data-
bases and by comparing the data extracted from different sources. If a taxon was found in
one locality and its presence there was later confirmed by the same or other authors, we
have counted this as one record for the locality. For the cultivated plants, we have taken
into account only those localities where a taxon was not deliberately planted, including
those where it was found as a remnant from previous cultivation (e.g. Helianthus annuus
that was deliberately planted in one year and grew from seeds as a weed species in a Zea mays
crop the following year). For deliberately planted trees, we have included only localities
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where the taxa were self-reproducing. If a taxon is considered to be regionally extinct (i.e.,
not recorded in Slovakia for the last 50 years), we have indicated this information by plac-
ing a cross (1) in the abundance column of Appendix 1.

The existing phytogeographic division of Slovakia according to Futdk (1980) was used
to characterize the distribution of the taxa. The Eupannonicum region consists of lowlands
in the south-eastern and south-western regions of the country and Matricum region in the
centre of southern Slovakia. The majority of the highlands are part of the Praecarpaticum
region whereas the flysch-based mountains in the north-western region of the country are
part of Beschidicum occidentale and those in the north-eastern region of the Beschidicum
orientale. The Eucarpaticum region includes the highest mountain ranges in the north of
Slovakia. The Intercarpaticum region consists of the large basins between these mountain
ranges. The small region in the north-eastern corner of the territory, which is part of the
Eastern Carpathians, is the Carpathicum orientale region. The distribution of the taxa
within the phytogeographic regions was evaluated using records from the literature, CDF,
ISTB and unpublished data.

The category of land use represents the type of habitat invaded, which is either natural,
semi-natural or human-made, based on the types of syntaxa invaded (based on the CDF
data) and other records. Built-up areas, parks, gardens, orchards, agricultural land, all the
types of ruderal vegetation and the other types of habitats that are seriously altered by
human activity, e.g. the cooling ponds of thermal spas are categorized as human-made.
The semi-natural habitats include cultural landscapes that are moderately affected by man
(excluding human-made habitats), such as pastures, regularly mown grasslands and quar-
ries. The forests and naturally treeless vegetation (alpine vegetation, wetlands, etc.) are
natural habitats. If a taxon was found in more than one type of habitat, it was considered as
occurring in each of the habitats in which it was found. If a taxon was found in more than
one type of habitat, but the majority of the records were for one type of habitat, the most
important type of habitat was highlighted by the use of bold letters in the land-use column
of Appendix 1.

The association of taxa with various phytosociological syntaxa was determined using
the CDF database at the alliance level. The classification and nomenclature of the syntaxa
are based on Jarolimek & Sibik (2008). If a taxon was found in more than one syntaxon, it
was considered as occurring in each of the syntaxa in which it was found. The most impor-
tant syntaxa were highlighted by the use of bold letters in the table (Appendix 1). For the
taxa found in a wide spectrum of various syntaxa, only the most important syntaxa were
used (Appendix 1). Some (usually rare) taxa have no record in the CDF database and
therefore their association with phytosociological syntaxa was not evaluated.

The life forms were determined according to the Flora of Slovakia and other cited liter-
ature using a Raunkier life-form classification: therophyte, hemicryptophyte, chamae-
phyte, phanerophyte, geophyte and hydrophyte. If there was no information on the life
form in Slovakia, data for climatically similar European countries were used: Austria
(Fischer et al. 2008), Czech Republic (Hejny & Slavik 1988—1992, Slavik 1995-2000,
Kubét et al. 2002, Slavik & St¥pankova 2004, St¥pankova 2010) and Germany
(Oberdorfer 1979, Frank & Klotz 1990). If the taxon has more than one life form, it was
considered as representative of each of its life forms.

In the category of origin, we have listed the continents of which the taxon is considered
to be native. Because some of the taxa have arisen through cultivation (anecophytes sensu
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Kiihn & Klotz 2002) or hybridization, we have also included a cultivation category and
hybrid category. If a taxon is considered to be native of more than one continent, it was
considered as occurring on each of the continents. The online plant databases
NPGS/GRIN (http://www.ars-grin.gov/cgi-bin/npgs/html/taxgenform.pl) and Euro+Med
Plantbase (http://www.emplantbase.org/home.html) were used as the main sources of
information, especially for neophytes because archaeophytes are considered as native in
these databases. The data were compared to other sources, primarily the Flora of Slovakia
(Futdk 1966, Futdk & Bertova 1982, Bertova 1984, 1985, 1988, 1992, Bertova &
GoliaSova 1993, GoliasSova 1997, GoliaSova & §ipo§0vé 2002, 2008, GoliaSova &
Michalkova 2006), Flora of the Czech Republic (Hejny & Slavik 1988-1992, Slavik
1995-2000, Slavik & §tépénkové 2004, gtépénkové 2010) and other cited literature.

Results and discussion
Number of alien taxa and their residence time

To obtain the number of taxa in Slovakia we used the list of taxa in the CD version of the
book Chromosome Number Survey of the Ferns and Flowering Plants of Slovakia
(Marhold et al. 2007). From the original list we excluded varieties, alien and cultivated
taxa. Resulting dataset of native taxa consisted of 3337 species and subspecies, including
hybrids and microspecies. Slovak alien flora consists of 282 archaeophytes and 634 neo-
phytes including subspecies and hybrids. Therefore, in total there are 4253 taxa in the Slo-
vak flora including subspecies, microspecies and hybrids of both native and alien species.
Archaeophytes make up 6.6% and neophytes 14.9% of the total number of taxa in the Slo-
vak flora. In total, there are 916 alien taxa, making up 21.5% of the total flora.

In the database presented (Appendix 1), we have considered taxa at the species level.
The only exceptions were species with subspecies that had a different residence status. As
aresult of the methodology applied, Appendix 1 includes 880 alien taxa, of which 256 are
archaeophytes and 624 neophytes.

The DASS contains 54 hybrids (Appendix 1). Of the total number of hybrids 22 are
between two neophytes, two between a neophyte and an archaeophyte, 12 between a neo-
phyte and a native taxon, five between two archaeophytes and 13 between an archaecophyte
and a native taxon. Eleven of the hybrids between two neophytes were intentionally
planted or garden cultivars that have escaped (e.g. Fragaria xananassa, Platanus
xhispanica) and eleven of the hybrids hybridize naturally (e.g. Amaranthus xozanonii,
Oenothera xslovaca). Four of the hybrids between a neophyte and a native taxon are also
cultivated (e.g. Medicago xvaria, Mentha Xpiperita, Populus Xcanadensis). Spontaneous
hybridization is most frequent between archaeophytes and native taxa (e.g. Arctium
xcimbricum, Centaurea Xextranea, Silene xhampeana, Viola xscabra). Pooling across
the two categories of residence time, archaeophytes and neophytes, there are 29 hybrids
between two or more alien taxa and 25 between alien and native taxa. Results of surveys in
other parts of the world indicate that hybridization with introduced species may negatively
affect the gene pool of native species (e.g. Abbott 1992, Daehler & Carino 2001, Bleeker
et al. 2007).
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There are 33 species of uncertain residence status, because there is more or less equally
convincing evidence of both their alien and native origin. List of these species is attached
in Appendix 2.

The number and percentage of alien taxa is much lower than in the neighbouring Czech
Republic, a country of similar size, climate and human activities, where alien taxa make up
33.4% of the 4132 taxa in the Czech flora (PySek et al. 2002). The observed discrepancy
might be caused by the fact that many taxa that are considered to be alien in the Czech
Republic are considered to be native in some localities in Slovakia. This is the case for
many Pannonian taxa (e.g. Marrubium peregrinum, Melampyrum barbatum, Trifolium
pannonicum), montane taxa native to the Tatra and Fatra mountain ranges (e.g. Angelica
archangelica, Hesperis matronalis, Rumex alpinus) and Eastern Carpathian taxa (e.g.
Telekia speciosa, Rumex confertus). Furthermore, some alien species, e.g. Anoda cristata
(L.) Schldl., Artemisia biennis Willd., Echinochloa muricata (P. B.) Fernald and Sida
spinosa L., were introduced into the Czech Republic via the Elbe route (Jehlik & Hejny
1974) and have not reached Slovakia.

Invasion status

The majority of the alien taxa are casual (507 taxa, 57.6%), 344 (39.1%) are naturalized but
not invasive and 29 (3.3%) are invasive. Regarding the process of invasion, 42.4% of all of the
recorded introduced taxa became naturalized and 7.8 % of the naturalized taxa are invasive.

The majority (78.9%) of the archaeophytes in Slovakia are naturalized, i.e. they have
already ceased spreading and have relatively stable populations (Fig. 1). Only a few of the
archaeophytes are cultivated taxa, dependent on deliberate reintroduction for their sur-
vival, e.g. Avena sativa, Brassica rapa, Hordeum vulgare, Morus nigra and Prunus
persica. Only four (1.6%) of the archaecophytes in Slovakia are considered to be invasive
and spreading rapidly, namely Apera spica-venti, Atriplex tatarica, Cardaria draba and
Echinochloa crus-galli. Most of the neophytes (73.2%) are casual and 22.8% of them have
already successfully naturalized. Of the naturalized neophytes 15% are invasive.

Origin and taxonomical classification

Most of the alien plants in Slovakia came from Europe (32.8%) and Asia (32.8%), fol-
lowed by Africa (12.2%) and North America (10.8%), and relatively few originated from
South (3.3%) and Central America (1.9%) or Australia (0.3%). In total 3.8% originated
from hybridization and 2.1% are anecophytes (Fig. 2).

The recorded taxa belong to 98 families (Appendix 1), with most belonging to the
Asteraceae, followed by Brassicaceae, Fabaceae, Poaceae, Amaranthaceae and Rosaceae
(Table 1). Most of the abovementioned families are large, cosmopolitan families and well
represented in the native flora, with the exception of the Amaranthaceae, of which there
are few species in the native flora. There is a high diversity of alien taxa belonging to all of
theses families also in other European (Weber 1997, PySek et al. 2012a, Lambdon et al.
2008, Celesti-Grapow et al. 2009, Arianoutsou et al. 2010, Hyvonen & Jalli 2011) and
Asian countries (Jiang et al. 2011), and even globally (Daehler 1998, PySek 1998,
Stohlgren et al. 2011). In contrast, the families Orobanchaceae, Cyperaceae, Salicaceae
and Orchidaceae are relatively abundant in the native flora but are almost absent in the
alien flora; indeed, there are no alien Orchidaceae. This is attributed to their dependence
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Fig. 1. — Number of casual, naturalized and invasive archaeophytes and neophytes in the flora of Slovakia. ‘Natu-
ralized’ category includes taxa that are naturalized but not invasive, and the total number of naturalized taxa is the
sum of this category and that of invasive species. Numbers of taxa in each category are indicated above the bars.
Note that the number of alien taxa in the analyses differs from the total number of alien taxa mentioned in the
results, because in the analyses we have considered taxa at the species level. The only exceptions were species
with subspecies that had a different residence status.
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Fig. 2. — Origin of the archaeophytes and neophytes in the Slovak flora. Numbers of taxa in each category are indi-
cated next to the bars. If a taxon is considered to be native of more than one continent, the taxon was considered as
occurring on each of the continents.
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on specialized pollinators and mycorrhizae (Daehler 1998). The alien taxa in 59 of the
families are represented solely by neophytes, as in Onagraceae (20 taxa), Pinaceae (10),
Alliaceae (8), Oxalidaceae (7) and Crassulaceae (6). The alien taxa of the families
Linaceae (1 taxon), Verbenaceae (1) and Zygophyllaceae (1) are all archaecophytes. Only
one alien taxon was identified in 23 of the families.

There are 147 genera and 364 genera represented by archaeophytes and neophytes,
respectively, in the Slovak flora, recorded in the DASS database. The most represented
genera within the archaeophytes are Chenopodium (12), Prunus (7), Arctium (6), Carduus
(6), Veronica (6) and Vicia (6) and within the neophytes Amaranthus (19 taxa), Oenothera
(15), Chenopodium (10), Allium (8) and Solanum (8). Regardless of the residence time,
the database contains 447 genera, some of which are represented by both archaeophytes
and neophytes. The genera Chenopodium (22), Amaranthus (19), Oenothera (15), Prunus
(12), Euphorbia (10), Vicia (10) and Viola (10) are the most represented. There are greater
diversities of aliens in these genera also elsewhere in Europe (PySek et al. 2002, Lambdon
et al. 2008, Arianoutsou et al. 2010).

Table 1. — Comparison of the number and percentage of the alien and native taxa in selected families of the Slovak
flora. See Methods for sources of data on native flora.

Family Number of alien taxa % of all alien taxa Number of native taxa % of native taxa
Asteraceae 110 12.5 548 16.4
Brassicaceae 66 7.5 130 3.9
Fabaceae 59 6.7 137 4.1
Poaceae 58 6.6 232 7.0
Amaranthaceae 53 6.0 24 0.7
Rosaceae 44 5.0 331 9.9
Lamiaceae 32 3.6 106 3.2
Caryophyllaceae 30 3.4 125 3.7
Apiaceae 24 2.7 78 2.3
Plantaginaceae 24 2.7 68 2.0
Solanaceae 23 2.6 5 0.1
Boraginaceae 20 2.3 49 1.5
Onagraceae 20 2.3 43 1.3
Malvaceae 15 1.7 12 0.4
Ranunculaceae 13 1.5 101 3.0
Life forms

Almost half (48.0%) of the alien taxa in Slovakia are therophytes. Hemicryptophytes (26.3%)
and phanerophytes (15.6%) are well represented and geophytes (5.9%), chamaephytes
(2.8%) and hydrophytes (1.4%) are less frequent (Fig. 3). The majority of the archaecophytes
(67.3%) are therophytes, 24.6% hemicryptophytes, 5.3% phanerophytes, 2.1% geophytes
and 0.7% chamaephytes. The high percentage of therophytes is because a significant per-
centage of archaeophytes are annual weeds of arable land. The neophytes have a rather dif-
ferent spectrum composed of 39.2% therophytes, approximately the same percentage of
hemicryptophytes (27.0%), a much higher percentage of phanerophytes (20.4%) and
a slightly higher percentage of geophytes (7.6%) and chamaephytes (3.7%). The higher per-
centage of phanerophytes is likely to have resulted from the enthusiastic introductions of
alien trees, both for forestry and as park ornamentals, during the last three centuries, because
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Fig. 3. — Spectrum of the Raunkizr life forms of archaeophytes and neophytes in the Slovak flora. Numbers of
taxa in each category are indicated next to the bars. The numbers in parentheses following the life forms indicate
the total percentage pooled across archaecophytes and neophytes. If the taxon has more than one life form, it was
considered as representative of each of its life forms.

all of the recorded taxa of trees were deliberately introduced. All of the hydrophytes are neo-
phytes and eight hydrophytes were deliberately introduced, mainly as aquatic ornamentals,
which then escaped from aquaria.

Mode of introduction and purpose of planting

Almost half (49.0%) of the taxa were introduced deliberately, 43.9% accidentally and
7.1% both accidentally and deliberately. The majority of the deliberately introduced taxa
are ornamentals (55.9%). Other important purposes for planting were for use as food
(14.2%), medicine (9.5%), fodder (6.0%), forestry (3.8%) and spices (3.8%) (Fig. 4). Sim-
ilar results are recorded for other European countries (Pysek et al. 2002, Arianoutsou et al.
2010). Lambdon et al. (2008) show the largest group of plant species imported to Europe
is ornamentals. According to Lambdon & Hulme (2006), the majority of garden
ornamentals, despite frequent introductions, usually are at low risk of becoming invasive
as they are poorly adaptated for survival in the wild (but see Hulme 2011).

Abundance

A total of 225 (25.6%) of all of the alien taxa were present at only one locality in Slovakia,
45.2% at less than five localities, and smaller percentages at 5 to 14 localities (15.7%), 15
to 49 localities (12.0%), 50 to 499 localities (20.3%) or more than 500 localities (6.7%).
Although there seems to be no pattern in the distribution among the five categories, from
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Fig. 4. — Composition of the Slovak alien flora with respect to the purpose of planting. Numbers of taxa in each
category are indicated above the bars. Taxa attributed to multiple categories were assigned to each of them.

400 4 371

350 | ] M archaeophytes

O neophytes
300 -~
250 -
200 -

150 4 117 121

Number of taxa

100 +
62
44 58 43

50 4 27 21 16

o | Il |

1-4 5-14 15-49 50-499 >500

Number of localities

Fig. 5. — Distribution of the archaecophytes and neophytes in the Slovak alien flora with respect to the number of
localities at which a given taxon was found. Numbers of taxa in each category are indicated above the bars. Note
that the number of alien taxa in the analyses differs from the total number of alien taxa mentioned in the results,
because in the analyses we have considered taxa at the species level. The only exceptions were species with sub-
species that had a different residence status.

Fig. 5 it is apparent that it is important to analyse the archaeophytes and neophytes sepa-
rately. Most of the archaeophytes are naturalized within the region and already reached
their optimal distribution, with the majority of the taxa found at 15 or more localities. In
contrast, the number of taxa of neophytes, the majority of which are casuals, decreases
almost exponentially from the first abundance category to the last. A total of 45 alien taxa
were not recorded over the last 50 years and are considered to be extinct in Slovakia.



272 Preslia 84: 257-309, 2012

Although there is little data on many of the hybrids (e.g. Arctium xambiguum, Fallopia
xbohemica) it is likely that they are much more frequent than is reported. The lack of data must
be taken into account in the interpretation of the abundance and distribution of these hybrids.

Phytogeographic regions

Slovakia is divided into eight phytogeographic regions. A total of 327 (37.2%) alien taxa
are restricted to just one region (Fig. 6) and the majority to a single locality. In contrast,
112 (12.8%) of the taxa are found in all eight phytogeographic regions. A total of 13.8%
and 13.3% are found only in two and three phytogeograpic regions, respectively, and usu-
ally only in the southern parts of Slovakia.

The composition of the alien flora in certain phytogeographic regions is shown on the
map depicted in Fig. 7. The richest alien floras are recorded in the Eupannonicum and
Praecarpaticum regions, however, it is noteworthy that the phytogeographic regions are
not all similar in area and the abovementioned regions are the largest.
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Fig. 6. —Relationship between the alien taxa and the number of phytogeographic regions in which they are recorded.
Numbers of taxa in each category are indicated above the bars. Note that the number of alien taxa in the analyses dif-
fers from the total number of alien taxa mentioned in the results, because in the analyses we have considered taxa at
the species level. The only exceptions were species with subspecies that had a different residence status.

Type of habitat

Most alien taxa are associated with human-made habitats. While the number of taxa per hab-
itat linearly decreases from human-made through semi-natural to natural habitats for
archaeophytes, for neophytes, the pattern of decrease is very close to the curve of a power
function (Fig. 8), indicating that a higher percentage of neophytes are found in human-made
habitats. Human-made habitats also tend to host the highest numbers of alien taxa in other
European regions (e.g. PySek et al. 2002, 2010a, Chytry et al. 2005, 2008b, Lambdon et al.
2008, Arianoutsou et al. 2010).
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Fig. 8. — Distribution of archaeophytes and neophytes in the Slovak alien flora with respect to the type of habitat in
which they are recorded. Numbers of taxa in each category are indicated above the bars. If a taxon was found in
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Fig. 9. — Distribution of casual, naturalized and invasive taxa in the Slovak alien flora with respect to the type of
habitat in which they are recorded. Numbers of taxa in each category are indicated above the bars. The types of
habitat include human-made, semi-natural or natural. If a taxon was found in more than one type of habitat, it was
considered as occurring in each of the habitats in which it was found.

Regarding the invasion status, the majority of the casual taxa were found in human-
made habitats (Fig. 9). A high percentage of naturalized taxa is found in all three types of
habitat. Almost all invasive taxa are found in all three of the habitat types, indicating the
extremely wide ecological niche of these taxa (Hejda et al. 2009).

Invaded syntaxa

The alien plant taxa, recorded in the CDF, were recorded in 137 phytosociological alli-
ances. The majority of the alliances that harbour the highest diversity of alien taxa are of
synanthropic vegetation (Table 2). In some of the alliances, alien taxa represent more than
50% of all the taxa growing in that type of vegetation. There are relatively high numbers of
alien taxa in some of the alliances of semi-natural and natural vegetation, such as Alnion
incanae, Carpinion betuli, Festucion valesiacae or Cynosurion cristati. However, the
above alliances in general belong to species-rich syntaxa; therefore, alien taxa do not make
up a large percentage of the total number of taxa.

Conclusions

This inventory is valuable tool not only for addressing scientific questions about the ecol-
ogy and dynamics of species, plant communities and habitats relating to processes of
introduction, spreading and invasion of alien species, but it has also numerous practical
applications for nature conservancy. We are aware of a certain amount of uncertainty and
subjectivness regarding the residence and invasion status of some alien and possibly alien
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Table 2. — Phytosociological alliances that harbour the highest numbers of alien taxa. Bold letters are used for alli-
ances with more than a 50% representation of alien taxa among all taxa occurring in the given type of vegetation.
Level of synanthropization of the alliance: synanthropic (S), semi-natural (SN) and natural (N) is included in
brackets.

Alliance Number of alien taxa % of alien taxa among all taxa
Dauco-Melilotion (S) 207 29.5
Atriplicion nitentis (S) 167 453
Sisymbrion officinalis (S) 164 42.8
Caucalidion lappulae (S) 159 433
Onopordion acanthii (S) 152 32.7
Panico-Setarion (S) 143 50.7
Arction lappae (S) 140 36.2
Malvion neglectae (S) 138 52.1
Galio-Alliarion (S) 135 24.9
Convolvulo-Agropyrion repentis (S) 133 33.1
Veronico-Euphorbion (S) 119 43.0
Eragrostion (S) 118 50.9
Scleranthion annui (S) 115 39.1
Potentillion anserinae (S) 114 239
Bidention tripartitae (SN) 112 26.2
Eragrostio-Polygonion arenastri (S) 110 423
Aegopodion podagrariae (SN) 106 22.6
Chenopodion glauci (SN) 104 343
Matricario matricarioidis-Polygonion arenastri (S) 104 40.9
Cynosurion cristati (SN) 97 10.9
Arrhenatherion elatioris (SN) 90 10.0
Senecionion fluviatilis (SN) 88 22.5
Salsolion ruthenicae (S) 86 39.8
Festucion valesiacae (SN) 82 9.8
Sherardion arvensis (S) 80 49.1
Spergulo-Oxalidion (S) 72 49.7
Alnion incanae (N) 68 9.6
Nanocyperion flavescentis (N) 56 25.7
Phragmition australis (N) 52 12.2
Carpinion betuli (N) 51 7.3

taxa, which is always associated with this type of list. To reduce the measure of
subjectivness as far as possible, the information based on the criteria mentioned in the
methods, especially fossil evidence, historical records, habitat, geographical distribution,
ease of known naturalization elsewhere, especially in surrounding countries, supposed
means of introduction, together with our own personal knowledge and that of other
experts in the field of taxonomy and plant ecology was integrated. During the preparation
of the inventory, it became clear that there was a low level of knowledge about the history,
distribution or ecology of some, even widely distributed alien species. We hope that this
inventory will stimulate and inspire other colleagues to fill in the blanks and publish addi-
tions to the list so that an updated version can be published in the future.

See http://www.preslia.cz for Electronic Appendix 1
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Souhrn

Préce pfinasi prehled neptivodnich taxont cévnatych rostlin, které byly zaznamenény na Slovensku. V Apendixu
1 jsou pro vSechny taxony uvedené idaje o jejich piislusnosti k Celedi, obdobi jejich introdukce, invaznim statusu,
roku (obdobi) jejich prvniho zdznamu na Slovensku, zpsobu introdukce, G¢elu péstovani, pocetnosti a rozsiteni
ve fytogeografickych okresech, typech invadovanych habitati a invadovanych syntaxonech, Zivotnich formach
a puvodu. Ze vsech analyzovanych taxona slovenské flory je 916 (21,5 %) nepivodnich, z nich 282 (6,6 %) jsou
archeofyty a 634 (14,9 %) neofyty. VétSina nepavodnich taxont se vyskytuje jen prechodné (57,6 %), 39,1% ta-
xont je naturalizovano a 3,3 % taxond se chovd invazné. Pievazna vétSina neptivodnich taxont pochazi z Evropy
(32,8 %) a Asie (32,8 %), méné pak z Afriky (12,2 %) a Severni Ameriky (10,8 %). V databazi neptivodnich taxo-
nt jsou zastoupeny taxony 98 Celedi, nejcast€jsi z nich jsou Asteraceae, Brassicaceae, Fabaceae, Poaceae, Ama-
ranthaceae a Rosaceae. Témér 50 % nepuvodnich taxonu jsou terofyty. Hemikryptofyty (26,3 %) a fanerofyty
(15,6 %) jsou také dost Casté. TémEF polovina taxont byla introdukovana GmysIné (49,0 %) a vétsina z nich jako
okrasné rostliny (55,9 %). Celkem 45,2 % vSech neptvodnich taxonti bylo nalezeno na méné nez péti lokalitach.
Vétsina neptivodnich taxond uprednostiiuje ¢lovékem vytvofend nebo silné ovlivnéna stanoviste. Neptvodni
taxony byly zjistény ve 137 svazech, pfiCemZ nejvétsi spektrum taxonti bylo zaznamenano ve svazech
zahrnujicich synantropni vegetaci.
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Appendix 1.—The list of the alien vascular plant taxa in the Slovak Republic. Names of taxa are arranged alphabeti-
cally (taxa not included in Marhold et al. 2007 are indicated by an asterisk), followed by the code for the family
(Fam): Aco — Acoraceae, Adi — Adiantaceae, Ado — Adoxaceae, Aga — Agavaceae, Aiz — Aizoaceae, Ali —
Alismataceae, All — Alliaceae, Ama — Amaranthaceae, Amy — Amaryllidaceae, Ana — Anacardiaceae, Api —
Apiaceae, Apo — Apocynaceae, Aqu — Aquifoliaceae, Ara—Araceae, Ast— Asteraceae, Bal — Balsaminaceae, Ber —
Berberidaceae, Bet — Betulaceae, Big — Bignoniaceae, Bor — Boraginaceae, Bra — Brassicaceae, Bux — Buxaceae,
Cac — Cactaceae, Cam — Campanulaceae, Can — Cannabaceae, Cap — Caprifoliaceae, Car — Caryophyllaceae,
Cel — Celastraceae, Com — Commelinaceae, Con — Convolvulaceae, Cor — Cornaceae, Cra — Crassulaceae, Cuc —
Cucurbitaceae, Cup — Cupressaceae, Cyp — Cyperaceae, Dip — Dipsacaceae, Ebe — Ebenaceae, Ela —
Elaeagnaceae, Eup — Euphorbiaceae, Fab — Fabaceae, Fag — Fagaceae, Fum — Fumariaceae, Ger — Geraniaceae,
Gro — Grossulariaceae, Hem — Hemerocallidaceae, Hya — Hyacinthaceae, Hyd — Hydrangeaceae, Hyo —
Hydrocharitaceae, Tri — Iridaceae, Jug — Juglandaceae, Jun — Juncaceae, Lam — Lamiaceae, Len —
Lentibulariaceae, Lil — Liliaceae, Lin — Linaceae, Mag — Magnoliaceae, Mal — Malvaceae, Mor — Moraceae, Nyc —
Nyctaginaceae, Ole — Oleaceae, Ona — Onagraceae, Oro — Orobanchaceae, Oxa — Oxalidaceae, Pae —
Paeoniaceae, Pap — Papaveraceae, Pau — Paulowniaceae, Phy — Phytolaccaceae, Pin — Pinaceae, Pla —
Plantaginaceae, Plt — Platanaceae, Poa — Poaceae, Pog — Polygonaceae, Pol — Polemoniaceae, Pon —
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Pontederiaceae, Por — Portulacaceae, Pri — Primulaceae, Ran — Ranunculaceae, Res — Resedaceae, Ros —
Rosaceae, Rub — Rubiaceae, Rut — Rutaceae, Sal — Salicaceae, Sap — Sapindaceae, Sav — Salviniaceae, Sax —
Saxifragaceae, Scr — Scrophulariaceae, Sim — Simaroubaceae, Sol — Solanaceae, Tam — Tamaricaceae, Tro —
Tropaeolaceae, Typ — Typhaceae, Ulm — Ulmaceae, Urt — Urticaceae, Val — Valerianaceae, Ver — Verbenaceae,
Vio — Violaceae, Vit — Vitaceae, Zyg — Zygophyllaceae. The invasion status (IS): cas — casual, nat — naturalized,
inv — invasive and residence time (RT): arch — archaeophyte, neo —neophyte is given for each taxon. Octothorpe (#)
behind the invasion status indicates that the taxon has been invasive or had much more localities in the past and now
it has stable or decreasing populations. The time of introduction (TI) for neophytes refers to the year of the first
known occurrence of the taxon within the Slovakia and the year of the first known occurrence in the wild (in brack-
ets). Only one year is stated, if these years are the same. For the archaeophytes we state the era, from which we have
the first archaeological evidence of the occurrence within the region: N — Neolithic and Aeneolithic era (5700-1900
BC), B —Bronze Age (1900-700 BC), I -Iron Age (700-0 BC), R — Roman and Migration period (0-565 AD), M —
Medieval period (5651500 AD). The introduction mode (IM) represents the main source of introduction of the
taxon to the country: a — accidental, d — deliberate, ad — both means. The abundance (AB) within the region is
expressed using the semi-quantitative scale of Clement & Foster (1994 sec. Pysek et al. 2002): 1 = 1-4 localities, 2 =
5-14 localities, 3 = 15-49 localities, 4 = 50-499 localities, 5 = more than 500 localities. Cross sign (1) indicates that
the taxon is considered to be extinct (not recorded for the last 50 years). The distribution of taxon within the
phytogeograpic regions (PR): Bc — Beschidicum occidentale, Br — Beschidicum orientale, C — Carpaticum
orientale, Ec — Eucarpaticum, Ep — Eupannonicum, I — Intracarpaticum, M — Matricum, Pr — Praecarpaticum. The
category land-use (LU) represents the type of invaded habitat: H — human-made, S — semi-natural, N — natural. The
most important type of habitat is highlighted by the use of bold letters. The alliances, in which the taxon occurs the
most frequently, are arranged according to the decreasing number of the records. If the number of the records for
several alliances is the same, the codes of alliances are arranged alphabetically. The alliances, in which the taxon
occurs significantly more than elsewhere, are written with bold letters. The codes of alliances: AA — Androsacion
alpinae, AC — Alchemillo-Poion supinae, AE — Arrhenatherion elatioris, AF — Asplenio septentrionalis-Festucion
pallentis, AG — Alnion glutinosae, AH — Arabidopsidion thalianae, Al - Alnion incanae, AL — Arction lappae, AN —
Atriplicion nitentis, AO — Alopecurion pratensis, AP — Aegopodion podagrariae, AQ — Aceri tatarici-Quercion,
AR — Arabidion alpinae, AS — Arctio-Sambucion nigrae, AY — Alysso alyssoidis-Sedion albi, BE — Bromion erecti,
BF — Bromo pannonici-Festucion pallentis, BR — Balloto nigrae-Robinion, BT — Bidention tripartitae, BV —
Berberidion vulgaris, CA — Convolvulo-Agropyrion repentis, CB — Carpinion betuli, CC — Corynephorion
canescentis, CD — Caricion davallianae, CE — Carici piluliferae-Epilobion angustifolii, CF — Charion fragilis,
CG - Chenopodion glauci, CH — Chelidonio-Robinion, CI — Cirsio brachycephali-Bolboschoenion compacti, CL —
Caucalidion lappulae, CM — Cymbalario-Asplenion, CN — Cynosurion cristati, CO — Cratoneurion commutati,
CP — Calthion palustris, CR — Caricion remotae, CS — Caricion fuscae, CT — Cirsio-Brachypodion pinnati, CU —
Carduo-Urticion dioicae, CV — Cnidion venosi, CY — Cypero-Spergularion salinae, DM — Dauco-Melilotion, DS —
Diantho lumnitzeri-Seslerion albicantis, EE — Elatini-Eleocharition ovatae, EH — Erysimo witmannii-Hackelion
deflexae, EP — Eragrostio-Polygonion arenastri, ER — Eragrostion, FA — Fagion, FE — Festucion vaginatae, FP —
Festucion pseudovinae, FV — Festucion valesiacae, GA — Galio-Alliarion, GE — Geranion sanguinei, GP —
Genistion pilosae, GQ — Genisto germanicae-Quercion, GS — Galeopsion segetum, 1S — Impatienti noli-tangere-
Stachyion sylvaticae, JE — Juncion effusi, JG — Juncion gerardii, KA — Koelerion arenariae, LM — Lemnion
minoris, ME — Magnocaricion elatae, MN — Malvion neglectae, MO — Molinion, MP — Matricario matricarioidis-
Polygonion arenastri, NA — Nymphaeion albae, NF — Nanocyperion flavescentis, OA — Onopordion acanthii, OQ —
Oenanthion aquaticae, PA — Phragmition australis, PC — Papaverion tatrici, PE — Piceion excelsae, PF — Prunion
fruticosae, PH — Phalaridion arundinaceae, P1 — Pulsatillo slavicae-Pinion, PL — Potamion lucentis, PM —
Potamion pusilli, PN — Potentillion anserinae, PO — Petasition officinalis, PP — Plantagini-Prunellion, PQ — Pino-
Quercion, PR — Parietarion officinalis, PS — Panico-Setarion, PT — Polygono-Trisetion, PU — Puccinellion limosae,
QC - Quercion confertae-cerris, QE — Quercion petraeae, QP — Quercion pubescenti-petraeae, RA — Rumicion
alpini, RF — Ranunculion fluitantis, RL — Radiolion linoidis, RQ — Ranunculion aquatilis, SA — Sherardion
arvensis, SB — Salicion albae, SC — Salicion cinereae, SF — Senecionion fluviatilis, SG — Sparganio-Glycerion, ST —
Stipion calamagrostis, SN — Scleranthion annui, SO — Spergulo-Oxalidion, SP — Saginion procumbentis, SR —
Salsolion ruthenicae, ST — Salicion triandrae, SY — Sisymbrion officinalis, TA — Tilio-Acerion, TC — Thero-
Camphorosmion, T1 — Thero-Airion, TM — Trifolion medii, TS — Teucrion scorodoniae, US — Ulici-Sarothamnion,
VE — Veronico-Euphorbion. The life-forms (LF) according to the Raunkizr classification: Ch — chamaephyte, G —
geophyte, He — hemicryptophyte, Hy — hydrophyte, Ph — phanerophyte, T — therophyte. Origin of the taxon: Af —
Africa, As — Asia, Au — Australia, C — from cultivation (anecophyte), CAm — Central America, E — Europe, H —
hybrid, NAm — North America, SAm — South America; it is not given for the taxa of obscure origin.
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Medvecka et al.: Alien flora of Slovakia 309

Appendix 2. — Species of uncertain residence status, either alien or native: Agrimonia pilosa Ledeb., Alcea
biennis Winterl, Althaea hirsuta L., Althaea taurinensis DC., Aristolochia clematitis L., Atriplex patula L.,
Carduus nutans L., Cerastium glomeratum Thuill., Chenopodium album L., Chenopodium suecicum Murr,
Cirsium vulgare (Savi) Ten., Crepis setosa Haller f., Cytisus scoparius (L.) Link, Echinops exaltatus Schrad.,
Echinops sphaerocephalus L., Eragrostis minor Host, Erodium cicutarium (L.) L'Hér., Fumaria rostellata Knaf,
Geranium rotundifolium L., Lappula squarrosa (Retz.) Dumort., Matricaria chamomilla L., Microrrhinum
minus (L.) Fourr., Physalis alkekengi L., Polycnemum majus A. Braun, Polygonum arenastrum Boreau,
Polygonum aviculare L., Ribes nigrum L., Sisymbrium strictissimum L., Spiraea salicifolia L., Tanacetum
vulgare L., Veronica acinifolia L., Veronica hederifolia L., Vicia lutea L.





