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Abstract: This work presents comprehensive study of floristic
composition of a disturbed area, primary aimed on the spreading of
alien species. Moreover, alien species have been sorted into the
categories based on their environmental effects to the native
biodiversity. Floristic exploration of vascular plants was conducted
during growing season in a territory near the village of Opatovce
nad Nitrou in years 2010-2012. Part of this area was affected by an
anthropogenic disturbance during construction of new confluence of
the rivers Nitra and Handlovka. Through these activities the river
beds, adjacent ecotones and also agrocoenosis have been
disrupted. During the floristic survey 172 species of vascular plants
were found, 44 species were evaluated as an alien (4 species
belonged to casual, 30 species were naturalized, 7 species were
invasive and 3 species with uncertain classification). This work is
bringing the attention to the negative impact of an anthropogenic
interventions to the native and semi-native plant communities which
resulted to the threat of biodiversity due to spreading of alien
species, especially invasive plants.
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Introduction

Along with the vast global changes that have resulted from the dramatic
increase in numbers of people worldwide over the last few centuries and
decades, there has been an increasing concern about the consequences of the
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introduction and spreading of alien species. As numerous studies have shown,
both intentionally and accidentally introduced alien species of plants may have
huge environmental effects on the native biodiversity, through changes in the
community structure, nutrient cycles, trophic levels, hydrology, fire regimes,
allelopathy, competition, hybridization and others (MACK et al. 2000, PIMENTEL
2002).

The invasion of alien species into new ecosystems is accelerating as the
world’s human population multiplies and goods are transported even more
rapidly on an increasingly global scale. The invasive species are partially the
cause of the loss of biodiversity throughout in the world (PIMENTEL 2002).

It is possible to avoid damage to native ecosystems by exotic species and the
associated costs if such harmful species are not used and planted in the first
place. However, this step requires knowledge as to whether a particular species
will become invasive where it has been introduced but is not yet widespread, or
where it is intended for introduction, e.g., the species must be recognised as
potentially invasive (RICHARDSON et al. 1990).

Three stages of an invasion status are known: casual, naturalized and
invasive, following the definition of RICHARDSON et al. (2000). The 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 the
repeated introductions. The naturalized aliens reproduce regularly, forming
stable populations lasting for many life cycles. The invasive taxa are naturalized
aliens whose propagules are able to spread over a considerable area
(MEDVECKA et al. 2012).

Our research was aimed on the comprehensive characterization of flora,
especially on the presence and spreading of alien plants in a disturbed area.

Material and methods

Floristic exploration of the vascular plants was conducted during vegetation
season during the years 2010-2012. A studied territory is near the village
Opatovce nad Nitrou, in confluence of the rivers Nitra and Handlovka (GPS
coordinates: N 48.747238, E 18.558911). This area was very affected by
anthropogenic influence in 2009. The research area was divided into the three
sections according to different environmental conditions: i) Riverside (1) — a new
man-made confluence of the rivers since 2009, ii) Glade (2) — there was a forest,
but it was thoroughly cut down in 2009, iii) Forest (3) — this section was not
disrupted. For better understanding see the map below (Fig. 1).

All taxa of vascular plants founded in the location have been stored in the
Herbarium at the Department of Botany, Slovak University of Agriculture in Nitra
(NI). All of the species were collected and divided into the three sections
mentioned above. The nomenclature of taxa follows MARHOLD et al. (1998).

Alien taxa were identified according to MEDVECKA et al. (2012). The definitions
proposed by RICHARDSON et al. (2000) and further elaborated by PYSEK et al.
(2004), BLACKBURN et al. (2011) and MEDVECKA et al. (2012) were used to
characterize invasion status of the each sampled taxon. Every taxon of alien
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plant was determined and divided in the following four categories: casual,
naturalized, invasive and with uncertain classification.
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Fig. 1. Map of studied area in surrounding of confl uence of the rivers Nitra and
Handlovka before and after anthropogenic disturbanc e (VYSKUMNY USTAV
PODOZNALECTVA A OCHRANY PODY 2015).

Explanatory of signs: 1 - riverside, 2 — glade, 3 — forest. Letter R points out position of
river.

Results and discussion

172 taxa of vascular plants were found during the floristic exploration.
According to MEDVECKA et al. (2012) 44 species of alien plants were identified
from all of taxa. Complete list of alien taxa is presented with more information in
the Tab. 1.
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Tab. 1. The list of the alien vascular plant species in sur

rounding of confluence of

the rivers Nitra and Handlovka during the years 201 ~ 0-2012.

Name of taxon Year SE IS RT Tol LU Origin
'Amaranthus retroflexus L. 11/12 1,2 inv neo 1830 H CAm SAm
Anagallis arvensis L. 10/11/12 1 nat aach R HSN EAsAf
Apera spica-venti (L.) P.Beauv. 10/11/12 1 inv arch - HSN EAs
Arctium tomentosum Mill. 10/11/12 3,2 nat arch — HSN EAs
Ballota nigra L. 10/11/12 3 nat arch — HSN EAsSAf
Brassica napus L. 10/11 1 cas neo 1913 H C
Bromus sterilis L. 10/121/12 1 nat arch — HSN EAs
Capsella bursa-pastoris (L.) Medik. 10/11/12 1,3 nat arch - HSN E
Carduus acanthoides L. 10/11/12 1,2 nat arch — HSN EAs
Cichorium intybus L. 10/11/12 2,3 nat arch — HSN EAsAf
Convolvulus arvensis L. 10/11 1 natarch | HSN EAsAf
Daucus carota L. 10/11/12 2,3 nat arch M H C
Echinochloa crus-galli (L.) P. beauv. 1 1 invach N HSN EAs
Fallopia japonica (Houtt.) Ronse Decr. 10/11/12 3 inv neo 1920 HS N As
Geranium dissectum L. 12 1,2 nat ascch - HS EAs
Helianthus annuus L. 10 1 cas neo 1830 HS NAm
Helianthus tuberosus L. 10/11/12 3 inv neo 1830 HS N NAm
Chelidonium majus L. 10/11/12 3 nat acch R HSN EAs
Chenopodium album L. 12 1 unc - - - -
Impatiens glandulifera Royle 10/11/12 1 inv neo 1858 HS N As
Impatiens parviflora DC. 10/11/12 3 inv neo 1897 HSN As
Iva xanthiifolia Nutt. 11/12 2 nat neo 1934 HSN NAmM
Lamium album L. 12 2 natach - HSN EAs
Lamium purpureum L. 10/11/12 2,3 nat acch R HSN EASAf
Lathyrus tuberosus L. 10/121/12 1 nat arch — HSN EAs
Medicago sativa L. 10/11/12 1 nat neo 1830 HS N As
Melilotus albus Medik. 10/11/12 1,2 nat arch — HSN EAsSAf
Papaver rhoeas L. 10/11/12 2 nat arch — HSN EASAf
Setaria pumila (Poir.) Roem. et Schult. 10/11/12 2,1 nat arch N HSN EAs
Silene latifolia subsp. alba (Mill.) Greuter et Burdet 10/11/12 3 nat arch — HSN EAsSAf
Sisymbrium officinale (L.) Scop. 11 2 natach - HS E As Af
Sonchus oleraceus L. 10 1,2 nat acth R HSN EAsAf
Tanacetum vulgare L. 10/11/12 2,3 unc - - - -
Thlaspi arvense L. 10/11/12 1,3 nat arcch B HSN EASAf
Triticum aestivum L. 10/11 1,2 cas arch N H C
Verbena officinalis L. 10/11/12 2,3 nat arch — HSN EAsAf
Veronica hederifolia L. 10/11/12 1,23 unc — - - -
Veronica persica Poir. 10/11/12 1,2,3 nat neo 1844 HS N As
Veronica polita Fr. 10/11/12 1,23 nat arch — HSN EASAf
Vicia hirsuta (L.) Gray 10 1 natarch R HSN EASAf
Vicia tetrasperma (L.) Schreb. 10/11/12 1 nat acch M HSN EAsAf
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Tab. 1. —cont.

Name of taxon Year SE IS RT Tol LU Origin
Vicia villosa Roth 10/11/12 1 nat arch — HSN EAs
Viola arvensis Murray 10/11/12 1,2 nat acch — HSN EAsAf
Zea mays L. 10/11 1 cas neo 1830 HS CAm

Explanatory of abbreviations: Year  of occurrence. Section (SE) : (1) — riverside, (2) — glade, (3) —
forest. Invasion status (IS) : cas — casual, nat — naturalized, inv — invasive, unc — uncertain.
Residence time (RT) : arch — archaeophyte, neo — neophyte. The time of introduction (Tol) for
neophytes informs about the year of the first occurrence of the taxon within the Slovakia. We
mention the era from which is the first archaeological evidence of the occurrence for archaeophytes:
N — Neolithic and Aeneolithic era (5700-1900 BC), B — Bronze Age (1900-700 BC), | — Iron Age
(700-0 BC), R — Roman and Migration period (0-565 AD), M — Medieval period (565-1500 AD).
Land-use (LU) category shows the type of invaded habitat: H — human-made, S — semi-natural, N —
natural. Origin : Af — Africa, As — Asia, C — from cultivation (anecophyte), CAm — Central America, E
— Europe, NAm — North America, SAm — South America; some categories are not given for the taxa
of uncertain origin. (MEDVECKA et al. 2012)

Important factor determining influence to the ecotons and agrocoenosis is
proportion of alien species from all taxa (Fig. 2). There is relatively high ratio of
non-native taxa in the area. Then, there is also necessary to divide alien species
in the subgroups according to invasion status (Fig. 3).

1.7% 6.8%

23.8% ‘ 15.9% - '

68,2%

native taxa alientaxa m uncertain m casual (4) = naturalized (30) m invasive (7) uncetain(3)
Fig. 2. Proportion of alien species Fig. 3. Dividing of alien species in

on total floristic composition in subgroups according to invasion status in
surrounding of confluence of the surrounding of  confluence of the rivers
rivers Nitra and Handlovka during Nitra and Handlovka during the years 2010-

the years 2010-2012. 2012. Numbers in brackets express count of

taxa for subgroups.

Seven alien species with status invasive were determined, thus seven the
most dangerous from the whole floristic composition: Amaranthus retroflexus,
Apera spica-venti, Echinochloa crus-galli, Helianthus tuberosus, Fallopia
japonica, Impatiens glandulifera and |. parviflora. Summary numbers of taxa
divided according to invasion status and residence time
(archaeophytes/neophytes) are given in Tab. 2.
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Tab. 2. Number and ratio of various subgroups of al  ien taxa in surrounding of

confluence of the rivers Nitra and Handlovka during the years 2010-2012.

Status 2010 2011 2012 Entire period (2010-2012) Proportion from all alien taxa [%)]
archaeophytes 27 27 25 30 68.2

neophytes 9 10 8 11 25

uncertain 2 2 3 3 6.8

casual 4 3 0 4 9.1

naturalized 27 27 27 30 68.2

invasive 5 7 6 7 15.9

uncertain 2 2 3 3 6.8

together 38 39 36 44 100

Subgroup of archaeophytes had the highest abundance in the area; by
contrast neophytes had the most significant effect because there were five from
the seven taxa with status invasive. Number of taxa with invasion status casual
decreased over the years of research; there already were not any of them in year
2012. That is related to their temporarily occurrence in the natural conditions.

There are some plant families with bigger proportion of the alien species in
area (Tab. 3). Especially Asteraceae, Fabaceae, Poaceae and Brassicaceae are
families with the most significant effect; nearly half of all taxa recorded during
field research belong to these families.

Tab. 3. Sorting of alien species by most frequent fa  milies and their ratio in
surrounding of confluence of the rivers Nitra and H andlovka during the years 2010-
2012.

Number of  Total number of  Proportion of alien  Proportion from all

Family alien taxa all taxa in family taxa in family [%] alien taxa [%]
Asteraceae 6 19 31.6 13.6
Fabaceae 6 15 40 13.6
Poaceae 5 21 23.8 11.4
Brassicaceae 4 5 80 9.1
Lamiaceae 3 9 33.3 6.8
Scrophulariaceae 3 9 33.3 6.8
Balsaminaceae 2 2 100 45
Cichoriaceae 2 5 40 45
Papaveraceae 2 2 100 4.5

Tab. 4. Number and relative number of alien species by sections and invasion
status in surrounding of confluence of the rivers N itra and Handlovka during the
years 2010-2012.

Number of alien  Alien species  Casual Naturalized Invasive Uncertain

Section species [9%] [%] [9%] [9%] [9%]
Riverside (1) 28 63.6 6.8 38.6 9.1 6.8
Glade (2) 21 47.7 2.3 40.9 2.3 4.5
Forest (3) 17 38.6 0 27.3 6.8 45
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Alien species were sorted by their occurrence in the three sections of area
(Tab. 4). Presence of alien species in the anthropogenically disturbed sections
Riverside (63.6%) and Glade (47.7%) was larger, than in the section Forest
(38.6%). Most of taxa with status invasive were in section Riverside. On the other
hand taxa with status casual were not found in the section Forest.

In general, different authors mentioned higher ratio of the non-native taxa in a
disturbed or ruderalized habitats (e.g. fields, waste dumps etc.) (CHYTRY et al.
2005, MAJEKOVA & ZALIBEROVA 2008, DAR et al. 2015). In the first place, with the
biggest number of invasive species, there were habitats of the riverbank and
littoral communities (MASKELL et al. 2006, LAPOINTE et al. 2012, UHLIAROVA et al.
2012). Riverbanks are also corridors for the spreading of alien species (PYSEK &
PRACH 1993, 1994). These findings correspond very well with our data, where
the largest number of alien species was found in the section Riverside.

Casual species, that does not form steady self-reproducing populations in the
natural environments (RICHARDSON et al. 2000, PYSEK et al. 2004), were not
spread at the section Forest. The strongest competition was in this habitat so
that casual species could not succeed. On the other hand, higher number of the
taxa with status invasive was found in semi-natural habitats of the sections
Riverside and Glade. Our data confirm the known theory that disturbed habitats
are more prone to the invasion of alien species than relatively stable native
communities (CHYTRY et al. 2005, MAJEKOVA & ZALIBEROVA 2008), because
disturbance of the natural habitat cause decline of native species and create
place for the invasion of aliens (DIDHAM et al. 2007).

ELIAS et al. (1999) performed similar research along the Nitra River. They
found large abundance of the species Helianthus tuberosus. Presence of
Impatiens parviflora, I. glandulifera and Fallopia japonica was only minimal.
ZGANCIKOVA et al. (2012) found H. tuberosus in habitats in surrounding of the
Prievidza Town. One of the areas monitored by them is the same area where our
research was conducted. CARVAS (2011) detected three invasive alien species in
basin of the Morava River: Impatiens parviflora, Helianthus tuberosus, and
Fallopia japonica. Similarly, UHERCIKOVA (1997, 1999, 2001) pointed out some
invasive neophytes also from surrounding of the Dunaj River and several authors
(UHERCIKOVA & KUBALOVA 2001, KRAMAROVA 2004) from inundation area of the
Hron River. Based on our and the above mentioned data we can conclude that
water flows represent a significant source of invasive neophytes in the landscape
in Slovakia, and their impact to the spreading of alien species increases
significantly after disturbance of their surroundings.

Conclusion

In total, 44 taxa of alien plants were found during our floristic survey, it
represents 23.8% from all recorded taxa. Seven of them were invasive, thirty
were naturalised, four were casual and three uncertain species. Thirty
archaeophytes, eleven neophytes and three unclassified taxa were recorded
during the research. Quantity of the non-native taxa over the years was nearly
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balanced, except casual taxa with temporary abundance in the habitats. Most of
alien taxa belonged to families Asteraceae and Fabaceae in the aimed area.

Finally, there is apparent negative impact of the anthropogenic intervention to
the relatively stable riverside habitat. Adjacent ecotones and also agrocoenosis
have been disrupted through these activities. This was confirmed by high ratio of
the alien species in the area, especially invasive plants. Development of the
populations of alien taxa should be monitored in the area; especially those with
status invasive.
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