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Abstract

The aim of this article is to summarize actual results of the field research of invasive neophytes’
occurrence in the riverbank vegetation of the Labe River from Spindleriv Mlyn to Téchlovice (D&in
district). In total more than 190 km of the riverbank vegetation was mapped using author’s own method. The
occurrence of 22 most important invasive neophytes (17 taxons) was registered for each of the 500 m long
segments (in total 284 segments was mapped). The number of specimen was registered using a logarithmical
scale and both simple and weighted index of total load of invasive neophytes was calculated for each
segment. Results are presented for series (i. e. groups of neighbouring segments with similar geographical
and ecological conditions) and also the comparation with other water courses in the Czech Republic is pre-
sented. The occurence of invasive neophytes is near of the average for other water courses, but the number of
specimen is lower. The most frequent taxons were Solidago sp. and Impatiens glandulifera. Mutual
dependence between occurence of invasive species and the vertical position of the segment of the water-
course wasn’t confirmed. Development in the years 2006 and 2007 was compared, but only small changes
was discovered in this short time horizon.

Key words: biogeography, vegetation mapping, riverbank vegetation, biological invasions, invasive neo-
phytes

1. Introduction

At present, dissemination of invasive species is an important environmental problem.
The effect of introduced species in recently occupied ecosystems is considered to be
the second most important reason of biodiversity loss after natural environment
destruction (Plesnik, Roth 2004).

Richardson et al. (2000) defines an introduced (alien, non-indigenous) species
as one that was not naturally present in certain geographical region and it has come
with people or with human activities. The introduction could be deliberate (by
planting) or accidental. An introduced species able of self-reproducition without
human help and self-dissemination in a particular area is considered to be invasive.
Invasive species could be divided into two groups: archeophytes (introduced before
the discovery of America, because it was the most important turning point
for introduced species mobility) and neophytes (introduced after the discovery of
America).
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Water courses and their flood plains are considered to be one of the most important
vectors for dissemination of invasive species. River flood plains and riverbank
vegetation is very often habitat of these species due to their specific features
summarized by Lipsky (2002) and Prach (2003). These features are extraordinary
dynamics of their development, considerable spatial heterogenity, high nutrient
consumption, high productivity, chronic disturbances caused by regular floods and
usually great concentration of human settlement and economic activities, which
increase frequency and intensity of disturbances in river flood plains.

The dissemination invasive species in river flood plains and a riverbank vegeta-
tion was studied by Hood, Naiman (2000), Richardson et al. (2007), Stohlgren et al.
(1998), Tickner et al. (2001) and other authors. The situation in the Czech Republic
it was studied by Novdkova, Rydlo (1980), Rydlo (1999), Trencianské (2000), Kovar
et al. (2002), Blazkova (2003), Kadubec, Svec (2007) and others. Usually only one
or a few species were mapped at the same time or the research was limited to a relati-
vely small area. Therefore a complex study examining occurence of larger number
of species in a larger area is yet to be conducted. The aim of this article is to sum-
marize actual results of a field research of the most important invasive neophytes’
occurrence in riverbank vegetation of the Labe River from SpindlerGv Mlyn to
Téchlovice (Dé&Cin district). In total more than 190 km of the riverbank vegetation
was mapped.

2. Methods

Invasive neophytes were mapped using own original methodology (Matéjcek in
Langhammer 2005). 500 metres long segments were defined using river navigation
and important points of orientation (e. g. bridges or weirs). Results are expressed for
series, for more tabular interpretation. Series are groups of neighbouring segments
with similar geographical and ecological conditions. Boundaries of the series are
defined by the most important bridges, weirs, river confluences and other important
points. The minimal length of one series is 3 000 metres.

The riverbank vegetation was defined according to Novék et al. (1986) as the
vegetation belt along a water course with boundaries represented by the water sur-
face and the riverbank edge. In practice, the width of this belt was usually from 5 to
15 metres.

The occurence of 22 most important invasive neophytes (sensu PySek et al. 2002)
was registered using a logarithmical scale (1 = 1-9 specimen, 2 = 10-99 specimen,
3 = 100-999 specimen etc.). Some related species were not recognized (following
species were aggregated together: Galinsoga parviflora and G. ciliata; Solidago
gigantea and S. canadensis; Parthenocissus quinquefolia a P. inserta and Reynoutria
sp.: Reynoutria japonica, R. sachalinensis a R. X bohemica). In total, occurence of
17 taxons was registered. The field research was conducted during the summer period
of 2007.

Total number of taxons (NT), total number of specimen (NI), simple index of
invasive neophytes load (Is) and weighted index of invasive neophytes load (Iw) were
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calculated for each segment. The number of specimen was derived from registered
values such as the mean value of the interval (for the interval 1-9 the value 5 was used,
for the interval 10-99 the value 50 etc.).

The simple index of invasive neophytes’ load was calculated for each segment
using the Is = log NI + NT formula, where NI = total number of invasive species
specimen and NT = number of registered taxons. This index shows the total invasive
species load for each segment taking into account the number of present taxons and
number of specimen (the values of NT and NI have similar importance in this
calculation).

The weighted index of invasive neophytes’ load takes into account plant size,
it’s stability and potencial risk for indigenous flora or people and human activities. The
number of specimen of each taxon is weighted by certain coefficient (see table 1). The
value of weighted index of invasive neophytes’ load was calculated using the following
formula: Iw =log (X NI_. k ), where NI = number of specimen of the taxon x and k_
= coefficient of the taxon x.

Tab. 1: Coefficients of registered taxons used for counting of the weighted index of the invasive neophytes
load. The plant size: 3 = trees and shrubs higher than 5 m, 2 = plants between 1-5 m, 3 = small plants below
1 m; the residence stability (life history): O = annual, 1 = biennial or perennial; a potencial danger:
1 = species considered to be dangerous by Kfivanek, Sadlo (2004), 2 = species usually considered to be the
most dangerous (Reynoutria sp., Heracleum mantegazzianum and Impatiens glandulifera — see Kfivanek
2003), 0 = other species

Plant size Danger Life history Coefficient
Acer negundo 3 1 1 5
Ailanthus altissima 3 1 1 5
Conyza canadensis 1 1 0 2
Erigeron annuus 1 0 0 1
Galinsoga ciliata, G. parviflora 1 0 0 1
Helianthus tuberosus 2 1 1 4
Heracleum mantegazzianum 2 2 1 5
Impatiens gladulifera 2 2 0 4
Impatiens parviflora 1 1 0 2
Lupinus polyphyllus 1 1 1 3
Lycium barbarum 2 1 1 4
Parthenocissus inserta, 2 0 1 3
P. quinquefolia
Quercus rubra 3 1 1 5
Reynoutria japonica, 2 2 1
R. sachalinensis, R. bohemica
Robinia pseudacacia 3 1 1
Rudbeckia laciniata 2 1 1
Solidago canadensis, 2 1 1
S. gigantea

201




3. Results
3.1 Results of the field research in 2007

15 from 17 taxons were found in the riverbank vegetation; Lupinus polyphyllus and
Rudbeckia laciniata were not found. The average number of specimen per segment
was 516, the average number of taxons per segment was 2.65. Registered invasive
neophytes were not found in 11.6% of the segments. The value of simple index of
invasive neophytes’ load (Is) was 4.67 and the value of weight index of invasive
species load (Iw) was 2.63.

In comparison with other studied water courses in the Czech Republic (for further
informations see Mat&jcek 2008) the number of specimen per segment is below
average (the value for other rivers is NI = 1 039), the number of taxons per segment is
slightly above the average (other rivers NT = 2.00). Values of both simple index of
invasive neophytes’ load (Is) and weighted index of invasive neophytes’ load (Iw) are
above average (other rivers Is = 3.90, Iw = 2.31). The share of segments without
registered invasive neophytes was lower in the Labe river (the value for other rivers is
17.32%).

The share of occupied segments and the average number of specimen in one
occupied segment for each taxon are presented in Fig. 1, 2. The highest share of
occupied segments was recorded for both Solidago canadensis and S. gigantea
(62.3%) and Impatiens glandulifera (52.1%). Conyza canadensis, Erigeron annuus
and Robinia pseudacacia were recorded in more than one third of segments.

Acer negundo

Ailanthus altissima

Conyza canadensis

Erigeron annuus

Galinsoga parviflora, G. ciliata
Helianthus tuberosus

Heracleum mantegazzianum

Impatiens glandulifera

Impatiens parviflora
Lycium barbarum
Parthenocissus guinquefolia, P. inserta

Quercus rubra

Reynoutria sp.

Robinia pseudacacia

Solidago canadensis, S. gigantea

Fig. 1: The share of segments with the presence of each taxons (grey = average of all mapped water courses,
black = the Labe river)
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Fig. 2: The average number of specimen in one occupied segment (grey = average of all mapped water
courses, black = the Labe river)

Usti nad Labem

Vrchlabi

Mélnik
15

Jaromér

Nymburk Hradec Kralové

10 km
6 Pardubice

Fig. 3: The position of mapped series — 1 = above Spindlertiv Mlyn; 2 = from Herlikovice to Vrchlabi;
3 = from Kuks to Brod; 4 = from Pfedméfice nad Labem to Hradec Kralové, Placky; 5 = Pardubice and
surroundings; 6 = from Veletov to Kolin; 7 = from Kolin to Klavary; 8 = from Klavary to the confluence with
the Cidlina river; 9 = from the confluence with the Cidlina river to Podébrady; 10 = from Podébrady to
Nymburk; 11 = from Nymburk to HradiStko; 12 = from HradiStko to Lys4 nad Labem, Litol; 13 = from Lysa
nad Labem, Litol to Celdkovice; 14 = from Celdkovice to Brandys nad Labem; 15 = from Obiistvi to M&lnik;
16 = from Stéti to Roudnice nad Labem; 17 = Usti nad Labem and surroundings; 18 = near of Téchlovice
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The highest average number of specimen per segment was recorded for Conyza
canadensis (148 specimen per segment) and Solidago sp. (139 specimen per segment),
the highest average number of specimen per occupied segment was recorded for
Helianthus tuberosus (422 specimen per segment) and Conyza canadensis
(420 specimen per segment).

There are some differences in comparison to other studied water courses in The
Czech Republic (Matéj¢ek 2008). The Labe river is characteristised with rather high
presence of Solidago sp. (Labe: 62.3%, other rivers: 27.5%), Conyza canadensis
(Labe: 35.2%, other rivers: 13.4%), Erigeron annuus (Labe: 33.8%, other rivers: 10.5%)
and Robinia pseudacacia (Labe: 31.7%, other rivers: 15.6%). On the other hand, the
presence of Impatiens parviflora is very low (Labe: 15.1%, other rivers: 44.7%) and
rather low is also the presence of Reynoutria sp. (Labe: 7.4%, other rivers: 14.7%). For
the comparison of occupied segments for the Labe river and other water courses in the
Czech Republic see Fig. 1.

The average number of specimen per occupied segment (see Fig. 2) was below
average for the majority of taxons. No areas extensively covered with invasive
neophytes were registered in the Labe riverbank vegetation like those found in the
banks of some another rivers (Bec¢va, Ticha Orlice, Sdzava or Odra — Matéjcek
2008). High values were registered only for Conyza canadensis (Labe:
420 specimen per segment, other rivers: 252 specimen per segment) and Robinia
pseudacacia (Labe: 198 specimen per segment, other rivers: 137 specimen per
segment).

2500
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Fig. 4: The average number of specimen per segment for series (the position of series — see Fig. 3)
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Relatively high is the differentiation of some parts of the Labe course. In the Tab. 2
the values presented for series of segments are presented. In total 18 series was defined
(see Fig. 3).

The highest average of both the number of specimen and the number of taxons per
segment was registered in series No. 7 (below Kolin) and No. 18 (near of Téchlovice,
Dé&Cin district). High number of specimen was registered in the series No. 6, but the
number of taxons was near the average. All these series have no segment without
registered invasive neophytes.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Fig. 5: The average number of taxons per segment for series (the position of series — see Fig. 3)
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7,00

6,00

5,00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Fig. 6: The average value of the simple index of the invasive neophytes load (Is) for series (the position of
series — see Fig. 3)
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Fig. 7: The average value of the weighted index of the invasive neophytes load (Iw) for series (the position
of series — see Fig. 3)

On the other hand, the lowest number of specimen and taxons of invasive neophytes
was recorded in the series No. 1 (above Spindlertiv Mlyn) and 75% segments of this
series have no registered invasive neophytes.

Fig. 4, 5, 6 and 7 show the differences of invasive neophytes’ distribution in the
vertical profile of the Labe river from Spindlertiv Mlyn to Téchlovice. Values of the
average number of specimen, number of taxons and both simple and weighted index
of invasive neophytes’ load are presented for each series. There is no obvious
correlation of the numbers and the position of the series. The only exceptions
exception are very low values for the series No. 1 and very high values for the series
No. 18. The high level of oscillation is obvious. The similar situation is in the level
of taxons (see Tab. 2).

3.2 Changes between the years 2006-2007

Development of invasive neophytes’ presence was studied in 76 segments from
Podébrady to Lysa nad Labem (river navigation: from 66.5 km to 43 km, series 10-12).
Data from the year 2006 were available for these segments. The index of inter-year
changes was calculated for each taxons (only taxons that are present in this part) and
for basic indicators. Results are summarized in Tab. 3.

Slight increase of the majority of invasive neophytes was recorded between years
2006-2007. The highest increase was showed by Erigeron annuus and Parthenocissus
sp., but the total number of specimen of this species was very low. On the other hand
the most numerous taxons in this part (especially Solidago sp. and Conyza canadensis)
were stagnating or declining. The total number of specimen stagnated too; the average
number of taxons increased a little.
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Tab. 3: The index of inter-year (2006-2007) changes of invasive neophytes presence. (2006 = 1.00)

The index of inter-year changes
Ailanthus altissima 2.00
Conyza canadensis 0.68
Erigeron annuus 5.56
Galinsoga ciliata, G. parviflora 0.10
Impatiens gladulifera 1.02
Impatiens parviflora 2.00
Parthenocissus inserta, P. quinquefolia 5.07
Reynoutria japonica, R. sachalinensis, R. bohemica 1.82
Robinia pseudacacia 1.31
Solidago canadensis, S. gigantea 0.98
number of specimen per segment 1.02
number of taxons per segment 1.11
simple index of the invasive neophytes load 1.10
weighted index of the invasive neophytes load 1.07
the share of segments without invasive neophytes 0.83
4. Discussion

An original method for invasive neophytes’ mapping was used. This method is used
for riverbank vegetation of other rivers in the Czech Republic. The adventage of this
method is it’s simplicity, which enables encompassing of relatively extensive area. It
is important to take into consideration, that the numbers of specimen are only
estimated values. For this reason, the logarithmical scale is used.

The indicator “number of specimen” might be discussed, because the term “spe-
cimen” is difficult to define (Herben, Miinzbergova 2002). The most problematical
taxon from this point of view are Reynoutria sp. In this research each stem was
considered to be one individual in spite of the fact that it is no truly independent
specimen.

Methods of data processing might be discussed too, especially the construction of
both simple and weighted index of invasive neophytes’ load. This indicators represent
only one possible approach to interpretation of the registered data. Simple index of
invasive neophytes’ load was constructed in a way to increase the importance of the
number of registered taxons. This is based on the idea that the presence of a taxon in
certain segment means potencial for its dissemination in future. The most important
weakness of this index is the fact, that it’s value depends on selection of the mapped
taxons.

Weighted index of invasive species’ load is less sensitive in this respect. This
indicator puts special emphasis on different level of importance of each taxon. Higher
weight emphasize potencially dangerous species and perennial species. The plant size
is included too.
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The interannual changes should be looked at with caution because one year is
rather short time for studying large changes. Results of this comparison must be
regarded as a start of a time series, which can be used in the future to reveal some
natural relations of the invasion processes’ dynamics. One of the aims of this article is
to find methodical basis for these records.

5. Conclusions

The majority of registered invasive neophytes was registered in the Labe riverbank
vegetation. The level of their presence is near the average for other water courses in
the Czech Republic, that were mapped until now. The number of registered taxons is
above average (the scale of registered taxons is wider a little), but its frequency is
lower, in the case of some taxons rather markedly. The share of segments without
registered invasive neophytes is lower in comparation with other water courses. The
difference among different parts of the water course is striking.

The share of segments with presence of Solidago sp., Conyza canadensis, Erigeron
annuus and Robinia pseudacacia was above average, the share of segments with presence
of Impatiens parviflora and Reynoutria sp. was deep below the average. The number of
specimen per occupied segment was below the average in majority of registered taxons,
values above average were recorded for Robinia pseudacacia and Conyza canadensis.

The highest invasive species’ load was recorded in series below Kolin and in series
near of Técholovice, the lowest values was recorded above Spindleriv Mlyn. The
correlation between the invasive species load and the horizontal position of the segment
or series of segments was not confirmed.

Relatively low level of changes was proved between years 2006 and 2007, only for
some rare taxon stronger changes of presence were proved.
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Résumé
Zatizeni biehové vegetace Labe invazivnimi rostlinnymi druhy

Tento prispévek shrnuje vysledky mapovani invaznich neofytd (v pojeti Richardsona et al. 2000, Pyska
et. al. 2002) v bfehové vegetaci Labe. Mapovani bylo provedeno pomoci vlastni metodiky (Matéjcek in
Langhammer 2005), a to v pfedem stanovenych 500 m dlouhych usecich, které byly obvykle vymezeny na
zaklade fi¢ni kilometrdZe nebo byly odméfovany od vyznamnych bodi (mosty, jezy apod.). Celkem bylo
sledovdno 284 segmentli v dseku mezi Spindlerovym Mlynem a Téchlovicemi (okr. D&in). Za biehovou
vegetaci byl podle Novika et al. (1986) povazovéan pas vegetace podél vodniho toku, omezeny na jedné stra-
né& vodni hladinou, na druhé strané biehovou hranou. Sifka tohoto pdsu se v praxi pohybovala obvykle v roz-
mezi 5-15 m.

Vyskyt 22 druhti (resp. 17 taxoni) nejvyznamnéjsich invaznich neofyti byl zaznamenavan pomoci loga-
ritmické stupnice. Pro jednotlivé segmenty a pro jednotlivé ¢asti toku byl vypocitan celkovy pocet zazna-
menanych taxontl, celkovy pocet jedincl, prosty index zatiZeni invaznimi neofyty a vaZeny index zatiZeni
invaznimi neofyty. Zatimco prosty index zatizeni invaznimi neofyty ptikldda podobnou vahu poctu pfitom-
nych druht a poctu jedinci, vdZeny index zatiZeni invaznimi neofyty zohlediiuje také velikost jednotlivych
druhu, jejich stabilitu na stanovisti a potencialni nebezpecnost pro pfirozenou vegetaci nebo pro ¢lovéka
a jeho aktivity. Pocet jedinct jednotlivych taxont je pfi vypoctu vaZen ur¢itym koeficientem (viz tab. 1).

Z celkového poctu 17 sledovanych taxonii bylo v biehové vegetaci Labe nalezeno 15 taxont. Primérny
pocet jedinct na jeden segment byl 516, primérny pocet zaznamenanych taxonu v segmentu Cinil 2,65.
V 11,6 % segmentl nebyl zaznamenan Zadny ze sledovanych invaznich neofyti. Hodnota prostého indexu
zatiZeni invaznimi neofyty Cinila 4,67, hodnota vaZeného indexu zatiZeni invaznimi neofyty Cinila 2,63.
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Ve srovnani s ostatnimi dosud sledovanymi vodnimi toky (Mat&jéek 2008) je v bfehové vegetaci Labe
spise podprimérny pocet jedincti na jeden segment, naopak vyssi je primérny pocet zaznamenanych taxont
v jednom segmentu, prosty index zatiZeni invaznimi neofyty a vaZeny index zatiZeni invaznimi neofyty.
Podil segmentii bez invaznich neofyti je spiSe nizsi.

Nejvyssi podil obsazenych segmenti byl zaznamenan u Solidago sp. (S. canadensis a S. gigantea)
a Impatiens glandulifera, nejvyssi primérny pocet jedinci v jednom segmentu byl zaznamenan u Conyza
canadensis a Solidago sp., nejvyssi primérny pocet jedinct na jeden obsazeny segment byl zaznamenan
u Helianthus tuberosus a Conyza canadensis.

Ve srovnani s ostatnimi dosud sledovanymi vodnimi toky v Ceské republice je z hlediska podilu obsa-
zenych segmentl pro Labe charakteristické nadprimérné zastoupeni Solidago sp., Conyza canadensis, Eri-
geron annuus a Robinia pseudacacia, vyrazné podpramérné je naopak zastoupeni Impatiens parviflora
a Reynoutria sp. Primérny pocet jedincl v obsazeném segmentu byl u vétSiny taxond podprimérny.

Pomérné znacna je diferenciace vyskytu invaznich neofyti v jednotlivych ¢astech toku, ktery byl pro
prehlednost rozdélen do sérii (obr. 3). Jako tseky s nejvys$Sim zastoupenim invaznich neofyti byly shleda-
ny usek tésné pod Kolinem a tsek u Téchlovic. Zcela zanedbatelny pocet jedinct i taxonl invaznich neofy-
t&i byl naopak zaznamenan v dseku nad Spindlerovym Mlynem. S vyjimkou t&chto extrémnich poloh viak
nebyla zavislost zastoupeni invaznich neofytl na poradi segmentu v ramci toku potvrzena.

V obdobi let 2006-2007 doslo k relativné malym zméndm v zastoupeni invaznich neofyti v brehové
vegetaci Labe. Vyraznéjsi zmény byly zaznamenany pouze u nékterych pocetné slabéji zastoupenych taxont.
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