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ABSTRACT. River valleys are areas of transition between aquatic and terrestrial communities, with com-
plex biological structure. As ecotones they have high biodiversity as a result of the occurrence of species 
with different requirements according to soil moisture. They create ecological corridors, allowing migration 
of the organisms in human disturbed landscape. With these migration routes, species of foreign origin 
which spread to a new area also benefit. Numerous alien species are considered as invasive, and described 
as a threat to biodiversity due to strong competitive abilities. To describe the relationships between a num-
ber of invasive species, biodiversity and size of a river, the vegetation of 750 m fragments of the Odra and 
Dobra river valleys on the area of the Wrocław city were analysed. The comparison of plant communities 
in the valley of a large, managed river (Odra) and its small tributary (Dobra) was carried out. The plant 
assemblages, occurring in study areas, determined the habitat conditions on the basis of Ellenberg’s indi-
cator values (EIV’s), as well as Shannon-Wiener biodiversity index was defined. The designed sites differed 
according to Shannon-Wiener biodiversity index, as well as soil properties: moisture, reaction, and fertility. 
In the study side of the Odra river ruderal and scrub species were dominated, whereas in case of study site 
of the Dobra river – meadows and ruderal species. The invasive plant species occurring in the Odra valley 
are: Symphoricarpos albus, Solidago gigantea, S. canadensis, Robinia pseudoacacia, Clematis vitalba, Quercus rubra, 
Reynoutria japonica, Parthenocissus inserta and Echinocystis lobata, and in the Dobra valley: Solidago gigantea, S. 
canadensis. The analysis of correlation between Shannon-Wiener biodiversity index and share of invasive 
species revealed statistically significant influence of occurrence of invasive species on biodiversity of plant 
communities in case of the Odra river.
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INTRODUCTION

Gaining new lands by humans began to trans-
port the species outside of their native ranges. They 
were helped to cross the barrier, which earlier could 
not be skipped. Introducing cultivation of the alien 
plants was caused by economic reasons, it allowed 
to obtain the substances for medical purposes, or 
it was connected with cultural grounds (Gniazdow
ska 2005). The circumstance, which played the most 
important role in the whole history of plant species’ 
spread by human, was the discovery of America in 
1492. Soon after the discovery of the New World the 
exchange between continents started. It concerned 
not only articles, but plant species too (Dajdok & 
Śliwiński 2009). It caused, despite of the intentional 

introduction of plant species, accidental transport of 
seeds. Many of European species became casual in 
America, Asia, Australia, and the other way round 
– species from these continents invaded Europe (To-
karska-Guzik 2001, Dajdok 2007, Tokarska-Guzik et 
al. 2012). The change in viewing alien species as wel-
comed components of the biota to recognizing them 
as pests and threat to biodiversity has occurred rel-
atively recently. Biological invasions have attracted 
the attention of scientists only in the last 50 years 
(Pyšek & Richardson 2008). Presently, invasions of 
alien species and landscape fragmentation are one of 
most important threats to biodiversity at the global 
scale (Byers et al. 2002). These processes are caused 
by human activity and refer to large areas, leading to 
changes in vegetation and fauna, as well as economic 
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losses. Massively occurring invasive species also con-
tribute to changes in the landscape, both in terms of 
reception aesthetics and functional changes (Szymura 
& Wolski 2006). The rate and range of widespread-
ing of the invasive species in Central Europe could be 
explained by changes in land use in post-communist 
countries in the late 90's. At that time many fields, 
meadows, and pastures were abandoned, and they 
created habitats suitable for alien species (Kutkow-
ska et al. 2006). Invasive plant species, as stronger 
competitors displace the native species and take their 
place in ecosystems (Dajdok & Śliwiński 2009). River 
areas are the habitats particularly susceptible to bio-
logical invasions because they are adjacent to ecolog-
ical corridors created by river. (Gacka-Grzesikiewicz 
2001, Planty-Tabacchi et al. 2001). Riparian zones 
appear as key-compartments at the scale of temper-
ate landscapes (Forman & Godron 1986). These eco-
systems are defined as ecotones between aquatic and 
terrestrial ecosystems (Gregory et al. 1991, Gurnell 
1995). River corridors constitute complex ecological 
systems. The most important element of these sys-
tems is vegetation (Tabacchi et al. 1998). The aim of 
this study was to assess whether the analysed frag-
ments of large, managed river valley (Odra) and their 
small tributary (Dobra) differ according to vegeta-
tion and share of the invasive plant species.

MATERIAL AND METHODS

The inventory of vegetation of fragments (750 
metres) of both: the Odra river valley (site 1) as well 
as Dobra (site 2) on the area of Wrocław city (Fig. 1) 
was done.

Fragments of river valleys with similar land use, 
currently and in the past, were selected. Fragments 
designed for analysis are placed in the vicinity of 
a  single-family houses estate. Vegetation is mown 
every few (2–5) years. In the study areas, 20 sam-
pling plots were placed at the same distance (35 me-
ters) from each other and 10 meters from the river 
bank. On these plots (25 m2 size each) the inventory 

of vegetation according to phytosociological method 
was done. The affiliation of plant species for classes 
of vegetation was designed (Matuszkiewicz 2013). 
On the basis of this analysis the percentage of species 
representing particular class of vegetation was calcu-
lated for each of study sites. Invasive plant species 
were defined on the basis of “Alien plants in Poland, 
with special consideration of invasive species” pub-
lication (Tokarska-Guzik et al. 2012) and database of 
alien species in Poland (http://www.iop.krakow.pl/
ias/). The average number of species, Shannon-Wie-
ner (S-W) index of biodiversity, and average of El-
lenbergs’ indicator values (EIV) were calculated for 
individual releve (Ellenberg et al. 1991). Analyses 
were done using the software of Juice (Tichy 2002). 
Differences of average values were calculated using 
the test of Wilcoxon Mann-Whitney, with Monte 
Carlo permutation by “coin” package in R software 
(Hothorn et al. 2013). Subsequently the significance 
of correlations between: index of biodiversity (S-W), 
average number of species in releve (N), and average 
number of invasive plant species (ISp), light condi-
tions (EIV_l), temperature (EIV_t), soil moisture 
(EIV_m), soil reaction (EIV_r), as well as soil nutri-
ent (EIV_n) was calculated for particular plots. For 
these purposes the Spearman index of correlation 
was calculated by testing its statistical significance 
also using the Monte Carlo methods and package 
“coin”.

RESULTS

In site 1 the occurrence of 140 plant species was 
noted, among which dominated the ruderal species 
(Artemisietea vulgaris class), species typical for meso-
phisous scrubs (Rhamno-Prunetea) and meadows (Mo-
linio-Arrhenatheretea) (Fig. 2), average number of spe-
cies in releve was 29 (minimal 9, maximal 47). In site 
2 occurrence of 98 species was noted, among which 
majority were meadow (Molinio-Arrhenatheretea class) 
and ruderal species (Artemisietea vulgaris) (Fig. 2), av-
erage number of species in releve was 28 (minimal 
22, maximal 37). The sites do not differ significantly 
according to the average number of species in releve 
(Z = –0.50, p = 0.66).

In site 1 species with highest cover were grass-
es: Phalaris arundinacea L., Anthoxanthum odoratum L. 
and Arrhenatherum elatius (L.) P. Beauv. ex J. Presl et 
C. Presl, there was noted also considerable cover of 
invasive plant species: Symphoricarpos albus (L.) S.F. 
Blake and Solidago gigantea Aiton. The most frequent-
ly occurring species were: Festuca rubra L., Dactylis 
glomerata L. and Calamagrostis epigejos (L.) Roth), and 
among the invasive species – Solidago canadensis s.l. 
(Table 1). In site 2 the highest cover was noted in 
case of Arrhenatherum elatius, Dactylis glomerata, Phala-
ris arundinacea and invasive species – Solidago gigantea. 
The most frequently occurring species were, except Fig. 1. Location of the study sites
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Arrhenatherum elatius and Solidago gigantea, Elymus re-
pens (L.) Gould.) and Ranunculus repens L. (Table 1).

Invasive plant species occurred in 67% of the an-
alysed plots, with an average cover of 5.3% (from 
0 to 27.6%). In site 2 invasive species occurred in 
all plots, with an average cover of 17.5% (from 0.01 
to 62.5%). Due to high variability of values in case 
of site 2 the differences in average cover of invasive 
plant species between sites are not statistically sig-
nificant (Z = 1.28, p = 0.21).

Study sites differed according to biodiversity (Z = 
–2.57, p = 0.01), the higher value of Shannon-Wie-

ner index was noted in site 1. Light (EIV_l) and tem-
perature (EIV_t) indices are very similar in both sites 
and do not differ significantly (Z = 1.38, p = 0.18 
and Z = –1.06, p = 0.35). Soil moisture (EVI_m) is 
higher in site 1(Z = –2.01, p = 0.04), as well as soil 
reaction (EIV_r) (Z = –2.16, p = 0.03) and nutrient 
content (EIV_n) (Z = –2.43, p = 0.00) (Fig. 3).

In study site 1 significant correlation between pres-
ence of invasive plant species (Isp) and index of biodi-
versity (S-W), as well as average number of species in 
releve (N) was noted (Table 2). In case of site 2 there 
was no correlation between occurrence of invasive 
plant species and biodiversity index (S-W) and num-
ber of species. The main factor influencing diversity of 
plant species was light availability (Table 2).

DISCUSSION

River valleys have an important function in land-
scape. They work as ecological corridors and provide 
the migration of species among distant ecosystems, 
what maintains natural biodiversity (Planty-Tabacchi 
et al. 2001, Badora & Nowak 2004). By the way, inva-
sive species use the corridors for spreading (Chytrý 
et al. 2008, Pyšek & Richardson 2008). Presented 
results show, that in Odra and Dobra River valleys 
invasive plant species occurred. More species were 
noted in case of analysed fragment of Odra valley – 
nine taxa (Symphoricarpos albus, Solidago gigantea, Soli
dago canadensis, Robinia pseudoacacia, Clematis vitalba, 
Quercus rubra, Reynoutria japonica, Parthenocissus inser-
ta, Echinocystis lobata), whereas in Dobra river valley 
two taxa were present (Solidago gigantea, S. canaden-
sis). Higher number of invasive plant species along 
Odra river could be explained by fact, that it is one of 
the biggest river in Poland and it flows by numerous 
distributed and human influenced areas. River regu-
lation and stabilization of river banks causes distur-
bance or create new habitats, where invasive species 
turn up very fast (Cavailé et al. 2013). It is known 
that disturbed habitats, where the level of human in-
fluence is high, are more suitable for plant invasions 
(Lake & Leishman 2004, Hanspach et al. 2008, Chytrý 
et al. 2009).

Study sites differ significantly according to biodi-
versity index (S-W). Site 1 has higher value of bio-
diversity index, than site 2. In the Dobra river valley 
meadows species dominate, in contrast to the Odra 
river valley, where frequency of this kind of species 
was lower than ruderal and mezophilous scrubs spe-
cies. In this site in phytosociological releves tree and 
shrub species were noted (Salix alba, Prunus spinosa, 
Symphoricarpos albus, Quercus rubra). It could be the 
effect of more advanced stage of succession on the 
studied fragment of Odra river valley, caused by the 
lack of mowing this area. Additional effect of ces-
sation of mowing the grasslands, beside of the pro-
cess of succession, is occurrence of invasive plant 

Fig. 2. Percentage of species typical for particular classes of 
vegetation in sites 1 and 2

Fig. 3. Values of Shannon-Wiener biodiversity index (S-W) 
and Ellenberg’s indicator values (EIV_l – light, EIV_t 
– temperature, EIV_m – soil moisture, EIV_r – soil re-
action, EIV_n – nutrient contents) for analysed plots 
in two study sites (site 1 – Odra valley, site 2 – Dobra 
valley). Statistically significant differences were marked 
with asterisk
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Table 2. Values of Spearman index of correlation between: index of biodiversity (S-W) and average number of species in 
releve (N) and the occurrence of invasive plant species (ISp), light index (EIV_l), nutrient content (EIV_n) in analysed 
plots. Statistically significant values were underlined 

Factor
Site 1 Site 2

N S-W N S-W

Isp Z = –2.23, p = 0.025 Z = –2.02, p = 0.044 Z = 1.40, p = 0.161 Z = 0.87, p = 0.385

EIV_l Z = –1.81, p = 0.030 Z = –1.75, p = 0.081 Z = –2.07, p = 0.039 Z = –0.81, p = 0.042

EIV_t Z = 1.81, p = 0.070 Z = 2.06, p = 0.069 Z = –0.14, p = 0.891 Z = –1.14, p = 0.252

EIV_m Z = 0.40, p = 0.687 Z = 0.27, p = 0.789 Z = 0.74, p = 0.458 Z = –0.13, p = 0.893

EIV_r Z = 1.40, p = 0.161 Z = 1.35, p = 0.176 Z = –0.57, p = 0.566 Z = 0.71, p = 0.480

EIV_n Z = 0.68, p = 0.497 Z = 0.56, p = 0.576 Z = 0.75, p = 0.453 Z = 1.54, p = 0.122

Table 1. Dominant and invasive species in particular sites according to average cover (cover) and frequency of occurrence 
(freq.). 20 dominant species and all invasive species were shown, which were noted in study sites. Underlined are 
species listed in Regulation of Ministry of Environment of 9th of September 2011 on the list of non-native species of 
plants and animals, which, if released into environment, can endanger the native species or habitats 

Site 1 Site 2

No. species cover freq. No. species cover freq.

1 Phalaris arundinacea 17.5 13 1 Arrhenatherum elatius 37.5 100

2 Anthoxanthum odoratum 17.5 7 2 Dactylis glomerata 31.8 14

3 Arrhenatherum elatius  10.9 93 3 Phalaris arundinacea 18.8 29

4 Festuca rubra 8.8 100 4 Elymus repens 12.6 100

5 Dactylis glomerata 7.3 80 5 Ranunculus acris 7.6 71

6 Phragmites australis 7.0 33 6 Calamagrostis epigejos 6.1 43

7 Calamagrostis epigejos 6.5 80 7 Urtica dioica 5.8 43

8 Phleum pratense 5.9 20 8 Ranunculus repens 4.4 100

9 Festuca pratensis 5.8 67 9 Leucantemum vulgare 3.1 71

10 Salix alba 5.6 27 10 Holcus lanatus 3.1 71

11 Elymus repens 5.5 40 11 Veronica chamaedrys 2.5 43

12 Poa palustris 5.0 53 12 Cirsium arvense 2.5 14

13 Prunus spinosa 5.0 33 13 Achillea millefolium 2.5 14

14 Anthoxanthum odoratum 5.0 7 14 Galium aparine 2.5 14

15 Galium aparine 5.0 7 15 Potentilla reptans 2.5 14

16 Achillea millefolium 5.0 7 16 Euphorbia cyparissias 2.5 14

17 Holcus lanatus 5.0 7 17 Trifolium repens 1.3 57

18 Urtica dioica 5.0 7 18 Lamium maculatum 1.3 29

19 Rumex acetosella 5.0 7 19 Poa pratensis 1.3 29

20 Alopecurus pratensis 4.6 40 20 Sanguisorba officinalis 1.3 29

Invasive species: Invasive species:

1 Symphoricarpos albus 17.5 7 1 Solidago gigantea 16.8 100

2 Solidago gigantea 6.9 27 2 Solidago canadensis 0.1 14

3 Solidago canadensis 2.6 60

4 Robinia pseudoacacia 2.6 13

5 Clematis vitalba 1.3 27

6 Quercus rubra 0.1 7

7 Reynoutria japonica 0.1 7

8 Parthenocissus inserta 0.1 7

9 Echinocystis lobata 0.1 7
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species (Faliński 1998, Chytrý et al. 2005, Gerard 
et al. 2008). These species are often competitively 
stronger than native ones, and displace native taxa by 
creating the mono species aggregations (Szymura & 
Szymura 2013). Good example of this process is the 
invasion of north American species of Solidago genus. 
In both study sites the species were present (S. gi-
gantea and S. canadensis). Solidago gigantea, because of 
wider toleration for soil moisture, occurs more often 
on river valleys habitats, than S. canadensis (Szymura 
& Wolski 2006). Goldenrods, invading natural hab-
itats, transform ecosystems due to changing of spe-
cies composition. It causes significant consequences 
in changing the number of species of different groups 
of organisms. Investigations conducted on meadows 
communities: invaded by Solidago species and with-
out invasive species, show, that domination of inva-
sive plant species causes a decreasing of number of 
plant species, as well as meadow birds breeding pairs 
(Skórka et al. 2010). It is an effect of the decreasing 
number of invertebrates, which are the main source 
of food for birds. Other investigations show, that Sol-
idago species negatively influenced the number and 
size of ant colonies (Lenda et al. 2013), as well as the 
structure of pollinators (Moroń et al. 2009).

Analysis of Ellenberg’s indicator values (EVI) sug-
gests occurrence of differences in habitat (according 
to soil moisture, soil reaction, and nutrient content) 
in the analysed fragments of the valleys of the Odra 
and Dobra rivers. In case of the Odra river, values of 
these indices were higher than in the Dobra valley. 
It could be connected with the size of the Odra river 
and high number of its tributaries. A large amount of 
nutrients and pollutants is transported from whole 
water catchment into the Odra river. It caused e.g. 
increase of pH value and nutrient content.

Consideration of the environment conditions 
on the basis of Ellenberg’s indicator numbers’ val-
ues (EIV) meets some doubts. The indicator values 
were calculated based on the observation of species 
in different conditions. In addition, indicator values ​​
for particular species were given for all area of Cen-
tral Europe (Ellengerg et al. 1991, Diekmann 2003). 
Despite of it, the Ellenberg’s indicator values (EVI) 
are very often used as a source of knowledge about 
environmental conditions, when the direct measure-
ments are not possible.

Grasslands are habitats which are dependent on 
repeated disturbances, e.g. mowing. For this reason, 
as semi-natural habitats they are more suitable for 
invasion of alien species, particularly in river valleys 
(Planty-Tabacchi et al. 2001).

Flood disturbances, occurring in the floodplain, 
which periodically destroy vegetation, are not a suf-
ficient factor preventing the invasion of alien species 
on these habitats (Gerard et al. 2008). In order to 
maintain eligible species composition, grasslands’ 
mowing is necessary.

CONCLUSIONS

1.	 In the analysed fragment of the Odra river val-
ley the ruderal and mezophilous shrubs species 
were dominated, whereas in the Dobra river val-
ley-meadow and ruderal species.

2.	 In both sites the most frequent species were 
grasses: Arrhenatherum elatius, Phalaris arundina-
cea, and Dactylis glomerata.

3.	 In the analysed plots in the Odra river valley nine 
invasive plant species occurred, and in the Dobra 
river valley two. However, in the second case the 
share of Solidago gigantea was very high (average 
16.8% cover).

4.	 To avoid the spread of invasive plant species, 
mowing of inter-embankment areas is necessary.
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