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Abstract
Prokopuk, M., Zub, L., 2020. Urban ecosystems as locations of distribution of alien aquatic plants. Folia 
Oecologica, 47 (2): 159–167.

Peculiarities of alien macrophytes invasions into aquatic ecosystems located at urban landscapes were inves-
tigated on an example of water bodies, rivers and streams located within the Kyiv City (Ukraine). There have 
been recognised seven species of alien aquatic macrophytes established at the territory of Kyiv City, repre-
senting 11% of the hydrophilic flora of the city. The representatives of the recent invasions Egeria densa, 
Elodea nuttallii and Pistia stratiotes in comparison with Elodea сanadensis were characterized by a wider 
ecological valence concerning the contents of nitrogen compounds in water. Significant variability of mor-
phometric parameters of coenopopulations of alien species formed in different environmental conditions was 
recognised. There was observed that the individuals of Pistia stratiotes from eutrophic water bodies formed 
significantly larger surface organs, and the individuals from meso-eutrophic reservoir had a larger number 
of leaves in the rosette, and more numerous and longer roots. The alien macrophytes species dwelling in the 
water bodies of the city were characterized by wide ecological amplitudes, high stress tolerance, high repro-
duction rate, high naturalization degree, allowing these species to use the resources of their new environment 
inaccessible for the local species and significantly affecting the ecosystem homeostasis and transformation.
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Introduction

Increasing rate of landscapes urbanization has been rec-
ognized as one of the most important factors exerting 
negative impacts on biodiversity (Keating, 1993). At such 
territories, thorough transformation of natural complexes 
takes place. In this case, the function of environmental 
optimization is taken over by parks, “green zones” of the 
city as well as reservoirs, where representatives of the 
natural communities still overlive being protected. These 
habitats play important recreational, esthetic and conserv-
ation functions. On the other hand, these complexes are the 
sources of the human-induced introduction of new, alien 

species. In most cases, these species are introduced with 
the aim to improve the attractiveness, recreational value 
and protection against the aggressive influence of the city. 
Occasional invasions are also possible: targeted introduc-
tion by humans (Scalera and Genovesi, 2016), fugitives 
from collections or aquaculture, “stowaways” during 
transportation etc. Environmental problems in cities (over-
concentration of population, transport, industrial enter-
prises in a relatively small area) aggravate this situation. 
Often, the introduced aliens may act as dangerous invasive 
species. Numerous anthropophytes, due to their wide eco-
logical valence, are not only able to occupy free ecological 
niches but they also can suppress the local native species. 
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The distribution of alien species at urban areas is a prom-
inent example of the consequences of anthropogenic trans-
formation of the natural biota.

Due to their azonality and certain homogeneity of 
ecological conditions, aquatic ecosystems are convenient 
channels for invasion. Thus, in the fresh waters and seas 
of the southern Europe over the past 20–30 years, more 
than 300 alien species of all taxonomic groups of eukary-
otes have been naturalized successfully (CIESM Atlas of 
exotic species in the Mediterranean, 2020). During this 
period, more than 100 alien species of aquatic organisms 
penetrated into the aquatic ecosystems of Ukraine (Zhu-
kynskyi et al., 2008). 

Usually more attention is paid to the study of terrestrial 
species, so it is difficult to talk about the exact number and 
distribution of alien macrophytes species (Oerti, 2018). 
The risk of invasion by alien species is particularly high in 
cities, as the urban environment experiences a particularly 
high rate of plant introduction. In addition, aquatic fresh-
water ecosystems are particularly vulnerable to invasions 
by alien species compared with terrestrial ecosystems 
(Lodge et al., 1998; Sala et al., 2000). Therefore, a lot of 
questions already explored regarding terrestrial plants in 
cities remain unresolved regarding aquatic plants (Oerti, 
2018).

The relevance of this issue in the recent years is also 
evident from the number of the European researchers 
investigating this problem and from numerous publica-
tions related to the study of alien aquatic plants in Europe 
(Hussner, 2012; Hussner et al., 2014; Oertli et al., 2018; 
Hrivnak at al., 2019).

In general, hydraulic engineering and water regulation 
have played a significant role in the increase of the alien 
species in Ukraine, especially the Dnipro River, which 
together with the Pripyat and Vistula River basins act as 
the main corridors for the alien species invasions from the 
Black Sea-Caspian region to Central and Western Europe, 
the Baltic Sea, and a vice versa.

Kyiv is located at the intersection of the European mi-
gration corridors. The aquatic habitats together with all 
the other biotopes formed within the city of Kyiv in par-
ticular, and in urban areas in general, differ in the degrees 
of transformation and hemeroby. Territories with exces-
sive technogenic impact are the centers of introduction 
and subsequent migration of alien species into the natural 
biotopes (Protopopova et al., 2002). The reservoirs and 
watercourses of Kyiv are characterized by significant an-
thropogenic eutrophication. All these factors control the 
diversity of macrophytes the predominance of the local 
eurytopic species as well as loss many stenotopic spe-
cies and appearance of new alien components (Zub et al., 
2019).

There are 19 species of alien higher plants over the ter-
ritory of Ukraine (Zub and Prokopuk, 2020). A total of 96 
aquatic plant species have been recorded in Europe (in 46 
European countries) (Hussner, 2012). Most alien aquatic 
plants are native to the North America, then to Asia and 
South America. Elodea canadensis is the most common 
alien aquatic plant in Europe, distributed in 41 European 
countries. The second place is occupied by Azolla filicu-

loides (occurs in 25 countries), Vallisneria spiralis – in 
22 and Elodea nuttallii – in 20 (Hussner, 2012). The his-
tory of macrophyte invasions on the European continent 
and the problems associated with this invasion have been 
widely discussed in scientific literature (Simpson, 1984; 
Barrat-segretain et al., 2002; Josefsson, 2011). 

The aim of this study was to provide objective infor-
mation about the spreading of alien macrophytes in urban 
environment (on the example of Kyiv); establishing the 
features of their ecology, coenology, phenotypic and pro-
duction variability of the model species, for next preven-
tion of their introduction, distribution and naturalization.

Our study aim was to expand and supplement mod-
ern knowledge about macrophyte invasions in the surface 
freshwater bodies of Ukraine and about the factors that 
causing these invasions. This allowed us to identify the 
particularly aggressive (invasive) species exerting pos-
sible adverse effects on natural biodiversity, and to under-
stand the role of anthropogenic transformation affecting 
the spreading of alien species of macrophytes. The re-
search results can be used to indicate the changes in eco-
logical conditions and in the structure of aquatic plants 
thickets in reservoirs inhabited actively developing by 
alien species of macrophytes. 

Materials and methods

Study sites

In this article, we consider the urban ecosystem (based on 
the example of Kyiv City, Ukraine) as distribution site of 
for invasive species of higher aquatic plants. According 
to our knowledge, in this context, no detailed studies of 
water bodies in the city have been conducted yet, there 
exist only reports concerning isolated findings of alien 
macrophytes (Chorna, 2006; Bagatska, 2007; Lushpa, 
2009; Karpova and Klepets, 2013; Heluta, 2013). 

Kyiv is a large urban complex and the biggest city of 
Ukraine, with the largest area (83.6 thousand hectares) 
and the number of inhabitants (about 3 million people). 
It is characterized by a great number of parks and water 
bodies. Aquatic ecosystems within Kyiv City occupy 7% 
of the total area of   the city (almost 60 km²), most of them 
(42 km²) are hydro-habitats of the lotic type and only one 
third (17 km²) are lentic (Didukh and Alioshkina, 2006). 
In total, there are 421 water bodies in the city; and the Dni-
pro River crosses the city from the north to the south for 
~35 km. Aquatic habitats, like all other biotopes formed 
at urbanized territories, are more or less transformed and 
heterogeneous. Ponds, rivers and streams located within 
the Kyiv territory are characterized by a significant an-
thropogenic eutrophication.

Field sampling

The research samples were assembled in field surveys 
of ponds, rivers and streams located at the Kyiv terri-
tory. Seventy-two reservoirs have been surveyed and 
45 localities of alien species of macrophytes have been 
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identified. The studies were conducted during the period 
May–October 2013–2019, by methods conventional in 
hydrobotany (Fassett, 1969; Wood, 1975). Traditional 
hydrobiological and hydrobotanic methods were used: 
field surveys (by route and semi-stationary methods), 
marking of test sites, monitoring sites, ecological-coenotic 
profiles, hydrobotanical mapping of reservoirs; population 
studies, morphometric, coenotic, and production surveys, 
studies of trophic characteristics of biotope of anthropo-
genic eutrophication. Vegetation descriptions were carried 
out on sites with homogeneous conditions. For each place 
of growth, there were recorded: the geographical location, 
type of reservoir, depth, presence and speed of flow, na-
ture of sediments, and water temperature. Biogenic con-
tents (NO2

–, NO3
–, NH4

+, РO4
3–) were measured by the col-

orimetric method using DR900 Multiparameter Portable 
Colorimeter. The descriptions were made in accordance 
with the basic methodological principles of ecological-
floristic classification J. Braun-Blanquet (Braun-Blan-
quet, 1964). Total soil cover percentage (TSC) in each 
description site as well as particular soil cover percentage 
(PSC) for each plant species were estimated. The TSC and 
PSC were translated into the points accepted at the Braun-
Blanquet School.

Data analysis and nomenclature

The results of the research were processed by basic sta-
tistics and by the Principal component analysis PCA 
performed using the ‘ade4’ package (Dray and Dufour, 
2007) in R (R Core Team, 2020). The scientific names of 
species of families are used in accordance with the Inter-
national Plant Names Index (IPNI, 2020). The study of the 
adaptive strategy of alien plants in an urbanized environ-
ment was carried out after analyzing the scientific litera-
ture characterizing the process of invasion of alien species 
(Weber, 1997; Burda and Ignatyk, 2011; Gaertner at 
al., 2017).

Results 

The urban landscape of Kyiv City is characterized by 
a significant variety of water bodies. The wide range of 
habitats presented here and appropriate for good being of 
macrophytes determines their floristic richness. Accord-
ing to our research, today 62–65 species of macrophytes 
(about 40% of the floristic list of macrophytes of Ukraine) 
dwell here. In the natural flora, eurasian (34%) and holarc-
tic (28%) species dominate, more than 23% of the floristic 
list consists of cosmopolitan species. In the zonal aspect, 
there are 51% of plurizonal and 30% of boreal type spe-
cies.

The modern urban development of the Kyiv City 
mainly takes place due to water excavation of sand to the 
Dnipro River floodplain. As a result, there is a lot of drain-
age reservoirs – lakes, canals and cascades of ponds here. 
These are either transformed natural reservoirs or new 
artificial ones. Creation of such reservoirs causes forma-
tion of a number of new free biotopes suitable for coloniz-

ation by macrophytes. These habitats make conditions for 
demutation successions. The pioneer stages of overgrowth 
of such biotopes are characterized by active penetration 
of alien species. About 11% of the list of the hydrophilic 
flora of the city are alien species. There are 10 species of 
alien macrophytes in the city (Hydrocharitaceae – 4 spe-
cies, Acoraceae – 1 species, Araceae – 1 species, Azol-
laceae – 1 species, Lemnaceae – 1 species, Poaceae – 2 
species) (Table 1).

 Three species – Acorus calamus L., Elodea сanadensis 
Michx. and Vallisneria spiralis L. can be considered as 
ancient invaders. These species are mentioned in the sci-
entific botanical works of the late 19th–early 20th centur-
ies in the lists of flora of the city. Today, these plants are 
naturalized and became standard elements of the aquatic 
flora of urban water bodies. Since the middle of the 20th 
century Typha laxmannii Lepech. – the species of Ponto-
Caspian origin had been added to this list. This species 
is more common in southern Ukraine. Kyiv is located on 
the border of the Polissia and Forest-steppe physical-geo-
graphical zones and until the middle of the last century, 
Typha laxmannii did not occur at its territory.

The sixteenth century is the approximate time of the 
invasion of Acorus calamus. Even 50–60 years ago, this 
species was widespread on the banks of the Dnipro River 
floodplain. Today, it occurs very rarely in the reservoirs 
of the city and only on the left bank of the Dnipro River. 
The reason for this is the almost total destruction of the 
floodplain landscape due to the urban development. This 
species does not form its own phytocoenosis, it occurs as 

     Table 1. Alien macrophytes of Kyiv 
 

Species 

Distribution 
Early 
20th 

century 

End 
20th 

century 

Early 
21th 

century 
Acorus calamus L. + + + 

Azolla caroliniana 
Willd. 

– – + 

Egeria densa Planch. – – + 

Elodea сanadensis 
Michx. 

+ + + 

E. nuttallii (Planch.) 
H. St. John. 

– – + 

Lemna turionifera 
Landolt. 

– – + 

Phragmites altissimus 
(Benth.) Nabille 

– – + 

Pistia stratiotes L. – – + 

Typha laxmannii 
Lepech. 

– + + 

Vallisneria spiralis L. + + + 

 

Table 1. Alien macrophytes of Kyiv
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a component of communities belonging to the assotiations 
Calistegio-Phragmitetum V. Golub et Mirkin 1986 or Gly-
cerietum maximae Hueck 1931.

Elodea сanadensis occurs in eutrophic and meso-
eutrophic waters (at a depth of 0.5–0.8 m on sandy and 
silt-sandy deposits). The typical components of coenoses 
with dominance of Elodea сanadensis are Ceratophyllum 
demersum L., Stuckenia pectinata (L.) Börner, Myriophyl-
lum spicatum L., Najas marina L. Elodea nuttallii H. St. 
John., Potamogeton crispus L. 

Vallisneria spiralis is naturalized in the local native 
phytocoenosis, usually in reofilic biotopes (the water-
course of the Dnipro River and the channel associated 
with it) in sandy shallow waters with depths of 0.5–1.5 m. 
It forms both monodominant coenoses and joint commun-
ities with Potamogeton perfoliatus L., P. heterophyllus 
Schreb. 

Creation of the cascade of the Dnipro River reservoirs 
is associated with the expansion of Typha laxmannii over 
the water objects of the city. We recorded its first individ-
uals in the 90s of the last century along the newly built 
drainage channels of the city on disturbed sandy habitats. 
Today, this species has been fully naturalized and it forms 
fragmentary thickets along the banks of numerous chan-
nels, along with the associations of Phragmitetum com-
munis (Gams. 1927) Schale 1939, Calistegio-Phragmitetum 
and Typhetum angustifoliae Pignatti 1953, Typhetum lati-
foliae G. Lang 1973.

The beginning of the 21st century was characterized 
by an increase in the number of alien macrophytes in the 
reservoirs of the city more than 2 times (see Table 1). Over 
the past 10–15 years, six new alien macrophyte species 
have appeared: Azolla caroliniana Willd., Pistia stratio-
tes L., Lemna turionifera Landolt, Elodea nuttallii, Egeria 
densa Planch. and Phragmites altissimus Mabille. The 
ways of their penetration: purposeful (Azolla caroliniana, 
Pistia stratiotes) or accidental (Lemna turionifera, Elodea 
nuttallii, Egeria densa) release by humans. Phragmites 
altissimus can be considered as a transport – stowaway, 
extending from south to north with newly created biotopes 
of the Dnipro reservoir cascade. Most of them (Phrag-
mites altissimus, Azolla caroliniana, Lemna turionifera, 
Pistia stratiotes and Egeria densa) occur in 1–3 localities. 

The peculiarity of Phragmites altissimus is the at-
tachment to anthropogenically-disturbed coastal natural 
and artificial ecotopes, it is common in reservoirs with in-
creased recreational or technogenic impacts. In Kyiv, the 
species was first recorded by G.O. Karpova in the early 
21st century; only its 2 localities are known. The spe-
cies forms monodominant coenoses with TSC 100%, ex-
tending to the shores of reservoirs to a depth of 0.5 m, on 
sandy sediments. The species populations are extremely 
productive – about 0.5 kg m–² of dry phytomass is formed.

In 2014, there was recorded the development of Azolla 
caroliniana and Lemna turionifera in an artificial decora-
tive pond of the city. The massive and rapid development 
of the сommunities of the Azolla caroliniana in the pond 
we observed is a striking example of invasion of an alien 
species. The species is the coenosis forming and domin-
ant. The life strategy under conditions of the warm sum-

mer–autumn of 2014 completely corresponded to the fol-
lowing “species-transformers”: a species being, on the one 
hand, a donor of a resource (in particular, nitrogen), and 
on the other, an over-consumer of other resources in the 
habitat (light, oxygen, nutrients) causes changes to the 
coenotic structure of the community.

However, the development of coenoses of Azolla caro-
liniana was ephemeral, and in the following years (2015–
2016), Azolla was not detected in the locality. The species 
is not winter-resistant and the thermophilic plant did not 
overwinter or spread through the hydrographic network of 
the Dnipro basin. But the specific microclimate of the city, 
with the warm winters observed lately, increases the spe-
cies’ ability to tolerate negative temperatures. Examples of 
rapid spreading of this species in southern Ukraine show 
that Azolla caroliniana is an extremely dangerous com-
ponent of the macrophyte flora.

The duckweed Lemna turionifera compared to the na-
tive species (Lemna minor L., L. trisulca L. and L. gib-
ba L.) is more resistant to unfavorable climatic factors 
(droughts, severe frosts), primarily due to the formation 
of wintering turians. However, the environmental re-
quirements for edaphic factors (low acidity of water, high 
trophic reservoir) in Lemna turionifera and the native spe-
cies are quite similar, which gives a reason to expect fur-
ther invasions of this species in the country.

Pistia stratiotes was first noted for Kyiv park ponds 
in 2006. Its introduction was probably intentional (release 
in nature), but unconscious. The species had a flash of de-
velopment in the first year, but it did not overwinter. Since 
2013, during 4 years we were observing the permanently 
existing coenopopulations of the species in three localities 
of the city. This species prefers flowing eutrophic water 
bodies with silty bottom sediments. Peak of development 
is in late summer–early autumn. During this time, it is 
a good recognized edificator of the complex of free-float-
ing plants. Sometimes it achieves significant development, 
forms communities with TSC of 90%, where the PSC of 
the plant in the phytocoenosis was 70–80%. It occurs as 
a part of two communities: in coenoses where Cerato-
phyllum demersum L. (PSC of Pistia stratiotes in phyto-
coenosis is 70%) was a subdominant, and as. Lemnetum 
minoris Soó 1927 where Lemna minor dominates (PSC 
60%), and Pistia stratiotes is subdominant (PSC 30%). 
In 2018, data on the penetration of Pistia stratiotes into 
the Dnipro River hydro-network in the city area were as-
sembled.

Elodea nuttallii, prefering meso-eutrophic and eu-
trophic, low-flow reservoirs, grows on a depth of up to 
1.5 m and slightly silted sandy bottom sediments. Usu-
ally it is a subdominant (PSC 25–75%) in communities of 
Ceratophyllum demersum, also occurred in the thickets of 
Myriophyllum spicatum L., Trapa natans L., Hydrocharis 
morsus-ranae L., Stuckenia pectinata, Nuphor lutea L., 
Salvinia natans (L.) All., Najas marina L., Najas minor 
All. It forms communities Elodeeto-Ceratophylletum, 
Elodeeto-Potamogetum. Today there is a clear trend of 
Elodea nuttallii moving up and down the Dnipro River.

Four localities of Egeria densa are known in the city 
and its surroundings today. These localities are situated 
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in the floodplain reservoirs and channels on the left bank 
of the Dnipro River. The development of thickets has 
a fluctuating character: the plant is capable to outbreaks 
of mass development and attenuation, up to the complete 
temporary elimination from the hydrophytocoenosis of 
the reservoir. In the water bodies in Kyiv, the growing 
season of the species begins quite late. The mass develop-
ment of the communities is observed towards the end of 
August–the beginning of September, when water warms 
above 20 °C. Egeria densa prefers areas with good water 
exchange (gravitates to canals, floodplain lakes that have 
not lost a connection with the main stream, streams with 
a little flow). It is distributed at sandy shallows to a depth 
of 1.0 m. In the given phytocoenosis, it can be recognised 
as monodominant (PSC 80–90%) and subdominant (PSC 
20–30%); or it forms communities Egerietun densa 
and Egerieto-Ceratophylletum. In thickets the species 
forms significant phytomass – 0.225–0.450 kg m–² (wet 
phytomass).

The PCA method allowed us to identify two main 
components demonstrating a variety of conditions con-
trolling the formation of phytomass in coenopopulations 
with the dominance of Elodea: water temperature, nitrite, 
nitrate, ammonium, total nitrogen and phosphates (Fig. 1). 
The greatest contribution to the first component is the con-
tent of mineral nitrogen compounds, that is, the variation 
of this factor most determines the diversity of conditions. 
A smaller contribution to the first component makes the 
content of phosphates. It should be noted that these main 
factors have the opposite contribution to the first compon-
ent: the growth of one of them is accompanied by the de-
crease of the other. In the second main component, which 
is not related to the first one, the greatest contribution is 
made by ammonium, the content of which in water bod-

 

 
 

Fig. 1. Factors influencing the formation of coenopopulations in  

Elodea canadensis, Elodea nuttallii evaluated by PCA method. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ies correlates with temperature. High phytomass values of 
coenopopulations of Elodea are formed under conditions 
of lower water temperature and lower ammonium content 
or low nitrate and nitrite content in water. The effect of 
phosphate content in water on productive indicators is less 
obvious. 

The significant variations in morphometric and pro-
duction parameters both in different coenopopulations and 
whithin one local populations of these species indicate the 
plasticity of these species over the studied region (Fig. 
2). For example, analysis of the dynamics of phytomass 
values within the local populations of Elodea revealed 
a greater variability in phytomass produced by Elodea 
nuttallii communities than Elodea canadensis, which is 
common for species in the first stages of invasion.

Significant variability of morphometric parameters of 
coenopopulations of alien species formed in different en-
vironmental conditions was also indicated. The analysis 
showed that individuals of Pistia stratiotes from eutrophic 
water bodies formed significantly larger surface organs 
(the maximum values of such parameters as the diameter 
of the rosette, the length of the leaf blade, the number of 
veins on the leaf blade); but individuals from the meso-
eutrophic reservoir had a larger number of leaves in the 
rosette, the number of roots and their length (Fig. 3). 

Discussion

At present, the invasions of alien species into the city 
water bodies exhibit an early stage: only 7 species were 
recorded in Kyiv nowadays. They represent 53% of the 
complete list of macrophytes alien species of (Zub and 
Prokopuk, 2020) occurring in Ukraine and 11% of the 

Fig. 1. Factors influencing the formation of coenopopulations in Elodea canadensis, Elodea nuttallii evaluated by PCA 
method.
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Fig. 2. Examples of variation of phytomass amount in Elodea nuttallii (a) and Elodea canadensis (b) (air-dry, kg m–²) within 
local coenopopulations. The scale of values is on the radius, and the ordinal numbers of the individuals are situated around 

the circle.

Fig. 3. Variation of the main morphometric parameters of Pistia stratiotes in different reservoirs.
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Fig. 3. Variation of the main morphometric parameters of Pistia stratiotes in different reservoirs. 

 aquatic flora of the city. For comparison, 23 taxa of alien 
aquatic plants (17% of the city aquatic flora) were regis-
tered in 178 ponds in other large European city – Geneva, 
with five of them at a high risk of invasion (Oertli et al., 
2018). The largest numbers have been reported from Italy 
and France (34 species), followed by Germany (27), Bel-
gium and Hungary (26) and the Netherlands (24) (Huss-
ner, 2012). But this number is rising sharply and has 
doubled over nearly 30 years in Germany (Hussner et al., 
2014). In Slovakia, there has been recognised a significant 
increase in the number of alien species, due to the increase 
in the number of intensive studies on aquatic vegetation 
accomplished over the past 30 years. Twenty alien aqua-
tic plants were registered in the 479 research localities 
(Hrivnak at al., 2019). Dunn and Heneghan (Dunn and 
Heneghan, 2011) report that the flora in the largest cities 
includes around 30 to 50% alien species. Oertli and the 
authors note that urban environments are particularly pre-
disposed to the deliberate introduction of alien plants. The 
introduction of cultivated plants into urban ecosystems 
can be accidental or non-accidental, associated with orna-
mental horticulture (e.g. garden ponds) or trade in aquar-
ium plants. Hrivnak and colleagues also link the presence 
of alien species with the deliberate introduction of aquatic 

and ornamental plants as well as the supportive impacts 
of the rising temperatures and intensive landscape modifi-
cation (Hrivnak at al., 2019). Consequently, the constant 
climate change and increasing land use are leading to in-
creased invasiveness and accelerated spreading of alien 
species over new habitats.

For example, in 1899, Elodea сanadensis was record-
ed 20 km from Kyiv in the lakes on the left side of the 
Dnipro River (Erlich, 1899). The plant fell into the nat-
ural water bodies due to the lack of attention of a gardener 
of the Botanical Gardens, and by the flood in 1899 it was 
spread to the water bodies of the outskirts of Kyiv. Half 
a century later, Elodea became a common plant in most 
water bodies in Ukraine. The famous Ukrainian botanists 
M.V. Charleman (Charleman, 1914; Charleman, 1921) 
and K. K. Zerov (Zerov, 1939) list Elodea as a common 
species of aquatic flora in their floristic lists for the urban 
environment. In the period of 30–40 years ago, the spe-
cies was massive distributed and formed monodominant 
thickets in decorative ponds and water bodies at the re-
mainders of the floodplain system within the city territory. 
Recent studies show a significant decrease in its coenotic 
activity: in a number of reservoirs Elodea сanadensis 
in macrophyte communities has changed its status from 
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a coenosis-forming to a sporadically occurring species or it 
has disappeared completely (Zub et al., 2019). This can be 
explained by the significant anthropogenic eutrophication 
of the water reservoirs in the city.

 The scientific works written by I. F. Schmalhausen at 
the end of the 19th century document his individual finds 
of Vallisneria spiralis for the outskirts of the city (Schm-
alhausen, 1886). However, the mass distribution and de-
velopment of this species increased after the construction 
of the cascade of the Dnipro reservoirs in the 1950s and 
1970s. In the mid-70s of the last century, thickets of this 
species occurred in the shallow waters of the riverbed of 
the Dnipro and Desna Rivers in the city area.

The species Elodea nuttallii started its invasion to the 
aquatic biotopes of Ukraine from the streams of Kyiv (the 
species was first recorded in 2004 in the bay of Kaniv 
reservoir, downstream 100 km from Kyiv (Chorna et 
al., 2006). Egeria densa also started spreading along the 
Ukraine hydro-network from Kyiv (Bagatska, 2007). Ac-
cording to the scientists, the species was transferred into 
natural streams by accident.

The state of all macrophyte thickets, including alien 
species, is affected by the water body type. The hydro-
graphic characteristics determine the structure of thick-
ets and of the ecological groups of macrophytes that the 
thickets consist of. The biochemical characteristics (in-
cluding water quality), on the other hand, determine the 
species composition. All the studied water bodies belong 
to the hydrographic network of the Dnipro River. The 
great majority of the findings of free-floating macrophytes 
(Azolla caroliniana, Lemna turionifera, Pistia stratiotes) 
and emergent plants (Acorus calamus, Phragmites altissi-
mus, Typha laxmannii) belonged to the water bodies of the 
lentic type with difficult water exchange, while the alien 
submerged plants (Vallisneria spiralis, Elodea canadensis, 
E. nuttallii, Egeria densa) were spreading the lotic eco-
systems.

The analysis of the ecological preferences of alien spe-
cies in urban water bodies in Kyiv showed that they all 
prefered reservoirs with a high trophic status (from meso-
eutrophic to eutrophic). Nutrient-rich habitats are required 
for sreading of Azolla caroliniana and Pistia stratiotes. 
Phosphate contamination of reservoirs is a probable limit-
ing factor for the development of Azolla caroliniana. Pis-
tia stratiotes prefers biotopes rich in mineral phosphorus 
compounds. The limiting factor for the development of 
coenopopulations is either the lack or excess of mineral 
nitrogen compounds in the water. The ecological prefer-
ences of the species relative to this indicator are within the 
meso-eutrophic waters. The behaviour of Lemna turionif-
era in the specified phytocoenosis is completely consistent 
with the literature data, since this species in Europe (Uo-
tila, 2009; Sinkevičenė, 2011) occurs as a co-dominant 
or asectator in the associations of the Lemnetum minoris 
Soó 1927 or Lemno-Spirodeletum polyrrhizae Koch 194, 
spreading over illuminated shallow areas of non-flowing 
and slow-flowing eutrophic reservoirs, well warmed, with 
a water reaction close to neutral.

Egeria densa and Elodea nuttallii, in comparison with 
Elodea сanadensis, are characterized by a wider ecologic-
al valence in terms of the content of nitrogen compounds 
in the water. The environmental preferences of Elodea 
canadensis are connected with oligo-mesosaprobic and 
meso-eutrophic water; contrarily, the excess of phosphates 
is a limiting factor for the development of coenopopula-
tions of this species. For Elodea nuttallii, increased con-
centrations of mineral nitrogen and reduction of phos-
phate content сan be considered as limiting factors for the 
phytomass production. The plant elongation and reduction 
of leaf width in Elodea canadensis as well as the reduction 
or “compaction” of plant habitus and increase in leaf width 
in Elodea nuttallii are indicators of the progressing biotope 
eutrophication; elongation and more intensive branching 
of Elodea nuttallii individuals confirm the high water qual-
ity and reophilic conditions in the biotope.

 Alien species of macrophytes distributed in the city 
reservoirs are characterized by wide ecological ampli-
tudes, stress tolerance, reproduction rate, high degree of 
naturalization, allowing the plants to use the resources of 
the new environment that were inaccessible to the native 
species (Zub et al., 2019), and, in this way, to affect sig-
nificantly the homeostasis of the ecosystem and to trans-
form this ecosystem.

The strong variations in morphometric and production 
parameters both in different coenopopulations and whithin 
one local populations of these species indicate the plas-
ticity of these species over the studed region. The analy-
sis of the dynamics of phytomass values within the local 
Elodea populations showed more variability of phytomass 
produced by Elodea nuttallii communities than by Elodea 
canadensis, which is characteristic for the species in the 
initial invasion stages .

Conclusions

Seven species of alien aquatic macrophytes were found 
within the territory of the Kyiv City, which represent 11% 
of the hydrophilic flora of the city. The great variations in 
morphometric and production parameters both in differ-
ent coenopopulations and whithin one local population of 
these species indicate their plasticity in urban water bod-
ies. In our opinion, anthropogenic eutrophication of water 
bodies in urban areas due to nitrogen-containing biogenic 
compounds can contribute to the alien species introduc-
tion. The recent invasions representatives Egeria densa, 
Elodea nuttallii and Pistia stratiotes, in comparison with 
Elodea сanadensis are characterized by a wider ecological 
valence concerning the content of compounds of nitrogen 
in water. The alien macrophytes species distributed in the 
city reservoirs are characterized by wide ecological ampli-
tudes, stress tolerance, reproduction rate, as well as high 
degree of naturalization, which allow them to use the re-
sources from the new environment inaccessible to the na-
tive species and to affect significantly the homeostasis of 
the ecosystem and its transformation.
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