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The article is devoted to the analysis of current data on the ecological features and 
functions of the aquatic macrophytes which are important components of aquatic and 
wetland ecosystems across the globe. Macrophytes comprise a taxonomically diverse 
group of macroscopic plants including representatives of vascular aquatic plants, bryo­
phytes, as well as green macroalgae and charophytes. An assemblage of macrophytic 
vegetation consists of emergent species whose vegetative parts emerge above the 
water surface, submerged and floating species, with each ecological group having spe­
cific features in morphology and physiological processes. A wide range of the adaptive 
mechanisms developed by aquatic macrophytes at the morphological, physiological, 
and biochemical levels enables them to inhabit various types of freshwater, brackish-
water, and marine habitats. Macrophytes are an important component of aquatic food 
webs and perform a host of ecological functions in water ecosystems. The main ones 
are synthesis and storage of organic compounds and oxygen release, absorption and 
accumulation of chemical elements, water filtration and detoxification of pollutants, re­
lease of biologically active compounds involved in interspecies communications, provi­
sion of food, shelter and feeding places for aquatic animals, impact on the hydrological 
regime of water bodies, etc. A wide array of macrophyte species aresed in various hu­
man activities, including bioindication of water quality, phytoremediation of contaminat­
ed water bodies and wastewater treatment. However, human activities leading to sur­
face water pollution, eutrophication and global warming have led to a concomitant de­
crease in macrophyte diversity in many freshwater ecosystems and in marine environ­
ment. Therefore, proper management of aquatic and wetland ecosystems, including 
their monitoring and control, is a prerequisite for a successful conservation of habitats 
and species richness of the aquatic macrophytes.
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INTRODUCTION
Aquatic macrophytes (often referred to as hydrophytes) constitute an assemblage 

of taxonomically diverse macroscopic plants whose life cycle takes place completely or 
periodically in the aquatic environment. Adaptive mechanisms evolved by macrophytes 
allow them to optimally respond to environmental heterogeneity and inhabit various 
types of aquatic habitats, including freshwater bodies, watercourses, wetlands, swamps, 
seasonally flooded areas, as well as brackish and marine environments [48, 56, 78]. 
From a systematic point of view, aquatic macrophytic vegetation encompasses members 
of different groups, including green macroalgae (Chlorophyta, e.g. Cladophora  spp.), 
charophytes (Charophyceae, e.g. Chara and Nitella spp.) and higher aquatic plants, the 
latter being represented by both vascular plants (Tracheophyta) and bryophytes [22, 
66]. According to some studies, macroalgae of the groups Rhodophyta and Xanthophy­
ta can also be categorized as aquatic macrophytes [17]. 

Vascular plants of aquatic ecosystems are significantly inferior to terrestrial tra­
cheophytes in their diversity and abundance, accounting for only about 1 % of the total 
number of vascular flora. It is estimated that aquatic tracheophytes are represented by 
33 orders and 88 families, numbering about 2614 species in 412 plant genera [17]. Most 
of aquatic vascular plants are represented by angiosperms (Magnoliopsida), but aquatic 
vegetation also includes representatives of the classes Polypodiopsida and Lycopo­
diopsida [17, 78]. A small percentage of gymnosperms have been recorded to date as 
those capable of growing in an aquatic environment, among which Retrophyllum minus 
(Pinopsida) was identified as the only obligatory inhabitant of aquatic habitats [37]. 
Among bryophytes, aquatic species make up about 0.5 % of all species, being found in 
all three divisions: Bryophyta, Marchantiophyta and Anthocerotophyta (mosses, liver­
worts and hornworts, respectively) [63].

According to the traditional point of view, representatives of aquatic vascular vege
tation evolved from terrestrial plants that subsequently made a transition back to aquatic 
environments [19]. However, some studies have provided evidence of the aquatic origin 
of several groups of aquatic angiosperms [24].

Macrophytes, being an important part of various types of aquatic ecosystems, have 
a wide array of environmental functions and practical applications. The aim of this article 
was to analyze ecological groups and adaptation features of aquatic macrophytes, as 
well as their functional role in aquatic ecosystems.

1.	 ECOLOGICAL GROUPS AND ADAPTATION FEATURES 
	 OF AQUATIC MACROPHYTES
Aquatic macrophyte plants are widespread throughout the globe. Most macrophyte 

species are cosmopolitan, while groups of closely related species are known to replace 
each other in aquatic ecosystems of different parts of the world [60, 80]. Aquatic macro­
phytes are characterized by diverse growth forms and plasticity of physiological and 
metabolic processes, depending on changes in environmental conditions. Macrophytic 
vegetation includes deep-water and shallow-water species and species that actively 
grow in water in an emergent, submerged or floating state. Some species are strictly 
aquatic, because they need to be submerged in water to complete their life cycle, while 
other species possess the ability to grow and reproduce in periodically inundated envi­
ronments, can adapt to changes in water level or inhabit the so-called ephemeral water 
bodies (e.g. floodplains, temporary springs, ponds, etc.) [19, 35]. 
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Vegetative and clonal propagation is considered the main mechanism of macro­
phyte reproduction and population growth, while sexual reproduction and genetic re­
combination are often subordinate strategies [78]. In aquatic angiosperms, pollination 
and dispersal of fruits and seeds are mainly mediated by water (hydrochory). Besides, 
propagation of vascular aquatic plants in running waters strongly depends on the hydro­
chorous distribution of vegetative fragments [12]. Furthermore, zoochory (dispersal with 
the participation of animals) and anemochory (dispersal via wind) have been widely 
described as vectors for the distribution of aquatic angiosperms [17, 73]. In aquatic 
bryophytes, hydrochorous dispersal of spores is rare, and vegetative propagation is 
prevalent in watercourses and connected lake systems [12]. In this context, the disper­
sal of unspecialized vegetative fragments by flowing water is of great importance. 
Zoochorous and anemochorous distribution of propagules of aquatic bryophytes has 
also been shown to occur in aquatic ecosystems [10, 11]. 

Growth forms of aquatic macrophytes. Since aquatic macrophytes are very diver­
se in their systematic affiliation, these plants are traditionally divided into several groups 
on the basis of their growth forms and ecological traits (emergence or submergence; 
floating or attachment in sediments by roots or root analogues). Based on the classic 
work of A. Arber (1920) and later studies, two principal groups of aquatic macrophytes are 
usually distinguished, namely macrophytes, which are rooted (or attached) in bottom 
sediments, and free-floating plants [5, 56, 78]. Macrophytes of the first group are further 
subdivided into the following subgroups (see Figure): 1) emergent macrophytes, inclu
ding both erect emergents (representatives of the genera Phragmites, Typha, Sagittaria,  
Butomus, etc.) and creeping emergents (e.g. Myriophyllum aquaticum, Nasturtium aquati
cum, Hydrocotyle spp., etc.), which grow in shallow littoral waters and form aerial leaves 
and flowers; these plants are suited for life in environments where the soil is saturated 
with water (wetlands, marshes, swamps, flooded areas), and their root and rhizome sys­
tems are often adapted to constantly anaerobic sediments [56]; 2) floating-leaved macro­
phytes, such as Nymphaea spp., Nuphar lutea, Potamogeton natans, which may root  
or attach in sediments by creeping rhizome and possess floating or aerial reproductive 
organs; 3) submerged macrophytes, which complete their life cycle under the water sur­
face; this group includes many angiosperms (Elodea spp., Myriophyllum spp., Potamoge-
ton perfoliatus, etc.), numerous bryophytes that grow attached to a stony bottom, rocks, 
wood or other underwater substrates, some lycopods (Isoetes spp.) and charophytes 
(Chara spp., Nitella spp.) [56, 78]. 

In contrast to rooted macrophytes, free-floating aquatic plants are not attached to 
bottom sediments and float on the surface of water or in the water column. The group of 
macrophytes floating on the water surface includes species such as Eichhornia 
crassipes, representatives of Lemnoideae (e.g. Spirodella polyrhysa; Lemna spp.,  
except L. trisulca; Wolffia spp. and Wolffiella spp.), water ferns Azolla spp. and Salvi
nia spp., and others. Some of the angiosperms that grow beneath the surface of the 
water are L. trisulca and Ceratophyllum demersum. Free-floating macrophytes can pos­
sess well-developed submerged roots without attachment to bottom soil, such as Eich-
hornia crassipes and S. polyrhysa, while others have very short roots (L. minor) or have 
no roots (L. trisulca). The reproductive organs of these plants are floating and aerial, but 
rarely submerged (e.g. in Ceratophyllum spp.) [78]. Along with floating vascular plants, 
there are several species of floating bryophytes, such as the liverworts Ricciocarpos 
natans and Riccia fluitans. The former grows on the water surface, frequently found in 
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association with Lemnoideae species or Azolla fern, while R. fluitans can form thick rugs 
both on the surface and under the surface of water [3, 28].

Additionally, aquatic macrophytes are divided into several ecological groups ac­
cording to their relation to environmental factors: hydatophytes (submerged species), 
pleistophytes (species with floating leaves) and helophytes (emergent aerial-water spe­
cies) [58].

Growth forms of aquatic macrophytes in the littoral zone of a freshwater body (modified from [22])
Форми росту водяних макрофітів у прибережній зоні прісноводних водойм (модифіковано [22])

Macrophytes growing at the margins of lakes or rivers and often facing challenges 
associated with fluctuations in water level are usually classified as a separate ecological 
group. These plants, commonly referred to as amphibious species, are capable of 
growth and reproduction in both aquatic and terrestrial environments. Amphibious plants 
have developed adaptations that allow them to withstand rapid emersion and submer­
sion, including the plasticity of the leaf shape and photosynthesis process [40, 42, 74]. 

Plant growth conditions in the aquatic environment. Aquatic environment is 
characterized by a number of factors that limit the growth of land plants, but aquatic 
macrophytes are endowed with special adaptations to life in the submerged conditions 
or on the water surface. In addition to the climatic factors, such as light regime and tem­
perature, inorganic carbon availability and specific factors related to aquatic environ­
ment determine the assemblage and distribution of aquatic macrophytes [7]. The main 
ones are the water level and flow velocity, the structure and density of bottom sedi­
ments, the chemical composition of water, including salinity and nutrient concentrations, 
as well as pH, transparency, gas saturation, conductivity and other physicochemical 
parameters of water [8, 32]. The importance of individual abiotic environmental factors 
to aquatic macrophytes may vary in different ecological groups. While limitations on the 
amount of CO2 and sunlight for photosynthesis rarely occur in emergent macrophytes 
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and those floating on the water surface, the growth of submerged macrophytes is 
strongly affected by the amount of penetrated light and the level of gas saturation [31]. 
Biological factors, such as competition for light, nutrients and space,  grazing by herbi­
vores, as well as anthropogenic activities also affect macrophyte distribution.

Sufficient light is required for the normal development of aquatic plants, since it 
ensures the functions of a photosynthetic system. Aquatic macrophytes are found mainly 
at depths of 0 to 4 m; however, their occurrence at depths exceeding 6 m has been  
reported, with vascular plants being found at maximum depths of about 12 m [13, 29]. 
Bryophytes and charophytes are generally found in deeper waters than angiosperms [13]. 
In deep-water habitats, mosses frequently constitute the dominant vegetation owing to 
their better adaptability to lower light intensities and lower temperatures compared with 
vascular plants [15]. In temperate regions, submerged mosses have been recorded in 
lakes of over 120 m depths [79]. Being common in oligotrophic waters, bryophytes are 
often the only submerged plants in subpolar and polar lakes. In Antarctic lakes, the 
greatest depth of moss distribution was recorded at 81 m in Radok Lake (East Antarctica) 
characterized by oligotrophic to ultra-oligotrophic conditions [77]. In tropical regions, per­
manently submerged bryophytes are found mainly in high mountain lakes [29]. Unlike 
bryophytes, aquatic vascular plants are rare or absent in arctic and high-alpine lakes 
[15, 29]. 

An important restrictive factor for the growth of submerged macrophytes is the 
depth of light penetration. It is considered that the depth limit for their distribution occurs 
when water transparency allows <1–4 % of light to reach plants [61]. In turn, light pene
tration through the water column is largely dependent on the abundance of phytoplank­
ton, the concentration of suspended solids and dissolved material, which affect water 
transparency [60]. 

Temperature is an equally important factor determining the distribution of aquatic 
macrophytes [7, 13, 60]. Some species of macrophytes grow exclusively in tropical  
areas, while others are distributed only in the waters of the temperate climate zone [17]. 
Within the thermal tolerance limits, an increase in water temperature promotes macro­
phyte reproduction and growth; however, a decrease in water temperature may cause  
a reduced seasonal growth of macrophytes [7]. Temperature can alter plant phenology, 
such as bud-burst, flowering period, nutrient absorption, photosynthesis, respiration, and 
metabolic processes [31]. On the other hand, aquatic macrophytes are exposed to less 
extremes of temperature in comparison with terrestrial plants. Aquatic and wetland plants 
exhibit a very weak response to drought, because the need for water during the drought 
period is compensated by submerged leaves, which act as water absorbing organs.

Water movement in the form of waves and currents plays an important role in 
aquatic ecosystems and influences all aquatic organisms, including various groups of 
macrophytes. Water flow can be stressful and directly affect macrophytes, especially 
submerged plants, causing stretching and mechanical damage, as well as indirectly, 
due to changes in gas exchange and sediment characteristics [78]. At high velocities, 
water flow usually reduces macrophyte growth and considerably decreases photosyn­
thesis rate; however, it stimulates plant diversity at low to moderate velocities, in par­
ticular by increasing the supply of CO2 and nutrients [43, 78]. 

Chemical composition of water, including salinity, strongly influences the growth 
and spreading of aquatic macrophytes. The distribution of macrophytes in freshwater 
ecosystems also depends on the nature of geological formations, as well as on the  
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degree of anthropogenic pressure exerted on the aquatic ecosystems. Numerous stu­
dies correlated the distribution of aquatic macrophytes with water chemical parameters. 
In accordance with the requirements for the chemical composition of water, various 
groups of macrophytes are distinguished, including: species that grow in soft, neutral or 
slightly acidic waters; species adapted to freshwater rich in calcium carbonate; species 
that are common in alkaline waters typical of arid and semi-arid regions; species that 
grow in marine and brackish waters [52, 60, 72]. 

Macrophyte species inhabiting saltwater environments exhibit wide tolerance to 
osmotic stress and can grow at different salinity. For example, seagrasses, a unique 
plant group of approximately 60 species, which encompasses members of the families 
Hydrocharitaceae, Cymodoceaceae complex, and Zosteraceae, are the only angio­
sperms living fully submersed in the sea [51]. Other plant species that have colonized 
saline waters (salt marsh plants, mangrove swamps, etc.) are members of several fami
lies, such as Potamogetonaceae and Ruppiaceae [60]. Aquatic bryophytes do not grow 
in marine ecosystems due to the fact that salt water has a negative effect on the deve­
lopment of these plants. However, some species of bryophytes are found in brackish-
water habitats [59]. For instance, the species of the liverwort Riella grow in brackish 
water of temporary pools and streams in arid and semi-arid regions or in permanent 
water bodies [62].

Aquatic macrophytes, similarly to other plants, require a constant supply of nutri­
ents and trace elements for growth and development [56]. Non-rooted macrophytes 
receive ions and chemical compounds necessary for nutrition directly from water, while 
most aquatic plants rooted or attached to the bottom absorb them both from water and 
from bottom sediments. In sandy and nutrient-poor sediments, the growth of aquatic 
vascular plants is suppressed [7]. 

Adaptations of macrophytes to life in the aquatic environment. Environmental 
restrictions for aquatic plants are often radically different from those that affect terrestrial 
plants, which is why aquatic macrophytes have developed a set of unique adaptations to 
life in the aquatic milieu. Gas diffusion in water occurs approximately 10,000 times slo
wer, and the light intensity is much lower than in the terrestrial environment, which requi
res specialized mechanisms to ensure photosynthesis and respiration in aquatic plants 
[74]. One of the biochemical mechanisms ensuring the adaptation of aquatic plants to 
low oxygen supply is the capability of switching to anaerobic metabolism in order to 
generate ATP in the absence of O2 [53]. To overcome the limitation of the supply of inor­
ganic carbon for photosynthesis, specialized species of aquatic plants have developed 
CO2 concentrating mechanisms, or can use either HCO3

– or sediment CO2 as a carbon 
source [42, 47]. It should be noted that the use of HCO3

– is the most common carbon 
acquisition strategy in submerged angiosperms, especially in lakes with high alkalinity. 

Well-known morphological and anatomical adaptations of aquatic plants to submer­
gence include: elongation of shoot organs to restore contact with the atmosphere above 
the water surface; heterophylly (plasticity of leaf shape); formation of aerenchyma tis­
sue; the presence of lacunae for transport of gases; reduction of cuticle in submerged 
parts of the plants; poor development of mechanical and conductive tissues in sub­
merged plants, etc. [40, 47, 48, 69].

The development of aerenchyma tissue is an anatomical adaptation of particular 
importance for life in the aquatic environment. Aerenchyma consists of longitudinally 
interconnected gas spaces that provide fast transport of gases, including O2 and CO2, 
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between and within shoots and roots [70]. Some aquatic plants form lacunae in the 
place of xylem, which resemble air chambers. The formation of lacunae provides trans­
fer of O2 to rhizomes and roots or transfer of CO2 from roots to leaves [42].

Heterophylly is another one of widely known adaptations developed in many spe­
cies of aquatic macrophytes (e.g. Sagittaria sagittifolia, Ranunculus aquatilis, Azolla, 
Salvinia, etc.). Heterophyllous plants are those having more than one type of leaves on 
the same plant, being capable of altering leaf morphology in response to environmental 
conditions [48]. In heterophyllous plants, submerged leaves often have a linear ribbon 
form or are dissected compared to floating leaves or those that are above the water 
surface. Thin and dissected leaves have less resistance to water flows, so plants are 
less affected by mechanical stress. Aquatic leaves are characterized by a high surface 
to volume ratio, which increases light interception and gas exchange; furthermore, 
these leaves possess thin cuticles and fewer stomata compared to aerial leaves [74].

Plasticity of the leaf shape is especially characteristic of amphibious plants whose 
resilience to fluctuations in water level is partly due to the ability to form specialized 
leaves when submerged or emerged. Production of an appropriate leaf form, depending 
on the environment (light intensity, ambient temperature, water availability) and mediated 
by an endogenous growth regulator network, improves the gas exchange of plants under 
the water surface or prevents desiccation in aerial conditions [40, 75]. Amphibious plants 
also possess the plasticity of photosynthesis and metabolism of carbon and nitrogen, 
due to which they are capable of photosynthesis both in air and in water [42].

2. ECOLOGICAL FUNCTIONS OF AQUATIC MACROPHYTES
Macrophyte vegetation is an important component of various types of aquatic eco­

systems. Together with phytoplankton species, these autotrophic organisms are the 
primary producers that provide the conversion of light energy into organic carbon com­
pounds, thereby contributing to the formation of the trophic structure of aquatic ecosys­
tems. During photosynthesis, macrophytes not only synthesize organic substances, but 
also release oxygen, which is necessary for the respiration of aquatic organisms and 
decomposition of organic matter. Aquatic macrophytic vegetation is a food resource for 
a wide range of herbivores, both invertebrates (snails, crayfish, insect larvae) and ver­
tebrates; in addition, many species of aquatic and wetland macrophyte plants is con­
sumed by humans and used for medical purposes [6, 41, 54]. Macrophytes, especially 
submerged species, are important for aquatic food webs and affect the interaction be­
tween predatory, planktivorous and benthivorous fish, as well as between fish and inver­
tebrates [32]. According to available data, 37 freshwater herbivorous fish species be­
longing to 24 families feed on macrophytes [50]. Some other aquatic or semi-aquatic 
vertebrates, such as waterfowl, turtle, nutria, muskrat, manatee, and others, use aquatic 
macrophytes as food [51, 54]. Freshwater and marine macrophytes also affect commu­
nities of animals and other aquatic organisms through a chain of habitat-related mecha­
nisms, including by providing nursery, living and feeding places [34, 51, 71]. 

Macrophytes, similarly to other aquatic organisms (e.g. phytoplankton, cyanobac­
teria), are producers and emitters of biologically active substances (allelochemicals), 
including low molecular weight volatile organic compounds, which play an important role 
in interspecies communication and competition. Allelochemicals released by aquatic 
plants perform a variety of functions, thereby affecting the composition and development 
of aquatic communities [27, 39, 82]. These substances mediate allelopathic activity 
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against competitors, perform a protective role or can act as attractants, exhibit antimi­
crobial activity and inhibit the growth of pathogenic microorganisms and harmful algal 
blooms [27, 44]. It is assumed that inhibition of phytoplankton and bacterioplankton, 
including cyanobacteria species, by allelochemical compounds secreted by macro­
phytes contributes to the stabilization of clear water states in shallow lakes [18, 44]. 
Additionally, macrophytes affect aquatic ecosystems through their influence on hydro­
logical regime of water bodies (e.g. flow velocity, formation of surface waves, etc.), bot­
tom sediment formation and water quality [23, 45]. Noticeable changes in pH values, 
dissolved gas concentrations and ionic composition of water may result from their me­
tabolism. Macrophytes that grow in near-shore areas can promote the stabilization of 
shores and contribute to reduction in erosion rates [71]. 

Macrophytes possess a great potential to concentrate mineral elements from the 
aquatic environment and bottom sediments, and some species are known as metal 
hyperaccumulators, which is based on their metabolic features and high metal tolerance 
[4, 14, 38, 64]. By absorbing mineral ions, these plants participate in the processes of 
biogeochemical cycling of elements, nutrient turnover and water self-purification; by 
removing excess nutrients such as phosphates and nitrogen compounds, macrophytes 
are capable of counteracting the eutrophication processes in water systems. On the 
other hand, aquatic and wetland macrophytes are capable of accumulating non-metallic 
inorganic and organic pollutants; moreover, macrophyte species can detoxify some or­
ganic xenobiotics by absorbing them from the aquatic environment and transforming 
these compounds after absorption [57, 64]. Therefore, macrophytes are increasingly 
used in phytoremediation processes of contaminated water bodies, as well as in engi­
neered systems known as constructed wetlands, for the treatment and purification of 
domestic, agricultural, mining and industrial wastewaters [76]. 

An artificially constructed wetland is an environmentally friendly technology in 
which aquatic plants or a combination of plants and sediments are applied to remove 
nutrients (nitrogen and phosphorus), oil hydrocarbons, heavy metals, pharmaceuticals 
and other contaminants from water [1, 36]. The most frequently used macrophyte spe­
cies for this purpose are emergent species, namely representatives of Typha, Phrag-
mites, Scirpus, Iris and other genera [1, 70, 76]. While emergent vegetation absorb 
nutrients and polluting substances mainly from sediments, submerged and floating 
macrophytes, such as Myriophyllum spp., Elodea spp., Potamogeton spp., Azolla spp., 
duckweeds (Lemna spp., Spirodela spp.), Eichhornia crassipes, Pistia stratiotes can 
effectively absorb contaminants from water [9, 16, 38, 64, 70]. Aquatic macrophytes are 
considered more suitable for wastewater treatment than land plants because of their 
faster growth, greater biomass production, higher ability to absorb pollutants and better 
cleaning efficiency due to direct contact with contaminated water [64].

Aquatic macrophytes are widely used as biological indicators for assessing water 
quality [46, 65, 75]. Macrophytes can be used in three ways to assess environmental 
factors and environmental impact, namely, as indicators, monitors and test-systems. In 
accordance with the European Water Framework Directive (WFD) 2000/60/EC, macro­
phytes are an obligatory element in monitoring the ecological quality of rivers [26]. It has 
been shown that macrophytes can be distinguished in terms of their requirements for 
nutrient concentration in water, and this can be used in the assessment of freshwater 
quality [68]. Macrophytes are sensitive indicators of eutrophication of calm and running 
waters; in addition, these plants are also recognized as indicators of acidification, water 
flow and morphological degradation [67].
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Along with the important role of aquatic macrophytes in maintaining the biodiversity, 
structure and function of aquatic ecosystems, many of these species can be harmful if 
present in excess in an aquatic ecosystem. This applies in particular to aquatic weeds, 
that is, species that have spread outside their original geographical area [15]. For some 
of them, the new natural environment turns out to be very favorable, which allows them 
to spread and propagate excessively, competing with local species for habitat and re­
sources. Some environmental factors causing stress in freshwater ecosystems (such as 
eutrophication) can lead to reduced growth of inidgenous macrophyte species and con­
tribute to the spread of invasive alien macrophytes [17]. Owing to their excessive growth 
and rapid colonization rates, invasive macrophytes can establish abundant populations 
that adversely affect the dynamics of aquatic communities and threaten native biodiver­
sity through various physical, chemical and biological impacts [20]. In many European 
countries, including Ukraine, the distribution of species such as Eichhornia crassipes, 
Elodea nuttallii, Myriophyllum aquaticum, Myriophyllum heterophyllum and Pistia stra-
tiotes, which possess a high invasive potential, is of particular concern [25, 30, 55].

3. CURRENT STATE OF AQUATIC MACROPHYTE VEGETATION
Anthropogenic activities affect biological diversity, including a wealth of macro­

phytes, by changing their habitat and the structure of the surrounding landscape. This 
refers especially to freshwater bodies and wetlands, which are recognized as some of 
the most human-influenced ecosystems in the world [21, 59]. Aquatic macrophyte plants 
in freshwater ecosystems are currently threatened due to the anthropogenic and cli­
matic factors, including physical destruction and transformation of physicochemical fea­
tures of water in small rivers, shallow lakes and ponds and also because of eutrophica­
tion, chemical pollution and invasion of alien species [2, 49]. Anthropogenic factors that 
negatively affect freshwater ecosystems and their biodiversity include: intensification of 
agriculture (plowing of coastal areas, unreasonable land reclamation, overgrazing), de­
velopment of transport and engineering infrastructure, urbanization, human recreational 
activities and chemical pollution [58]. According to numerous studies, human activities 
leading to surface water pollution and eutrophication have led to a concomitant de­
crease in macrophyte diversity and changes of aquatic vegetation complexes in many 
freshwater ecosystems throughout Europe, including Ukraine [22, 58, 81]. Rapid envi­
ronmental changes and global warming as a result of human activities have also led to 
changes in the structure of marine vegetation and a decrease in seagrass popula­
tions [50]. Therefore, the proper management of aquatic and wetland ecosystems, in­
cluding their monitoring and control, is an important measure to protect and restore 
natural habitats and macrophyte vegetation.

CONCLUSIONS
Aquatic macrophytes comprise a systematically heterogeneous group of macrosco­

pic plants including representatives of both vascular and non-vascular higher plants, as 
well as green macroalgae and charophytes. Macrophytes inhabit various types of fresh­
water, brackish-water, and marine ecosystems and are characterized by various growth 
forms and plasticity of metabolism depending on environmental conditions. Macrophytic 
vegetation plays an important role in the trophic, structural and functional aspects of 
aquatic ecosystems, contributing to the formation of organic carbon compounds and 
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oxygen release, influencing the hydrological regime of water bodies, providing food and 
shelter for ichthyofauna and aquatic invertebrates, as well as by influencing water qua
lity. Macrophyte species are widely used by humans for bioindication and phytoreme­
diation of polluted water bodies, treatment of various types of wastewater, for medical 
purposes, etc. However, the diversity of aquatic macrophytes in freshwater and marine 
ecosystems is currently threatened due to anthropogenic and climatic factors such as 
destruction of natural habitats, water pollution, eutrophication and global warming.

COMPLIANCE WITH ETHICAL STANDARDS
Conflict of Interest: The authors declare that the research was conducted in the 

absence of any commercial or financial relationships that could be construed as a 
potential conflict of interest. 

Animal Rights: This article does not contain any studies with animal subjects 
performed by the any of the authors.

1.	 Afzal M., Rehman K., Shabir G., Tahseen R., Ijaz A., Hashmat A.J., Brix H. Large-scale remedia­
tion of oil-contaminated water using floating treatment wetlands. npj Clean Water, 2019; 2: 3.
[DOI: https://doi.org/10.1038/s41545-018-0025-7; Google Scholar]

2.	 Akasaka M., Takamura N., Mitsuhashi H., Kadono Y. Effects of land use on aquatic macro­
phyte diversity and water quality of ponds. Freshwater Biology, 2010; 55: 909–922.
[DOI: https://doi.org/10.1111/j.1365-2427.2009.02334.x; Google Scholar] 

3.	 Andersen T., Pedersen O. Interactions between light and CO2 enhance the growth of Riccia 
flui­tans. Hydrobiologia, 2002; 477: 163–170.
[DOI: https://doi.org/10.1023/A:1021007124604; Google Scholar] 

4.	 Antonyak H.L., Bagday T.V., Pershyn O.I., Bubys O.E., Panas N.E., Oleksyuk N.P. Metals in 
aquatic ecosystems and their influence on hydrobionts. Animal Biology, 2015; 17(2): 9–24. 
(In Ukrainian)
[Google Scholar]

5.	 Arber A. Water plants. A study of aquatic angiosperms. Cambridge: University Press,1920, 
460 p.
[Google Scholar]

6.	 Bakker E.S., Wood K.A., Pages J.F., Veen G.F., Christianen M.J.A., Santamaria L., Nolet B.A., 
Hilt S. Herbivory on freshwater and marine macrophytes: a review and perspective. Aquatic 
Botany, 2016; 135: 18–36.
[DOI: https://doi.org/10.1016/j.aquabot.2016.04.008; Google Scholar] 

7.	 Barko J.W., Adams M.S., Clesceri N.L. Environmental factors and their consideration in the 
management of submerged aquatic vegetation: a review. Journal of Aquatic Plant Manage-
ment, 1986; 24: 1–10.
[Google Scholar]

8.	 Bes M., Corbera J., Sayol F., Bagaria G., Jover M., Preece C., Viza A., Sabater F., Fernán-
dez-Martínez M. On the influence of water conductivity, pH and climate on bryophyte assem­
blages in Catalan semi-natural springs. Journal of Bryology, 2018; 40(2).
[DOI: https://doi.org/10.1080/03736687.2018.1446484; Google Scholar]

9.	 Białowiec A., Sobieraj K., Pilarski G., Manczarski P. The oxygen transfer capacity of sub­
merged plant Elodea densa in wastewater constructed wetlands. Water, 2019; 11(3): 575. 
[DOI: https://doi.org/10.3390/w11030575; Google Scholar]

10.	 Bitušík P., Svitok M., Novikmec M., Trnková K., Hamerlík L. A unique way of passive disper­
sal of aquatic invertebrates by wind: Chironomid larvae are traveling in fragments of aquatic 
mosses. Limnologica, 2017; 63: 119–121.
[DOI: http://dx.doi.org/10.1016/j.limno.2017.02.001; Google Scholar]

https://doi.org/10.1038/s41545-018-0025-7
https://scholar.google.com.ua/scholar?q=Large-scale+remedia%C2%ADtion+of+oil-contaminated+water+using+floating+treatment+wetlands&hl=ru&authuser=4
https://doi.org/10.1111/j.1365-2427.2009.02334.x
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&authuser=4&q=Effects+of+land+use+on+aquatic+macrophyte+diversity+and+water+quality+of+ponds&btnG=
https://doi.org/10.1023/A:1021007124604
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&authuser=4&q=Interactions+between+light+and+CO2+enhance+the+growth+of+Riccia+flui%C2%ADtans&btnG=
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&authuser=4&q=%D0%9C%D0%95%D0%A2%D0%90%D0%9B%D0%98+%D0%A3+%D0%92%D0%9E%D0%94%D0%9D%D0%98%D0%A5+%D0%95%D0%9A%D0%9E%D0%A1%D0%98%D0%A1%D0%A2%D0%95%D0%9C%D0%90%D0%A5+%D0%A2%D0%90+%D0%87%D0%A5+%D0%92%D0%9F%D0%9B%D0%98%D0%92+%D0%9D%D0%90+%D0%93%D0%86%D0%94%D0%A0%D0%9E%D0%91%D0%86%D0%9E%D0%9D%D0%A2%D0%86%D0%92&btnG=
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&authuser=4&q=Arber+A.+Water+plants.+A+study+of+aquatic+angiosperms&btnG=
https://doi.org/10.1016/j.aquabot.2016.04.008
https://scholar.google.com/scholar_lookup?title=Herbivory%20on%20freshwater%20and%20marine%20macrophytes%3A%20a%20review%20and%20perspective&journal=Aquatic%20Botany&volume=135&pages=18-36&publication_year=2016&author=Bakker%2CES&author=Wood%2CKA&author=Pag%C3%A8s%2CJF&author=Veen%2CGF&author=Christianen%2CMJA&author=Santamar%C3%ADa%2CL&author=Nolet%2CBA&author=Hilt%2CS
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Environmental+factors+and+their+consideration+in+the+management+of+submerged+aquatic+vegetation%3A+a+review&btnG=
https://doi.org/10.1080/03736687.2018.1446484
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=On+the+influence+of+water+conductivity%2C+pH+and+climate+on+bryophyte+assemblages+in+Catalan+semi-natural+springs&btnG=
https://doi.org/10.3390/w11030575
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=The+oxygen+transfer+capacity+of+submerged+plant+Elodea+densa+in+wastewater+constructed+wetlands&btnG=
http://dx.doi.org/10.1016/j.limno.2017.02.001
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=A+unique+way+of+passive+dispersal+of+aquatic+invertebrates+by+wind%3A+Chironomid+larvae+are+traveling+in+fragments+of+aquatic+mosses&btnG=


89AQUATIC MACROPHYTES: ECOLOGICAL FEATURES AND FUNCTIONS

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2020 • Том 14/№2 • С. 79–94

11.	 Boedeltje G., Klutman B., Schaap M., Sollman P., de Vos M., Lenssen J.P.M., Verberk W.C.E.P. 
Plant dispersal in a temperate stream by fish species with contrasting feeding habits: the role 
of plant traits, fish diet, season, and propagule availability. Frontiers in Ecology and Evolu-
tion, 2019; 7: 54.
[DOI: https://doi.org/10.3389/fevo.2019.00054; Google Scholar]

12.	 Boedeltje G., Sollman P., Lenssen J.P.M. Floating ability, shoot length and abundance facili­
tate hydrochorous dispersal of moss and liverwort fragments. Journal of Vegetation Science, 
2019; 30(1): 30–41.
[DOI: https://doi.org/10.1111/jvs.12695; Google Scholar]

13.	 Bornette G., Puijalon S. Response of aquatic plants to abiotic factors: a review. Aquatic  
Sciences, 2011; 73: 1–14.
[DOI: https://doi.org/10.1007/s00027-010-0162-7; Google Scholar] 

14.	 Borowiak K., Kanclerz J., Mleczek M., Lisiak M., Drzewiecka K. Accumulation of Cd and Pb 
in water, sediment and two littoral plants (Phragmites australis, Typha angustifolia) of fresh­
water ecosystem. Archives of Environmental Protection, 2016; 42(3): 47–57.
[DOI: https://doi.org/10.1515/aep-2016-0032; Google Scholar]

15.	 Brönmark C., Hansson L.A. The Biology of Lakes and Ponds. 3rd ed. Oxford: Oxford Uni­
versity Press, 2017. 368 p.
[Google Scholar]

16.	 Bubys O.E., Antonyak H.L. Effects of cadmium, lead and chromium (VI) on the activities of 
enzymes of antioxidant system in the cells of duckweed (Lemna minor L.). Visnyk of the 
Lviv University. Series Biology, 2014; 65: 161–169. (In Ukrainian) 
[Google Scholar]

17.	 Chambers P.A., Lacoul P., Murphy K.J., Thomaz S.M. Global diversity of aquatic macro­
phytes in freshwater. Hydrobiologia, 2008; 198: 9–26. 
[DOI: https://doi.org/10.1007/978-1-4020-8259-7_2; Google Scholar] 

18.	 Chen J., Zhang H., Han Z., Ye J., Liu Z. The influence of aquatic macrophytes on Microcystis 
aeruginosa growth. Ecological Engineering, 2012; 42: 130–133. 
[DOI: https://doi.org/10.1016/j.ecoleng.2012.02.021; Google Scholar] 

19.	 Cook C.D.K. The number and kinds of embryobearing plants which have become aquatic:  
a survey. Perspectives in Plant Ecology, Evolution and Systematics, 1999; 2(1): 79–102. 
[DOI: https://doi.org/10.1078/1433-8319-00066; Google Scholar]

20.	 Coughlan N.E., Cuthbert R.N., Kelly T.V., Jansen M.A.K. Parched plants: survival and viability 
of invasive aquatic macrophytes following exposure to various desiccation regimes. Aquatic 
Botany, 2018; 150: 9–15.
[DOI: https://doi.org/10.1016/j.aquabot.2018.06.001; Google Scholar] 

21.	 Davidson N.C., D’Cruz R., Finlayson C.M. Ecosystems and Human Well-being: Wetlands 
and Water Synthesis: a report of the Millennium Ecosystem Assessment. Washington, 
DC: World Resources Institute, 2005. 68 p.
[Google Scholar]

22.	 de Nie H.W. The decrease in aquatic vegetation in Europe and its consequences for fish 
populations. Rome: FAO, 1987.  
Available online: http://www.fao.org/3/ac858e/AC858E00.htm 

23.	 Dhote S., Dixit S. Water quality improvement through macrophytes – a review. Environmen-
tal Monitoring and Assessment, 2009; 152: 149–153.
[DOI: https://doi.org/10.1007/s10661-008-0303-9; PMid: 18537050; Google Scholar] 

24.	 Du Z.Y., Wang Q.F., China Phylogeny Consortium. Phylogenetic tree of vascular plants re­
veals the origins of aquatic angiosperms. Journal of Systematics and Evolution, 2016; 
54(4): 342–348.
[DOI: https://doi.org/10.1111/jse.12182; Google Scholar] 

25.	 Dubyna D.V., Dziuba T.P., Dvoretzkiy T.V., Zolotariova O.K., Taran N.Yu., Mosyakin A.S., 
Iemelianova S.M., Kazarinova G.O. Invasive aquatic macrophytes of Ukraine. Ukrainian Bo-
tanical Journal, 2017; 74(3): 248–262. (In Ukrainian)
[DOI: https://doi.org/10.15407/ukrbotj74.03.248; Google Scholar] 

https://doi.org/10.3389/fevo.2019.00054
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Plant+dispersal+in+a+temperate+stream+by+fish+species+with+contrasting+feeding+habits%3A+the+role+of+plant+traits%2C+fish+diet%2C+season%2C+and+propagule+availability&btnG=
https://doi.org/10.1111/jvs.12695
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Floating+ability%2C+shoot+length+and+abundance+facilitate+hydrochorous+dispersal+of+moss+and+liverwort+fragments&btnG=
https://doi.org/10.1007/s00027-010-0162-7
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Response+of+aquatic+plants+to+abiotic+factors%3A+a+review&btnG=
https://doi.org/10.1515/aep-2016-0032
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Accumulation+of+Cd+and+Pb+in+water%2C+sediment+and+two+littoral+plants+%28Phragmites+australis%2C+Typha+angustifolia%29+of+freshwater+ecosystem&btnG=
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Br%C3%B6nmark+C.%2C+Hansson+L.A.+The+Biology+of+Lakes+and+Ponds&btnG=
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=%D0%92%D0%BF%D0%BB%D0%B8%D0%B2+%D0%BA%D0%B0%D0%B4%D0%BC%D1%96%D1%8E%2C+%D0%BF%D0%BB%D1%8E%D0%BC%D0%B1%D1%83%D0%BC%D1%83+%D1%96+%D1%85%D1%80%D0%BE%D0%BC%D1%83+%28VI%29+%D0%BD%D0%B0+%D0%B0%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D1%96%D1%81%D1%82%D1%8C+%D0%B5%D0%BD%D0%B7%D0%B8%D0%BC%D1%96%D0%B2+%D0%B0%D0%BD%D1%82%D0%B8%D0%BE%D0%BA%D1%81%D0%B8%D0%B4%D0%B0%D0%BD%D1%82%D0%BD%D0%BE%D1%97+%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B8+%D0%B2+%D0%BA%D0%BB%D1%96%D1%82%D0%B8%D0%BD%D0%B0%D1%85+%D1%80%D1%8F%D1%81%D0%BA%D0%B8+%28Lemna+minor+L.%29&btnG=
https://doi.org/10.1007/978-1-4020-8259-7_2
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Global+diversity+of+aquatic+macrophytes+in+freshwater&btnG=
https://doi.org/10.1016/j.ecoleng.2012.02.021
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=The+influence+of+aquatic+macrophytes+on+Microcystis+aeruginosa+growth&btnG=
https://doi.org/10.1078/1433-8319-00066
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=The+number+and+kinds+of+embryobearing+plants+which+have+become+aquatic%3A++a+survey&btnG=
https://doi.org/10.1016/j.aquabot.2018.06.001
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Parched+plants%3A+survival+and+viability+of+invasive+aquatic+macrophytes+following+exposure+to+various+desiccation+regimes&btnG=
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Ecosystems+and+Human+Well-being%3A+Wetlands+and+Water+Synthesis%3A+a+report+of+the+Millennium+Ecosystem+Assessment&btnG=
http://www.fao.org/3/ac858e/AC858E00.htm
https://doi.org/10.1007/s10661-008-0303-9
https://pubmed.ncbi.nlm.nih.gov/18537050/?from_single_result=18537050&show_create_notification_links=False
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Water+quality+improvement+through+macrophytes+%E2%80%93+a+review&btnG=
https://doi.org/10.1111/jse.12182
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Phylogenetic+tree+of+vascular+plants+reveals+the+origins+of+aquatic+angiosperms&btnG=
N.Yu
https://doi.org/10.15407/ukrbotj74.03.248
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=%D0%86%D0%BD%D0%B2%D0%B0%D0%B7%D1%96%D0%B9%D0%BD%D1%96+%D0%B2%D0%BE%D0%B4%D0%BD%D1%96+%D0%BC%D0%B0%D0%BA%D1%80%D0%BE%D1%84%D1%96%D1%82%D0%B8+%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D0%B8&btnG=


90 M. S. Lesiv, A. I. Polishchuk, H. L. Antonyak

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2020 • Том 14/№2 • С. 79–94

26	 European Union. Directive 2000/60/EC of the European Parliament and of the Council of  
23 October 2000 establishing a framework for community action in the field of water policy. 
Official Journal of the European Union, 2000; 327: 1–72. 
[Google Scholar]

27.	 Fink P. Ecological functions of volatile organic compounds in aquatic systems. Marine and 
Freshwater Behaviour and Physiology, 2007; 40(3): 155–168.
[DOI: https://doi.org/10.1080/10236240701602218; Google Scholar]

28.	 Gimenes L.L.S., Freschi G.P.G., Bianchini Júnior I., Cunha Santino M.B.D. Growth of the 
aquatic macrophyte Ricciocarpos natans (L.) Corda in different temperatures and in distinct 
concentrations of aluminum and manganese. Aquatic Toxicology, 2020; 224: 105484.
[DOI: http://dx.doi.org/10.1016/j.aquatox.2020.105484; PMid: 32380302; Google Scholar] 

29.	 Gradstein R., Vanderpoorten A., Reenen G. van, Cleef A. Mass occurrence of the liverwort 
Herbertus sendtneri in a glacial lake in the Andes of Colombia. Revista de la Academia 
Colombiana de Ciencias Exactas, Físicas y Naturales, 2018; 42: 221–229.
[DOI: http://dx.doi.org/10.18257/raccefyn.666; Google Scholar] 

30.	 Gross E.M., Groffier H., Pestelard C., Hussner A. Ecology and Environmental Impact of 
Myriophyllum heterophyllum, an Aggressive Invader in European Waterways. Diversity, 
2020; 12(4): 127.
[DOI: https://doi.org/10.3390/d12040127; Google Scholar]

31.	 Hossain K., Yadav S., Quaik S., Pant G., Maruthi A.Y., Ismail N. Vulnerabilities of macro­
phytes distribution due to climate change. Theoretical and Applied Climatology, 2017; 
129: 1123–1132.
[DOI: https://doi.org/10.1007/s00704-016-1837-3; Google Scholar]

32.	 Hrivnák R., Oťaheľová H., Jarolímek I. Diversity of aquatic macrophytes in relation to environ­
mental factors in the Slatina river (Slovakia). Biologia, Bratislava, 2006; 61(4): 413–419. 
[DOI: https://doi.org/10.2478/s11756-006-0071-3; Google Scholar] 

33.	 Hupfer M., Hilt S. Lake Restoration. In: Encyclopedia of Ecology, 2008.
[Google Scholar]

34.	 Hyndes G.A., Francour P., Guidetti P., Heck K.L. Jr., Jenkins G. The roles of seagrasses 
in structuring associated fish assemblages and fisheries. In: Seagrasses of Australia. (Lar­
kum A.W.D. et al., eds.). Springer International Publishing AG, 2018. P. 589–627.
[DOI: https://doi.org/10.1007/978-3-319-71354-0_18; Google Scholar]

35.	 Jackson M.B., Ishizawa K., Ito O. Evolution and mechanisms of plant tolerance to flooding 
stress. Annals of Botany, 2009; 103: 137–142.
[DOI: https://doi.org/10.1093/aob/mcn242; PMid: 19145714; Google Scholar] 

36.	 Khan S., Nawab J., Waqas M. Constructed wetlands: a clean-green technology for degrada­
tion and detoxification of industrial wastewaters. In: Bioremediation of Industrial Waste for 
Environmental Safety. Vol. II: Biological Agents and Methods for Industrial Waste Manage­
ment. (Bharagava R.N., Saxena G., eds.). Springer Singapore, 2020: 127–163.
[DOI: https://doi.org/10.1007/978-981-13-3426-9_6; Google Scholar] 

37.	 Kozlowski G., Stoffel M., Bétrisey S., Cardinaux L., Mota M. Hydrophobia of gymnosperms: 
myth or reality? A global analysis. Ecohydrology, 2015; 8: 105–112.
[DOI: https://doi.org/10.1002/eco.1492; Google Scholar] 

38.	 Kumar V., Kumar P., Singh J., Kumar P. Potential of water fern (Azolla pinnata R.Br.) in phy­
toremediation of integrated industrial effluent of SIIDCUL, Haridwar, India: removal of physi­
cochemical and heavy metal pollutants. International Journal of Phytoremediation, 2020; 
22(4): 392–403. 
[DOI: https://doi.org/10.1080/15226514.2019.1667950; PMid: 31549516; Google Scholar]

39.	 Li F.M., Hu H.Y. Isolation and characterization of a novel antialgal allelochemical from Phrag-
mites communis. Applied and Environmental Microbiology, 2005; 71(11): 6545–6553. 
[DOI: https://doi.org/10.1128/AEM.71.11.6545-6553.2005; PMid: 16269680; Google Scholar] 

40.	 Li G., Hu S., Hou H., Kimura S. Heterophylly: phenotypic plasticity of leaf shape in aquatic 
and amphibious plants. Plants, 2019; 8: 420. 
[DOI: https://doi.org/10.3390/plants8100420; PMid: 31623228; Google Scholar] 

https://scholar.google.com.ua/scholar?cluster=9005081808329970274&hl=ru&as_sdt=0,5&as_vis=1&authuser=4
https://doi.org/10.1080/10236240701602218
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Ecological+functions+of+volatile+organic+compounds+in+aquatic+systems&btnG=
http://dx.doi.org/10.1016/j.aquatox.2020.105484
https://pubmed.ncbi.nlm.nih.gov/32380302/?from_single_result=32380302&show_create_notification_links=False
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Growth+of+the+aquatic+macrophyte+Ricciocarpos+natans+%28L.%29+Corda+in+different+temperatures+and+in+distinct+concentrations+of+aluminum+and+manganese&btnG=
http://dx.doi.org/10.18257/raccefyn.666
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Mass+occurrence+of+the+liverwort+Herbertus+sendtneri+in+a+glacial+lake+in+the+Andes+of+Colombia&btnG=
https://doi.org/10.3390/d12040127
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Ecology+and+Environmental+Impact+of+Myrio%C2%ADphyllum+heterophyllum%2C+an+Aggressive+Invader+in+European+Waterways&btnG=
https://doi.org/10.1007/s00704-016-1837-3
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Vulnerabilities+of+macrophytes+distribution+due+to+climate+change&btnG=
https://doi.org/10.2478/s11756-006-0071-3
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Diversity+of+aquatic+macrophytes+in+relation+to+environmental+factors+in+the+Slatina+river+%28Slovakia%29&btnG=
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Hupfer+M.%2C+Hilt+S.+Lake+Restoration&btnG=
https://doi.org/10.1007/978-3-319-71354-0_18
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=The+roles+of+seagrasses+in+structuring+associated+fish+assemblages+and+fisheries&btnG=
https://doi.org/10.1093/aob/mcn242
https://pubmed.ncbi.nlm.nih.gov/19145714/?from_single_result=19145714&show_create_notification_links=False
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Evolution+and+mechanisms+of+plant+tolerance+to+flooding+stress&btnG=
https://doi.org/10.1007/978-981-13-3426-9_6
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Constructed+wetlands%3A+a+clean-green+technology+for+degradation+and+detoxification+of+industrial+wastewaters&btnG=
https://doi.org/10.1002/eco.1492
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Hydrophobia+of+gymnosperms%3A+myth+or+reality%3F+A+global+analysis&btnG=
R.Br
https://doi.org/10.1080/15226514.2019.1667950
https://pubmed.ncbi.nlm.nih.gov/31549516/?from_single_result=31549516&show_create_notification_links=False
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Potential+of+water+fern+%28Azolla+pinnata+R.Br.%29+in+phytoremediation+of+integrated+industrial+effluent+of+SIIDCUL%2C+Haridwar%2C+India%3A+removal+of+physicochemical+and+heavy+metal+pollutants&btnG=
https://doi.org/10.1128/AEM.71.11.6545-6553.2005
https://pubmed.ncbi.nlm.nih.gov/16269680/?from_single_result=16269680&show_create_notification_links=False
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Isolation+and+characterization+of+a+novel+antialgal+allelochemical+from+Phragmites+communis&btnG=
https://doi.org/10.3390/plants8100420
https://pubmed.ncbi.nlm.nih.gov/31623228/
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Heterophylly%3A+phenotypic+plasticity+of+leaf+shape+in+aquatic+and+amphibious+plants&btnG=


91AQUATIC MACROPHYTES: ECOLOGICAL FEATURES AND FUNCTIONS

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2020 • Том 14/№2 • С. 79–94

41.	 Lodge D.M. Herbivory on freshwater macrophytes. Aquatic Botany, 1991; 41(1–3): 195–224. 
[DOI: https://doi.org/10.1016/0304-3770(91)90044-6; Google Scholar] 

42.	 Maberly S.C., Madsen T.V. Freshwater angiosperm carbon concentrating mechanisms: pro­
cesses and patterns. Functional Plant Biology, 2002; 29: 393–405.
[DOI: https://doi.org/10.1071/PP01187; Google Scholar] 

43.	 Madsen J.D., Chambers P.A., James W.F., Koch E.W., Westlake D.F. The interaction be­
tween water movement, sediment dynamics and submersed macrophytes. Hydrobiologia, 
2001; 444: 71–84. 
[DOI: https://doi.org/10.1023/A:1017520800568; Google Scholar] 

44.	 Mähnert B., Schagerl M., Krenn L. Allelopathic potential of stoneworts. Fottea, Olomouc, 
2017; 17(2): 137–149. 
[DOI: https://doi.org/10.5507/fot.2016.024; Google Scholar] 

45.	 Miler O., Albayrak I., Nikora V., O’Hare M. Biomechanical properties and morphological char­
acteristics of lake and river plants: implications for adaptations to flow conditions. Aquatic 
Sciences, 2014; 76(4): 465–481. 
[DOI: https://doi.org/10.1007/s00027-014-0347-6; Google Scholar] 

46.	 Mironova N.G. Technogenic lakes of Small Polissya. Khmelnytskyi, 2014. 260 p. (In Ukrai­
nian)
[Google Scholar]

47.	 Mommer L., Pons T.L., Wolters-Arts M., Venema J.H., Visser E.J.W. Submergence-induced 
morphological, anatomical, and biochemical responses in a terrestrial species affect gas diffu­
sion resistance and photosynthetic performance. Plant Physiology, 2005; 139(1): 497–508.  
[DOI: https://doi.org/10.1104/pp.105.064725; PMid: 16126859; Google Scholar] 

48.	 Nakayama H., Sinha N.R., Kimura S. How do plants and phytohormones accomplish hete­
rophylly, leaf phenotypic plasticity, in response to environmental cues. Frontiers in Plant 
Science, 2017; 8: 1717. 
[DOI: https://doi.org/10.3389/fpls.2017.01717; PMid: 29046687; Google Scholar]

49.	 O’Hare M.T., Baattrup-Pedersen A., Baumgarte I., Freeman A., Gunn I.D.M., Lázár A.N., 
Sinclair R., Wade A.J., Bowes M.J. Responses of aquatic plants to eutrophication in rivers:  
a revised conceptual model. Frontiers in Plant Science, 2018; 9: 451.
[DOI: https://doi.org/10.3389/fpls.2018.00451; PMid: 29755484; Google Scholar] 

50.	 Opuszynski K., Shireman J.V. Herbivorous fishes: culture and use for weed manage-
ment. In cooperation with James E. Weaver, Director of the United States Fish and Wildlife 
Service’s National Fisheries Research Center. CRC Press, Boca Raton, 1995. 
[Google Scholar]

51.	 Orth R.J., Carruthers T.J.B., Dennison W.C., Duarte C.M., Fourqurean J.W., Heck K.L., 
Hughes A.R., Kendrick G.A., Kenworthy W.J., Olyarnik S., Short F.T., Waycott M., Williams S.L. 
A global crisis for seagrass ecosystems. BioScience, 2006; 56(12): 987–996.
[DOI: https://doi.org/10.1641/0006-3568(2006)56[987:AGCFSE]2.0.CO;2; Google Scholar]

52.	 Pedro F., Maltchik L., Bianchini I. Hydrologic cycle and dynamics of aquatic macrophytes in 
two intermittent rivers of the semi-arid region of Brazil. Brazilian Journal of Biology, 2006; 
66(2B): 575–585.
[DOI: https://doi.org/10.1590/s1519-69842006000400002; PMid: 16906290; Google Scholar]

53.	 Perata P., Alpi A. Plant responses to anaerobiosis. Plant Science, 1993; 93: 1–17.
[DOI: https://doi.org/10.1016/0168-9452(93)90029-Y; Google Scholar] 

54.	 Petr T. Food and Agriculture Organization of the United Nations. Interactions between fish 
and aquatic macrophytes in inland waters. Food & Agriculture Org., 2000. 185 p.
[Google Scholar]

55.	 Pyšek P., Skálová H., Čuda J., Guo W.Y., Doležal J., Kauzál O., Lambertini C., Pyšková K., 
Brix H., Meyerson L.A. Physiology of a plant invasion: biomass production, growth and tissue 
chemistry of invasive and native Phragmites australis populations. Preslia, 2019; 91: 51–75. 
[DOI: http://dx.doi.org/10.23855/preslia.2019.051; Google Scholar] 

https://www.sciencedirect.com/science/article/abs/pii/0304377091900446
https://scholar.google.com/scholar_lookup?title=&journal=Aquat.%20Bot.&volume=41&pages=195-224&publication_year=1991&author=Lodge%2CDM
https://doi.org/10.1071/PP01187
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Freshwater+angiosperm+carbon+concentrating+mechanisms%3A+processes+and+patterns&btnG=
https://doi.org/10.1023/A:1017520800568
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=The+interaction+between+water+movement%2C+sediment+dynamics+and+submersed+macrophytes&btnG=
https://doi.org/10.5507/fot.2016.024
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=M%C3%A4hnert+B.%2C+Schagerl+M.%2C+Krenn+L.+Allelopathic+potential+of+stoneworts&btnG=
https://doi.org/10.1007/s00027-014-0347-6
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Biomechanical+properties+and+morphological+characteristics+of+lake+and+river+plants%3A+implications+for+adaptations+to+flow+conditions&btnG=
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=%D0%9C%D1%96%D1%80%D0%BE%D0%BD%D0%BE%D0%B2%D0%B0+%D0%A2%D0%B5%D1%85%D0%BD%D0%BE%D0%B3%D0%B5%D0%BD%D0%BD%D1%96+%D0%BE%D0%B7%D0%B5%D1%80%D0%B0+%D0%BC%D0%B0%D0%BB%D0%BE%D0%B3%D0%BE+%D0%BF%D0%BE%D0%BB%D1%96%D1%81%D1%81%D1%8F&btnG=
https://doi.org/10.1104/pp.105.064725
https://pubmed.ncbi.nlm.nih.gov/16126859/?from_single_result=16126859&show_create_notification_links=False
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Submergence-induced+morphological%2C+anatomical%2C+and+biochemical+responses+in+a+terrestrial+species+affect+gas+diffusion+resistance+and+photosynthetic+performance&btnG=
https://doi.org/10.3389/fpls.2017.01717
https://pubmed.ncbi.nlm.nih.gov/29046687/?from_single_result=29046687&show_create_notification_links=False
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=How+do+plants+and+phytohormones+accomplish+hete%C2%ADrophylly%2C+leaf+phenotypic+plasticity%2C+in+response+to+environmental+cues&btnG=
https://doi.org/10.3389/fpls.2018.00451
https://pubmed.ncbi.nlm.nih.gov/29755484/?from_single_result=29755484&show_create_notification_links=False
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Responses+of+aquatic+plants+to+eutrophication+in+rivers%3A++a+revised+conceptual+model&btnG=
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&as_vis=1&authuser=4&q=Opuszynski+K.%2C+Shireman+J.V.+Herbivorous+fishes%3A+culture+and+use+for+weed+management&btnG=
https://doi.org/10.1641/0006-3568(2006)56%5b987:AGCFSE%5d2.0.CO;2
https://scholar.google.com/scholar_lookup?hl=en&volume=56&publication_year=2006&pages=987-996&journal=BioScience&author=R.+J+Orth&title=A+global+crisis+for+seagrass+ecosystems
https://doi.org/10.1590/s1519-69842006000400002
https://pubmed.ncbi.nlm.nih.gov/16906290/?from_single_result=16906290&show_create_notification_links=False
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=2005&sciodt=0%2C5&cites=10701884175234812264&scipsc=&authuser=4&q=Hydrologic+cycle+and+dynamics+of+aquatic+macrophytes+in+two+intermittent+rivers+of+the+semi-arid+region+of+Brazil&btnG=
https://doi.org/10.1016/0168-9452(93)90029-Y
https://scholar.google.com.ua/scholar?hl=ru&as_sdt=0%2C5&authuser=4&q=Perata+P.%2C+Alpi+A.+Plant+responses+to+anaerobiosis&btnG=
https://scholar.google.com/scholar_lookup?hl=en&volume=396&publication_year=2000&pages=185&journal=FAO+Fisheries+Technical+Paper&author=T.+Petr&title=Interactions+between+fish+and+aquatic+macrophytes+in+inland+waters%3A+a+review
http://dx.doi.org/10.23855/preslia.2019.051
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Physiology+of+a+plant+invasion%3A+biomass+production%2C+growth+and+tissue+chemistry+of+invasive+and+native+Phragmites+australis+populations&btnG=


92 M. S. Lesiv, A. I. Polishchuk, H. L. Antonyak

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2020 • Том 14/№2 • С. 79–94

56.	 Rejmánková E. The role of macrophytes in wetland ecosystems. Journal of Ecology and 
Field Biology, 2011; 34(4): 333–345. 
[DOI: http://dx.doi.org/10.5141/JEFB.2011.044; Google Scholar]

57.	 Reinhold D.M. Fate of fluorinated organic pollutants in aquatic plant systems: studies with 
Lemnaceae and Lemnaceae tissue cultures. ProQuest, 2007. 267 р. 
[Google Scholar]

58.	 Roshchyna N.O. Modern condition and analysis of anthropogenous-climatic transformation 
of vegetation of lakes of the northern Steppe land. Ecology and Noospherology, 2018; 
29(2): 142–148. 
[DOI: https://doi.org/10.15421/031823; Google Scholar] 

59.	 Sabovljević M., Sabovljević A. Contribution to the coastal bryophytes of the Northern Medi­
terranean: Are there halophytes among bryophytes? Phytologia Balcanica, 2007; 13(2): 
131–135. 
[Google Scholar]

60.	 Santamaría L. Why are most aquatic plants widely distributed? Dispersal, clonal growth and 
small-scale heterogeneity in a stressful environment. Acta Oecologica, 2002; 23:137–154. 
[DOI: https://doi.org/10.1016/S1146-609X(02)01146-3; Google Scholar] 

61.	 Sculthorpe C.D. The biology of aquatic vascular plants. London: Edward Arnold, 1967. 610 p. 
[Google Scholar]

62.	 Segarra-Moragues J.G., Puche F., Sabovljević M. Riella heliospora (Riellaceae) a new mo­
noicous species of Riella subgenus Trabutiella from California. Systematic Botany, 2012; 
37(2): 307–319. 
[DOI: https://doi.org/10.1600/036364412X635368; Google Scholar] 

63.	 Shevock J.R., Ma W.Z., Akiyama H. Diversity of the rheophytic condition in bryophytes: field 
observations from multiple continents. Bryophyte Diversity and Evolution, 2017; 39(1): 
075–093. 
[DOI: https://doi.org/10.11646/bde.39.1.12; Google Scholar]

64.	 Sood A., Uniyal P.L., Prasanna R., Ahluwalia A.S. Phytoremediation potential of aquatic mac­
rophyte, Azolla. Ambio, 2012; 41(2): 122–137.
[DOI: https://doi.org/10.1007/s13280-011-0159-z; PMid: 22396093; Google Scholar] 

65.	 Sossey-Alaoui K., Rosillon F. Macrophytic distribution and trophic state of some natural and 
impacted watercourses – Belgium Wallonia. International Journal of Water, 2013; 2(3): 2013. 
[DOI: https://doi.org/10.5772/56609; Google Scholar] 

66.	 Srivastava J., Gupta A., Chandra H. Managing water quality with aquatic macrophytes. Re-
views in Environmental Science and Biotechnology, 2008; 7: 255–266.
[DOI: https://doi.org/10.1007/s11157-008-9135-x; Google Scholar] 

67.	 Stefanidis K., Papastergiadou E. Linkages between macrophyte functional traits and water 
quality: insights from a study in freshwater lakes of Greece. Water, 2019; 11: 1047.
[DOI: https://doi.org/10.3390/w11051047; Google Scholar] 

68.	 Szoszkiewicz K., Jusik S., Pietruczuk K., Gebler D. The macrophyte index for rivers (MIR) 
as an advantageous approach to running water assessment in local geographical conditions. 
Water, 2020; 12: 108. 
[DOI: https://doi.org/10.3390/w12010108; Google Scholar] 

69.	 Takahashi H., Yamauchi T., Colmer T.D., Nakazono M. Aerenchyma formation in plants. In: 
Low-Oxygen Stress in Plants: Oxygen Sensing and Adaptive Responses to Hypoxia. (van 
Dongen J.T., Licausi F., eds.). Wien: Springer-Verlag, 2014: 247–265.
[DOI: https://doi.org/10.1007/978-3-7091-1254-0_13; Google Scholar] 

70.	 Tang Y., Harpenslager S.F., van Kempen M.M.L., Verbaarschot E.J.H., Loeffen L.M.J.M., 
Roelofs J.G.M., Smolders A.J.P., Lamers L.P.M. Aquatic macrophytes can be used for waste­
water polishing but not for purification in constructed wetlands. Biogeosciences, 2017; 14: 
755–766. 
[DOI: https://doi.org/10.5194/bg-14-755-2017; Google Scholar] 

http://dx.doi.org/10.5141/JEFB.2011.044
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rejm%C3%A1nkov%C3%A1+E.+The+role+of+macrophytes+in+wetland+ecosystems&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Reinhold+D.M.+Fate+of+fluorinated+organic+pollutants+in+aquatic+plant+systems%3A+studies+with+Lemnaceae+and+Lemnaceae+tissue+cultures&btnG=
https://doi.org/10.15421/031823
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Roshchyna+N.O.+Modern+condition+and+analysis+of+anthropogenous-climatic+transformation+of+vegetation+of+lakes+of+the+northern+Steppe+land&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sabovljevi%C4%87+M.%2C+Sabovljevi%C4%87+A.+Contribution+to+the+coastal+bryophytes+of+the+Northern+Mediterranean%3A+Are+there+halophytes+among+bryophytes%3F&btnG=
https://doi.org/10.1016/S1146-609X(02)01146-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Why+are+most+aquatic+plants+widely+distributed%3F+Dispersal%2C+clonal+growth+and+small-scale+heterogeneity+in+a+stressful+environment&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sculthorpe+C.D.+The+biology+of+aquatic+vascular+plants&btnG=
https://doi.org/10.1600/036364412X635368
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Riella+heliospora+%28Riellaceae%29+a+new+monoicous+species+of+Riella+subgenus+Trabutiella+from+California&btnG=
https://doi.org/10.11646/bde.39.1.12
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Shevock+J.R.%2C+Ma+W.Z.%2C+Akiyama+H.+Diversity+of+the+rheophytic+condition+in+bryophytes%3A+field+observations+from+multiple+continents&btnG=
https://doi.org/10.1007/s13280-011-0159-z
https://pubmed.ncbi.nlm.nih.gov/22396093/?from_single_result=22396093&show_create_notification_links=False
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sood+A.%2C+Uniyal+P.L.%2C+Prasanna+R.%2C+Ahluwalia+A.S.+Phytoremediation+potential+of+aquatic+macrophyte%2C+Azolla&btnG=
https://doi.org/10.5772/56609
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Macrophytic+distribution+and+trophic+state+of+some+natural+and+impacted+watercourses+%E2%80%93+Belgium+Wallonia&btnG=
https://doi.org/10.1007/s11157-008-9135-x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Srivastava+J.%2C+Gupta+A.%2C+Chandra+H.+Managing+water+quality+with+aquatic+macrophytes&btnG=
https://doi.org/10.3390/w11051047
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Linkages+between+macrophyte+functional+traits+and+water+quality%3A+insights+from+a+study+in+freshwater+lakes+of+Greece&btnG=
https://doi.org/10.3390/w12010108
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+macrophyte+index+for+rivers+%28MIR%29+as+an+advantageous+approach+to+running+water+assessment+in+local+geographical+conditions&btnG=
https://doi.org/10.1007/978-3-7091-1254-0_13
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Aerenchyma+formation+in+plants.+In%3A+Low-Oxygen+Stress+in+Plants%3A+Oxygen+Sensing+and+Adaptive+Responses+to+Hypoxia&btnG=
https://doi.org/10.5194/bg-14-755-2017
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Aquatic+macrophytes+can+be+used+for+wastewater+polishing+but+not+for+purification+in+constructed+wetlands&btnG=


93AQUATIC MACROPHYTES: ECOLOGICAL FEATURES AND FUNCTIONS

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2020 • Том 14/№2 • С. 79–94

71.	 Thomaz S.M., da Cunha E.R. The role of macrophytes in habitat structuring in aquatic eco­
systems: methods of measurement, causes and consequences on animal assemblages’ 
composition and biodiversity. Acta Limnologica Brasiliensia, 2010; 22(2): 218–236.
[DOI: https://doi.org/10.4322/actalb.02202011; Google Scholar]

72.	 van der Loos L., Bennema F. Marine plants and algae. In: Field Guide to the Marine Life of St. 
Eustatius. (Schrieken N., van Leeuwen S., eds.). The ANEMOON Foundation, 2016: 62–65. 

73.	 van Leeuwen C.H.A. Internal and external dispersal of plants by animals: an aquatic perspec­
tive on alien interference. Frontiers in Plant Science, 2018; 9: 153.
[DOI: https://doi.org/10.3389/fpls.2018.00153; PMid: 29487609; Google Scholar]

74. van Veen H, Sasidharan R. Shape shifting by amphibious plants in dynamic hydrological 
niches. New Phytologist, 2019. 
[DOI: https://doi.org/10.1111/nph.16347; PMid: 31782798; Google Scholar] 

75.	 Vanderpoorten A. Aquatic bryophytes for a spatio-temporal monitoring of the water pollution 
of the rivers Meuse and Sambre (Belgium). Environmental Pollution, 1999; 104: 401–410. 
[DOI: https://doi.org/10.1016/S0269-7491(98)00170-5; Google Scholar] 

76.	 Vymazal J. Emergent plants used in free water surface constructed wetlands: A review. Eco-
logical Engineering, 2013; 61: 582–592. 
[DOI: https://doi.org/10.1016/j.ecoleng.2013.06.023; Google Scholar] 

77.	 Wagner B., Seppelt R. Deep-water occurrence of the moss Bryum pseudotriquetrum in Ra­
dok Lake, Amery Oasis, East Antarctica. Polar Biology, 2006; 29: 791–795. 
[DOI: https://doi.org/10.1007/s00300-006-0116-7; Google Scholar]

78.	 Wetzel R.G. Limnology: Lake and River Ecosystems. 3rd Edn. Academic Press, San Diego, 
California, 2001. 1006 p. 
[DOI: https://doi.org/10.1016/C2009-0-02112-6; Google Scholar]

79.	 Winton M.D. de, Beever J.E. Deep-water bryophyte records from New Zealand lakes. New 
Zealand Journal of Marine and Freshwater Research, 2004; 38: 329–340. 
[DOI: https://doi.org/10.1080/00288330.2004.9517241; Google Scholar] 

80. Zhang M., Molinos J.G., Su G., Zhang H., Xu J. Spatially structured environmental variation 
plays a prominent role on the biodiversity of freshwater macrophytes across China. Frontiers 
in Plant Science, 2019; 10: 161. 
[DOI: https://doi.org/10.3389/fpls.2019.00161; PMid: 30853965; Google Scholar]

81.	 Zhang Y., Jeppesen E., Liu X., Qin B., Shi K., Zhou Y., Thomaz S.M., Deng J. Global loss of 
aquatic vegetation in lakes. Earth-Science Reviews, 2017; 173: 259–265. 
[DOI: http://dx.doi.org/10.1016/j.earscirev.2017.08.013; Google Scholar]

82.	 Zuo Z. Why algae release volatile organic compounds – the emission and roles. Frontiers 
in Microbiology, 2019; 10: 491. 
[DOI: http://dx.doi.org/10.3389/fmicb.2019.00491; PMid: 30915062; Google Scholar]

ВОДЯНІ МАКРОФІТИ: ЕКОЛОГІЧНІ ОСОБЛИВОСТІ Й ФУНКЦІЇ
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Стаття присвячена аналізу сучасних даних щодо екологічних особливостей  
і функцій водяних макрофітів, які є важливими компонентами водних та водно- 
болотних екосистем. Макрофіти являють собою таксономічно різноманітну групу  
макроскопічних водяних рослин, яка охоплює представників судинних рослин, мо­
хоподібних, зелених водоростей і харофітів. Макрофіти представлені видами, які 
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ростуть, виринаючи з води, занурені або плавають на поверхні чи у товщі води, 
причому кожна екологічна група має специфічні особливості в морфології та фізіо
логічних процесах. Широкий спектр адаптаційних механізмів, розроблених макро­
фітами на морфологічному, фізіологічному та біохімічному рівнях, дає їм змогу 
заселяти прісноводне й морське середовища. Водяні макрофіти є важливим ком­
понентом трофічних ланцюгів і виконують різноманітні екологічні функції у водних 
екосистемах. До основних з них належать: синтез і накопичення органічних речо­
вин, виділення кисню, поглинання й акумуляція хімічних елементів, фільтрація 
води та детоксикація забруднювальних речовин, вивільнення біологічно активних 
сполук, що беруть участь у міжвидових взаємовідносинах, надання сховку та за­
безпечення живленням водяних тварин, вплив на гідрологічний режим водних 
об’єктів тощо. Багато видів водяних макрофітів мають застосування в різних видах 
людської діяльності, зокрема, під час біоіндикації якості води, фіторемедіації за­
бруднених водних об’єктів і очищення стічних вод. Однак антропогенна діяльність 
і кліматичні зміни призвели до суттєвого зменшення видового різноманіття макро­
фітів у прісноводних та морських екосистемах. Тому належне управління екологіч­
ним станом водних екосистем є необхідною умовою для успішного збереження 
оселищ і видового багатства водяних макрофітів.

Ключові слова:	 водяні макрофіти, мохоподібні, гідрофіти, водні екосистеми, 
водно-болотні угіддя


