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Received i2n7.rff§%dl;°rm In assessing the ecological conditions and classification of urban soils, data about soil biota should be taken into
Accepted 30.11.2017 account. The environment of urban territories is characterized by significant changes compared to their surrounding

environments. It is established that the algal flora of urban soils lose their zonal features and features associated with the
edification influence of higher plants. Specific biotopes with a definite species structure are formed in urboecosystems.
Fifty 50 algae species have been recorded in the soils of the Henichesk urboecosystems (Kherson region, Ukraine):
Cyanoprocaryota — 21, Chlorophyta — 13, Charophyta — 2, Eustigmatophyta — 1, Xanthophyta — 11, Bacillariophyta — 2.
Among dominant and subdominant species were Cyanoprocaryota and Chlorophyta. The other phyla were represented
by Klebsormidium dissectum, K. flaccidum, Hantzschia amphioxys, Eustigmatos magnus, Botrydiopsis eriensis.
Compared with the surrounding environment, the urbanized flora of Henichesk has a low species richness, and is
characterized by prevalence of Cyanoprocaryota and Chlorophyta species. The coefficient that takes into account the
percentage of preservation of species richness in a particular urban area compared to the background indicators of
species richness can be used to evaluate the urban transformation of soil biota. The degree of degradatory changes in the
composition of living organisms and the direction of these changes depends on the specificity and intensity of
exploitation of the territory of the urban ecosystem. The most diverse composition of algae species within the the city of
Henichesk was noted in the recreational, residential, and transport zones, in comparison with the industrial zone and the
zone of special use. Different functional areas of the city are distinguished not only by the algae species richness, but
also by the composition of dominants. Among the dominants and subdominants of the recreational and transport zones
were species of different phyla. The dominants and subdominants of the residential and industrial zones were
Cyanoprocaryota species, in the zone of special use — representatives of Chlorophyta. The distribution of species
richness of algae along the soil profile in the city acquires an atypical character. The species richness increases not in the
most superficial layers of soil, but in the lower, aphotic parts of the soil profile. The soil biota, on the one hand, depends
on the ecological conditions of soil, and on the other as a result of its life activity, changes the ecological functions of
the soil, strengthening or weakening them. The reduction in the species richness of the soil algae of the urboecosystem
Henichesk shows the limitations of ecological functions of urban soils. It is established that changes in the composition
of algae in soils of urban ecosystems are one of the indicators of the presence and severity of transformation processes.
These processes occur with the soil biota and soil as a whole under the conditions of urban ecosystems and can be used
as indicators in the environmental assessment of urban soils, in the development and subsequent examination of ways to
reduce negative expression of urbanization.
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Introduction activity, which in turn depends on the composition and quantity of

soil organisms (Shekhovtseva et al., 2015). The elucidation of the

Urbanization is one of the most characteristic signs of scientific
and technological progress, which is associated with the rapid growth
of cities and urban populations. It leads to irreversible processes of
transformation of the natural environment. The consequences of
urbanization are determined not only by the volume of technogenic
emissions from industry and vehicles, but also by the specifics of the
natural conditions of the region (droughts, high temperature, relief,
etc.), which can aggravate the negative effects of anthropogenic
factors (Shekhovtseva et al., 2015).

Soil is an important component of the functioning of urban eco-
systems. It ensures not only terrestrial biodiversity, but is also the
habitat of a large number of organisms. At the same time, the soil
suffers the most powerful impact from urbanization due to the disrup-
tion of its structure, compaction, accumulation of various chemical
compounds and heavy metals, changes in humus content, pH, etc.
Transformation processes in city soils are various in nature and
depend on their functional use. Changes in the physical and chemical
properties of urban soils have a pronounced effect on their biological
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nature of the relationship between the changed soil parameters as a
result of urbanization and the soil biota is necessary for assessing the
ecological potential of soils in urban ecosystems and for the environ-
mental management of urban areas (Aksoy et al., 2017). Among the
factors that constitute a threat to the biodiversity of soils in urban areas
are land use, erosion, compaction, pollution, etc. (Li et al., 2017). In this
way, urbanization has led to the creation of specific biotopes with a
characteristic species composition of living organisms (Wei et al., 2017;
Caruso et al., 2017; Joimel et al., 2017).

This also applies to algae, a necessary component of both terres-
trial and aquatic ecosystems. In urban ecosystems, which have a high
degree of contamination by toxic substances and disruption of the soil
and vegetation cover, algae play an important role as primary produ-
cers, and in the processes of self-purification and support the ecologi-
cal stability of ecosystems.

Current research on the eukaryotic algae and cyanoprokaryotes of
urban areas proceeds in two directions. One of them is represented by
studies of the colonization processes by eukaryotic algae and cyano-

257



prokaryotes in various artificial substrates (concrete, asphalt, glass,
metal) (Gaylarde et al., 2000; Crispim et al., 2003, 2004; Crispim et al.,
2004; Rindi et al., 2004; Uher et al., 2005; Gaylarde et al., 2005;
Héubner et al., 2006; Menendez et al., 2006; Karsten et al., 2007; Rin-
di, 2007; Hallmann et al., 2011). As a result, a certain amount of in-
formation has been accumulated about their diversity, their proximity
to various urban habitats, the ecology of the most widespread algal
complexes (Rindi, 2007). The second direction is connected with the
study of eukaryotic algae and cyanoprokaryotes of soils in urban areas.

The problem of soil algae diversity and ecology of urban areas
has been raised in the works of various scientists outside Ukraine
(Kabirov et al., 1997; Suhanova et al., 2000; Sharipova et al., 2004;
Rahmatullina et al., 2009; Aksenova et al., 2010; Shekhovtseva et al.,
2010; Suhanova et al., 2011; Truhnitskaya et al., 2012; Dorokhova
etal., 2015; Bachura et al., 2015; Antipina, 2016). This has helped to
reveal the certain regularities of urban soils and to outline the approa-
ches for using them with a bioindicatory purpose. The search for
bioindicators which make it possible to simultaneously assess a whole
complex of ecologically significant factors in urban conditions, is
being conducted by scientists among different groups of organisms
(Meuser, 2010; Stankovic et al., 2013; Bessolitsyna et al., 2013; Go-
rovtsov et al., 2017).

The earliest data about soil algal flora of urbanized territories in
Ukraine was presented in the work of Gorovits-Vlasova (1927), the
purpose of this investigation was to establish the sanitary condition of
soil in the city Dnipro. Subsequently, soil algae of two more cities
have been explored: Lugansk (Moskvich, 1973) and Mariupol (Shek-
hovtseva et al., 2010, 2015). Thus, at present information about the
soil algae of urboecosystems of Ukraine is extremely limited. This
does not allow us to assess their diversity, to highlight regional fea-
tures, to find out the degree and main directions of their transforma-
tion compared to surrounding non urban areas, and so on. From the
perspective of the systematic approach, this reduces the objectivity of
characterizing the ecological potential of urboecosystem soils, and,
thus, of the prediction of their continued stability and their ability to
carry out ecological functions. This is especially true for urban areas
of the south of Ukraine, where the phenomena of urbanization in the
arid conditions of the steppe zone can accelerate the negative process-
ses of transformation of the soil and biota that inhabit it.

The aim of this work was to study soil the eukaryotic algae and
cyanoprokaryotes of various functional zones in an urban ecosystem
for developing a comprehensive instrument for monitoring and asses-
sing the ecological state of urban soils and the quality of the urban
environment basing the systematic approach and principles of bioin-
dication.

Materials and methods

The research was carried out in the city of Henichesk, Kherson
region (Ukraine). Henichesk is located on the North-Western shore of
the Azov Sea. The climate of the region is moderate to continental with
mild winters (average January temperature is from —1 °C to -3 °C) and
dry, sultry summer (average July temperature is from +22°C to +23°C).
Evaporation in the region exceeds the precipitation, therefore, this
region has insufficient moisture. The soil cover of the Henichesk is
represented by dark chestnut soils and their complexes with solonetz
soil. The flora of higher plants of Henichesk in comparison with that
of the surrounding area has acquired specific features on the level of
systematic, ecological and biomorphological structures which are cha-
racteristic for urban flora (Maltseva, 2015; 2016; Maltseva et al., 2017).

To determine the characteristics of the soil algae (eukaryotic and
prokaryotic) composition of Henichesk, we have collected the samp-
les from sample plots (SP in different functional areas: residential,
industrial, transport, recreational zones and zone of special use: SP 1 —
roadside lawns at the entrance to the city from the direction of the
village Novooleksiyivka (transport); SP 2 — cemetery (zone of special
use); SP 3 — the stadium of the boarding school (residential); SP 4 —
the lawn of the Afghan Glory Park (recreational); SP 5 — roadside
lawns on Kurazov Street (residential); SP 6 — roadside lawns at the
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entrance to the city from the direction of the village Frunze (tran-
sport); SP 7 — the edge of the road at the entrance to the city from the
direction of the village Frunze (transport); SP 8 — the park named after
T. G. Shevchenko (recreational); SP 9 — port (industrial).

Each sample plot was 10-50 m? Three combined samples were
sampled for each sample plot (one combined sample consisted of five
individual ones). The volume of each individual sample was 25 cm®,
The soil was sampled from layers of 0-5, 5-10 and 10-15 cm accor-
ding to the method shown in the monograph M. M. Gollerbach and
E. A. Shtina (1969).

For the investigation of the species composition of the algae, the
method of culturing for growth on glasses and accumulation cultures
on Bold agar medium (3N BBM) was used. The algae species were
identified at 900 and 1000 times magnification, using oil immersion,
and were photographed using a Scopetek DCM-510 (5.0 Mpix) digi-
tal camera for microscopy. Cells were stained with Lugol solution for
presence of starch granules, with 0.1% methylene blue solution and
1% ink solution for determination of the structure of the mucus.
For LM investigations of diatoms, the algae were processed by means
of a standard procedure involving, treatment with 10% HCI and con-
centrated H,O,. The material was washed with distilled water. Perma-
nent diatom preparations were mounted in epoxy resins.

The cultures were grown in a luminaire with fluorescent lamps
LB-40 with periodic illumination: 12 hours light and 12 hours dark
phase. Dominants and subdominants were established on the basis of
abundance scale. Dominant species had a score of «7» and «6», and
subdominants — «5» and «4».

We used the taxonomic system of blue-green algae (Cyanopro-
caryota) in accordance to the reports of I. Komarek and A. Anagno-
stidis (Komarek and Anagnostidis, 2005; Komarek, 2013), the rest of
the groups — according to «Algae of Ukraine» (Tsarenko et al., 2006,
2009, 2011, 2014).

Analysis of the floristic commonality of the algal species compo-
sition was carried out using the Jaccard index for the complete species
composition of the algae of individual sample plots:

Ny+Ng—Nyg’

where Kj — Jaccard index, Nag — humber of common species, Na and
Ng — number of species found on one and the other sample plots
respectively.

Results

In total, 50 species of algae were identified in the soils of the
urboecosystems of Henichesk: Cyanoprocaryota — 21, Chlorophyta —
13, Charophyta — 2, Eustigmatophyta — 1, Xanthophyta — 11, Bacilla-
riophyta — 2. The calculated Jaccard index of commonality for the
complete algal species list indicates a very high specificity of the algal
composition of the studied ecotopes in the city. The most specific
composition of algae was noted in the soil of SP 9 «port» situated in
the industrial zone. Other ecotopes have a greater similarity among
themselves in the species structure but they have a distinct specificity,
which is caused by different types of anthropogenic factors.

There were 17 species of algae identified in the soils of the Heni-
chesk transport zone: Cyanoprocaryota — 5, Chlorophyta — 6, Charo-
phyta — 1, Eustigmatophyta — 1, Xanthophyta — 2, Bacillariophyta — 2.
The dominant species were: Chlorella vulgaris Beij., Microcoleus
vaginatus (Vaucher) Gomont, Phormidium paulsenianum J. B. Peter-
sen, Chlorococcum sp. The subdominants were: Hantzschia amphi-
oxys (Ehrenb.) Grunow in Cleve et Grunow, Phormidium cf. autum-
nale (S. Agardh) Gomont, Bracteacoccus minor (Chodat) Petrova (Fig. 1),
Stichococcus bacillaris Nageli. Maximum species diversity was noted
in the average of the studied soil horizons (5-10 cm). The remaining
soil horizons were inhabited by a smaller number of algae species.

The composition of the soil algae of the residential zone includes
17 species: Cyanoprocaryota — 8, Chlorophyta — 3, Charophyta — 1,
Eustigmatophyta — 1, Xanthophyta — 3, Bacillariophyta — 1. The list
of dominant species was represented by: Nostoc paludosum Kiitz. ex
Bornet et Flahault, N. punctiforme (Kiitz. ex Hariot) Hariot, Hantzschia
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amphioxys, Phormidium paulsenianum, Phormidium retzii J. Agardh
ex Gomont, and subdominants: Eustigmatos magnus (J. B. Petersen)
D. J. Hibberd (Fig. 2), Cylindrospermum stagnale (Kiitz.) Bornet et
Flahault, Nostoc punctiforme, Klebsormidium flaccidum (Kiitz.) P. C.
Silva et al. The distribution of species richness along the soil horizons
in different sample plots of the residential area was different. The ma-
ximum number of species was recorded in the upper or in the middle
studied horizons (5-10 cm).

The species richness of algae in the recreational zone was represen-
ted by 16 species: Cyanoprocaryota — 8, Chlorophyta — 3, Charophyta —
1, Eustigmatophyta — 1, Xanthophyta — 3, Bacillariophyta — 1. The do-
minants were: Hantzschia amphioxys, Chlorococcum cf. Echinozygo-
tum R. C. Starr, Nostoc linckia (Roth) Bornet et Flahault, Tetracystis ag-

gregata R. M. Br. et H. C. Bold, the subdominants were: Phormidium
bohneri Schmidle, Symploca muscorum (C. Agardh) Gomont, Nostoc
paludosum (Fig. 3), Botrydiopsis eriensis J. Snow. The maximum algal
species richness was noted in the middle (5-10 cm) or in the lower (10—
15 cm) investigated soil horizons.

In the zone of special use, 9 algae species were identified: Cyano-
procaryota — 2, Chlorophyta — 2, Charophyta — 2, Eustigmatophyta — 1,
Xanthophyta — 1, Bacillariophyta — 1. The dominants were Klebsormi-
dium dissectum (Gay) Ettl et Gértner, K. flaccidum, Hantzschia abun-
dans Lange-Bertalot (Fig. 4). Subdominants were: cf. Mychonastes
homosphaera (Skuja) Kalina et Punchoch., Phormidium cf. autumnale.
The largest number of algal species was found in the middle five-
centimeter deep layer of soil (5-10 cm).

Table
Jaccard index of commonality for the full algae list in the different soil samples of the city Henichesk
Sample plots SA1 SA?2 SA3 SA4 SA5 SA6 SA7 SA8 SA9

SA1l 8 2 1 1 1 2 1 2 -
SA2 133 9 1 1 2 1 2 1 -
SA3 58 55 10 2 2 1 2 1 1
SA4 6,6 6,3 125 8 1 1 2 1 1
SA5 6,2 125 477 6,3 9 1 1 2 -
SA6 142 6,2 58 6,6 6,3 8 2 1 -
SA7 8,3 16,6 153 181 7,6 181 5 2 -
SA8 133 58 55 6,2 125 6,3 16,6 9 -
SA9 - — 6,6 76 — — - - 6

Note: on the diagonal — number of species of algae on SA; over the diagonal — the number of common species in the comparative lists; under the diagonal — the value

of the Jaccard index of commonality.

Fig. 1. Light micrographs of Bracteacoccus minor. A. Young vegetative cell: local swelling on the cell wall ("bubble™).
B. Mature vegetative cell with parietal plastids. C. Old cell: red pigments in the center of the cell: scale bar= 10 pm;
chestnut soil, horizon 0-5 c¢m, steppe area adjacent to the road P47 (SA 1), Henichesk (Kherson region, Ukraine) N46°10°30.99” E34°46°12.12”

Fig. 2. Light micrographs of Eustigmatos magnus. A. Young vegetative cell: angulate protein crystal in the center of the cell.
B-C. Mature vegetative cell with orange storage compounds; scale bar = 10 um; soil, horizon 0-5 cm, the residential zone (SA 3),
Henichesk (Kherson region, Ukraine) N46°10°17.77” E34°48°33.94”

Fig. 3. Light micrographs of Nostoc paludosum. A. Part of single trichome with intercalary heterocyst.
B. Filaments with mucilaginous covering; this is visible after staining with myelene blue; scale bar = 10 pm;
sandy soil, horizon 0-5 cm, the recreational zone (SA 8), Henichesk (Kherson region, Ukraine) N46°10°4.39” E34°49°7.23”
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Fig. 4. Valve morphology of Hantzschia abundans.

A-F - light micrographs: the valves are dorsiventral with a convex
dorsal side and a ventral side that is distinctly concave in the middle
but convex towards the ends; scale bar = 10 pum; chestnut soil,
horizon 0-5 cm, city cemetery (SA 2), Henichesk
(Kherson region, Ukraine) N46°9°57.72” E34°47°34.78”

Six species of algae were identified in the industrial zone: Cyano-
procaryota — 4, Chlorophyta — 1, Eustigmatophyta — 1. The dominant
species were Microcoleus vaginatus, Nostoc cf. commune Vaucher ex
Bornet et Flahault and the subdominants were: Jaaginema pseudoge-
minatum (G. Schmid) Anagn. et Komérek, Eustigmatos magnus, Tet-
racystis sp. The upper soil layers (0-5 and 5-10 cm) were characteri-
zed by depleted algae species richness. Only two species were found.
At a depth 10-15 cm there were four algae species.

Discussion

Combining various natural and variously anthropogenically altered,
artificially created biotopes, urban ecosystems represent an interesting
object of scientific research. Ecological niches of urban ecosystems are
quite complex and diverse in volume and parameters. Various orga-
nisms, including eukaryotic and prokaryotic algae, colonise them.
The wide variety of various artificial substrates in urban areas (concrete,
asphalt, etc.) makes it possible to carry out detailed studies of algal
diversity and ecology (Gaylarde et al., 2000; Crispim et al., 2003, 2004;
Crispim et al., 2004; Rindi et al., 2004; Uher et al., 2005; Gaylarde et al.,
2005; Haubner et al., 2006; Menendez et al., 2006; Karsten et al., 2007;
Rindi, 2007; Hallmann et al., 2011). Before these studies, algae were
well known as pioneer organisms which appear on the surface of
various substrates, including the substrates which were formed after
industrial activity and with toxic properties (Gollerbakh et al., 1969;
Maltseva et al., 2011; Maltseva et al., 2014). At the same time, algae are
included as a part of the soil biota in urban ecosystems. Their diversity
and functioning can be significantly disturbed under the impact of urban
factors. Data obtained by different researchers (Kabirov et al., 1997,
Suhanova et al., 2000, 2011; Sharipova et al., 2004; Rahmatullina et al.,
2009; Aksenova et al., 2010; Shekhovtseva et al., 2010; Truhnitskaya
etal.,, 2012; Dorokhova et al., 2015; Bachura et al., 2015; Antipina,
2016) indicates the presence of specific features in the algal composition
of urboecosystems. It is determined by the peculiarities of anthropoge-
nic inflluence on soils of urban areas. Physical and chemical transfor-
mation is typical for urban soils. This appears, first of all, in the destruc-
tion of the profile structure, the presence of anthropogenic inclusions,
increase in density, changes in biological parameters, pH values, humus
content, accumulation of heavy metals, other toxic substances, etc.
(Stroganova et al., 1997, 2003; Shekhovtseva et al., 2015). The degree
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of degradatory changes and their orientation depend on the specificity
and intensity of use of the territory of any given urban ecosystem.

Researchers into urban soil algae indicate that it loses features of
zonal type soils, and is characterized by lower species richness. In Heni-
chesk a low algal species richness was noted compared with the protec-
ted steppe ecosystems of Askania-Nova reserve (Scherbina, 2011; Mal-
tseva et al., 2011; Scherbina et al., 2014; Maltsev et al., 2017). One
sample plot has on average about 8 algae species in Henichesk, while
for the steppe ecosystems of Askania-Nova the average number is 35—
38 algae species.

Thus, a sharp decrease in the species richness of eukaryotic algae
and cyanoprokaryotes is characteristic for soils of urban areas. It can be
used as an indicator of anthropogenic disturbance of the ecological use-
fulness of soils in urban areas. The degree of transformation can be
measured by a coefficient that reflects the percentage of conservation of
species richness in a particular urban area relative to the background
indicators of the species richness of algae. In our studies, this coefficient
varies in the range from 13.7% to 27.4%. Low values of the coefficient
indicate a significant change in the composition of soil biota and, accor-
dingly, low ecological resistance of soils to the effects of factors of
urban origin.

Another specific feature of the flora of urban soil is the prevalence
of green algae and representatives of Cyanoprocaryota, the absence or
weak development of Xanthophyta species. The common features of
the Henichisk urban areas with other urban ecosystems are also the
prevalence of Cyanoprocaryota and Chlorophyta species. The absence
of Xanthophyta in the composition of algae species is one of the most
characteristic features of the aerotechnogenic soil contamination (Shek-
hovtseva et al., 2010). Changes in pH-values towards alkaline are com-
mon for urban soils (Shekhovtseva et al., 2015). The increase of diversi-
ty of Cyanoprocaryota representatives is observed during the growth of
alkalinity and the pollution of heavy metals in soils.

Thus, in the soil algal flora of urban areas species with the highest
adaptability to the influence of various unfavourable factors account for
most of the diversity: Cyanoprocaryota and Chlorophyta. The impact of
anthropogenic factors takes on a dominant role in urban ecosystems and
reduces the edificative role of higher vegetation. In natural communiti-
es, arboreal or grassy higher vegetation, through direct and indirect
effects, determines many features of algal communities, including the
composition of the orders which dominate by the quantity of species
(Gollerbach et al., 1969; Maltseva et al., 2011; Scherbina, 2011; Scher-
bina et al., 2014; Maltsev et al., 2017).

In addition to pollution, one of the common negative effects of
anthropogenic impact on soil algae of urboecosystems is recreational
pressure. As a result of trampling, the soil is compacted, which leads to
a decrease in species richness, the dominance of green algae (llyushen-
ko, 2001; Fomina, 2013; Bachura et al., 2015). Another consequence of
the compaction of the upper layers of the soil, as well as its contamina-
tion, is the change of the profile distribution of algae species richness.
The greatest diversity of eukaryotic and prokaryotic algae species in the
soil is usually present in its upper layer because they are photosynthetic
organisms. However, the composition of the soil biota of the upper
horizon is depleted as a result of anthropogenic changes of the sail in
urban conditions, its contamination and compaction of the upper layers.
This upper layer is characterized by the greatest biological activity in
undisturbed areas. This atypical picture of the profile distribution of
algae indicates a sufficiently strong expression of negative changes in
the upper layers of soil in the city and the inadequate compensatory
capacity of soil biota communities in relation to the influence of anthro-
pogenic factors. Different types of city territory use are characterized by
different depths of transformational changes in the soil and its biota.
This is reflected in the species richness of algae, and variations in the
composition of dominant species. Among the dominants and subdomi-
nants of the recreational and transport zone were species of different
orders. The dominants and subdominants of the residential and industri-
al zones were representatives of Cyanoprocaryota and in the zone of
special use — Chlorophyta species.

The poorest species structure of algae in Henichesk was marked in
the industrial zone. This fact also has been noted in other cities (Sharipo-
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va et al., 2004, Shekhovtseva et al., (2015). The distinction of the urba-
nized soils of Henichesk , in comparison with others, is the sufficiently
high diversity of algae in the transport zone and low diversity in the
zone of special use. The latter fact is connected with additional anthro-
pogenic load on the soil of this territory from a nearby highway, rail-
ways and coal storage. These objects are the sources of aerotechnogenic
pollution and exert a negative impact on the diversity of soil biota.

The obtained data indicate that algae as an essential part of the soil
biota are sufficiently sensitive to changes in soil caused by the impact of
urban factors. Therefore, in assessing the ecological conditions and clas-
sification of urban soils, data on their species richness, the composition
of dominants, and their distribution features in the soil profile should be
taken into account.

Conclusion

Questions related to the assessment of the ecological conditions of
soils are highly relevant in studying urban ecosystems.

It is established that changes in the composition of algae in soils of
urban ecosystems are one of the indicators of the presence and degree of
transformation of soil biota and soil as a whole under conditions of
urban ecosystems and can be used as indicators in the environmental
assessment of urban soils, the development and subsequent examination
of ways to reduce the negative manifestations of urbanization. Using
data from algological studies of urban ecosystems, along with others, in
accordance with the principles of the system approach, will contribute
to optimizing the urban environment, ensuring the full value of its bio-
ecological potential.

50 species of algae were identified in the soils of the Henichesk:
Cyanoprockaryota — 21, Chlorophyta — 13, Charophyta — 2, Eustigma-
tophyta — 1, Xanthophyta — 11, Bacillariophyta — 2. Anthropogenic
pressure on urban soils reduces the diversity of algae. Characteristic fea-
ture of the urbanized flora of Henichesk, as well as other urboecosys-
tems, is the low algal species richness compared with natural reference
areas, as well as the prevalence of Cyanoprocaryota and Chlorophyta
species. Considering that soil biota, on the one hand, depends on the
ecological conditions of the soil, and on the other hand, as a result of its
vital activity, changes the ecological functions of the soil, enhancing or
weakening them, soils of the urboecosystems are limited in their ecolo-
gical functions, due to the reduction of algal species richness.

The degree of urban transformation of soil biota and directly of soil
algae can be expressed through a coefficient that reflects the percentage
of conservation of species richness in a particular urban area relative to
the background indicators of species richness. Another indicator that
can be used in the bicindication of urban soils is the increase in diversity
of Cyanoprocaryota and Chlorophyta species. Representatives of these
orders are characterized by a high adaptive capacity for various
unfavourable factors observed in urban ecosystems.

It is established that the algal flora of urban soils lose their zonal
features and features associated with the edificative influence of higher
vegetation. The distribution of species richness of algae along the soil
profile in the city territory acquires an atypical character. There is an
increase in the species richness of algae not in the upper soil layers, but
in the lower, aphotic parts of the soil profile. This indicates a strong ex-
pression of negative changes in the upper soil layers in the city and the
suppression of the soil biota under the influence of anthropogenic fac-
tors of urban origin.

The most diverse algal species composition in the territory of Heni-
chesk was noted in the recreational, residential and transport zones, in
comparison with the industrial zone and the zone of special use. Among
the dominant and subdominant were Cyanoprocaryota and Chlorophyta
species. Other phyla were represented by Klebsormidium dissectum,
K. flaccidum, Hantzschia amphioxys, Eustigmatos magnus, Botrydiop-
Sis eriensis.
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