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Abstract: The Sasyk Reservoir is one of the largest seaside reservoirs in Ukraine, artificially maintained
as a freshwater area including various floodplain areas. The Reservoir originated from an estuary to
now being an almost freshwater reservoir. The diatoms (Bacillariophyta) in benthos were investigated
for analyzing the coastal zone diversity of the Black Sea inside the borders of Ukraine. The indicated
diatom composition was formed by 97 species (100 infraspecies taxa). Some rare marine and
freshwater taxa were noted, as well as three species reported in Ukrainian territory for the first
time (Navicula vandamii Schoeman et R.E.M. Archibald, Sellaphora difficillima (Hustedt) C.E. Wetzel,
L. Ector et D.G. Mann, and Mastogloia laterostrata Hustedt). The bioindicative characteristics of the
diatom composition testified to the freshwater condition of the reservoir. Changes to the salinity level
of the Sasyk Reservoir were exposed due to the composition of benthic diatoms. The presence of
mesohalobous species (7 taxa) acknowledges conditions that are typical for estuaries and mouths of
rivers and reveals the salinity changes in the Sasyk Reservoir. Likewise, the prevailing number of
oligohalobous diatoms (61 taxa) reveal presence of freshwater in the reservoir. The implementation of
the Polish phytobenthos lake assessment method for the nearby Ukrainian Reservoir was conducted
for the first time. The multimetric Diatom Index for lake values varied from 0.39 to 0.76, and revealed
alterations in the status over the Sasyk sites, ranging from good, moderate, to poor. Thus, it may
be concluded that the current ecological status relating to the composition of benthic diatoms of the
reservoir located in the coastal zone of the Black Sea is evaluated as having a moderate status class
with some exceptions.
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1. Introduction

Phytobenthos is widely recognized as a sensitive indicator to many environmental variables in
rivers, streams, and lakes [1–7]. In this matter, a composition of diatom algae is considered as the
most important component of benthic flora. Diatoms are sensitive to many environmental factors,
including light, temperature, current velocity, salinity, pH, oxygen, as well as to the degree and nature
of pollution of the waterbody [8–10]. Beyond that, diatoms are used in neo- and paleolimnological
studies for characterizing climatic changes, along with characteristics of eutrophication and trophic
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state conditions [11,12]. Thus, studying benthic diatom species composition has been a major issue
regarding water quality management worldwide for many years [13,14].

The study of diatoms of coastal ecosystems is relevant for the Ukraine and many countries of the
world covering different continents [15–20]. This is one of the most important issues in establishing
natural and anthropogenic changes in transitional waters of the discussed ecosystems and their possible
transformations following monitoring studies [16,21,22].

The Sasyk Reservoir, located in Ukraine, could serve as an illustrative example on how diatoms
affect salinity changes over the long-term. The Sasyk Reservoir is a unique example of the desalination
of a waterbody in Ukraine. In its original natural state, it was a shallow brackish-water lake (estuary)
with periodic connection to the sea. In the 1980s, it had an influence of anthropogenic transformation
created by an artificial channel, which connected the area with the waters of the Danube River.
During the last 40 years (1979–1980 till now) there were fundamental changes to the functioning of
this ecosystem, as almost twice the entire volume of the reservoir was pumped out and replaced with
water from the Danube (for more details, see [23,24]).

The history of this waterbody shows that sometimes it was described as a “lake”, although that
does not allow one to distinguish the period covering its transformation. Thus, by calling Sasyk a
Reservoir, it becomes clear that this relates to the modern period of the waterbody. If the meaning used
in the earlier times (before its transformation), then it should be called a “lake” or “reservoir-lake” [24].
This has created enormous interest in the Sasyk Reservoir, shown by the many disputes regarding its
ability to try to reconnect with the Black Sea and its relevance for the growing tourist development in
the region [25–29].

The diatoms composition can also be used to describe the characteristics of the ecological status
of the Sasyk Reservoir. This is of high importance as the degradation of its status may indirectly
affect the coastal and transitional waters of the Black Sea basin region countries, as well as for the
Black Sea as a whole. The reason for this is relevant when looking at the much-debated matter of
demolishing the dam and reuniting it with the sea for restoring the existing hydromorphology [30,31].
Moreover, the northern part of the Sasyk Reservoir is a national nature park. The Reservoir represents
the Ramsar site no. 762, which is a wetland, famous for emergent and submergent plants, including salt
meadows, which support nationally rare and relic species, as well as for migratory and breeding
(25,000 pairs) water birds [32]. Thus, the ecology of this region and its hydromorphological changes
are vital, and attention is needed in order to attract the attention of, not only the scientists, but also the
international community.

To try and describe the current situation with this waterbody, macrophytes, phytoplankton,
macrozoobenthos, zooplankton, and ichthyofauna were investigated [18,25,26,33]. However, no detailed
phytobenthic studies have been conducted since 1987. In accordance with the current ideas about the
ecological significance of transitional waters and its biodiversity, the aim of our research concerns the
features of the differentiation of the benthic diatom assemblages of the Sasyk Reservoir, and the process of
changing its salinity during anthropogenic changes to the ecosystem.

2. Materials and Methods

2.1. Study Area

The Sasyk Reservoir occupies an area of 206 km2, with a maximum length of 31,000 m, and a
maximum width of 12,000 m located 45◦40’N 29◦41’E. Its volume equals 479 km3, with an average depth
of 2.1 m, with a maximum depth of 3.2 m (original morphometric characteristics). It has influenced the
waters from the Sarata and Kogylnik Rivers, as well as the Danube–Sasyk Canal. The range of totally
dissolved solids (TDS) over a year had a wide range of values from 0.3 to 2.7 g·L−1 whereas before the
reservoir creation, it varied between 2.4 and 20.3 g·L−1 [24].

A sampling campaign was undertaken in the late summer (16.08 and 19.08) of 2018. To cover the
total length of the waterbody, 7 sites were located evenly along the banks of the reservoir (Table 1,
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Figure 1). Diatom assemblages were sampled in the benthos of the Sasyk Reservoir from the same
depth at all sites, which equaled a depth to 0.15 m. The relative transparency was higher as the bottom
was visible. The substrate from which the samples were taken, at almost all stations, were from the
stones of an artificial dam. However, site 7 was from clay and sand from the reed thickets, but nowhere
were samples taken from the reed stems themselves. The amplitude of daily fluctuations in the water
levels varied from 3 to 16 cm, while the average annual amplitude of water level fluctuations was
approximately 38–76 cm. The change in water level in most cases was influenced by the artificial
regulation of water exchange (sluices on the Danube–Sasyk Canal and a sluice for discharging water
into the sea), as well as the active reaction of the reservoir to the wind. The duration of squeeze on
the reservoir was 1–2 days. When the level of about 10 cm is displaced, its mark almost returns to its
previous value the following day.

Table 1. Mean environmental data showing standard deviation (SD) and GIS coordinates from the
sampling points on the Sasyk Reservoir during August 2018.

Site Coordinates Water Temperature, ◦C Salinity, g·L−1 (ppt) Conductivity mS cm−1

1 45◦32’25.41”N 29◦39’17.76”E 22.35 ± 0.17 2.06 ± 0.54 2.81 ± 0.52
2 45◦34’19.54”N 29◦41’41.17”E 23.70 ± 0.12 2.27 ± 0.57 3.08 ± 0.57
3 45◦37’20.65”N 29◦44’1.51”E 25.25 ± 0.17 2.31 ± 0.54 3.09 ± 0.57
4 45◦41’39.63”N 29◦41’30.76”E 26.70 ± 0.12 2.16 ± 0.49 2.84 ± 0.48
5 45◦43’36.85”N 29◦41’16.14”E 26.80 ± 0.12 2.29 ± 0.55 3.07 ± 0.55
6 45◦33’30.44”N 29◦36’26.56”E 26.60 ± 0.23 0.49 ± 0.15 0.71 ± 0.16
7 45◦36’12.09”N 29◦36’23.76”E 26.40 ± 0.23 2.19 ± 0.52 2.93 ± 0.52
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The diatoms were cleaned with hydrochloric acid and hydrogen peroxide, then rinsed in 
distilled water and mounted with Naphrax® mounting medium [34].  

Figure 1. Diatom sampling locations at the Sasyk Reservoir during August 2018.

2.2. Sampling Strategy

The phytobenthos was taken from the same depths (10 cm below the surface of the water),
washed with a toothbrush, fixed with formaldehyde (4%) on site, and then transported to the laboratory.
Altogether, 21 benthic samples from the sites at the Sasyk Reservoir were investigated.

The diatoms were cleaned with hydrochloric acid and hydrogen peroxide, then rinsed in distilled
water and mounted with Naphrax® mounting medium [34].
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The diatoms were identified with a Nikon Eclipse 6600 light microscope with 10 HCX PLAN
objective, 100× oil immersion objective lens, and Nikon Eclipse 80i, with Plan apochromat (PLAN APO),
with 100× differential interference contrast (DIC) objective. For representativeness and accurate
future assessments, a minimum of 400 valves were counted per slide. Identification was followed:
Süßwasserflora von Mitteleuropa [35–38], with some newer updates [39–41]. The taxonomical system of
diatom algae according to Medlin and Kaczmarska [42], with the latest refinements in the nomenclature
changes and rectification for certain genera [41,43], were used for this work.

The results of the Reservoir assessment obtained by using the Polish method based on phytobenthic
diatoms had never been used before for Ukrainian water bodies, but was assumed a suitable method for
ecological status assessment. The purpose of implementing the “multimeric Diatom Index for Lakes”
(IOJ) is to assess the trophic state of the reservoir. The index was calculated using JEZIORA software
and the values were divided into five group status classes with the following ranges: high > 0.705,
good ≥ 0.590, moderate ≥ 0.400, bad ≥ 0.150 poor, < 0.150 [44,45].

The ecological classification of diatom species provided for salinity (halobien system) (H) was
according to the system of van Dam et al. [10], with basis of Hustedt [46]. Most of the common
taxa were already classified by these authors and some additional information, along with modern
taxonomical changes invoked from the monograph [47] was included.

The Total Dissolved Solids (TDS) were comprised of inorganic matter, such as minerals,
salts, metals as well as dissolved organic compounds present in the water [48,49]. The classical
sub division of TDS and salinity was presented according to [45,50]: freshwater < 1 g L−1 TDS and
< 0.5 g L−1 salinity, brackish water 1–5 g L−1 TDS and 0.5–17 g L−1 salinity, sea water 30–40 g L−1

TDS and 35–40 g L−1 salinity, brine ≥ 100 g L−1 TDS and ≥ 50 g L−1 salinity. Thus, the combined
classification systems of TDS, chloride concentrations in water, and algal bioindicator correspondence
are the following [47]: <100 CI– mg L−1, 0.2 g L−1 salinity—fresh (halophobes, hb), < 500 CI– mg L−1,
salinity 0.9 g L−1—fresh brackish (indifferent, i), 500–1000 CI– mg L−1, salinity 0.9–1.8 g L−1—brackish
fresh (halophiles, hl), 1000–5000 CI– mg L−1, salinity 1.8–9.0 g L−1—brackish (mesohalobes, mh).

2.3. Statistical Data Analysis

Environmental mapping was carried out in the Statistica 12.0 program according to the parameter
values and geographic coordinates of each station. A calculation of similarity was conducted as
the network analysis in JASP on the botnet package in R Statistica package of [51]. The results are
represented the plot construction on the maximal similarity level of the data on the sampling stations
on the level of similarity 50% and a significant calculation only.

3. Results

3.1. Benthic Diatom Diversity

Benthic diatom composition in the coastal zone of the Black Sea is presented for the Sasyk Reservoir.
Investigations revealed 97 diatom species (100 with infraspecies taxa), belonging to 38 genera of diatom
algae during sampling period (Appendix A, Table S1). The main genera are the following: Nitzschia—16,
Navicula—12, Cocconeis—6, Amphora, Cymbella, Epithemia, and Tryblionella—5 of each, Staurosira—4,
Fragilaria, Gomphonema, and Planothidium—3 of each. All of the named genera are common for diatom
communities of nearby territories [52–54].

The composition over the sampling sites had some similar features between each other, and for
defining them, a network plot was built (Figure 2).

From Figure 2, it is noticeable that the greatest similarity of data are observed at sampling sites
1, 2, and 4. These sites are similar to a lesser degree than sites 3 and 5. All of these named sampling
points are grouped in the southern part and along the left bank of the Sasyk Reservoir on Figure 1. It is
interesting to note, in this context, that site 5 has a negative similarity with sites 2, 6, and 7, which makes
its community the most contrastive in relation to the rest. This, in our opinion, confirms the connection
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with its location, which is closest to the mouth of the Sarata and Kogylnik Rivers. In turn, it reflects the
impact of the Danube River, where its waters enter the Sasyk area. The difference in species composition
over the sampling points in such a relatively small area reveal the impact of the water heterogenic
conditions of the Reservoir. Other assumptions were the effects of wind over the sampling points,
reflected in a diverse composition. The noticed hypothesis is confirmed by previous investigations of
scientific studies for this territory [24–26,33].
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The series of statistically generated maps illustratively reveal the main parameters of the Sasyk
during the investigated period and give us a possibility to assess the admitted factors (Figure 3).
Figure 3 demonstrates the highest number of diatom species in phytobenthos in the zone, where the
mixing of fresh and brackish waters take place to the southern part of the reservoir.

The following species were present in permanent slides and composed of more than 10% of its
relative abundance for diatom flora covering each sampling point of the Reservoir: Amphora ovalis
(Kützing) Kützing, A. pediculus (Kützing) Grunow, Cocconeis neodiminuta Krammer, C. pediculus
Ehrenberg, Diatoma moniliformis(Kützing) D.M. Williams, Encyonema cespitosum Kützing, Epithemia gibba
(Ehrenberg) Kützing, E. parallela (Grunow) Ruck et Nakov, E. sorex Kützing, Fragilaria radians
(Kützing) D.M. Williams et Round, Navicula cryptotenella Lange-Bertalot, Nitzschia inconspicua Grunow,
Rhoicosphenia abbreviata (C. Agardh) Lange-Bertalot, and Tabularia fasciculata (C. Agardh) D.M. Williams
et Round (Table S1).

Among the all identified species, three species were new, and 13 taxa were rare for the Ukrainian
flora (Table S1). The species noted in Ukraine for the first time were presented by: Navicula vandamii
Schoeman et R.E.M. Archibald, Sellaphora difficillima (Hustedt) C.E. Wetzel, L. Ector et D.G. Mann,
and Mastogloia laterostrata Hustedt. Navicula vandamii and Mastogloia laterostrata are well known in
brackish coastal waters [15]. They were found in Sasyk Reservoir at sites 4 and 6 (Table S1). The third
species—Sellaphora difficillima—is known from waters of contrasting features, which have small values
of salinity. Among the rare species for the Ukraine, diatoms were found: Amphora copulata (Kützing)
Schoeman & R.E.M. Archibald, A. inariensis Krammer, Cymbella compacta Østrup, C. proxima Reimer,
Fallacia clepsidroides Witkowski, Gomphonema utae Lange-Bertalot & E. Reichardt, Navicula lundii E.
Reichardt, Nitzschia filiformis var. conferta (P.G. Richter) Lange-Bertalot (=N. conferta (P.G. Richter)
Migula), N. supralitorea Lange-Bertalot, Opephora mutabilis (Grunow) Sabbe et Wyverman (=O. olsenii
M. Møller), Paraplaconeis minor (Grunow) Lange-Bertalot (= Placoneis minor (Grunow) Lange-Bertalot),
Rhaphoneis amphiceros (Ehrenberg) Ehrenberg, and Staurosira construens var. triundulata (Reichelt) H.
Kobayasi (Table S1). Most of the rare species for Sasyk were found near 1 and 6 sampling points,
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while other species were found at different sampling points (for details see Table S1). For other species
found at different sampling points, it should be noted that the Sasyk has specific conditions and
interesting history, which is reflected on the algae composition over its territory.

3.2. Ecological Characteristics of the Sasyk Sites

The water temperature fluctuated within a small range (22.35 ± 0.17–26.80 ± 0.12 ◦C), but the
analysis demonstrates the highest values in the northern part (Table 1, Figure 3b). This can be explained
by the general shallowness of the southern part of the reservoir and the natural change in water
temperature during the day. The conductivity measuring revealed aligned values over the waterbody,
from 2.81 ± 0.52 to 3.09 ± 0.57 mS cm−1, and near the site no. 6 due to the impact of waters coming
from the Danube–Sasyk Canal that it significantly differed and presented 0.71 ± 0.16 mS cm−1 (Table 1).

The multimeric Diatom Index for Lakes (IOJ) for assessing the trophic state of a reservoir was
calculated. The values varied from 0.39 to 0.76; at site 1, it equaled 0.47, site 2–0.56, site 3–0.76, site 4–0.60,
site 5–0.43, site 6–0.39, site 7–0.40. According to the Water Framework Directive classification scheme
for water quality, these values were divided between five status classes: high, good, moderate, poor,
and bad. It occurred that sites no. 1, no. 2, no. 4, and no. 5 had moderate status class, while site
no. 3 corresponded to good status and sites no. 6 and no. 7—poor. As can be observed in Figure 3c,
the values are highest at the eastern part of the waterbody, which distinguishes it as having the worst
quality from all the investigated sampling points (moderate for this case).

1 
 

 Figure 3. Statistically generated maps of phytobenthic assemblage data from Table 1 and Table S1
((a)—number of species, (e)—mesohalobes, and (f)—halophiles indicators). (c)—Diatom Index for the
lakes as well as chemical parameters of water ((b)—temperature and (d)—salinity) on the surface water
of the Sasyk Reservoir during August 2018.
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3.3. Bioindication of Salinity in Sasyk Reservoir

The measurements of the salinity distributed itself quite evenly across the reservoir, fluctuated by
a small range (from 2.06 ± 0.54 to 2.31 ± 0.54 g L−1) (Table 1). The effect of freshening (0.49 ± 0.15 g L−1)
from the Danube–Sasyk Canal is also visible in the map of Figure 3d. The whole taxa list was assessed,
concerning the salinity and list of indicator species, including 68 taxa from 100 diatom species that
were found in the Sasyk Reservoir. The indicators of salinity were grouped to oligohalobes-halophobes
(hb)—2, oligohalobes-indifferents (i)—49, oligohalobes-halophiles (hl)—10, and mesohalobes (mh)—7
(Figure 4, Table 2).
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Table 2. Species indicators of salinity (according Hustedt, 1938–1939, Barinova et al., 2019) extracted
from the sampling stations at the Sasyk Reservoir during August 2018.

Halobien Indicators
Sites

1 2 3 4 5 6 7

mh (mesohalobes) 5 4 4 2 3 2 4
hl (oligohalobes-halophiles) 5 2 1 2 3 5 6
i (oligohalobes-indifferents) 36 20 28 28 23 30 24

hb (oligohalobes-halophobes) 1 1 2 1 1 2 1
Total 47 27 35 33 30 39 35

The figure was built according to indicator values by increasing level of salinity with the
following abbreviations: hb—oligohalobes-halophobes, i—oligohalobes-indifferents, hl—oligohalobes-
halophiles, mh—mesohalobes.

The characteristics of the Sasyk Reservoir, according to its salinity level, becomes more
representative when it comes to the numbers of certain species as shown by the indicator’s
delineation over the stations (Table 2). Small amounts of mesohalobes (mh) are noticeable at sites 4–6.
However, the relative amounts of this group show that only sites 4 and 6 in the reservoir had less
than 10% presence of mesohalobes, 6 and 5% correspondingly. Thus, the prevailing impact of salinity
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indicators—mesohalobes in the dam area, illustratively demonstrates Figure 3e. In turn, the halophiles
group of indicators were present near the dam and southern part of the area (Figure 3f).

4. Discussion

4.1. Biodiversity of the Sasyk Reservoir

The coastal zone of the Black Sea may be characterized by the biodiversity of the reservoirs or
estuaries, which are located there. The results of our work demonstrate the vast diversity of the
benthic diatom assemblages over the sites of the Sasyk Reservoir (Table S1). Previous work also
noticed the leading role of diatoms along with a high diversity of Cyanophyta during investigations of
the phytoplankton in the reservoir [18,25,26,33]. The prevalence of Bacillariophyta in the mentioned
different ecological groups of algae might be explained by the shallow depths as well as the water
mixing in the reservoir and as a result liftoff of diatoms from the bottom and the input of this group
added to plankton [55–58]. This is also visible in our results obtained from correlation analysis of
the composition similarities for the sampling sites made in the JASP program. The results revealed
similarities between sites located in different parts of the reservoir that composes a water heterogenic
condition, as well as wind and water mixing.

Analyzing the main genera of the diatom composition in Sasyk benthos, revealed moderate
pollution to the waterbodies of the Black Sea coastal waters, as well as for the Danube River flora [52–54].
The prevailing diatom species are distributed over the reservoir equally; however, for some sites (no. 6
and 7) the amount was more than 35% of relative abundance, and was presented by Rhoicosphenia
abbreviata and Tabularia fasciculata. They are common species that sometimes prevail in algal communities
in the coastal zone of Ukraine, which could also enter from Kogylnik and Sarata rivers [59,60].
Furthermore, Tabularia fasciculata is a mesohalobious species that is also observed in the coastal zone of
rivers in the nearby territory known as the Sakarya River Basin, Turkey [61].

The role of waters coming from rivers entering into the coastal estuaries or reservoirs in the region
are difficult not to overestimate, as the lack of this factor could lead to salinization of such waterbodies,
which was marked for Kuyalnik Estuary Ecosystem [62]. Considering the drying out of the rivers
coming into the Reservoir, together with the additional waters coming from Danube (using from the
Danube–Sasyk Canal) it is essential for saving the diversity in the Sasyk ecosystem. The indicated
composition represents an extensive history of becoming one of the largest seaside reservoirs in the
northwest coastal zone of the Black Sea. In turn, the impact of outputs from the Kogylnik (Kunduk)
and Sarata rivers, as well as the canal connecting Sasyk and Danube River waters are also traced.
All of these circumstances have formed unique conditions for the Sasyk Reservoir. It may also
be assumed that increasing amounts of species will be found with the rising number of sites and
samples taken during different monitoring years. However, from the presented diversity, some species
have never been registered in Ukraine before. Some rare taxa for Ukraine were also found [63,64].
Sellaphora difficillima is a well-known diatom from waters with contrasting features—from low saline
environments. The occurrence of S. difficillima and Mastogloia laterostrata, which are mixed in terms of
environmental requirements, as well as Fallacia clepsidroides and Amphora inariensis proves the ectopic
nature of the site 6 [13,14]. However, some tendencies of diatoms preference, with regard to salinity
(Nitzschia filiformis var. conferta, Opephora mutabilis, Rhaphoneis amphiceros, and Staurosira construens
var. triundulata at site 1) or trophy (Cymbella proxima, Staurosira construens var. triundulata at site 6)
can be observed here (Table S1). The probable reason for such diversity could be due to the ecotone
conditions created by the mixture of highly mineralized water coming from a thick layer of sludge as
well as freshwater inputs [33]. Such unstable salinity conditions with the range of 0.3–2.7 g·L−1 were
observed during our investigations. In turn, future investigations of biodiversity of the Sasyk may will
be focused regarding transparency of the Reservoir, and what impact the overgrowth of the banks by
macrophytes will have on the diatom assemblages.
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4.2. Ecological Characteristic of Sasyk

The equally important part of this work was defining the current ecological characteristics of the
Sasyk Reservoir as compared to the composition of benthic diatoms in the coastal zone of the Black
Sea. For this, the environmental mapping along with measurements of temperature and conductivity
demonstrated the impact of the Danube–Sasyk Canal. To determine the response of organisms to
anthropogenic pressures, rather, the multimetric Diatom Index for Lakes (IOJ), based on phytobenthic
diatoms was used. This index has never been applied to Ukrainian lakes; however, it is commonly used
for assessment in the nearby territories of the Polish lakes [44,65,66]. The interpretation of indication
results based on calculation of a multimeric Diatom Index for Lakes (IOJ), in general, confirmed the data
regarding water quality in the Sasyk Reservoir obtained earlier during the phytoplankton investigation
in the summer of 2013 [18]. As in previous investigations, the sites along the southern coast (sites
no. 3 and no. 4) and in the northern part of the reservoir (at site no. 5) had a moderate status class.
At sites no. 3 and no. 4, located along the left bank of the reservoir at its central region, the water
quality class was defined as good and moderate, respectively. Apparently, it is due to the influence
of the hydrological conditions at the sampling stations. Thus, stations no. 3 and no. 4 are located
in gaps between thickets of higher aquatic vegetation and have not been exposed to any turbulence
or undulation. On the contrary, site no. 6 is located near the Danube–Sasyk Canal inputs, and is
unprotected from the constant hydrodynamical impact of water masses, that form from the influence
of the north-easterly winds, which occurred during the sampling campaign. Likewise, this site is
characterized by the minimum salinity of the water as studied before regarding the maximum impact
of the Danube waters, as well as the possible agitation of the reservoir sediments, which are represented
here as silt. Therefore, it quite possibly reduced the class of water quality to poor, and the study of
phytoplankton indicators confirmed this [33]. As for site no. 7, located further from the inputs of the
Canal, along the right bank, this status class is poor as well. In this case, the sampling site had thickets
of Phragmites, notwithstanding the protection of the higher aquatic plants, the waves had a substantial
impact due to the northeast wind effect. Moreover, the conditions for phytobenthos development on
this site differ from others, since there is no solid substrate for fouling (stones from the dam, as found
at other sites). This shore of the reservoir is also subject to active abrasion as well, which, perhaps, has
induced the sediments to become more swollen under the influence of the waves, which the indicators
reacted to. The Diatom Index demonstrated its potential usage in order to assess the trophic state for
Ukrainian lakes. The obtained results present possibilities for future investigations and inspections of
the Index efficiency for European lakes assessment.

4.3. Salinity Changes Over the Sasyk Reservoir

The next step of the work aimed to expose the salinity changes in the Sasyk Reservoir by analyzing
the benthic diatom composition. Indication of the species list was assessed using the Halobien system
(H) according to the system of Hustedt [46] and van Dam et al. [10] with modern addition and
taxonomical updates [47]. It is worth mentioning the efficiency of this method for the indication of
salinity changes in lakes [67–70]. According to our results, more than half (68%) of the identified
species served as indicators of an above factor in the reservoir. The grouping of these indicators
may give a picture as to nature’s response to the changing of salinity over the years as well as the
changing seasons of the studied waterbody. Prevailing numbers of typical preventatives of freshwater
oligohalobes-indifferents, which can live in waters with a low amount of salinity as well as some
amounts of oligohalobes-halophobes and oligohalobes that live only in the freshwaters, of the Sasyk
Reservoir. In turn, oligohalobes-halophiles living in waters with low salinity and mesohalobes,
which live in the estuaries and river mouths, give the possibility to conclude that the water in the
Sasyk Reservoir, confirmed it to be mostly freshwater or else water from the lake with the presence of a
slight number of solids. A relatively small amount of mesohalobes at sites 4 and 6 confirmed inputs of
slightly mineralized waters from Danube, Sarata, and Kogylnik rivers, which retains the salinity level,
or could even reduce it for the whole Reservoir. Environmental mapping illustratively reveals the
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impact of the waters from the mentioned rivers to the north as well as the impact of the Canal near the
dam at the south testifying to the historical water genesis. The presence of oligohalobes-halophiles and
mesohalobes seen by the range of salinity in a range of 0.5–2.31 g L−1 (Table 1), offer ideal conditions
for the above-mentioned indicator groups’ development. As is known, water with TDS of 0.5 g L−1

is appropriate for irrigation [47]. Thus, measurements, as well as the indication of salinity changes
analyzing benthic diatom composition testified that the waters in the Sasyk Reservoir are inappropriate
for re-wetting for now.

The future of the Sasyk Reservoir water usage in agriculture shows this to be currently impossible,
as well as having a low fish capacity [25,26]. Thus, anthropogenic transformation of the waterbody into
the estuary is a highly discussed issue [30,31]. However, our investigations, as well as the conclusions
of other scientists, suggest that such kind of transformation can lead to another change in the species
composition of diatoms, as well as other groups of algae, and its unpredictable transformation and,
accordingly, the restructuring of the trophic chain of aquatic organisms and the hydroecosystem as a
whole [27–29]. Targeted monitoring studies will be able to respond to the proposed changes in the
ecosystem of the reservoir and its algae flora, and algae indicator species of diatoms indicate the degree
of its anthropogenic transformation.

5. Conclusions

The conducted investigation of benthic diatom flora in the Sasyk Reservoir, which had not been
studied since 1987, may supplement the understanding of the coastal zone of the Black Sea near Ukraine.
The modern algal diversity is formed by heterogenic conditions of the studied area incorporated in
diatom diversity. Diatoms represent 97 species (100 with infraspecies taxa), 13 taxa (proven to be rare for
Ukraine), and three species were registered for the first time in Ukrainian water bodies. The indication
of salinity using diatom composition revealed nature’s response to heterogenic conditions of the
studied area. The results suggest that the prevailing number of oligohalobes revealed the freshwater
conditions of the reservoir. However, the presence of some amount of mesohalobes acknowledge
conditions that are typical for estuaries and mouths of rivers, and reveal the salinity changes in the
studied area. Understanding the presented findings, and the measured levels of salinity—it may well
be assumed that the waters in the Sasyk Reservoir are inappropriate for use in an irrigation system
for now. In turn, the current ecological characteristics of the Sasyk Reservoir were obtained via an
analysis of diatom assemblages using multimeric Diatom Index for Lakes, which revealed alterations
of the trophic state over the sites in reservoir from good, moderate, to poor status. The implementation
of the Polish phytobenthos lake assessment method demonstrated possibilities for future usage of
the Diatom Index for Lakes (IOJ) in the Ukraine, and presented insight as a potential for its further
development for European lakes. According to the controversial issue, as for defining the future of the
Sasyk Reservoir, the obtained results showing the current characteristics of the diatom composition
provide the possibility of a pioneer investigation of the area, which would need to be supplemented
with detailed monitoring.

Supplementary Materials: The following are available online at http://www.mdpi.com/1424-2818/12/12/0458/s1,
Table S1: Distribution of the species composition of diatoms by sampling sites in the Sasyk Reservoir and its
indicator values according to the Hustedt halobien system (H).
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Appendix A

Altogether, 97 species (100 infraspecies taxa) belonging to 38 genera of diatom algae were revealed
during sampling period (Appendix A, Table S1). This was presented by 2 classes (Bacillariophyceae—
94 species (97 infr.), Mediophyceae—3 species), 14 orders (Bacillariales—20 species (22 infr.),
Cocconeidales—10, Cymbellales—13, Eupodiscales—1, Fragilariales—11 (12 infr.), Licmophorales—4,
Mastogloiales—2, Naviculales—20, Rhaphoneidales—1, Rhopalodiales—5, Stephanodiscales—2,
Surirellales—2, Tabellariales—1, Thalassiophysales—5. The following taxonomical units were
grouped by 22 families: Achnanthidiaceae—4 species, Amphipleuraceae—1, Bacillariaceae—20
(22 infr.), Catenulaceae—5, Cocconeidaceae—6, Cymbellaceae—6, Diploneidaceae—1, Eupodiscaceae—1,
Fragilariaceae—3, Gomphonemataceae—6, Mastogloiaceae—2, Naviculaceae—16, Pleurosigmataceae—1,
Rhaphoneidaceae—1, Rhoicospheniaceae—1, Rhopalodiaceae—5, Sellaphoraceae—2, Staurosiraceae—8
(9 infr.), Stephanodiscaceae—2, Surirellaceae—2, Tabellariaceae—1, Ulnariaceae—4.
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65. Picińska-Fałtynowicz, J.; Błachuta, J. Methodological Guidelines for Assessing the Ecological Status of Bodies
of Rivers and Lakes and the Ecological Potential of Artificial and Heavily Modified Bodies of Running Waters in
Poland on the Basis of Phytobenthos Surveys/Wytyczne Metodyczne Do Przeprowadzenia Oceny Stanu Ekologicznego
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