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Abstract: Microalgae in planktonic communities are the main producers of biomass in lake ecosys-
tems; however, their stability is influenced by many environmental factors. This study aims to
assess the ecological state of Lake Maybalyk, located in Astana (Kazakhstan), based on the study
of the taxonomic diversity and structure of phytoplankton, zooplankton, and the physico-chemical
properties of the water. From 2019 to 2021, samples were taken for phytoplankton analysis, hydro-
chemical analysis of the water, zooplankton, and saprobiological analysis of the algocenosis. The
study also investigated the main morphometric parameters of the lake, as well as the composition of
hydrobionts, such as zooplankton, zoobenthos, and ichthyofauna. The analysis of phytoplankton
revealed the presence of 97 species and intraspecific taxa of microalgae, with 71 types of microalgal
indicators indicating water saprobity. The planktonic algoflora in Lake Maybalyk is predominantly
composed of diatoms (Bacillariophyta) and green algae (Chlorophyta), which play a vital role in
oxygen production and the food chain within the reservoir. Based on the Pantle-Buck saprobity index
(2.15-2.5), the water quality in Lake Maybalyk is classified as moderately polluted. The assessment
of the water quality, considering the number and composition of indicator phytoplankton species,
places Lake Maybalyk in class III (3-mesosaprobic). The hydrochemical indicators align with the
hydrobiological indicators, confirming the water quality as class III. The trophic status of the reservoir,
during the study period, can be described as average. The obtained data on both the hydrobiological
and hydrochemical indicators correlate, suggesting satisfactory water quality and the ability of the
reservoir to purify itself. This study contributes to the sustainable management of water resources,
by providing essential data on the ecological state of Lake Maybalyk. The results underscore the
importance of continuous biomonitoring, with microalgae as indicators of water quality, which is
crucial for developing effective ecosystem conservation strategies.

Keywords: water quality; microalgae; lake; phytoplankton; species diversity; bioindication; pollution;
ecosystem sustainability

1. Introduction

Anthropogenic activities and changing environmental conditions have a significant
impact on aquatic ecosystems, potentially leading to their disappearance [1-3]. Population
growth and the industrialization of cities can have serious consequences for reservoirs, as
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household and industrial waste can enter lakes [4,5]. Waste produced by urban centers and
agricultural areas leads to a decrease in water quality and an increase in ion concentrations.
These ions determine the physicochemical characteristics of water, known as water quality,
which is connected to biodiversity [6,7].

Due to the growing anthropogenic impact on the environment, there is a need to
monitor the state of aquatic biodiversity, paying special attention to phytoplankton as
the main link in the trophic chain that determines the structure and functioning of the
aquatic ecosystem [8,9]. Understanding the presence of phytoplankton in the ecosystem
is crucial. Phytoplankton represents a community of plant organisms that are unable to
move actively. They are crucial to the functioning of the aquatic food chain and make a
significant contribution to global oxygen production. In addition, phytoplankton are used
in the assessment of water quality and are a sensitive indicator of the state of water bodies
and the reservoir as a whole [10-12].

In normal conditions, phytoplankton in natural waters maintain a dynamic equilib-
rium and relatively stable numbers. However, this stable state is disrupted by eutroph-
ication, causing the rapid multiplication of genera and species as a result of a rich diet.
The process of eutrophication is observed through an increase in the content of biogenic
elements in the reservoir, such as phosphorus and nitrogen [13-15], which in turn leads to
a deterioration in the organoleptic properties of water [6,16].

The rapid growth of plankton in water leads to species competing for resources
by releasing substances that inhibit the growth of other organisms, thus increasing the
number, diversity, and species of plankton in the water [17,18]. The main properties
of phytoplankton that have the greatest functional value for a reservoir are not only
the transformation of biogas into mass, but also the simultaneous synthesis of oxygen.
Rapid growth, especially phytoplankton blooms, benefits fisheries by increasing the food
supply. However, beneficial phytoplankton blooms occur in addition to toxic algae, whose
growth and blooming can lead to a decrease in dissolved oxygen and the formation of
dead zones [7,19-21]. Microalgae, owing to their nutritional composition and richness in
polyphenols, polysaccharides, fats, and amino acids, can be used to increase the nutritional
value of products and as a feed material in various quantities and forms [22,23]. They
improve the overall health and digestive system of animals, enrich poultry products
(eggs and meat) with biologically active substances, and positively affect the growth and
productivity of chickens. However, there are problems associated with the production
of microalgae feed for aquaculture, which consists of processing biomass and preserving
it after harvest [24-26]. Live biomass is necessary and preferable for the production of
dried algal powder. Collected algae must be concentrated and stored in freezers, which
significantly increases the cost of the product [27,28]. Longer storage times of the biomass
can lead to changes in its nutritional composition. Therefore, it is recommended that it
should be delivered to the appropriate aquaculture farms as soon as possible [29-32]. In this
regard, there is a growing interest in obtaining extracts from algae that allow the acquisition
and concentration of important components, such as polyphenols and polysaccharides, to
have a targeted effect on the health and productivity of animals, which also depends on the
source and quality of the water used for watering animals [33,34].

Monitoring studies are necessary to assess the total intake of pollutants from various
sources [35]. Bioindication studies, which focus on the species composition of communities
and the abundance of algae, provide an integral assessment of the natural and anthro-
pogenic processes occurring in a reservoir [36,37]. The key parameters for the bioindication
of the aquatic environment include determining the species composition of plankton algae,
using algae as indicators of the environment’s state, comparative morphological analysis,
and studying the dynamics of various community and individual organism parameters.
These criteria have allowed us to evaluate the environmental quality of aquatic environ-
ments [38,39].
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Biological analysis, along with other methods, is used to assess the conditions of
reservoirs and monitor the water quality [40-42]. The properties of the hydrochemical
regime [43] and hydrobiological indicators [44,45] often offer more informative criteria for
assessing the ecological state of reservoirs. The dynamics of phytoplankton, zooplankton,
and benthos have traditionally been considered criteria for evaluating the ecological state
of reservoirs [46—48].

Kazakhstan has several thousand lakes. Excessive mineralization in many lakes pre-
vents their economic use. Many regions of Kazakhstan experience an acute shortage of
household and drinking water sources, mainly as a result of anthropogenic pollution [49].
The largest reservoirs are located in northern Kazakhstan. Comprehensive, long-term
studies on the influence of human activity on phytoplankton dynamics were conducted in
reservoirs in the northern and southern regions of Kazakhstan, the Arys River [50], Lake
Alakol [51], Lake Borovoye [15], Balkhash Lake [52], and Kolsay Mountain Lakes [53]. The
planktonic communities of these reservoirs have been studied, especially in recent years,
which provides valuable information about the composition and structure of aquatic in-
vertebrates, including plankton. Also, extensive studies of phytoplankton were conducted
in the Burabai National Nature Park, which unites six lakes, namely Borovoe, Katarkol,
Bolshoe Chebachye, Maloe Chebachye, Zhukey, and Shchuchye [39].

Our research focuses on Lake Maybalyk, located in the capital of Kazakhstan, Astana.
Geographically, Astana belongs to the Akmola region, which experiences a severe shortage
of household and drinking water sources. The Akmola region is rich in small lakes and its
main water resources are surface water and groundwater. Lake Maybalyk is considered a
locally important fishery reservoir, setting it apart from the other reservoirs in Astana. Lake
Maybalyk has significant environmental and socio-economic importance and supports
the livelihoods of the local community, which is threatened by anthropogenic activities.
However, the richness of the species and diversity of the algae in this lake have not been
adequately studied. Studying phytoplankton can provide insights into the vulnerabilities
and excessive recreational and other anthropogenic pressures. Thus, our objective was to
study the ecological state of Lake Maybalyk using bioindication and hydrochemical studies,
conducted between 2019 and 2021.

2. Materials and Methods
2.1. Case Study Description

Lake Maybalyk (Figure 1) is located one kilometer from the airport between the Nura
and Ishim rivers, which regulate water consumption in the capital. The lake sits at an
altitude of 350 m above sea level (50°59'25" N, 71°30'11” E). The lake’s catchment area
is a hilly plain covered in steppe grasses. The reservoir covers an area of 2200 ha, with a
water surface area of 1540 hectares. It has a maximum depth of 3.5 m and an average depth
of 3.2 m. The water level of the lake fluctuates throughout the year, rising during spring
snowmelt and decreasing from mid-summer onward. The lake is primarily supplied by
atmospheric precipitation and spring meltwater. Agricultural lands are located near the
lake [54].

Today, the lake is in danger of extinction because its water level falls at a catastrophic
rate annually. The reason for this is not only the low-snow winters, but also a newly built
dam, which protects against floods, but does not allow meltwater to seep into the lake. The
shallowing of Lake Maybalyk will not only negate fishing, but will also lead to atmospheric
changes in the capital. Lake Maybalyk is located a few kilometers from the capital, thanks
to which moist air masses enter the city; the only solution to the problem is to direct water
from the neighboring Nura—Ishim canal into the lake. Approximately 35% of the shore and
water mirror are now overgrown with reeds [54].
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Figure 1. Map of the study area.

2.2. Sample Collection and Treatment

Twelve samples of water and 12 phytoplankton were taken from the studied lake to
study the species composition of microalgae, as well as 12 samples of zooplankton and
zoobenthos, from June to September from 2019 to 2021, using an Upstein plankton net
(40 um) (Ufapribor, Ufa, Russia) and a bathometer, according to well-known hydrobiologi-
cal methods [55].

2.2.1. Hydrobiological Analysis

The hydrobiological parameters (chromaticity, turbidity, transparency, and odor) were
determined using conventional methods [56]. Phytoplankton samples were collected
from the surface layers of the water, filtered through a plankton net, fixed with a 40%
formaldehyde solution, and delivered to the laboratory in a special refrigerator [55]. Pre-
cipitation and thickening of the samples were carried out using the standard method after
10-14 days [57]. The species composition of the microalgae was determined by microscopy,
using a MICROS MS 300 microscope (Micros, Vienna, Austria) at 100x magnification,
with an image output through a monitor. The detected microalgae were counted, the
data were recorded, and micrographs were taken. For species identification, existing
determinants and internet resources were used, with names assigned by the AlgaeBase
database [57-60]. The Pantle-Buck method was used to assess the organic pollution in
regard to the V. Slade¢ek modification [61], as well as according to the atlas of algae in-
dicators of saprobity. Zooplankton and zoobenthos were collected in the summer and
autumn with a bentometer (net), with a coverage area of 1 m? at depths of 0.2-0.6 m. The
samples were fixed with a 4% formaldehyde solution and the species were determined
according to the determinants and internet resources. The quantitative characteristics
were evaluated using the counting and weighing method, by calculating the organisms
under magnification and weighing them on Adventurer AR2140 (Ohaus, Shanghai, China)
analytical scales, with an accuracy of 0.001 g.
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2.2.2. Hydrochemical Analysis

For the hydrochemical analysis, 1 L samples of the surface layer of water were taken
and delivered to the laboratory in a special refrigerator. Chemical analyses of the chlorides
(C17), fluorides (F7), sulfates (SO427), nitrates (NO3 ™), nitrites (NO, ™), phosphate ions
(PO437), ammonium nitrogen (NH4"), and synthetic surface-active substances (SSASs),
chemical oxygen demand (COD), biochemical oxygen demand (BODs), and suspended
solids (SSs) were carried out, based at the testing laboratory of the Non-Governmental
Environmental Foundation, named after V.I. Vernandsky (Astana).

Hydrobiological and hydrochemical analyses were performed thrice to obtain reliable values.

2.2.3. Data Analysis

Statistical processing of the results was performed using the software package “Statis-
tica 6.0” and Microsoft Office Excel 2021. The distributions are described by the mean (M)
and standard deviation (SD). Interspecific differences were assessed using the nonparamet-
ric Mann—-Whitney U test.

3. Results

To assess the ecological state, a preliminary study of Lake Maybalyk was conducted
using the main morphometric and hydrobiological indicators. According to the morphome-
tric indicators, the lake is small. The water in the lake belongs to the category of freshwater.
The chemical composition of the water was sulfate-chloride. The lake area is 2200 ha,
the rugged coastline is 1.65, the overgrowth is 35%, the water mirror area is 1540 ha, the
maximum depth is 3.5 m, and the average depth is 1.2 m.

The organoleptic characteristics of the lake are as follows: chromaticity—greenish-grey
color; smell—slightly putrid, sometimes herbal; transparency 3040 cm (20-30 m from
shore), 25-35 ¢cm (on shore).

The ichthyofauna is represented mainly by commercial fish species, namely pike (Esox
lucius L.), roach (Rutilus rutilus), bream (Abramis brama), crucian carp (Carassius auratus L.),
carp (Cyprinus carpio L.), perch (Perca fluviatilis L.), and tench (Tinca tinca (Linnaeus)).

From the higher aquatic flora category, there were Scirpus, Phragmites, and some types
of Potamogéton.

The zooplankton in the studied reservoir included widespread species that can be
divided into three groups: rotifer, branchous, and oar-footed crustaceans. Rotifers are
represented by the widespread species Keratella quadrata (O.F. Muller), with a total pop-
ulation of 14.8 thousand individuals/m3. The branchous species are represented by the
most widespread genus, Daphnia magna (Straus), with a total population of 62.1 thousand
individuals/m3. The oar-footed crustaceans are represented by the widespread genera
Cyclops vicinus (Uljanin) and Thermocyclops vermifer (Lindberg), with a total population of
59.6 thousand individuals/m3.

The zoobenthos in the lake was represented by oligochaetes (Oligochaeta), with a total
population of 520 individuals/m?, chironomid larvae (Chironomidae), dragonflies (Odonata),
with a population of 747 individuals/m?, crustaceans (Crustacea), with a population of
40 individuals/m?, mollusks (Mollusca), with a population of 13 individuals/m?, and
leeches (Hirudinea), with a population of 20 individuals/m?.

In accordance with the “trophic scale” by S.P. Kitaev, according to the quantitative
development of the zooplankton, Lake Maybalyk belongs to the x-eutrophic category of
reservoirs, with an increased level of trophic activity. According to the quantitative devel-
opment of the zoobenthos, Lake Maybalyk is a 3-mesotrophic reservoir that corresponds
to the average level of trophic activity.

Hydrobiological analysis of the state of the phytoplankton

When studying the species composition of phytoplankton in Lake Maybalyk for the
period 2019-2021, 97 species and intraspecific taxa of algae were found (Figure 2). The
divisions of Bacillariophyta and Chlorophyta were distinguished by the species richness,
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the category of blue-green algae was less diverse, and euglenic algae were represented by a
single species.

Euglenophyta
2%

Cyanobacteria
18%

Bacillariophyta
46%

Chlorophyta
34%

Figure 2. Distribution of phytoplankton by taxonomic groups.

The taxonomic analysis showed that the identified species belonged to 65 genera and
46 families of 27 orders, belonging to nine classes of four divisions. The Bacillariophyta
division with 45 microalgae species (46.39%) represented the main species diversity, with
33 species (34.02%) belonging to the Chlorophyta division, 17 species (17.53%) belonging to
Cyanobacteria, and 2 species (2.06%) belonging to Euglenophyta. Most of the dominant
species from the Bacillariophyta division belong to the families: Naviculaceae (10 species),
Bacillariaceae (7 species), and Cymbellaceae (5 species). Most of the dominant species from the
Chlorophyta division belong to the Scenedesmaceae family (seven species), the Selenastraceae
family (four species), and the Chlorellaceae family (four species). From the Cyanobacteria di-
vision, the dominant species belong to the Microcystaceae family (three species). The greatest
diversity in terms of species was characterized by the genus Navicula (six species), Nitzschia
(six species), and Scenedesmus (four species). Several common species of algae have been
found in existing reservoirs, including Stephanocyclus meneghinianus Kiitz, Neidiomorpha
binodis Ehr., Nitzschia acicularis W. Sm., Nitzschia palea (Kutz.) W. Sm., Pinnularia major
Kutz. var. major, Ulnaria ulna (Nitzsch), Tetradesmus obliquus (Turpin), Scenedesmus quadri-
cauda (Turp), Chlamydomonas reinhardtii Dang., Ankistrodesmus acicularis (A. Br.), Chlorella
vulgaris Beijer., Anabaenopsis raciborskii, Phormidium chalybeum (mert.), and Phormidesmis
mollis (Gomont) (Figure 3).

Scenedesmus quadricauda (Turp) Pinnularia viridis (Ehr.) Navicula viridula (Kutz)
Stephanocyclus meneghinianus Ulnaria ulna (Nitzsch) Chlamydomonas reinhardtii
Kitz Dang.

Figure 3. Pictures of algae as indicators of saprobity.
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Based on the determination of the species diversity of the microalgae in the lake, a list
of indicator algae has been compiled for indicating saprobity (s) and a saprobic index (S) to
assess water quality (Table 1).

Table 1. List of algae indicators of saprobity.

Ne, Name of the Algae s S
1 2 3
Bacillariophyta
1 Aulacoseira granulata Ehr. & 2.0
2 Bacillaria paxillifera (Miill) B 2.8
3 Caloneis amphisbaena Bory -0 2.3
4 Cocconeis pediculus Her 0-& 1.8
5 Cymbella aspera Ehr. o-o 1.8
6 Diatoma vulgaris Bory B 2.2
7 Diploneis elliptica (Kutz.) CL. 0-X 0.6
8 Fragilaria vaucheriae (Kutz.) Boye P -0 22
9 Gomphonema trigonocephalum Ehr. o- 14
10 Gomphonema constrictum Ehr. & 22
11 Gyrosigma acuminatum (Kutz.) o-o 1.9
12 Gyrosigma attenuatum (Kutz.) Raben. o-x 1.8
13 Hippodonta capitata Ehr. - 2.4
14 Melosira varians Ag § 2.1
15 Neidiomorpha binodis Ehr. -0 1.6
16 Navicula cincta (Ehr.) Kutz. X-0 0.5
17 Navicula cryptocephala Kutz. § 21
18 Navicula cuspidate Kutz. o-p 2.7
19 Navicula salinarum Kolbe B 2.1
20 Navicula viridula (Kutz) B 22
21 Nitzschia acicularis W. Sm. 2.4
22 Nitzschia obtusa W. Sm. - 2.4
23 Nitzschia palea (Kutz.) W. Sm. -0 2.8
24 Nitzschia tryblionella Hantz. o 2.7
25 Pantocsekiella kuetzingiana (Thw) 3 2.0
26 Pinnularia major Kutz. var. major § 21
27 Pinnularia viridis (Ehr) var. viridis B 2.1
28 Placoneis gastrum Ehr. & 2.0
29 Pleurosigma elongatum W. Sm. & 2.0
30 Stauroneis legumen Ehr. 0 1.0
31 Stephanocyclus meneghinianus Kiitz -3 2.8
32 Surirella librile Ehr. B 2.2
33 Synedra pulchella (Ralfs) Kutz. B 2.2
34 Tabularia tabulata (Ag.) B-a 2.5
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Ne, Name of the Algae s S

35 Ulnaria acus (Kiitz) 0-& 1.85
36 Ulnaria ulna (Nitzsch) B 2.0

Chlorophyta
37 Ankistrodesmus acicularis (A.Br.) B 22
38 Ankistrodesmus falcatus (Corda) Ralfs B 2.3
39 Chlamydomonas proboscigera Korsch. o 3.1
40 Chlamydomonas reinhardtii Dang. o 3.1
41 Chlorella vulgaris Beijer. o 3.1
42 Closterium gracile Breb. o- 15
43 Crucigenia quadrata Morren. 0-& 1.9
44 Crucigenia tetrapedia (Kirchn.) B 2.0
45 Dictyosphaerium pulchellum Woodvar. pulchella B 2.3
46 Hindakia tetrachotoma Printz. B 25
47 Gonatozygon monotaenium de Bary X-B 0.8
48 Lagerheimia marssonii Lemm. & 21
49 Neglectella solitaria (Wittr) -o 1.7
50 Pediastrum boryanum (Turp.) Menegh. 0-& 1.9
51 Tetradesmus lagerheimii M.]. Wynne § 2.2
52 Acutodesmus acutiformis (Schroder) 0-& 1.8
53 Scenedesmus bijugatus (Turp) § 2.0
54 Scenedesmus quadricauda (Turp) B 2.1
55 Tetradesmus obliquus (Turpin) -3 2.8
56 Scenedesmus obtusus Meyen B 2.0
57 Selenastrum bibraianum Reinsch. B-o 2.25
58 Tetraedron minimum A. Br. Hansg. B 2.1
59 Tetrastrum triacanthum Korsch. B 2.2
60 Ulothrix subtilis Kiitz. B 2.0
Cyanobacteria
61 Dolichospermum flosaquae (Bornet and Flahault) § 2.0
62 Aphanizomenon flos-aquae Rallf. B 2.2
63 Aphanothece clathrata 8 2.1
64 Microcystis aeruginosa Kutz. § 21
65 Nostoc carneum Ag. & 2.0
66 Phormidium chalybeum (Mert.) Gom. 104 3.0
67 Spirulina jenneri Elenk. o 3.0
68 Oscillatoria princeps Vauch. o-p 2.8
69 Phormidesmis mollis (Gomont) & 2.0
70 Spirulina subsalsa Oersted o-B 14
Euglenophyta
71 Euglena viridis Ehr. var. viridis o-p 3.5
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Number of indicator types
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Based on the general list of algae in Lake Maybalyk, 71 saprobity indicator species
were identified, which was more than half (73.2%) of the entire algoflora in the lake. The
largest number of indicators referred to diatoms (46.0%) and green algae (34.0%) in regard
to the total number of saprobity indicator species, which reflects the importance of these
divisions in the formation of phytoplankton in the studied reservoir.

According to the conducted saprobiological analysis, the indicator species are dis-
tributed among saprobity zones, which are classified into “contamination” and “purity”
zones. The blue dotted line in Figure 4 indicates a decrease in the number of saprobic
species from the “contamination” zone (x-p, &, x-f3, 3-o, 3, 3-0) to the “purity” zone
(o-ot, 0-B, 0, 0-X, X-0, X-B). As shown in Figure 4, indicators from all the saprobity zones
were identified in the phytoplankton in the studied reservoir, with a significant proportion
belonging to 3-mesosaprobates (49.3% of the total number of indicator species). Moreover,
a-mesosaprobes account for 21.1% of the total. The inhabitants of clean water, including
xenosaprobes, oligosaprobes, and those in the transition zone between these categories,
total 7% of the total number of indicators. The indicator species that demonstrate a high
degree of tolerance to organic substances and that can thrive in both clean and polluted
waters (o-3, 3-o, and o0-a) constitute 21.1% of the total number of species. This, in our
opinion, indicates significant potential in regard to the self-cleaning ability of the reservoir.

|
a-p p-a

a of Pa B P-o o-a aj—_o oB 0 ox x0 xP

The zone of "contamination" The "purity" zone

The range of saprobity

Figure 4. Range of saprobity from the zone of “contamination” to the zone of “purity”, according to
the indicator species of phytoplankton in Lake Maybalyk for 2019-2021.

As shown in Figure 4, indicators of almost all the saprobity zones were found
in the phytoplankton in Lake Maybalyk, with a significant proportion belonging to 3-
mesosaprobates (49.3% of the total number of indicator species). The inhabitants of
clean water (xenosaprobes, oligosaprobes, and the inhabitants of the transition zone be-
tween these categories of water) form 22.5% of the total number of indicators, which, in
our opinion, indicates significant potential in regard to the self-cleaning ability of reser-
voirs. The zone of “contamination” was found to contain 77.5% of the total number of
indicator species.
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The calculation of the saprobity index, according to Pantle-Buck method and the
Sladec¢ek modification, showed that the saprobity values ranged from 2.14 to 2.5, which
corresponds to 3-mesotrophic reservoirs and means that the lake belongs to the category
of water with “satisfactory purity”.

Characteristics of hydrochemical indicators

The chemical composition of the surface water in Lake Maybalyk is influenced by both
natural and anthropogenic factors. Due to long-term open aquaculture, a large amount of
residual feed and manure accumulated in the lake, which affects the water quality of the
lake. The values of the physicochemical parameters for Lake Maybalyk from sampling at
the site are shown in Figure 5.
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Figure 5. Hydrochemical analysis of Lake Maybalyk water samples for 2019-2021: dynamics of pH,
BODs, COD, SSASs, SSs, phosphate ions, ammonium nitrogen, nitrites, nitrates, total iron, sulfates,
fluorides, and chlorides (mg/L), by year.

The water in the lake under study has a pH in the range of 8.0 and is categorized
as slightly alkaline water. The study of the water samples taken during the research
period showed a discrepancy between the maximum permissible concentration (MPC)
for reservoirs of fishery importance, according to the following indicators: COD (from
1.2 to 1.7 MPC), suspended solids (from 72 to 12.4 MPC), chlorides (C17) (from 3.4 to
4 MPC), phosphates (PO437) (from 1 to 1.3 MPC), ammonium nitrogen (NH4 ") (from 1.8 to
2.8 MPC), iron (Fe3*) (from 1.5 to 4 MPC), SSASs (from 1.5 to 2.2 MPC), sulfates (SO427)
(from 1.1 to 1.3 MPC), and fluorides (F~) (from 5.6 to 9 MPC). The pH values did not exceed
the MPC values. The BODs5 and nitrate values did not exceed the MPC values in any year.
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The concentration of nitrites exceeded the MPC values by 1.4 times in 2019 only (Figure 5).
The investigated substances found in the water samples belong mainly to hazard classes III
(dangerous) and IV (moderately dangerous).

4. Discussion

The distribution of algae on the water surface of the lake is influenced by some natural
factors, including wind patterns, the presence of shallow areas, coastal erosion, pH, salinity,
temperature, oxygen levels, emissions from nearby facilities, and household waste [62,63].
Together, these factors affect the composition and structure of phytoplankton communities.
Emissions entering the lake heat the surface layers of the reservoir, leading to increased
diversity, abundance, and biomass of plankton communities. This consistent change in
the upper layers of the lake throughout the season results in a slight elevation of the lake’s
trophic status, as indicated by the hydrochemical analysis (Figure 5).

Most planktonic algae are very sensitive to water temperature, which affects their
growth and reproduction rates. Diatoms thrive in colder waters and are abundant in lakes
and reservoirs during autumn and spring, when the water temperature is lower [64,65], as
confirmed by our research. A similar study on phytoplankton diversity in communities
reported that most microalgae live in temperate zones with a neutral or slightly alkaline
pH [66,67], which is also supported by our research. Diatoms are highly adaptable to
various environmental conditions and are commonly found in different water bodies, both
on underwater surfaces (benthos) and in surface water layers (phytoplankton) [68,69].
Similar patterns have been observed in larger bodies of water. The authors of [46], in their
work, showed that the structure of the phytoplankton community is balanced and consists
of 217 phytoplankton taxa, which can be classified into nine major groups: Chlorophyta
(65), Bacillariophyta (45), Cyanobacteria (44), Ochrophyta (32), Charophyta (10), Miozoa
(10), Cryptophyta (7), Euglenozoa (3), and Choanozoa (1). The findings align with the
research conducted by [70] on the diversity of freshwater microalgae in the Noyyal River
located in Tamil Nadu State, India, where a total of 49 species were identified. In the work
by [71], the authors identified 22 genera of freshwater algae from the classes Cyanophyceae,
Chlorophyceae, Bacillariophyceae, and Euglenophyceae. Throughout all the observed
periods, diatoms (Bacillariophyta) and green algae (Chlorophyta) dominated in terms of
the species numbers in Lake Maybalyk, with blue-green algae (Cyanobacteria) ranking third.
The class Bacillariophyta was the most diverse, with ten species, and the family Naviculaceae
was dominant in terms of numbers. The results are similar to those by [71], who showed
that members of the Bacillariophyceae class were found to be the most diverse, represented
by eight genera, with Navicula, Cymbella, and Spirogyra being the most dominant species.
They explained this difference by noting that nutrients, such as nitrates and phosphorus,
which originate from anthropogenic activities, increase the species richness and disrupt the
biodiversity balance.

Based on the available information, the species composition of aquatic organisms
found in specific bodies of water can indicate the cleanliness or pollution levels of the latter.
The role of hydrobionts as indicators is characterized not only by their presence or absence
in the reservoir, but also by the extent of their quantitative representation. The ratio of
indicator species in the communities in Lake Maybalyk indicates a favorable oxygen regime,
a relatively wide salinity gradient, a weakly alkaline water reaction, and a moderate level
of organic pollution. The ecological preferences of the algae indicate a low or moderate
level of organic pollution in most of Lake Maybalyk.

The analysis of organic pollutant intake was based on the calculated indicators of
saprobity and the distribution of indicators of the trophic state and the type of nutrition
available to the phytoplankton species. The trophic level in the reservoir for algae was
mesotrophic. The saprobity index characterized a moderate level of organic pollution. The
saprobity index values (Figure 4) indicate that the ecosystem effectively copes with both
external and internal organic pollution.
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The water transparency in the lake varied from moderately polluted to dirty. The
specific greenish-gray color of the water, characteristic of this lake, experiences seasonal fluc-
tuations and is heterogeneous in different parts of the lake, as well as transparent. Dissolved
substances in water, suspended mineral particles, and microorganisms absorb, disperse,
and reflect light in different ways, resulting in dirty and cloudy shades to the water. With a
large number of suspensions of various origins, the lake takes on its color, and according to
the results obtained, the hydrochemical analysis characterized the water in Lake Maybalyk
as moderately polluted (Figure 5). The excess fluorine in surface waters near the city is a
consequence of the discharge of industrial fluorinated wastewater from enterprises that
produce aluminum products. The increase in chlorides is associated with the disinfection
of drinking water, resulting in the formation of chlorine-containing organic compounds
that are unsafe for both human consumption and the environment. A significant portion of
iron enters surface waters through underground runoff, as well as wastewater from many
industries and utilities. Excess COD values are associated with the content of organic sub-
stances in water, which is a medium for the development of microorganisms. An increase
in SSASs usually indicates pollution, the main sources of which are household wastewater
and wastewater from food and chemical industries. The concentration of suspended solids
depends on seasonal factors, runoff regimes, snowmelt, riverbed rock formation, and an-
thropogenic factors. In this regard, transparency decreases, which affects the penetration of
light and the water temperature and slows down biochemical processes. Sulfate pollution
is associated with the death of terrestrial and aquatic organisms of both plant and animal
origin, as well as with groundwater runoff. The nitrite varied within water quality classes
II and III, nitrates within water quality classes I and II, and ammonium-nitrogen within
water quality classes II and III. An increase in the ammonium-nitrogen concentration is
associated with freshwater pollution caused by breeding and walking animals near the
lake, human household activities, and seasonal fishing.

From the oligosaprobic to the polysaprobic zone, many important indicators for
aquatic inhabitants deteriorate, namely the content of oxygen dissolved in water, which is
necessary for the respiration of aquatic organisms, decreases; nitrates turn into more toxic
nitrites and ammonium compounds; and sulfates pass into sulfites and further into sulfides,
until hydrogen sulfide is formed. At the same time, the number of species of living beings
demanding oxygen content decreases, until their complete disappearance. Meanwhile,
species that can withstand changes in the chemical composition of water and a lack of
oxygen can increase their numbers due to the influx of nutrients and the disappearance of
competitors. Thus, as a result of the conducted research, a comprehensive assessment of
the ecological state of Lake Maybalyk was carried out. The water quality of Lake Maybalyk
is largely determined by a significant anthropogenic load, as it is the largest lake of fishery
importance and has an impact on the climatic features of the capital. According to both
the hydrochemical and hydrobiological indicators, the water in the studied lake belongs
to class III in terms of water quality, namely “moderately polluted” water. Indicators of
phytoplankton communities in the lake indicate the eutrophication of its ecosystem. Signs
of eutrophication were particularly evident during low-water hydrological periods.

5. Conclusions

Studying the relationship between phytoplankton communities and environmental
factors is crucial to understanding the functions of aquatic ecosystems. The high sensitivity
of phytoplankton to changes in environmental factors makes it possible to influence the
state of water body ecosystems.

These studies have enabled the determination of the systematic affiliation of algo-
flora (97 species and intraspecific taxa), the identification of algal indicators of saprobity
(71 species), the hydrochemical analysis of water, and the hydrobiological analysis of Lake
Maybalyk. Diatoms (Bacillariophyta) and green algae (Chlorophyta) play leading roles
in the taxonomic structure. Of the indicator species, 49.3% were representative of the
[3-mesosaprobic zone (Pantle-Buck saprobity index 2.15-2.5), in which the species diversity
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of algae is higher than that in other zones. The presence of mesosaprobes indicates the
presence of pollution sources in relatively clean reservoirs. According to the zooplank-
ton conditions, the lake is a x-eutrophic water body, with an increased level of trophic
activity. According to the zoobenthos conditions, the lake is a 3-mesotrophic reservoir,
with an average trophic level. The results of this study show that the use of indicator
species for studying algal species diversity, along with quantitative analysis of zooplankton
and zoobenthos, allows for an adequate assessment of reservoir pollution. The ecological
condition of Lake Maybalyk was classified as “moderately polluted”.

A comprehensive assessment of the state of Lake Maybalyk revealed that the most
significant negative impact on the reservoir’s ecosystem is caused by anthropogenic pollu-
tion resulting from the lake’s proximity to the capital’s airport, agricultural fields, livestock
grazing, and seasonal fishing activities. Prolonged reservoir pollution leads to gradual
changes in the species composition of organisms. Monitoring, based on hydrobiological
and hydrochemical indicators, can serve as the basis for preventing the risk of violating the
pollution regime in Lake Maybalyk.

Given its ecological characteristics, this reservoir may be suitable for fisheries activities.
However, to enhance the reservoir’s self-cleaning ability, it is essential to implement a series
of comprehensive measures with state support aimed at creating favorable conditions for
aquaculture. These measures include the removal of reeds, introducing autochthonous
microalgae strains, minimizing and eliminating pollution sources, and regular analysis of
hydrochemical and hydrobiological indicators. Such activities will contribute to improving
the oxygen regime, developing a natural food base, conserving biodiversity, and enhancing
water quality for the recreational use of the reservoir.
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