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At present, the Zaporizhzhia (Dnipro) reservoir is exposed to increased anthropogenic pressure, intensive blue-green algae blooming 

and persistent eutrophication processes. Being the primary component of the ecosystem, phytoplankton responds to such changes 

first. The analysis of seasonal dynamics of phytoplankton allows us to assess the state of the aquatic ecosystems and the impact of 

anthropogenic activity on water bodies. The studies on phytoplankton during the vegetative season of 2019 have revealed that 

there is a seasonal distribution of the phytoplankton by the number of species, abundance and biomass in the Zaporizhzhia (Dnipro) 

reservoir. However, blue-green algae remain the dominant group in the surface layer of water. The maximum and minimum values 

of Shannon index in May, August and September at different regions. Best and worst areas in terms of water quality based on 

Shanon index, abundance and biomass parameter were the Monastyrsky island and Samara Bay, respectively. 
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Introduction 
Phytoplankton is a key indicator for assessing water quality, because it is the main producer in hydroecosystems, producing oxygen 

and organic substances through photosynthesis (Li et al., 2020). Monitoring, modelling, and forecasting phytoplankton groups are 

essential to areas under anthropogenic load, protected areas, and reservoirs. (Liu & Stevenson, 2017; Lv et al., 2014).  

Eutrophication, and especially algal blooms have become increasingly severe in water bodies in recent years and caused periodic 

deterioration of water quality (Yan et al., 2020. Xiao, et al.,2011 Wang, et al.,2012, Ma, et al., 2015). This problem is particularly 

acute for reservoirs. 

Cyanobacteria are the dominant group of phytoplankton in eutrophic freshwater bodies worldwide. They develop massively in 

shallow, warm and polluted water bodies with low oxygen content (Stotts et al., 1993; Oberholster, 2004; Khyzhniak, M.I., 2020), 

like Zaporizhzhia (Dnipro) reservoir. 

During its existence, the ecosystem of the Zaporizhzhia reservoir has undergone a number of transformations caused by changes in 

the hydrological regime. Today, the reservoir is under the increased anthropogenic pressure. Pollution of the reservoir with 

industrial-related and domestic effluents containing mineral and organic substances, pesticides, petroleum products and 

radionuclides changes the habitat of hydrobionts. This affects their species composition and dynamics of quantitative indicators 

(Fedonenko, et al., 2012). 

Since phytoplankton is sensitive to changes in external parameters, it is important to understand its dynamics in aquatic ecosystems 

(Rahmana & Hamidah., 2020). In addition, seasonal water quality analysis helps to assess the impact of anthropogenic activity on 

water bodies (Mishra, et al., 2019). However, detailed seasonal studies of phytoplankton in the water area of the Zaporizhzhia 

reservoir for a long period of time (Fedonenko & Nikolenko, 2019) 

The purpose of the work: to trace the seasonal dynamics of the phytoplankton quantitative and qualitative indicators of the 

Zaporizhzhia (Dnipro) reservoir. 

 

Materials and Methods 
Zaporizhzhia (Dnipro) cascade reservoir is located within the territory of the Dnipro and Zaporizhia administrative regions of 

Ukraine. It is a multi-purpose reservoir. The length of the reservoir is 129.7 km; the minimum width is 0.6 km, the maximum width 

is 7.0 km, the average one is 3.2 km, and the area at the normal retaining level is 28,838 km2. According to V.I. Zhadin's 

classification, the Zaporizhzhya reservoir belongs to the plain-river in terms of genesis and location, to the channels in terms of 

configuration, medium-deep in terms of depth, and has a very large exchange in terms of water exchange (Fedonenko, et al., 

2012).  

The formation of the reservoir regime at the present stage is influenced by external factors, such as water runoff, amount of 

precipitation, anthropogenic load, as well as the rate of water exchange and internal processes. In most areas, water in the 
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reservoir belongs to Class 3 in terms of quality, to category 4 (satisfactory), it is eutrophic, β-meso saprobic. Constantly increasing 

anthropogenic pressure causes significant changes in the chemical composition of water. (Hubanova, 2019; Dvoretskyi & Bajdak, 

2017). 

Samples of phytoplankton were collected with a Ruttner`s bathometer from the surface horizon (0.25 m) in plastic containers, every 

two weeks during the 2019 vegetative season (from April to October) at 5 sites along the riverbed of the Zaporizhzhia reservoir. 

These sites differ in hydrological and hydrochemical conditions (Fig. 1): Samara Bay, Festival Wharf, Monastyrskyi island, the entry 

of the Mokra Sura River and the lower part of the reservoir (near the Viyskove village). 

 
 

Fig. 1. Scheme of the Zaporizhian (Dnipro) reservoir. 

 

Samara Bay (48°5340.21 N; 35°1873.20 E) is characterized by weak flow and a large area of shallow water, which leads to 

phytoplankton blooms and causes stagnation. The hydroecological state of the Bay is determined by the influence of highly 

mineralized mine wastewater. The main polluting components of this wastewater are finely dispersed particles and heavy metals. 

(Kurchenko & Sharamok, 2017). 

Festival Wharf is also a shallow area of the Zaporizhzhia reservoir. It suffers from the increased anthropogenic impact, in particular, 

due to the discharge of urban domestic wastewater with a high content of phosphates and nitrates. (Yakovenko, et al.,2017). The 

Monastyrsky island has been a stationary point of hydrobiological research for several centuries. It is characterized as conditionally 

clean and distant from major pollutants. 

In the area of the entry of the Mokra Sura river, the hydrochemical and hydrobiological regime is significantly affected by: the 

complex of right-bank sewage treatment plants of the Dnipro city and the waters of the Mokra Sura river, which are constantly 

polluted by domestic, industrial and agricultural effluents (Fedonenko et al. 2016).  

The lower part of the Zaporizhzhia reservoir near the Viyskove village is considered to be a relatively clean water zone in ecological 

terms, as it is located in the agricultural zone and does not experience direct industrial impact. It is the deepest part of the 

Zaporizhzhia reservoir, the maximum depth reaches 62.5 m, and the current speed does not exceed 0.5 m/s even during the spring 

flood. The shallow water area in the lower part of the reservoir is small (Kurchenko & Sharamok, 2017; Shapovalenko & Ananieva, 

2019). 

Fixation, concentration, and laboratory investigation of samples were performed in accordance with generally accepted 

hydrobiological methods (Arsan et al., 2006). The samples were fixed by 40% formalin with a ratio to sample volume 1:100, 

concentration of samples was performed by sedimentation. The phytoplankton composition was determined in Najott's chamber at 

× 100-400. Biomass was determined by the volume calculation method. Taxon names are given according to Raznoobrazie 

vodoroslei Ukraine, 2000. Statistical processing of the obtained results was carried out in accordance with generally accepted 

methods of variational statistics. The probability of differences between indicators was estimated using the Student's t-test at the 

significance level p <0.05. 

 

Results  
During the study period, phytoplankton of the Zaporizhzhia reservoir was represented by 76 species and intraspecific taxa belonging 

to 5 divisions: Chlorophyta (46), Bacillariophyta (16), Сyanophita (10), Euglenophyta (2), Chrysophyta (1), Ochrophyta (1) (Table 

1). During the study period, the greatest average species diversity (fig. 2) was recorded in the area of the Monastyrsky island (18 



 Seasonal dynamics of phytoplankton indicators of the Zaporizhzhia (Dnipro) reservoir phytoplankton of the Zaporozhye reservoir 

   

Ukrainian Journal of Ecology, 11(7), 2021 

 

 

i.s.t.). However, the maximum number of species was observed in August in the area of the entry of the Mokra Sura River (27 

i.s.t.). The smallest number of species was 10 i.s.t., and averaged to 12 i.s.t., was recorded in the Samara Bay.  

 
Fig. 2. Number of phytoplankton species in different areas of the Zaporozhye reservoir. 

 

Table 1. List of phytoplankton species identified in different parts of the Zaporizhzhia reservoir. 

S.No. 
 

Species 

The Sampling Points 

 

Samara Bay Festival 

Wharf 

Monastyrskyi 

Island 

The Entry Of 

The Mokra 

Sura River 

The Lower 

Part of The 

Reservoir 

Chlorophyta 

1 Actinastrum Hantzschii 

Lagerh. 
    + 

2 Ancistodesmus acicularis (A. 

Br.) Korschik. 
+  +  + 

3 Ancistodesmus falcatus 

(Corda) Ralfs. 
+ + + +  

4 Ankistrodesmus fusiformis 

Corda 
 + +  + 

5 Chlamydomonas elliptica 

Korsch. 
  +   

6 Chlamydomonas monadina 

Stein. 
  +   

7 Chlorella vulgaris Beijer. +   +  

8 Closterium rostratum Ehr.  +    

9 Coelastrum microporum Nag. 

in A.Br. 
 + + + + 

10 Cosmarium margaritiferum 

Menegh. 
 +   + 

11 Desmidium Swartzii Ag.  +  +  

12 Dictyosphaerium 

tetrachotomum Printz 
+ +  + + 

13 Eudorina elegans Ehr.   +   

14 Golenkinia radiata Chod.  + + + + 

15 Mougeotia genuflexa (Dillw.) 

Ag. 
  +  + 

16 Pandorina morum Bory.   +  + 

17 Paradoxia multiseta Swir.    +  
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18 Pediastrum Boryanum (Turp.) 

Menegh. 
  + +  

19 Pediastrum duplex Meyen 

var. duplex 
+ +  + + 

20 Pediastrum duplex var. 

gracilimum W.et G.S.West 
 + + + + 

21 Pediastrum simplex Meyen +  + + + 

22 Pediastrum tetras (Ehr.) Ralfs  +    

23 Phacotus coccifer Korsch   +   

24 Tetraëdron minimum 

(A.Braun) Hansgirg 
  +   

25 Coenococcus planctonicus 

Korshikov 
  +  + 

26 Scenedesmus acuminatus 

(Lagerh.) Chod. 
+ +  + + 

27 Scenedesmus acutus Meyen  +   + 

28 Scenedesmus denticulatus 

Lagerh. 
+  +  + 

29 Scenedesmus dimorphus 

(Turpin) 
 + +  + 

30 Scenedesmus falcatus Chodat + +  +  

31 Scenedesmus opoliensis P. 

Richt. 
 + +  + 

32 Scenedesmus quadricauda 

(Turp.) Breb. 
+ + +  + 

33 Schizochlamis gelatinosa A. 

Br. 
 + +  + 

34 Schroederia setigera 

(Schroed.) Lemm. 
  +  + 

35 Sphaerocystis schroeteri 

Chodat 
   + + 

36 Selenastrum gracile Reinsch    + + 

37 Siderocelis ornata (Fott) Fott   +  + 

38 Spirogyra crassa Kutz. +  +   

39 Staurastrum vestitum Ralfs.   +   

40 Staurastrum bacillare Bred    +  

41 Staurastrum tetracerum Ralfs 

ex Ralfs 
   + + 

42 Tetrachlorella ornata Korsch  +   + 

43 Tetraëdron regulare Kützing    +  

44 Tetrastrum 

staurogeniaeforme (Schroed.) 

Lemm. 

    + 

45 Ulotrix zonata Kutz.  + + + + 

46 Zygnema pectinatum (Ag.) 

Czurda 
    + 

Bacillariophyta 

47 Amphora ovalis (Kutz.) Kutz.  + + +  

48 Cocconeis disculus 

(Schumann) Cleve 
  + +  

49 Cyclotella sp. + +  +  

50 Cymbella cistula (Hempr.) 

Grun. 
 +   + 

51 Cymbella microcephala Grun.   +   

52 Cymbella ventricosa Kutz.   +  + 

53 Eunotia praerupta Ehrenberg   +   

54 Fragilaria capucina Desm  + + +  

55 Melosira granulate (Ehr.) 

Ralfs 
  +  + 

56 Navicula cryptocephala Kutz. +  +   
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57 Navicula radiosa Kutz. +    + 

58 Nitzschia gracilis Hant.  +    

59 Pinnularia major (Kutz.) 

Rabenh. 
   +  

60 Stephanodiscus Hantzschii 

(Ehr.) Grun. 
 + +  + 

61 Synedra acus Kutz. +     

62 Synedra ulna (Nitzsch.) Ehr   +   

Cyanophyta 

63 Anabaena flos-aque Lyngb.) 

Breb. 
+ + +   

64 Anabaena spiroides Kleb. + + + + + 

65 Aphanizomenon flos-aquae 

(L.) Ralfs 
+ + + + + 

66 Chroococcus turgidus 

(Kützing) Nägeli 
+ + + +  

67 Merismopedia minima G. 

Beck у G.Beck & 

Zahlbruckner 

  +   

68 Microcystis aeruginosa 

(Kützing) Kützing 
+ + + + + 

69 Microcystis flos-aquae (Wittr) 

Elenk emend. Kom 
 + + + + 

70 Nodularia spumigena Mert.   + +  

71 Oscillatoria limosa Ag. + + +  + 

72 Oscillatoria tenuis Ag. + +  +  

Euglenophyta 

73 Euglena acus Ehr.  +    

74 Euglena granulate (Klebs) 

Schmitz 
   +  

Chrysophyta 

75 Synura lapponica Scuja     + 

Ochrophyta 

76 Vaucheria litorea C. Agardh     + 

Seasonal dynamics were also traced by indicators of abundance and biomass (Fig. 3,4.). The maximum abundance at all selection 

points was recorded in August-early September and averaged 6.80 × 106 ± 21.6 × 106 cells L-1. The smallest abundance was 

recorded in October, it averaged 25.4 × 106 ± 40.8 × 106 cells L-1. As for the selection points, the highest abundance during the 

study period was observed in the Samara Bay–on average it was 61.4 × 106 ± 26.7 × 106 cells L-1, the lowest–in the area of 

Monastyrsky island–39.29 × 106 ± 15.2 × 106 cells L-1. 

 
Fig. 3. Biomass of phytoplankton in different areas of the Zaporizhzhia reservoir. 
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Indicators of biomass are somewhat different. The maximum biomass values were recorded in August, they averaged 11.70 ± 

1.051 mg L-1, while the minimum values were observed in April and amounted to 7.33 ± 0.339 mg L-1. The highest rates of 

phytoplankton biomass during the study period were observed in Samara Bay. They averaged 10.37 ± 1.73. mg L-1. The lowest 

values were recorded in the area of the Viyskove village, which averaged 8.74 ± 1.637 mg L-1. 

 
Fig. 4. The abundance of phytoplankton in different areas of the Zaporizhzhia reservoir. 

 

During the sampling period, blue-green algae evidently dominated among phytoplankton groups, which is expressed in their 

percentage to the total phytoplankton abundance: from 68% in October in the Festival Wharf area, to 99% in August, in the 

Samara Bay. In relation to the total phytoplankton biomass, the situation varied: in the spring and summer period, the blue-green 

algae was a dominant group at most selection points. It reached from 34% in June, at the entry of the Mokra Sura River to 78% in 

July, near the Monastyrskyi island. However, it should be taken into account that green algae, along with blue-green algae, were 

also the dominant group at most selection points in the spring period, at the entry of the Mokra Sura River in June and in the lower 

part of the reservoir (the Viyskove village) in August. In the autumn period, diatoms and green algae occupied the dominant 

position in addition to blue-green algae at various selection points. Thus, in October, the proportion of green algae reached 61% of 

the total phytoplankton biomass in the area of the Festival Wharf, and in September, 41% and 44% of the total biomass consisted 

of representatives of diatoms on the lower section of the reservoir and Monastyrsky island respectively.  

The basis of abundance and biomass was formed by the genera Microcystis Kütz, 1833, Aphanizomenon A. Morren ex Bornet & 

Flahault, 1888, Anabaena Bory ex Bornet and Flahault 1886, and to a lesser extent by Pediastrum Meyen, 1829, Scenedesmus 

Meyen, 1829 (Table 1). 

It has been found that eutrophication often contributes to the mass blooming of several species that become highly dominant in 

phytoplankton groups. Therefore, taxonomically rich and diverse phytoplankton communities are considered indicators of good 

ecological status (Cozzoli et al., 2017). 

Based on the aforesaid, during the study period, the Shannon index was determined in terms of the abundance and biomass of 

phytoplankton of the Zaporizhzhia reservoir (Table 2). On average, the highest values of phytoplankton biomass were recorded in 

the area of the Monastyrsky island (1.78 ± 0.369 bits) and the entry of the Mokra Sura River (1.80 ± 0.249 bits), the smallest were 

in the Samara Bay (1.41 ± 0.125 bits); in terms of abundance, the highest indicator (1.26 ± 0.241 bits) was recorded in the area of 

Monastyrsky Island, and the smallest one (0.88 ± 0.287 bits)–in the Samara Bay. 

Table 2. Values of the Shannon index in different parts of the Zaporizhzhia reservoir. 

The Sampling 

Points 

 

April May June July August September October 

В N B N В N B N В N B N В N 

Samara Bay 1.42 1.22 1.29 1.11 1.3 1.03 1.44 0.63 1.4 0.47 1.66 0.66 1.44 1.04 

Festival Wharf 1.52 1.21 1.32 1.14 1.92 1.33 1.77 0.78 1.6 0.62 1.22 0.38 1.62 1.05 

Monastyrskyi isl 1.69 1.31 1.5 1.19 1.37 1.37 1.56 1.39 1.8 0.87 2.34 1.07 2.23 1.61 

Entry of the Mokra 

Sura River 1.68 1.1 1.82 1.14 2.16 1.44 1.66 0.87 2.1 1.28 1.65 0.87 1.5 1.56 

The lower part of the 1.45 1.19 1.44 1.17 1.48 1.24 1.9 0.93 1.8 1.05 1.78 0.78 1.61 0.93 
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reservoir 

B–The Shannon Index in terms of the biomass of phytoplankton. 

N–The Shannon Index in terms of the abundance of phytoplankton. 

 

Discussion 
In general, there was an upward trend in the number of phytoplankton species from April to August-September, depending on the 

selection point and a decrease in October, which is mainly due to changes in water temperature. Thus, according to Rasconi et.al 

(2017) the temperature has the strongest effect on the spread of phytoplankton. However, it is worth noting that an abnormally 

high increase in temperature contributes to the growth of potentially toxic phytoplankton species and exacerbates the problem of 

blooming in water bodies and mass development of multicellular algae in the coastal zone (Golubkov, et.al, 2021; Lürling, et.al., 

2017; Liu, et.al., 2021;. Jiang, et.al., 2014). Thus, an increase in nutrient input and temperature tend to mutually enhance the 

symptoms of eutrophication (Rahmana, et.al, 2020). The latter is particularly acute in the Samara Bay, where the shallow water 

area occupies up to 90% of the upper part of the Bay, stagnant phenomena are observed (Kurchenko & Sharamok, 2017; 

Shapovalenko & Ananieva, 2019), and the water temperature reached 25oC, which contributed to a decrease in biodiversity, with 

increased vegetation of Cyanophita in the surface layer. In addition, there are high concentrations of zinc and copper in the Samara 

Bay, which are the most toxic for most algae (Sharamok et al., 2019). 

The increase in abundance and biomass in August is primarily due to a favourable set of conditions for their development, namely: 

an increase in water temperature (up to 25oC), the accumulation of high concentrations of biogenic elements in the water mass, 

which leads to increased vegetation of algae, especially representatives of Cyanophyta. So, taking into account our previous studies, 

in August, at various selection points, the content of ammonia ranged from 0.01 ± 0.0005 mg L-1 to 0.58 ± 0.0009 mg L-1, at the 

norm of 0.05 mg L-1; nitrites from 0.005 ± 0.00024 mg L-1 to 0.1 ± 0.004 mg L-1, at the norm of 0.1 mg L-1; nitrates from 0.27 ± 

0.012 mg L-1 to 1.49 ± 0.059 mg L-1 at the norm of 2 mg L-1, phosphates from 0.01 ± 0.0004 mg L-1 to 0.38 ± 0.021, mg L-1 at the 

norm of 0.5 mg L-1. There also were high indicators of permanganate oxidizability, indicating the content of readily oxidizable 

organic substances. They reached more than 10.5 mg L-1, at the lower limit of the norm of 10 mg L-1. 

During almost the entire study period, blue-green algae remained the dominant group, especially in the surface layer of water, 

causing blooms. It was especially acute from mid-July to mid-September in the Samara Bay and the area of the Festival Wharf. 

The intensive development of algae in the Samara Bay and the area of the Festival Wharf is explained both by hydrological 

conditions and by an increased anthropogenic load in these areas. The latter increases eutrophication, which in turn contributes to 

the development of planktonic algae, a decrease in water transparency, and as a result, a deterioration in the trophic state of 

reservoirs. 

To assess phytoplankton diversity, it is important to determine the Shannon index, which takes into account both the number and 

uniformity of taxa present in phytoplankton communities. The index increases with the number of taxa in the community and can 

theoretically reach very high values (Francet et. al., 2021). 

The seasonal distribution of the Shannon Index in terms of the abundance and biomass of phytoplankton of the Zaporizhzhia 

reservoir is hardly traced, at different selection points, the maximum and minimum values were recorded mainly in different periods, 

which indicates increased anthropogenic pressure on the reservoir, high concentrations of biogenic and organic substances. 

The value of the Shannon index ≥2 was recorded only for phytoplankton biomass: in September and October in the area of 

Monastyrsky island, as well as in June and August in the area of the entry of the Mokra Sura river, which indicates a polydominant 

complex of phytoplankton in this period, and therefore insignificant anthropogenic pressure, which does not lead or slightly leads to 

degradation of phytoplankton. The index value ≤1, recorded only in terms of the abundance of phytoplankton. From July to 

September it was recorded in the area of Samara Bay and Festival Wharf, in August in the area of Monastyrsky Island, and July-

August in the entry of the Mokra Sura River and on the lower section of the reservoir, which indicates a monodominant complex of 

phytoplankton, and therefore high anthropogenic pressure on these areas (Arsan et. al., 2006). 

Conclusion 

 
Phytoplankton of the Zaporizhzhia reservoir is characterized by a seasonal distribution by the number of species, abundance and 

biomass. There was an upward trend in the quantitative indicators of phytoplankton from April to August-September, depending on 

the selection point and a decrease in October, which is mainly due to changes in water temperature. The worst results for all the 

studied indicators were observed in the Samara Bay and in the area of the Festival Wharf, which is primarily due to increased 

anthropogenic pressure. The best indicators were recorded in the area of the Monastyrsky island and the lower part of the reservoir, 

which can characterize them as relatively clean areas. During almost the entire study period, blue-green algae remained the 

dominant group. They are resistant to anthropogenic impact and in the summer-autumn period cause intensive blooming of water, 

which indicates an increased negative impact on the aquatic ecosystem of the Zaporizhzhia reservoir and the need for 

comprehensive system studies to take appropriate measures.  
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