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Abstract. We analysed relationships of chemical and biological variables with the help of statistics for 

phytoplankton communities of seven lakes in the Regional Landscape Park “Slavyansky Resort”, Ukraine 

that were studied during 2007-2013. Lake communities were divided into two groups: northern deep 

lakes Ripne, Veysove, Garache, and Slipne under high salinity and organic load influence, and southern 

shallow lakes Levadne, Chervone, and Lake under influence of mineral ions and organic load. Abundance 

and biomass fluctuated synchronously and correlated with species richness in deep lakes but not in 

shallow lakes. Two types of communities were revealed: (1) low species-rich communities in moderate 

conductivity waters and low-organic load, and (2) species rich communities in high conductivity and 

organic load waters. We found salinity indicator Dunaliella salina (Dunal) Teodor. in deep northern lakes 

with CCA. Adlafia minuscula (Grunow in Van Heurck) Lange-Bert. in Lange-Bert. et Genkal and 

Chaetoceros muelleri Lemmerm. were bio-indicators of high salinity and alkalinity, and biosensors of 

acidic water in shallow southern lakes. Cyclotella stelligera (Cleve et Grunow) Van Heurck and Navicula 

gregaria Donkin were indicators of silica and biosensors of carbonates. Therefore, water conductivity and 

pH, which were closely related to organic pollution, were found as major regulators of phytoplankton in 

studied lakes. 

Keywords: phytoplankton, ecology, abundance, biomass, statistics 

Introduction  

The regional landscape park "Slavyansky Resort" was created in 2006. The purpose of 

its creation was for the preservation and recreational use of unique natural complexes and 

artificial landscapes of parkland. The park is located in the northeastern part of the city 

Slaviansk in Ukraine and includes three resorts, an extensive park, a seasonal 

ornithological reserve called "Priozernyy", natural “monuments” of national importance, 

lakes Ripne and Slipne, which are sources of unique therapeutic mud and brine (Given the 

Belgium Grand Prix award in 1907) (Kurulenko and Tretyakov, 2008) (Fig. 1).  

The algal diversity research in the regional landscape park “Slavyansky Resort”, 

which was formed under climatic as well as variable anthropogenic impacts, has been 

studied sporadically since the second half of the 17
th 

century and has continued by the 

authors since 2007 (Lyalyuk and Klymiuk, 2011; Klymiuk et al., 2014).   

We have focused our research on phytoplankton ecology of the Slavyansky Resort 

lakes, which has been previously analyzed by bio-indication methods (Klymiuk et al., 

2014). The aim of the current research was the ecological analysis of algal species 

preferences with the help of statistical methods. 



Barinova et al.: Ecology of phytoplankton  

- 450 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 13(2): 449-464. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: 10.15666/aeer/1302_449464 

 2015, ALÖKI Kft., Budapest, Hungary 

Material and Methods 

Description of study site  

The studied lakes are mostly of thermokarst origin, small, and shallow. These lakes 

are insulated from each other and periodically dry up. They are briefly interconnected in 

spring only. Sediments of the lakes are diverse, varying from sand to medical mud. 

Water is slightly yellow or colorless with pH 6.3–8.0, and conductivity is 1.31–11.26 

mSm/cm (Table 1). The depth of the lakes is negligible (about 0.5–2.5 m) and only in 

Lake Ripne does it reach 8.5 m. They form a unique community of organisms, including 

algae, which is the basis for the formation of therapeutic mud. In Lake Ripne there is 

industrial fishing for mud and brine mud baths for the Slavyansky Resort – one of the 

oldest mud-bath resorts of Ukraine (Kurulenko and Tretyakov, 2008). 

 

 

Figure 1. Study site in the regional landscape park "Slavyansky Resort" 

 

 

Statistics 

Diversity index 

Shannon index H’, which reflects the degree of abundance equality among the 

species in the community is correlated to the entropy of the ecosystem (Good, 1953). 

The calculation was made employing the number of individuals in each species of the 

communities represented in each lake via equation 1: 
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Where: 

ni – Number of individuals in each species; 

S – The number of species: species richness; 

N – Total number of all individuals; 

N

n i  – Relative abundance of each species 

 
Table 1. Amplitudes of physico-chemical parameters at the lakes  
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Saprobity index 

Saprobic Index (S) was calculated according to Sládeček (1973, 1986) for the algal 

community on the basis of the species-specific saprobity level (Barinova et al., 2006) 

and the relative abundance of each species in community as: 

 

  (Eq. 2) 

 

 

Where: S – Index saprobity of algal community; si – species-specific saprobity index; 

ai – species abundance. 

Stepwise Multiple Regression analysison environmental and biological data was 

performed via the Statistica 7.1 software in order to determine the variables with 

strongest influence on the algal communities in each studied lake. 

 

Species-environment relationships 

Statistical significance of variables was assessed using the Pearson correlation 

method. Statistical analysis of the relationships of species diversity in algal 

communities and their environmental variables were calculated using Canonical 

Correspondence Analysis (CCA) with CANOCO for Windows 4.5 package (Ter Braak 

and Šmilauer, 2002).  

The Pearson correlation of major chemical and biological variables was calculated 

with wessa.net.  

Results 

Phytoplankton of the studied lakes included 238 species and infraspecific taxa of 

algae and cyanobacteria, which we revealed during the sampling period of 2007-2013 

(Klymiuk et al., 2014). For a follow-up analysis, we chose species that represented more 

than 50% of abundance and that developed in optimal conditions (Table 2). As can be 

seen, most representatives from four taxonomic divisions are diatoms. The most 

abundant species were the diatoms Chaetoceros muelleri (6,000–13,000 cells per liter) 

in lakes Slipne and Levadne, Cyclotella stelligera (about 8,000 cells per liter) in lake 

Levadne, dinophyte Peridiniopsis oculatum (about 4,000 cells per liter) in lake Ripne, 

and green algae Ankyra ocellata (about 1–2 thousand cells per liter) in lakes Veysove 

and Garache. This is a highly tolerant species with wide ecological amplitude, 

excluding the most abundant Chaetoceros muelleri that prefers saline waters as has 

been revealed by a bio-indication approach (Klymiuk et al., 2014). Therefore, we 

cannot reveal critical variables for phytoplankton communities on the basis of these 

high-tolerant, most abundant species without application of statistical methods.  
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Table 2. Abundant species (cells per liter) of phytoplankton at the lakes 
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We used statistical methods to formulate the data on water chemistry (Table 1) as 

independent variables and community composition as dependent variables (Tables 2, 3) 

for each of studied lakes. Stepwise regression analysis results (Table 4) shows (in step 

1) that a factor negatively influencing cell abundance of phytoplankton in the lake 

Ripne is water conductivity. Species richness as a whole, as well as diatom and 

cyanobacteria numbers is closely related. Community structure complicity (Shannon 

index) is positively influenced by diatom species number. Mean cell volume is 

correlated with lithium concentration. It is remarkable that factors negatively 
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influencing species richness of green algae are bicarbonates, while organic pollution 

(index saprobity S) is impacted by iron.  

 
Table 3. Amplitudes of biological variables of phytoplankton at the lakes  

Code Ripne Veysove Garache Slipne Levadne Chervone Lake 

No. of Species 4-36 3-42 1-31 3-56 12-29 13-21 12-15 

Bacillariophyta 2-32 2-34 1-25 1-25 9-15 13-21 11-14 

Chlorophyta 1-4 1-4 1-4 1-23 1-7 0 0-1 

Cyanophyta 1-4 1-8 1-6 1-15 1-7 0 0 

Dinophyta 0-1 0-1 0-1 1-2 0-1 0 0 

Euglenophyta 0-1 0-1 0.2 1-4 0 0 0 

Index Shannon 0.03-2.55 0.01-2.42 0.01-2.82 0.37-2.99 0.25-1.89 1.72-1.90 1.39-1.94 

Mean Cell 

volume 
0.04-24.5 0.17-4.47 0.02-6.04 

0.08-

11.99 
0.21-1.46 0.90-1.59 0.33-4.04 

Organic 

pollution (Sap) 
1.04-2.50 1.11-2.74 0.66-2.25 0.94-2.86 0.15-1.66 0.64-2.12 1.22-1.37 

 
Table 4. Stepwise regression analysis results for Lake Ripne. Negatively correlated variables 

are marked in bold. Statistical significance, p-value: <0.05 = *; <0.01 = **; <0.001 = ***. 

Dependent 

variables 
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 

No. of Species 
Bacil 

0.99*** 

Bacil Alk 

0.96*** 

Bacil Alk 

0.93*** 

Bacil Alk 

0.94*** 

Bacil 

Alk Cya Li 

Hard 
0.95*** 

Bacil 

Alk Cya Li 

Hard Cond 

0.95*** 

Abundance 
Cond 

0.99** 
Cond Hard 

0.68** 
Cond Hard 

0.52** 

Cond Biom 

0.43** 

Cond 

Biom 

0.44** 

Cond 

0.48** 

Biomass 
Abun 

0.99*** 

Abun Fe 

0.99*** 

Abun Fe Cya 

0.99*** 

Abun Fe 

Cya Alk-f 

0.99*** 

Abun Fe 

Cya Alk-f 

K 
0.99*** 

Abun Fe 

Cya Alk-f 

K 
0.99*** 

Mean Cell 

Volume 

Li 

0.88** 

Li 

0.88** 

Li Ba 

0.84** 

Li Ba 

0.50* 

Li Ba 

0.80* 

Ba Li Sap 

Sp B 

0.73* 

Bacillariophyta 
Sp 

0.99*** 

Sp Alk 

0.99*** 

Sp Alk 

0.99*** 

Sp Alk 

0.99*** 
- - 

Chlorophyta 
HCO3 

0.99*** 
HCO3 

0.99*** 
HCO3 

0.99** 
Biom 

0.37** 
Biom 

0.59** 

Biom Cya 

Alk S Si 

0.64** 

Cyanophyta 
Sp 

0.83* 

Sp Mn 

0.94** 

Sp Mn 

0.99** 

Sp Mn 

0.94* 

Sp Mn 

0.81* 

Sp Sap Mn 

Li Chlo Ca 

0.94*** 

Shannon 
Bacil 

0.81*** 

Bacil Mg 

0.69** 

Bacil Mg pH 

0.77** 

Bacil Mg 

pH Mean 

CV 

0.57*** 

Bacil Mg 

pH Mean 

CV B 

0.64*** 

Bacil Mg 

pH Mean 

CV B Si 

0.64*** 

Organic 

pollution (Sap) 
Fe 

0.90** 
Fe Shan 

0.77*** 
Fe Shan 

0.73*** 
Fe Shan 

0.74** 

Shan Fe 

Na 

0.70** 

Fe 

0.63* 
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The same statistical analysis results (Table 5) show (in step 1) that there are no 

factors significantly influencing phytoplankton variables in Lake Veisove. Despite this 

fact, diversity of different divisions show community structure modification and only 

water conductivity and manganese can slightly regulate it.  

Multivariate regression calculation results for Lake Garache (Table 6) show (in step 

1) that a factor negatively influencing cell abundance of phytoplankton was alkalinity 

and cell size had been regulated by organic pollution, which, in turn, was stimulated by 

the presence of strontium in water. 

 
Table 5. Stepwise regression results for Lake Veisove. Negatively correlated variables are 

marked in bold. Statistical significance, p-value: <0.05 = *; <0.01 = **; <0.001 = ***. 

Dependent variables Step 1 Step 2 Step 3 Step 4 Step 5 

No. of Species - 
Bacil Cya 

0.91*** 
- - - 

Abundance - - - - 
Biom 

0.99* 

Biomass - - - - - 

Mean Cell Volume - - - - - 

Bacillariophyta - 
Sp 

0.99*** 
- - - 

Chlorophyta - - 
Cond Mean CV HCO3 

0.98* 
- - 

Cyanophyta - 
Sp Mn 

0.94** 
Alk-f 

0.89* 
- - 

Shannon - - - - - 

Organic pollution (Sap) - - - - - 

 

 

Table 6. Stepwise regression results for Lake Garache. Negatively correlated variables are 

marked in bold. Statistical significance, p-value: <0.05 = *; <0.01 = **; <0.001 = ***. 

Dependent variables Step 1 Step 2 Step 3 

No. of Species 
Cya 

0.81* 
- - 

Abundance 
Alk 

0.82* 
Alk 

0.93* 
- 

Biomass - 
B 

0.85* 
- 

Mean Cell Volume 
Sap 

0.83* 
Sap Si 

0.96** 
 

Bacillariophyta 
Sp 

0.77* 
  

Chlorophyta - 
Shan Na 

0.92* 
 

Cyanophyta 
Sp 

0.81* 
  

Shannon - 
Chlo 

0.85* 
Sr 

0.93* 

Organic pollution (Sap) 
Sr 

0.89** 
- - 

Dinophyta - 
K 

0.81* 
 

Euglenophyta 
Ca 

0.88** 
-  
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Regression analysis results for Lake Slipne (Table 7) show (in step 1) that only 

strontium stimulated organic pollution and other factors significantly influencing 

phytoplankton variables are diverse in different divisions, and species richness in 

communities, as a whole, can result in community structure change. Only water salinity 

with sodium can slightly depress mean cell size.   
 

Table 7. Stepwise regression results for Lake Slipne. Negatively correlated variables are 

marked in bold. Statistical significance, p-value: <0.05 = *; <0.01 = **; <0.001 = ***. 

Dependent 

variables 
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 

No. of Species 
Chlo 

0.94*** 

Chlo Abun 

0.73*** 

Chlo Abun 

pH 

0.75*** 

Chlo Abun 

pH Eugl 

0.69*** 

Chlo 

Abun pH 

Eugl Cond 

0.67*** 

Chlo 

Abun pH 

Eugl 

Cond Na 

0.67*** 

Abundance 
Sp 

0.78* 

Sp 

0.90* 

Sp Chlo pH 

0.72** 

Sp Chlo 

pH 
0.59** 

Sp Chlo 

pH Eug 
0.56*** 

Sp Chlo 

pH Eug 

Cond Na 

0.57*** 

Biomass 
Abun 

0.74** 

Abun 

0.63** 

Abun Na 

Shan 

0.69*** 

Abun Na 

Shan Na 

0.77*** 

Abun Na 

Shan Chlo 

Ba 

0.68*** 

Abun Na 

Shan Ba 

Chlo 

Mean CV 

Ba 

0.68*** 

Mean Cell 

Volume 
Na 

0.86** 
Na Chlo 

0.60*** 
Na Chlo 

0.66*** 

Na Chlo Sr 

Shan 

0.85*** 

Na Chlo 

Sr Shan 

0.81*** 

Na Chlo 

Sr Shan 

Biom Li 

0.84*** 

Bacillariophyta 
Sp 

0.79* 

Sp Cya 

0.98*** 

Sp Cya Chlo 

0.98*** 

Sp Cya 

Chlo B 

0.98*** 

Sp Cya 

Alk-f 

Chlo B 

0.98*** 

Sp Cya 

Chlo B 

Alk-f K 

0.98*** 

Chlorophyta Sp 0.94*** Sp 0.84*** Sp 0.86** 
Sp Sr 

0.62** 

Sp Sr 

0.85** 
- 

Cyanophyta 
Sp 

0.93*** 

Sp Bacil 

0.94*** 

Sp Bacil 

Chlo 
0.97*** 

Sp Bacil 

Chlo B 

0.73*** 

Sp Bacil 

Chlo B Si 

0.69*** 

Sp Bacil 

Chlo B 

Biom 
0.69*** 

Shannon 
Eug 

0.89* 

Eug 

0.92** 

Eug 

0.93* 

Eug 

0.98* 

Eug 

0.89* 

Eug Alk-f 

Biom Din 

Bacil 

0.91* 

Organic 

pollution (Sap) 

Sr 

0.71** 

Sr Alk-f 

0.59** 

Alk-f Sr pH 

0.65** 

Alk-f Sr 

pH Cya 

0.77** 

Alk-f Sr 

pH 

0.75** 

Alk-f Sr 

pH Eug 

0.76** 

Dinophyta - 
Li 

0.91* 

Li Shan Ba 

0.96* 

Li Shan Ba 

0.90* 

Shan Li 

Chlo Ba 

Bacil 

0.68** 

Shan 

Chlo Li 

Ba Bacil 

0.65* 

Euglenophyta 
Shan 

0.89*** 

Shan Cya 

0.66*** 

Cya Shan 

Chlo 

0.68*** 

Cya Chlo 

Shan 

0.70*** 

Cya Chlo 

Shan 

0.75** 

Cya K Sp 

Ba Shan 

Chlo 

0.77** 
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Regression stepwise analysis for the lakes Levadne, Chervone, and Lake are 

represented by one step for each (Table 8).  In Lake Levadne calcium stimulated cell 

abundance, whereas manganese suppressed cyanophyta species diversity. Number of 

diatom species negatively influenced mean cell size and Shannon index value. It is 

interesting that biomass of phytoplankton was positively influenced by sulfide 

concentrations that were similar in Lake Chervone in which potassium was a negative 

factor for cell size, and alkalinity stimulated organic pollution. In the Lake water 

conductivity stimulated organic pollution, while lithium, silica, and organic pollution 

were negative factors for diatom species number and total cell abundance. 
 

Table 8. Stepwise regression results for the lakes Levadne, Chervone, and Lake. Negatively 

correlated variables are marked in bold. Statistical significance, p-value: <0.05 = *; <0.01 

= **; <0.001 = ***. 

Dependent variables Levadne Chervone Lake  

No. of Species - - - 

Abundance 
Ca 

0.99** 

Ca B 

0.99** 
Li 

0.99** 

Biomass 
S 

0.99** 

S 

0.99** 
Sap 

0.99** 

Mean Cell Volume 
Bacil 

0.95** 
K 

0.99** 
- 

Bacillariophyta 
Shan 

0.99*** 
- 

Si 

0.99** 

Chlorophyta - - - 

Cyanophyta 
Mg 

0.99** 
Mg 

0.99** 
- 

Shannon 
Bacil 

0.95** 

Na 

0.99** 
- 

Organic pollution (Sap) - 
Alk 

0.99** 

Cond 

0.99*** 

 

 

The most dependent factors have been revealed with Pearson coefficients calculated 

for major variables of each studied lake. Therefore, in Lake Ripne algal biomass 

positively correlated with mean cell size (0.67***), and Shannon index with species 

richness (0.42***). Negative correlation was found between abundance and Shannon 

index, as well as between Index saprobity (0.52***) and species richness (0.47***). 

Abundance and biomass are positively correlated in Lake Veisove (0.63***) and 

species richness with structural Shannon index (0.51***). In contrast, Shannon index 

and cell abundance have a negative correlation in Lake Garache (–0.41**), as well as 

saprobity index S and relative cell volume (-0.59***). Species richness and Shannon 

index were correlated positively (0.51***), and Shannon and mean cell volume (0.43*) 

also. In Lake Slipne we found positive correlation between abundance and biomass 

(0.72***), between Shannon index and biomass (0.45*), as well as species richness 

with abundance (0.44*), biomass (0.44*), Shannon index (0.59**), and negative with 

relative cell volume (–0.41*). Abundance and biomass was positively correlated 

(0.99**) in Lake Levadne, whereas relative cell volume had negative correlation with 

abundance (–0.96*) and biomass (–0.98*), but was positive with Shannon index 

(0.96*). Biomass volume correlated here negatively with Shannon index (–0.94*). Only 

two variables are significantly positively correlated in Lake Chervone: abundance and 
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biomass with 0.99**. Biomass of phytoplankton in the Lake positively correlated with 

relative cell volume (0.98*) and Shannon index (0.98*), which are also positively 

correlated (0.97*). 

We previously accessed that the lakes’ species lists overlapped and found that 

species in the lakes’ communities  formed two different cores but showed similarity in 

diversity (Klimiuk et al., 2014). Fig. 2 shows the most representative for flora in core 1 

is Lake Veysove, and in core 2 – Chervone lake. In this case, we chose these two lakes 

to reveal the most important environmental variables for its communities.  

 

 

Figure 2. Dendrite of similarity of studied lakes’ communities. Bold line – most similar, 1 – 

core of deepest northern lakes, 2 – core of shallow southern lakes. 

 

 

We calculated species-environment relationships for each of the studied lakes with 

the CANOCO program on the basis of data from Tables 1 and 2, but here we presented 

only two representative lakes’ calculation. A CCA plot for Lake Veysove shows (Fig. 

3a) that the parameters of the lake could clearly not be distinguished into groups. 

However, there are grouping in (1) iron, manganese, carbonates, and alkalinity, and (2) 

sodium, hardness, and strontium. Only one species of Dunaliella salina can be 

identified as definitely responsive to the chemical composition of water. Stimulates of 

Dunaliella development are parameters of group (1) and chlorides that are not included 

in this analysis, but have a high concentration in a time when the cell number of 

Dunaliella cells was highest. This corresponds to the ecology of this species.  

A CCA of Lake Chervone (Fig. 3b) revealed that the lake parameters can be divided 

into four groups: (1) HCO3 and alkalinity, (2) pH, (3) boron and silica and (4) all other 

parameters including conductivity and salinity. We can distinguish two species of 

Adlafia minuscula and Chaetoceros muelleri (upper circle), which showed sensitivity to 

high salinity and alkalinity, preferring these conditions, and at the same time are 

biosensors of low pH water. The second group (the lower circle) can serve as indicators 

of increased silica content in conditions of low carbonate concentrations and of a pH 

close to neutral. These are species of diatoms Cyclotella stelligera and Navicula 

gregaria. Other species are grouped near the center of the plot and are indifferent. 

We try to reveal the most important relationships between parameters of these most 

representative lakes with the help of Statistica 7.1 program. Figure 4a show that in 

Lake Veysove abundance and biomass increased synchronously only in low species 

rich communities. The number of species increases with decreases of cell abundance 

and with almost the same phytoplankton biomass. It is evident (Fig. 4b) that in Lake 

Veysove two types of communities developed – one with small cells but high values 

of biomass and abundance and the second with larger cells, but lower values of 

abundance and biomass. Figure 5a shows that organic loading influences the 
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formation of two different types of communities in Lake Veysove – one with small 

cells in waters rich in organic matter and the second with larger cells in the waters 

weakly saturated organic matter. 

 

 

Figure 3. Canonical Correspondence Analysis (CCA) plots of species-environmental 

relationships calculated for Lake Veysove (a), core of deepest northern lakes, and Chervone 

lake (b), core of shallow southern lakes 

 

 

 

 

Figure 4. Plots of relationships calculated between quantitative variables and species richness 

(a) and relative cell volume (b) for Lake Veysove 

 

 

With the increase in conductivity and pH the number of species decreases in the 

community of Lake Veysove (Fig. 5a). The pH plays an important regulatory role here: 

when the water conductivity decreased, but increased pH as well as in the waters where 

pH and conductivity increased were formed two different communities. Organic 

pollution closely related to water conductivity also impacted cell abundance (Fig. 5b) 

and formed three types of communities; one in the waters of low salinity and low-

enriched organic matter, the second in high water conductivity and low-enriched 

organic, and the most representative third – in the waters with increased conductivity 

and saturated organic matter. 

 

a b 

a b 



Barinova et al.: Ecology of phytoplankton  

- 461 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 13(2): 449-464. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: 10.15666/aeer/1302_449464 

 2015, ALÖKI Kft., Budapest, Hungary 

 

Figure 5. Plots of relationships calculated between water conductivity and pH (a) and cell 

abundance, index Saprobity S and water conductivity (b) for Lake Veysove  

 

 

The same calculation for the group of southern shallow lakes shows (Fig. 6a) that 

species richness is not affected by quantitative biological. Biomass increases with 

increases in abundance, but the number of species varies within a small range. It is 

evident (Fig. 6b) that in this group of lakes there are two types of communities 

regarding average cells’ size: the first is a community with small cells, but reaches high 

values of abundance and biomass; the second is large-celled with sufficiently low 

biomass. 

 

 

Figure 6. Plots of relationships calculated between quantitative variables and species richness 

(a) and relative cell volume (b) for southern shallow lakes  

 

 

With the increasing of conductivity and pH decreases the number of species in 

communities of southern lakes (Fig. 7a), and at a level of conductivity of about 11 mSm 

cm-1 and a pH of about 7.8 community changes to another type under further increase 

in pH and conductivity. The lowest number of species was in communities with high 

conductivity and pH.  

a b 

a b 
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Low species-rich communities developed in southern lakes in waters with low 

saturation of organic matter and moderate conductivity (Fig. 7b). However, the number 

of species increases with increasing conductivity and organic load. 

 

 

Figure 7. Plots of relationships calculated between water conductivity and pH (a) and species 

richness, index Saprobity S, and water conductivity (b) for southern shallow lakes  

Discussion 

Phytoplankton of studied lakes was rich, with 238 species and infraspecific taxa. As 

we calculated previously, community similarity helped us to divide the studied lakes 

into two different groups – northern deep lakes and southern shallow lakes (Klymiuk et 

al., 2014). In this case, we compared the lakes’ communities in each group and tried to 

reveal the major regulating factors for phytoplankton with the help of statistical 

approaches.  

As can be seen in Table 1, water chemistry variables in the lakes fluctuated from 

fresh and low-acidic to saline and alkaline. Organic pollution via index saprobity S 

(Table 3) can be classified as low-to-middle, Class of water quality II-III across all lakes 

excluding excessive data of lakes Veysove (2.74) and Slipne (2.86), which are Class IV 

(Barinova et al., 2006). Species richness were higher in the northern group of lakes than 

in the shallow southern lakes concerning diatoms. Greens and cyanophytes were species 

rich in Lake Slipne. The structural Shannon index fluctuated in all lake communities, 

but in the shallow lakes’ group it was lower. Relative cell volume was fluctuated also, 

but the most fluctuations were found in the lakes Ripne and Slipne from the northern 

lakes’ group. In this case we can see that communities response to the variables is 

dependent to impact complexity in each lake.  

The results of Pearson coefficients calculation show that most dependent variables in 

the studied lakes were phytoplankton species richness, abundance and biomass that 

correlated positively. In turn, the factors that adversely affected the algal community was 

organic pollution. Relative cell volume was negatively correlated with abundance and 

Shannon index values, which reflected dependence of structural complexity with algal 

productivity. High algal productivity in the studied lakes was provoke of small-celled 

species growth and therefore increased the entropy of the lakes’ ecosystem (Good, 1953). 

Multivariate regression analysis (Tables 4-8) showed that factors negatively 

influencing cell abundance of phytoplankton in the lakes of the northern group are 

conductivity and alkalinity; mean cell volume was impacted by organic pollution and 

a b 
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sodium content. Carbonate concentration negatively influenced green algae species 

richness, and organic pollution was lower where iron concentration was high. It is 

remarkable that strontium was correlated with organic pollution in the northern group 

of lakes. 

In the southern group of lakes negative factors influencing biological variables were 

concentrations of manganese, potassium, boron, silica, and diluted organic matter 

(indicated by saprobity index S), while positive factors were calcium and sulphides, 

which have never been high in this group of lakes. 

These results prove that chemical variables play a major role in community 

productivity and species content in shallow lakes, whereas deep lake communities were 

influenced by salinity, alkalinity, carbonates, and organic pollution. 

With the help of the CANOCO program, we found only one abundant species-

indicator, Dunaliella salina,  which was positively correlated with salinity in Lake 

Veysove, which is the center of the floristic core of the northern group of lakes (Fig. 3a). 

A CCA of Lake Chervone (Fig. 3b) revealed four groups of parameters for which Adlafia 

minuscula and Chaetoceros muelleri are bioindicators of high salinity and alkalinity, and 

are biosensors for acidic water. In the same community, Cyclotella stelligera and 

Navicula gregaria were assessed as indicators of silica and biosensors for carbonates.  

The most important relationships calculated between parameters of these 

representative lakes showed that in the northern group of lakes abundance and biomass 

increased synchronously in opposition to species richness (Fig. 4a,b). Organic loads 

played an important role in two types of community formation: one small-celled in 

waters rich in organic matter and the second with larger cells in waters weakly saturated 

in organic matters. Water conductivity and pH, closely related to organic pollution, can 

be assessed as regulators of species richness as well as species content in this group of 

lakes (Fig. 5a,b). In contrast, biological variables of the southern shallow lakes were not 

dependent with species content but formed same types of large-celled and small-celled 

communities (Fig. 6a,b). Here also species richness and species content in communities  

are regulated by water conductivity and pH (Fig. 7a,b), where low species-rich 

communities were found in moderate conductivity waters with low-organic loads, and 

species rich communities developed with increasing conductivity and organic loads. 

Our results confirm conclusions drawn from the bio-indication analysis of the studied 

lake communities that species richness are impacted by salinity (Klymiuk et al., 2014) 

like in other lakes found in arid environments (Barinova et al., 2009, 2010, 2011) in 

which water salinity played a historical role in the algal diversity forming process. But 

the current detailed analysis shows also that the organic load is also an important 

regulating factor. We also found two different types of communities developed in the 

studied lakes that were revealed only with the help of statistical methods.  

Conclusion 

Phytoplankton of the studied lakes, assessed with the help of different statistic 

approaches, can be divided into two gropus – (1) northern deep lakes with high salinity 

and organic load influence and (2) southern shallow group with mineral ions and 

organic load influence. Abundance and biomass fluctuated synchronously in the studied 

lakes and correlated with species richness in the deep lakes group but not in shallow 

lakes. We found two types of communities – low species-rich communities in moderate 

conductivity waters and low-organic loads, and species rich communities developed 
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with increasing conductivity and organic loads. Therefore, water conductivity and pH 

were closely related with organic polution and can be assessed as regulators of species 

richness, biomass, and abundance of phytoplankton in the studied lakes.  
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