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ABSTRACT 

 
The research on the Kolsay mountain lakes was carried out in August 2015. Phytoplankton was represented by 28 

species. The richness of algal communities increased with a decrease in altitude of the lake. Nutrients were one of the main 
factors influencing the diversity, quantitative indicators and size structure of phytoplankton of the Kolsay lakes. The nitric 
nitrogen as well as manganese and silicon played the main role with the exhaustion of phosphorus. The average algal cell 
mass is decreased in the gradient of saprobic index values. The cell average mass was also influenced by the ammonium 
and total toxic pollution, the latter reflected in the WESI index. The results of multifactorial analysis allowed us to assume 
that organic contamination enters Kolsay lakes together with a number of toxic elements, with chromium in particular, 
stimulating the growth of algal species abundance in general. The CCA analysis revealed groups of species that are sensitive 
to the content of silica (diatoms), salinity (mostly green algae), manganese, chromium, nitrite and nitrate nitrogen (most 
species). The WESI index showed a slight inhibition of phytoplankton in the three out of four Kolsay lakes despite low 
concentrations of heavy metals. Cadmium, copper and iron made the main contribution to the overall level of toxic 
pollution of studied lakes. 
Keywords: Mountain lakes, phytoplankton, structure, environmental factors, altitude. 
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INTRODUCTION 
 

High mountain lakes upper about two thousand meters in altitude are not only quite difficult 
accessible but also represent the interesting aquatic objects for study of climatic related factors influence on 
its ecosystem. Earlier we studied aquatic ecosystems in the Caucasus Mountain [1, 2], the Hindu Cush 
Mountains [3], the Pamir Mountains piedmont [4], and Israel [5, 6], and reveal that altitude-related factors are 
regulated biodiversity of algal communities [7].  

 
The Kolsay mountain lakes are situated in the Kungei Alatau, Southeastern Kazakhstan. They are 

located at the altitudes of 1829 to 3170 m above sea level in the protected area of the National Park that 
established in 2007. The lakes Lower, Middle and Upper Kolsay are in the spruce belt, flow through, canyon 
type, with a steep increase in the depth starting from the shore. Their area is 0.07–0.67 km

2
, with maximum 

depths of 25.0–54.0 m and water transparency of 8.0–9.0 m. The maximum water temperature is 10.1–13.7°C, 
and it increases in the direction from Upper to Lower Kolsay. The Sary-Bulak Lake is located in the alpine zone. 
It feeds from groundwater and precipitation. Its depth is 2.5 m, water transparency is to the bottom. The 
bottom of the lake is overgrown with filamentous charophyte algae. The water temperature in the Sary-Bulak 
Lake is slightly higher (12.7°C) than in lower situated lakes Upper and Middle Kolsay. The water in all the lakes 
is alkaline, with pH values ranging from 8.27 to 9.60.  

 
The lakes are remote from the agricultural and industrial areas. Anthropogenic impact on their 

ecosystems is associated with the recreational load and acclimatization activities. In 1965, the rainbow trout 
Oncorchynchus mykiss (Walbaum, 1792) was introduced to the lakes and it has successfully assimilated into 
the two lower lakes [8]. The Upper Kolsay and Sary-Bulak lakes are fishless. 

 
Due to the inaccessibility, the Kolsay Lakes are poorly explored. Fragmentary data is available only on 

zooplankton of the Lower and Middle Kolsay lakes [9, 10]. The information on the structure of phytoplankton 
of the Kolsay lakes and its relation to environmental factors is first introduced in the present paper.  

 
The aim of study was to determine major environmental factors that influenced phytoplankton 

structure in the high mountain protected lakes of the Kungei Alatau with different statistical methods. 
 

MATERIALS AND METHODS 

 
The studies of the Lower, Middle, and Upper Kolsay lakes and Sary-Bulak Lake (Fig. 1) were carried out 

in August 2015. The temperature, pH and electrical conductivity of the surface water layers were measured by 
means of HANNA HI 98129 devices in the field environment. Water transparency was measured by Secchi disk. 
On each lake, a sample of 1 liter of phytoplankton was taken. Each sample consisted of subprobe selected in 
three to five different parts of the lake. Subprobes were mixed, and then one integrated sample of required 
volume was selected. The water samples to determine the mineralization and chemical composition, the 
content of easily oxidized organic matter, nutrients and heavy metals were collected using the same principle. 

 

 
 

Figure 1: Site location and total view of the Kolsay lakes 
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The conventional methods of chemical analysis of water were used [11, 12]. All water samples were 
analyzed in three-four replications. Determination of heavy metals in water was performed by mass-
spectrographic method with inductively coupled plasma using the Agilent 7500A manufactured by the Agilent 
Technologies, USA (ST RK ISO 17294-2-2006).  

 
For the processing of phytoplankton samples, the settling method was used [13]. Species 

identification of planktonic algae was performed by using determinants [14-19]. The modern taxonomy of 
phytoplankton is given in accordance with algaebase.org. 

 
The Shannon-Weaver Index was calculated in the Premiere 5 program through the logarithm to the 

base 2 [20] according to the formula (1). Index values were calculated in two versions: by the total abundance 
(bit per individual), and by the total biomass (bit/mg).  
 

               (1) 

 
where H is the Shannon-Weaver index (bit per individual, or bit per mg), Pi – the share of the i

th
 

species in the abundance or in the biomass of community. 
 

The average mass of the algal cell (10
-6 

mg) was calculated as the ratio of the total biomass to the total 
number of phytoplankton cells. 

 
The statistical methods used were those recommended by Heywood [21] for the development of 

taxonomic studies, namely the CANOCO program [22] for redundancy analysis (RDA) and canonical 
correspondence analysis (CCA) [23, 24], for principal component analysis (PCA) and comparative floristic 
analysis the GRAPHS program [25]. Surface plots for biological and environmental variables relationship 
analysis were built in the Statistica 12.0 program.  

 
The impact of environmental variables to the phytoplankton photosynthesis was conducted through 

calculating the index of the aquatic ecosystem state WESI (Water Ecosystem State Index) as the quotient from 
dividing the classification rank of saprobity index S to the classification rank to the nitric nitrogen 
concentration [6, 26]. The WESI index ranges from 0 to 9. If it is less than one, then the ecosystem is exposed 
to the toxic effects; if equal to or greater than 1 – the self-purification is not suppressed.  

 
RESULTS 

 
The Kolsay lakes are ultrafresh (Table 1). Water is of the carbonate class of calcium group, the second 

type, very soft. Mineralization and hardness of water is decreased with altitude. Values of permanganate 
oxidation (BOD) marked a low concentration of easily oxidized organic substances in the water of the lakes. 
The amount of nitrite in water increased in the direction from upper to lower lake. Nitrates varied within a 
relatively small range. In the Sary-Bulak Lake, nitrates were not found. Ammonia was absent in the water of 
the Lower Kolsay, and in other lakes its concentration varied insignificantly. Phosphorus was not found in the 
water. The content of heavy metals in water, with the exception of copper, was at a very low level. The 
concentrations of lead, copper, zinc, nickel and chromium in water increased from the Upper to the Lower 
Kolsay. The content of heavy metals was higher in the most high-altitude lake Sary-Bulak. 

 
Table 1: Chemical and physical variables in the Kolsay lakes, August 2015 

 

Variable Unit 
Kolsay 

Sary-Bulak 
Upper 
Kolsay 

Middle 
Kolsay 

Lower 
Kolsay 

Altitude m above sea level (a.s.l.) 3170 2642 2242 1829 

TDS mg L
-1

 26.6 102.2 116.0 123.9 

Hardness mgEq. L
-1

 0.25 1.1 1.2 1.4 

Depth m 2.5 25.0 54.0 36.6 

Secchi m 2.5 9.0 9.0 9.0 

BOD mgО L
-1

 2.14 1.20 1.20 1.36 

NO2 mg L
-1

 0.011 0.02 0.03 0.028 

N-NO2 mg L
-1

 0.003 0.006 0.009 0.008 
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NO3 mg L
-1

 0.0 0.516 0.344 0.688 

N-NO3 mg L
-1

 0.0 0.117 0.078 0.155 

NH4 mg L
-1

 0.22 0.15 0.2 0.0 

N-NH4 mg L
-1

 0.171 0.117 0.156 0.0 

PO4 mg L
-1

 0.0 0.0 0.0 0.0 

Fe mg L
-1

 0.440 0.044 0.164 0.140 

Si mg L
-1

 1.0 4.4 6.3 4.2 

Mn mg L
-1

 0.010 0.008 0.008 0.0165 

Pb mg L
-1

 0.0005 0.0001 0.00009 0.00014 

Cu mg L
-1

 0.0055 0.0026 0.0031 0.0038 

Zn mg L
-1

 0.0016 0.0002 0.0010 0.0009 

Cd mg L
-1

 0.0004 0.0006 0.0004 0.00045 

Ni mg L
-1

 0.0027 0.0014 0.0017 0.0018 

Cr mg L
-1

 0.0005 0.00065 0.0007 0.0008 

 
Phytoplankton was represented by 28 species. The highest diversity (Table 2) and abundance of 

planktonic algae (Table 3) were recorded in the Lower Kolsay Lake. The blue-green algae are prevailed (90%) in 
abundance. Dominant complex included Planktolyngbya contorta, P. limnetica, Geitlerinema amphibium. In 
the Sary-Bulak Lake, the diversity and abundance of phytoplankton had been minimal compared with 
communities of other lakes. Green algae formed up to 85.5% of the total abundance, and diatoms up to 14.5%. 
The most numerous were green algae Lindavia comta, Closteriopsis longissima, Monoraphidium contortum, M. 
obtusum, charophytes Spirogyra sp. Phytoplankton was represented only by diatoms in the Middle Kolsay, In 
contrary, the Upper Kolsay community was dominated by diatoms numerically (69.7%), and green algae were 
running second (30.3%). In these two lakes, the largest contribution to the formation of phytoplankton 
abundance was made by Lindavia comta, Cyclotella meneghiniana, C. planctonica, and Sphaerocystis 
planctonica (in Upper Kolsay only). 

 
Table 2: Taxonomy of algal communities and species biomass (mg m

-3
) in the Kolsay lakes, August 2015 

 

Taxa Code Kolsay 
Sary-Bulak 

Upper 
Kolsay 

Middle 
Kolsay 

Lower 
Kolsay 

Cyanobacteria      

Geitlerinema amphibium (C.Agardh ex Gomont) Anagnostidis GeiAmp 0 0 0 7.7 

Planktolyngbya contorta (Lemmermann) Anagnostidis & 
Komárek 

PlaCon 0 0 0 1.5 

Planktolyngbya limnetica (Lemmermann) Komárková-
Legnerová & Cronberg 

PlaLim 0 0 0 1.7 

Bacillariophyta      

Achnanthidium minutissimum (Kützing) Czarnecki AchMin 0 0.7 1.4 2.1 

Cocconeis placentula Ehrenberg CocPla 0 16.7 16.7 0 

Cyclotella meneghiniana Kützing CycMen 0 139.8 90.0 79.8 

Cyclotella planctonica Brunnthaler CycPla 0 184.0 173.6 61.3 

Cymbella parva (W.Smith) Kirchner CymPar 0 0 0 4.3 

Diatoma vulgaris Bory DiaVul 0 0 3.3 0 

Encyonema minutum (Hilse) D.G.Mann EncMin 0 0 0  

Fragilaria acus (Kützing) Lange-Bertalot FraAcu 0 0 0 4.0 

Gomphonema longiceps Ehrenberg GomLon 0 13.4 0 0 

Gomphonema olivaceum (Hornemann) Brébisson GomOli 0 9.2 0 3.1 

Gomphonema truncatum Ehrenberg GomTru 0 0 6.5 0 

Lindavia comta (Kützing) Nakov, Gullory, Julius, Theriot & 
Alverson 

LinCom 14.4 84.8 155.1 0 

Navicula cincta (Ehrenberg) Ralfs NavCin 0 0 1.5 0 

Tetracyclus lacustris Ralfs TetLacu 0 13.5 0 0 

Planothidium lanceolatum (Brébisson ex Kützing) Lange-
Bertalot 

PlaLan 0 0 2.6 0 

Euglenophyta      

Trachelomonas hispida (Perty) F.Stein TraHis 0 0 0 16.7 

Trachelomonas intermedia P.A.Dangeard TraInt 0 0 0 35.0 

Chlorophyta      

Chlorolobion braunii (Nägeli) Komárek ChlBra 0 0 0 2.2 
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Closteriopsis longissima (Lemmermann) Lemmermann ChlLon 2.9 0 0 2.9 

Crucigenia quadrata Morren CruQua 0 1.2 0 0 

Monoraphidium contortum (Thuret) Komárková-Legnerová MonCon 0.7 0 0 0 

Monoraphidium griffithii (Berkeley) Komárková-Legnerová MonGri 0 0 0 0.7 

Monoraphidium obtusum (Korshikov) Komárková-Legnerová MonObt 2.0 0 0 0 

Sphaerocystis planctonica (Korshikov) Bourrelly SphPla 0 14.0 0 0 

Charophyta      

Spirogyra sp. Spirog 58.3 0 0 0 

 
Table 3: Biological variables in the Kolsay lakes, August 2015 

 

Variable 
Unit Kolsay Sary-

Bulak 
Upper Kolsay 

Middle  
Kolsay 

Lower  
Kolsay 

Abundance cells 10
6
 m

-3
 11.7 110.1 75.0 510.2 

Biovolume mg m
-3

 78.3 477.3 450.7 225.7 

Shannon (Abundance) bit 2.24 2.67 2.38 2.16 

Shannon (Biomass) bit 1.14 2.25 1.94 2.61 

Average cell mass mg 10
-6

 6.692 4.335 6.009 0.442 

Index Saprobity S - 0.76 0.99 1.12 1.51 

Index WESI - 0.50 1.00 0.67 0.50 

Species richness no. 6 10 8 15 

 
The phytoplankton biomass was highest in the Middle and Upper Kolsay lakes (Table 3). The diatoms 

were formed from 69.7 to 100.0% of the total cell numbers in the three lower lakes. The euglenoids were sub-
dominants in the Lower Kolsay Lake making up to 22.9% of the phytoplankton biomass. The Sary-Bulak Lake 
phytoplankton biomass was represented by green algae, which made the main contribution (81.6%), with 
diatoms (18.4%) as sub-dominants. The diatoms Cyclotella meneghiniana (20.0–35.4%) and C. planctonica 
(27.2–38.6 %) occupied the dominant position on biomass in the three lower lakes. The dominant complex in 
the Lower Kolsay was included Trachelomonas intermedia (15.5%). Lindavia comta played a significant role in 
the formation of phytoplankton biomass of the Middle, Upper Kolsay and Sary-Bulak lakes (18.4–34.4%). The 
charophyte algae Spirogyra sp. made the largest contribution (74.5%) to the formation of the Sary-Bulak Lake 
phytoplankton biomass. 

 
The average algal cell mass in phytoplankton of the lakes was fluctuated from 6.7 to 0.44 mg 10

-6
 

(Table 3). The most small-size composition was belonged to the community in the Lower Kolsay Lake where 
the blue-green algae were dominated. The values of Shannon-Weaver index reflected the low level of species 
diversity of phytoplankton in all the lakes. The level of organic pollution of the lakes according to the values of 
the saprobic index was grown with decrease in altitude. 

 

 

a b 

 
 

Figure 2: РСА plot (a), and dendrite of similarities in species composition (b) of phytoplankton in the Kolsay lakes, August 
2015 
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Principal component analysis (PCA) (Fig. 2a) and comparative floristic dendrite (Fig. 2b) showed that 
the phytoplankton communities in the Middle and Upper Kolsay were distinct from it’s in the Lower Kolsay and 
Sary-Bulak lakes (Fig. 2).  

 
Correlation analysis, multifactorial analysis and correlation plot were performed on the base of Tables 

1, 2, 3 and allowed us to identify the main factors that determine the differences in the phytoplankton 
structure of the Kolsay lakes. 

 
Pearson correlation coefficient (Table 4) show that species richness of phytoplankton was increased 

with growth of the interrelated parameters such as the maximum depth and water hardness, concentrations 
of chromium, nitrates and the level of organic pollution expressed in saprobic index S, and decreased under 
the influence of ammonia. The phytoplankton biomass decreased under the influence of BOD, copper and 
nickel. The abundance of planktonic algae was increased with growing concentrations of manganese, saprobic 
index S values, and decreased under the influence of ammonia. The growth of the communities abundance 
was accompanied by the averaged algal cell size reduction against the backdrop of increased levels of organic 
pollution. 

 
Table 4: Pearson correlation coefficient between biological and environmental variables of the Kolsay lakes ecosystem, 

August 2015 
 

Variables Pearson correlation coefficient 

Deep – Hardness 0.99*** 

Secchi – Hardness 0.96** 

Hardness – No of Species 0.84** 

Depth – No of Species 0.89** 

Cr – No of Species 0.94** 

Index Saprobity S – No of Species 0.96** 

N-NO3 – No of Species 0.96** 

N-NH4 – No of Species -0.94** 

BOD – Biovolume -0.89** 

Cu – Biovolume -0.96** 

Ni – Biovolume -0.90** 

N-NH4 – Abundance -0.99*** 

Mn – Abundance 0.92** 

Saprobity Index S – Abundance 0.93** 

N-NH4 – Average cell volume 0.98*** 

Saprobity Index S – Average cell volume -0.89** 

Where ** p<0.01, *** p<0.001 
 

Three-dimensional graphs show the changes of biological parameters in relation to environmental 
factors (Figs. 3, 4). The species richness and the Shannon-Weaver index were decreased with altitude, and 
increasing with the concentrations of total iron in the water as well as reduction of the amount of nitrates. The 
Shannon-Weaver index was decreased under the influence of nitrates and increasing of the total biomass of 
phytoplankton. Size reduction of cells in algal communities took place against the background of biomass 
reduction and in conditions of growing nitrate concentration in the water. The total abundance of 
phytoplankton was stimulated by nitrates and the salinity of lakes water. 
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Figure 3: Surface plots of environmental (Altitude, Temperature, Iron, Cadmium, Nitrates) and biological (No of Species, 
Index Shannon) variables in the Kolsay lakes, August 2015 

 

 
Figure 4: Surface plots of environmental (TDS, Chromium, Nitrates) and biological (Species richness, Abundance, 

Biovolume, Average cell mass) variables in the Kolsay lakes, August 2015 
 



  ISSN: 0975-8585 
 

July – August  2016  RJPBCS   7(4)  Page No. 1258 

The CCA plot (Fig. 5a) represents two groups of factors acting on the algal taxonomic divisions in the 
opposite directions. The first group of factors included cadmium, chromium, silica, manganese, nitrates and 
nitrites, together influenced the blue-green algae and euglenoids. The second group of factors was 
represented by copper, nickel, zinc, lead, iron, ammonia, salinity and dissolved organic matter, determined the 
total abundance of phytoplankton. 

 

 
 

Figure 5: CCA triplots of environmental variables and phytoplankton taxonomic Divisions (a) and species (b) 
relationships in the Kolsay lakes. Full names of species are presented in Table 2 

 

The CCA analysis at the level of species showed that diatoms Achnanthidium minutissimum, Cyclotella 
meneghiniana, Tetracyclus lacustris, Lindavia comta, Cocconeis placentula are sensitive to silica concentration 
(Fig. 5b). The main factor influencing the green algae Monoraphidium obtusum, Monoraphidium contortum, 
Closteriopsis longissima and charophyte Spirogyra sp. was the water salinity. The group of species 
(Sphaerocystis planctonica, Gomphonema truncatum, Navicula cincta, Crucigenia quadrata, Gomphonema  
longiceps) was marked as sensitive to cadmium. The abundance of the largest part of planktonic algae was 
dependent on the contents of manganese, chromium, nitrite and nitrate nitrogen. 

 
Multivariate regression analysis (Table 5) showed that the species richness in the community was 

stimulated by the organic pollution input, and the algal cell abundance was increased with the silica 
concentration. The average cell volume was influenced by ammonia and total toxic substances that reflected 
by the WESI index. Diatoms and green algal species richness was impacted by the lead and nitrites 
concentration, whereas euglenoids and cyanobacteria were stimulated by manganese. In is interesting that 
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organic pollution which is represented in the Index Saprobity S was positively correlated with chromium 
concentration, as well as total toxic substances as the WESI index value was positively correlated with 
concentration of cadmium. That led us to assume that organic pollution comes to the Kolsay lakes ecosystem 
together with some toxic instances and stimulates algal species richness as a whole, but heavy metal ions from 
the input influence the major diversity representors such as diatoms and greens.  

 
Table 5: Multivariate regression stepwise statistical analysis combined results of environmental (independent) and 

biological (dependent) variables in the Kolsay lakes, August 2015 

 

Depended variables Step 3 (last) Step 2 (second) Step 1 (first) 

No. of Species Sap 0.96** Sap, Cd 0.96** - 

Abundance Si  0.77** Si, Pb -0.92*** - 

Biovolume Cu -0.96*** Cu, Ni -0.99*** - 

Avg. cell volume N-NH4, WESI 0.99*** - - 

Bacillariophyta Pb  -0.99** Pb, N-NO3  -0.99** - 

Chlorophyta N-NO2 -0.72*** N-NO2, Mn  -0.99*** - 

Euglenophyta Mn  0.99*** - - 

Cyanobacteria Mn  0.99*** - - 

Saprobity Cr 0.96** Cr, Pb 0.99** - 

Index WESI Cd 0.91* Cd, BOD 0.82* - 

Where * p<0.05, ** p<0.01, *** p<0.001  
 

DISCUSSION 

 
Phytoplankton of the Kolsay lakes during the research period was characterized by low species 

richness, which was also noted for the algal communities of mountain lakes in other regions [27, 28]. As well as 
in Pakistan [3], the species richness in algal communities of the Kolsay lakes was increase with altitude. The 
same situation was revealed in Turkey [29], [30, 31], Georgia [1], and Israel [6] algal communities. The altitude 
are determines first and foremost the temperature conditions being one of the main factors influencing the 
formation of algal communities [3, 32]. The positive effect of temperature on phytoplankton is enhanced 
under conditions of high nutrient load [33 , 34, 35]. The combined effect of these factors leads to the growth 
of total biomass and mass development of blue-green algae, i.e. to acceleration of the eutrophication of water 
bodies [36]. Short-term changes in phytoplankton of the Piburger See were linked to the ratio of nitrogen and 
silica, while the interannual variability of composition was due to an increase in water temperature [37]. 

 
Similar results were obtained by our study of the Kolsay lakes. Nutrition elements were one of the 

main factors influencing the diversity, quantitative parameters and size structure of phytoplankton 
communities of the Kolsay lakes. With the exhaustion of the phosphorus in aquatic ecosystems, the main role 
was played by nitrogen, manganese and silica. The average mass of the algal cell was decreased with the Index 
saprobity values, which confirms once again the sensitivity of the size structure of communities [38] to 
intensification of the organic load and eutrophication of water bodies.  

 
The results of multifactorial analysis allowed us to assume that organic contamination enters the 

Kolsay lakes together with some toxic elements, such as chromium in particular, which was stimulating the 
growth of algae species richness in general. The CCA analysis revealed groups of species that are sensitive to 
the content of silica (diatoms Achnanthidium minutissimum, Cyclotella meneghiniana, Tetracyclus lacustris, 
Lindavia comta, Cocconeis placentula); of cadmium Sphaerocystis planctonica, Gomphonema truncatum, 
Navicula cincta, Crucigenia quadrata, Gomphonema longiceps); to salinity (green algae Monoraphidium 
obtusum, Monoraphidium contortum, Closteriopsis longissima and charophyte Spirogyra sp.); to the content of 
manganese, chromium, nitrite and nitrate nitrogen (most species). The link between diatoms and silica is 
conditioned by significant physiological role of the latter to the species shells grows in this division [39]. 

 
Heavy metals depending on the concentration and physical conditions can have an inhibitory or 

stimulatory effect on aquatic biota. The toxicity of heavy metals to algae decreases in the row 
Hg

2+
>Cu

2+
>Cd

2+
>Cr

2+
>Zn

2+
>Ni

2+
 [40]. The growth of green algae in artificial sea water was inhibited even in 

conditions of trace amounts of copper [41]. At the same time, the form of the metal is often more significant 
than the absolute concentration in the environment. The form of metal and the degree of toxicity to aquatic 
organisms is regulated to a large extent by the presence the organic or inorganic substances in environment 
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[42, 43], and the pH values of water; therefore the contamination of oligotrophic mountain lakes is extremely 
dangerous. 

 
At the very low concentrations of heavy metals, the WESI index evidenced a slight inhibition of 

phytoplankton in three out of four Kolsay lakes. Apparently, cadmium and copper primarily contributed to the 
overall level of toxic pollution of the studied lakes, being the most toxic elements for algae after mercury [40]. 
Lead exerted the negative influence on the diversity of diatoms. Unlike most of the analyzed components, 
Kolsay lakes were characterized by the high total content of iron. Its concentration in the three out of four 
lakes (Table 1) was at the level 1.4 – 4.4 times higher than the maximum permissible concentration [44] and 
caused a reduction in the diversity of planktonic algae. Iron is an essential element for the growth of 
phytoplankton [45], but in large quantities has a negative impact on the aquatic biota [46].  

 
Ecosystems of high mountain cold-water lakes were appeared sensitive to any external factors and 

are indicators not only of the global climate change but also of the air pollution. In the Central Asian region the 
eutrophication of mountain lakes remote from the economic activity can be stimulated by the phosphorus and 
nitrogen [47] coming from the atmospheric dust [48]. 

 
CONCLUSION 

 
Our studies of the high mountain lakes show that climate related factors such as temperature was 

regulated of species distribution in the lakes communities with altitude. Our analysis confirm the sensitivity of 
its ecosystem to the external factors such as climatic related and pollution, and the need to monitor of their 
ecological state. The statistical analysis was evidenced that the Kolsay lakes, most of all the lowest, are 
currently undergoing eutrophication. The symptoms of eutrophication are the dominance of the blue-green 
algae and small-size structure of phytoplankton, as well as the development of charophyte filamentous algae 
in the coastal zone of the Lower Kolsay. Toxic pollution of mountain lakes is especially dangerous under the 
conditions of low organic load. In the context of background concentrations of heavy metals, their impact on 
the phytoplankton communities may be linked to the oligotrophic status of the Kolsay lakes. The ongoing 
changes in the ecosystems of the studied lakes can be caused by the double-plus growth of the recreational 
load over the last decade, climate change and air pollution.  
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