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ABSTRACT 
 

Freshwater reservoirs, without the influence of human production, are one of the most 
environmentally valuable parts of our planet. Changes in freshwater ecosystems can be assessed by comparing 
the status of model reservoirs with anthropogenically disturbed ones. The aim of the work is to reveal the 
ecological state of Lake Shebety as a model reservoir for the mountain taiga zone of North Asia. For water 
mineralization, Lake Shebety refers to the class of ultra-fresh water bodies with a weakly alkaline reaction 
medium. The direct thermal stratification and homogeneity of macro- and microelements distribution in depth 
are noted. Due to the small catchment area (10.5 km2), significant part of biogenic elements are of autotrophic 
origin. COD corresponds to 18.8 mg/L, permanganate oxidability of organic matter (PO) – 2.6 mg/L. Gross 
primary production is the greatest in the surface horizon of the lake deep-water part (0.37 mgO2/L). The 
primary production of plankton for the year corresponds to 60.0 g/m3. As many oligotrophic reservoirs, it has a 
hydrocarbonate-calcium mineral composition of water. The obtained data are essential in monitoring studies 
of mountain of mountain freshwater reservoirs to assess the degree of changes occurring under the natural 
and anthropogenic factors. 
Keywords: mountainous territory, freshwater reservoirs, Lake Shebety, hydrochemistry, primary production, 
oxidizability, organic matter. 
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INTRODUCTION 
 

The assessment of the state and prediction of environmental changes is considered one of the most 
important tasks of environmental research [2, 4, 16, 34, 42]. 

 
There are fewer freshwater reservoirs that are subjected to anthropogenic impact. Economic activities 

covered not only the drainage basins, but also the lakes themselves (artificial change in the water level, 
discharge of various drains, recreation, fish farming etc.). We know that the anthropogenic impact, during the 
current global climate change, introduces significant changes in the state of hydrobionts’ habitat, determining 
the conditions for their life activity. Changes in ecosystem cause an increase in the rate of structural and 
functional rearrangements [3, 28, 32].  

 
The purpose of this work is to show the ecological state of Lake Shebety as a model reservoir for the 

mountain taiga zone of North Asia. The first studies of hydro-chemical and productional characteristics of Lake 
Shebety are shown in comparison with other ultra-fresh water reservoirs of the mountain territories (Lakes 
Baikal, Teletskoye, Bukukun) [38, 11, 12, 24, 27, 35]. The obtained data are necessary in monitoring studies of 
mountain reservoirs to assess the degree of their changes under the natural and anthropogenic factors 
pressure. 

 
MATERIALS AND METHODS 

 
The Shebety is a freshwater reservoir located in the territory of the “Chikoy” National Park. The 

national park is located in the buffer zone of the Baikal natural territory. The lake is located at an absolute 
altitude of 1567.4 m (Figure 1). The Chikokonsky Range, that surrounds the lake, has absolute altitudes from 
1653.5 m – in the north, up to 2252.8 m – in the south. The lake originated 18-20 thousand years ago in the 
maximum stage of the Sartan glaciation [13]. The lake is flowing, from the south-west the Porokhovoy stream 
flows, which discharge, at the time of the survey, was 1.3 m3/s. On the western shore, a stream, without a 
name, flows of the lake. The area of the lake is 0.87 km2, the maximum depth is 42.5 m, the average depth is 
18 m, and the catchment area is 10.5 km2. 

 
The material for the hydro chemical analysis was water samples from Lake Shebety, collected during 

the expeditionary research in July 2002 and 2016. Station 1 – is located at the northern sandy shore of the lake 
at the depth of 4.5 m. Station 2 is located in the deepwater part of the reservoir. Station 3 (depth 1.8 m) is 
near the stream mouth. The Porokhovoy characterizes the shallow ecotope with air-water plants. 
Transparency of water in our studies reached 5 m. 

 
Water samples were taken with Patalas bathometer. To determine the macro-component 

composition, water was studied with atomic absorption, photometric, gravimetric and titrimetric methods of 
analysis in accordance with certified methods in the accredited laboratory of the JSC “Laboratory Research 
Center for the Study of Mineral Raw Materials” (JSC LRCSMRM) (accreditation certificate No. RA.RU.510387, 
issued on May 27, 2015). 

 
To determine the content of biogenic elements, water samples were fixed and delivered to the 

Institute laboratory. The water analysis was done using a spectrophotometer SPEKOL-1300. The following 
methods were used: a method with the addition of Griss reagent for the determination of nitrites, a method of 
reduction to nitrites with a Griss reagent for determination of nitrates, a method with the addition of Nessler 
reagent for ammonium ions, a method with a mixed reagent for phosphates, a burning method with 
potassium per sulphate for total phosphorus.  
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Figure 1: Scheme of location of Lake Shebety (Zabaikalsky Krai): 1 - Lake Teletskoye; 2 - Lake Baikal; 3 - Lake 
Shebety; 4 - Lake Bukukun 

 
To determine the primary production and destruction of organic matter, the “bottles” method was 

used «in situ» in the oxygen modification, firstly it was proposed by G.G. Vinberg [39]. Despite the fact that the 
“bottle” method has a number of vulnerabilities, associated mainly with isolating organisms in a closed 
volume, it continues to be a common method in the production studies of phytoplankton [9, 22, 23, 25]. The 
results were obtained with a 24-hour bottles exposure in the water sampling horizons (surface – 0 m, 
translucence – 2.5 m, transparency – 5.0 m, double transparency – 10.0 m and bottom water layer). 

 
Statistical processing of data was carried out using Microsoft Word Excel software. 

 
RESULTS AND DISCUSSION 

 
Physico-chemical indicators of water. The physical processes, taking place in water bodies, influence 

the formation of the habitat of hydrobionts and their vital activity. At the end of July, a direct thermal 
stratification in Lake Shebety is established (Table 1). The thickness of the upper warmed-up horizon of water 
was 2.5 – 5.0 m. In shallow coastal zones of the lake, the temperature between the surface horizons and the 
bottom layers of water varies insignificantly (0.1 - 0.2 °C). In the central deep-water part of the lake, the 
difference between the temperature of the surface and bottom layers is 14 °C. Such direct thermal 
stratification is a characteristic of deep-water lakes such as Lake Baikal, the lakes of the Finnish lake Plateau, 
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and the lakes of Estonia [4, 35, 38]. Corresponding to the vertical distribution of the temperature gradient of 
lakes [6, 20] the water layer of Lake Shebety can be divided into epilimnion (up to 5 m), metalimnion (5-10 m), 
hypolimnion (from 10 m to the bottom). 

 
Table 1: Some physicochemical indicators of the water of the Shebety Lake 

 

Station  Water sampling 
horizons,  

m 

T, 
°C 

рН Oxygen,  
__mg/L__ 

% saturation 

Color 
change, 
grade 

Turbidity, mg/L 

Station 1 
0 18,1 7,09 

5,9 
60,7 

17 0,34 

4,5 18,0 8,00 
5,7 

58,5 
17 0,34 

Station 2 

0 18,0 7,22 
8,48 
87,1 

17 

0,46 

2,5 18,0 7,80 
8,48 
87,1 

17 

5 15,4 7,86 
8,48 
82,7 

17 

10 6,0 7,50 
7,63 
60,7 

17 

26 4,6 7,22 
6,95 
53,4 

17 

Station 3 
0 18,8 8,26 

8,27 
85,9 

19 0,55 

1,8 18,6 8,20 
8,48 
88,1 

18 0,42 

 
In the near-bottom horizons of the deep-water part of the lake, due to a decrease in water 

transparency, we observe oxygen-depletion by a factor of 1.2 in comparison with the surface, and oxygen 
saturation – by a factor of 1.6. The opposite situation is in Lake Baikal. The high oxygen content in the near-
bottom horizons of Lake Baikal is explained with the intrusion into the deep and near-bottom zones of water 
volumes from the upper layers of the lake with low (below 3.1-3.3 °C) temperature and elevated (more than 
10-10.5 mg / L) O2 concentration [33]. 

 
Transparency of water in Lake Shebety is 5.0 m. The reaction of the medium is from neutral to slightly 

alkaline (Table 1), which is related to the thermal stratification of the lake. 
 
The turbidity of water is the greatest in the shallow part of the lake (station 3) due to the impact of 

the river water flow, entering the lake. When influence is removed to the opposite shore of the lake, it 
decreases by a factor of 1.4.  

 
Macro- and microcomponent composition of water In the water of Lake Shebety, as in the compared 

lakes (Table 2), calcium is dominated in the cationic composition of water.  
 

Table 2: Hydro chemical characteristics of oligotrophic lakes (m ± SD, mg / L) 
 

 
Indicators 

MAC 

Lake 

Shebety Bukukun 
Baikal  

[12, 14, 17, 33, 
35, 38, 40, 41] 

Teletskoye  
[11, 24, 27, 31] 

 

Na 120,0 0,91±0,21 0,86 3,8 - 4,1 1,24 - 4,76 
K 50,0 0,48±0,04 0,28 2,0 - 2,1 
Fe 0,1 0,05±0,01 0,06 0,02 - 0,03 0,01 – 0,09 
Ca 180,0 4,25±1,50 2,0 15,2 - 15,7 12,9 - 14,4 
Mg 40,0 1,05±0,10 1,22 3,0 - 3,1 2,11 - 3,01 
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Cl- 300,0 0,97±0,00 0,68 0,6 - 0,7 1,02 - 1,70 
SO4

2- 100,0 2,10 - 5,10 <2,00 5,0 - 5,2 4,50 - 7,55 
HCO3

- - 19,06±1,53 15,25 66,5 - 68,3 53,8 - 59,5 
Si 10,0 1,19±0,06 1,00 1,6 - 5,5 2,39 - 2,88 

NO-3 40 0,25±0,034 0,78 0,3 - 0,5 0,14 - 0,34 
NO-2 0,08 0,01±0,00 0,014 0,040 <0,001 
NH4

+ 0,5 0,25±0,032 0,08 0,015 0,022-0,088 
PO4

3- 0,05  0,01±0,002 <0,01 0,02-0,06 ≤0,01 - 0,07 
Р total - 0,014±0,005 - - ≤0,01 - 0,05 

Cu 0,001 0,001 0,002 0,21±0,03 <0,1 - 8,0 

Zn 0,01 0,015 0,140 0,003 <0,004 
Pb 0,006 0,006 0,0008 <0,00002 <0,002 
Mn 0,01 0,018 0,011 0,001 - 0,002 <0,001- 0,009 
TDS - 31,2±0,030 21,2 96,4 - 98,3 78,9 - 88,2 

COD, mg О2/L - 18,84±3,11 - - 1,60 - 9,60 
PO, mg О2/L - 2,57±0,52 - 0,5 - 1,6 2,03 - 2,81 

Note. "-" – no data, PO – permanganate oxidability of organic matter, MAC - the maximum permissible 
concentration in fishery waters (FAF, 2010). 

 
Anionic composition of the waters of these lakes is identical with the predominance of bicarbonate 

ions. We noted the homogeneity of the ion distribution over depth in Lake Shebety: the surface layers of water 
do not differ from the bottom horizons. Such homogeneity in the ions distribution over depth, stability in 
space and time is also the characteristic of Lake Baikal [14].  In the macro-component water composition of 
Lake Shebety, alkaline earth metals predominate over alkaline metals. The concentration of dissolved silicon 
averages 1.19 mg / L. Thus, for the water mineralization, Lake Shebety refers to the class of ultra-fresh water 
reservoirs with a neutral-slightly alkaline reaction medium, characteristic for mountain lakes, such as Lake 
Baikal (Russia, UNESCO World Heritage Site), Lake Teletskoye (Altai, Russia) and others.  

 
Nitrogen and phosphorus in water Biogenic elements – nitrogen and phosphorus compounds 

determine the productivity of water bodies. The content of nitrates, nitrites, ammonium and phosphates of 
Lake Shebety is presented in Table 2. The content of ammonium ions of Lake Shebety exceeds the indications 
on the Baikal and the Teletskoye. Consequently, in the shallower Lake Shebety, in comparison with the above 
reservoirs, the processes of biochemical decomposition of complex organic nitrogen-containing compounds 
are more active. 

 
The content of phosphorus in Lake Shebety is lower than in the Baikal and the Teletskoye lakes. Due 

to the small catchment area (10.5 km2), a significant portion of phosphorus, existed in water, is of organic 
origin. It is established that phosphorus in freshwater hydrobionts is 0.2 - 2% per dry substance. The 
concentration function of living organisms leads to a decrease in phosphorus, even with relatively small 
changes in the biomass of hydrobionts [5, 29, 40, 41]. Phosphates are actively consumed by phytoplankton, 
phytobenthos and higher aquatic plants, and the mineral compounds of nitrogen are mainly by phytoplankton 
and bacteria. In addition to the connections with organic substances, their deposition in the form of insoluble 
compounds of calcium, iron and aluminum phosphates can decrease the phosphorus content [10, 15, 17, 26, 
30]. In Lake Shebety iron content is low, which is typical for the territory under consideration, much lower than 
in Lakes Baikal and Teletskoye (Table 2). At high pH values, phosphorus can be co-precipitated as calcium 
carbonate. Since Lake Shebety pH has a slightly alkaline character, the phosphorus content during the studies 
is not related to the processes of precipitation and dissolution of iron hydroxide and calcium carbonate, but is 
connected with in-water processes of its transformation. The regeneration of phosphorus by zooplankton can 
be considered one of the sources of phosphates. It is found that zooplankton can synthesize from 10 to 20 % of 
the total phosphorus production in the reservoir [19, 36]. 

 
By quality, Lake Shebety water is quite clean, on the content of nitrites (0.01 mg / L) and ammonium 

ions (0.30 mg/L) belongs to 3a class. According to the content of nitrates (0.25 mg/L), the water of Lake 
Shebety refers to 2b class (quite clean). By the number of phosphates and total phosphorus – to 2a class (very 
clean)  
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Water oxidizability (WO). According to the oxidizability indices, waters of Lake Shebety correspond to 
the physiographic zonality of natural waters and correspond to the characteristics of mountainous areas with 
low oxidation (2-5 mg/L). Permangan oxidation of WO in Lake Shebety is small and comparable to the 
Teletskoye Lake, but higher than the values given for Lake Baikal. Hardly oxidized WO in Lake Shebety is ten 
times higher than in Lake Teletskoye. The ratio of COD and PO indicates the autochthonous origin of the 
organic matter (Table 2). 

 
Primary production and destruction of organic matter in Lake Shebety The dominant complex of 

phytoplankton species in Lake Shebety was mainly represented by diatoms and green algae. The quantitative 
development of phytoplankton was low. The phytoplankton in the lake area was unevenly distributed. The 
average phytoplankton abundance in the lake was 54.1 ± 9.7 thousand cells/liter with average biomass of 
139.3 ± 72.7 g/m3 

 
The vertical course of photosynthesis is controlled by the transparency of water and temperature [6, 

23]. At the deep-water station of Lake Shebety gross primary production in the surface horizon reached 0.37 
mgO2/L. Starting from a depth of 5 m, it decreased by 5.2 and 9.2 times in comparison with the surface horizon 
(Table 3, Figure 2). It was noted that the average daily amount of destruction exceeded the gross output in the 
0-2.5 m layer by 2-5 times. 
 

Table 3: Production of plankton in the Lake Shebety (July, 2016) 
 

Station  Water sampling 
horizons,  

m 

T 
oC 

О2 
mg/L 

А 
mg О2/L 

R 
mg О2/L 

Station 2 

0 18,0 8,48 0,37 0,74 

2,5 18,0 8,48 0,10 0,47 

5,0  15,4 8,48 0,07 0,08 

10,0 6,0 7,63 0,06 0,10 

26,0  4,6 6,95 0,04 0,10 

Station 3 
0 18,8 8,27  0,05 0,42 

1,8 18,6 8,48 0,21 0,42 

Note. Т – temperature, О2 – dissolved oxygen in the water, А – gross primary production; R – destruction of 
organic matter. 

 

 
 

Figure 2: Production of plankton and destruction of organic matter in the deep-water zone of Lake Shebety 
(July, 2016) 
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High intensity of destructive processes in the water column, often exceeding the phytoplankton 
production, can be a source of continuous replenishment of reserves of phosphorus mineral compounds, 
reintroducing it into the circulation of substances. At the same time, the predominance of the process of 
destruction over photosynthesis indicates a high ability of the lake to biological self-purification. On the other 
hand, a constant excess of oxygen consumption can create conditions for oxygen deficiency, as a result of 
which the ecosystem can be vulnerable to additional anthropogenic loads. 

 
Our investigations were preceded by rainfall, it increased the flow of allochthonous organic matter 

into the reservoir. In this regard, the destruction exceeds the production in the southwest coast of the lake. 
This is also indicated by the uniformity of destructive processes in the whole column of water. The water flow 
from the river Porokhovaya has an impact on gross production. Due to the impact of warm river water, gross 
production in the surface horizon is four times less than in the bottom (Table 3). A number of authors noted 
the suppression of photosynthesis in the surface water layer under conditions of shallow depth and increased 
insolation in the reservoirs of Transbaikal region [22, 25]. 

 
The estimated daily production of plankton showed 1.59 mgO2/m2, which corresponds to the annual 

primary production of plankton of 60.0g/m3. Based on these data, the acceptable fishing catch in the reservoir 
is 7.33 kg/he. There is only one species of ichthyofauna – an isolated population of Baikal grayling in the lake 
[37]. 

 
Considering that we determined the primary production in the most productive period of the 

ecosystem, we can state that Lake Shebety corresponds to the parameters of oligotrophic reservoirs [1, 8, 18, 
21, 39].  

 
CONCLUSION  

 
Thus, for the first time obtained data on the high-mountain Lake Shebety showed that the reservoir is 

oligotrophic with signs of mesotrophy. As many reservoirs of oligotrophic nature it has a hydro carbonate-
calcium mineral water composition. Specificity of physical and geographical conditions, which determines the 
ecosystem of reservoir with a low species diversity, determines the productivity of the lake. Organic matter are 
of autochthonous origin due to the small catchment area (10.5 km2). 

 
Comparative characteristics of hydro chemical state of Lake Shebety with other oligotrophic reservoirs 

of the mountain territories [11, 12, 24, 27, 35, 38] show that this reservoir can be considered as a model object 
in monitoring studies of mountain freshwater ecosystems. 
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