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On February 12-14, 2024, the Russian scien-

-

-

discussed.
-

-
-

-

-
-

ter ecosystems were presented. Contemporary climate 
-

present. Many presentations were devoted to the lake’s 

-

-
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reservoirs.

heard (91 oral presentations, 9 online presentations and 
-

-
-

-

-

The article by A.A. Tkach is devoted to paleolim-

in the studied lakes was repeatedly discussed. These data 
-

-

past.

-

Yasinsky et al. The article was prepared by researches 

estimate the total nutrient load on the Cheboksary reser-

-

-

-
-

and Svyatoye Dedovskoye were obtained.

are represented in this special issue. The article by 

rivers are discusses. In the article by I.I. Marinaite et al. 

distribution (PM10
-

Acknowledgments
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ABSTRACT.

iron-humus-silicon, iron-silicon-humus, or humus-iron-silicon. There are small lakes where the bottom 

Keywords:

1. Introduction

-

Filimonova and Lavrova, 2017; Filimonova, 2014; 
Subetto et al., 2017; 2020; Lavrova and Filimonova, 

al., 2019; Strakhovenko et al., 2020a;b; 2022) and lim-

-

-

modern lake sedimentation.

-

2. 

-

lake`s sedimentation.

2. Materials and methods of the research

-
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-
-

ha, C ), mineral phosphorus (Pmin), ammo-
NH4+, N -

nese, and ash content (Ash). In the bottom sediments 

), porosity (por), 
s

a,b,c, total phosphorus content (Ptot), 
1

al., 2023).

3. Results and discussion

climate (marine-continental transition) with relatively 

-

a modern lake. (1) Relatively low temperatures and a 

-

-

-

-

-
-

-

-

-

sediments.

-

and sediment transport to the lakes. Tectonic struc-

-
-

silicon in the bottom sediments. The relatively low 
phosphorus content in rocks determines the limitations 

-

-
ural waters and accumulation in the bottom sediments 

-
-

-

-
-

tion prevails over evaporation, determines the presence 

-

involved in the deposition process in lakes are trans-

less than 1 km2.

-

and carbonates, but they are already saturated with 
respect not only to kaolinite, but also to other second-
ary aluminosilicates (montmorillonite, illite, pyrophyl-
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-

2+ 
2+ + is even 

rarer. Alkaline earth metals prevail over alkaline ones. 
- 

4
2-

waters, where their concentrations are lower than in 

3-

2 

-

3
-, CO2

-

-

-
-

-

(Lakes..., 2013).

-
-

-

-
-

-

are water temperature, its salt composition, and the 

-

plankton develops in the summer. Phytoplankton bio-

2

2 -

2

2011).

-

a dominant position in the community. As the water 

-
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3

3 (Lakes..., 
2013).

-

2, the Vodla River basin 
2

2 (Lakes..., 2013).

-
ments only in small, shallow eutrophic reservoirs with 

-

stony-boulder, rocky, stony-sandy, or sandy bottom, 

-
2 1) and usually 

2 1) (Lakes..., 2013). The 

-

-

polyhumous reservoirs, the photic layer narrows due to 

active radiation into the water column, which reduces 
-

-

which is also a deterrent to production processes. The 

-
inated areas (Gashkina et al., 2012). The amount and 

reservoirs, there are two peaks in the seasonal devel-

-

-

-

-

Thus, temperature, salt composition, humus 
-
-

the Fennoscandian Shield. Phytoplankton is the main 

-

-

-

-

shores.

-
icon, humic substances, and chemical elements into 

-
pounds and colloidal systems with silicon and humic 

It should also be noted that since 1989 in Russia there 

and an increase in precipitation inevitably lead to an 

sediments.
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-

-
-

-
-

-

-

-
mirror > 10 km2), 

the mineral type prevails, and in small lakes (Smirror < 1 
km2

Smirror
2

bottom sediments increases in proportion to the tro-
-

-

catchment is 0.329 km2, Smirror is 
2

 
1 2 a,b,c is 

NNH4+ tot min
-

elements (N , NNH4+ tot min
-

Lake corresponds to the mesohumic medium-alkaline 

3
-

2013).

-

catchment is 0.1 km2, 
Smirror is 0.003 km2, LI
mesotrophic lake Polevskoye (Scatchment is 31.8 km2, 
Smirror

2, LI

Lamba (Scatchment is 0.21 km2, Smirror is 0.04 km2, LI  

Fig.1. -

lake mirror area, km2)

Fig.2.

1  
2 3  
4 5 6 7 3; 8  
9 10 1 2 11 NH4+ 12
13 14 15 16 min 17 tot.
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-
ion

ion 

ion
Lamba) (Lakes..., 2013).

-

catchment is 79.8 km2, Smirror is 
10.1 km2

-

(LI

-

-
Fig.3.

-
1 2  

3 4
5 6 7 3; 8 9  
10 1 2 11 NH4+ 12 13
14 15 16 min 17 tot.

reaches the bottom. OD1 2
-
-

catchment is 17.4 km2, 
Smirror

2 -

Table 1.

Sediment type* Number
of samples

Value Organic matter The mineral matter

Corg Cha Cfa Ptot NNH4+ Norg Ash Fe Mn

Sand 147 minimum 0.03 0.01 0.03 0.01 0.001 0.00 0.00

2.40 0.04 0.004 0.77 99.80 0.08

0.98 0.29 0.03 0.002 0.22 0.02

Silt minimum 1.30 0.04 0.00 0.03 0.003 0.01 9.02 0.17 0.00

9.10 0.170 3.99 94.32 42.20 1.02

1.79 0.17 0.027 1.17 4.18 0.23

Clay minimum 0.71 0.14 0.07 0.000 0.08 0.03 0.04

0.79 0.12 0.030 0.97 97.74

0.44 0.09 0.009 0.34 92.34 0.17
Note:
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tot

-

is monotonous.
Humus-iron-silicon bottom sediments, as a rule, 

-

Scatchment is 120 km2, Smirror is 24 km2, H
-

catchment 
2, Smirror is 74 km2, H

-

-
ture (Strakhovenko et al., 2020a; Ovdina et al., 2018; 

-

-

Current carbonate bottom sediments are rare in 

(Smirror is 10 km2, Scatchment is 78 m2, H -

low (LI 1 2
day), Ntot tot

-

2

3
-

ion

-
ervoir. Carbonate sediments can be deposited in the 

It is important to note that the chemical com-

-

-

-

-

-

4. Conclusion

-
-

Fennoscandian Crystal Shield, the bottom sediments 
-

mus-silicon, iron-silicon-humus, or humus-iron-silicon. 
There are small lakes where the bottom sediments 
mainly accumulate either silicon (diatomites), iron 

-

-

Acknowledgements

-
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-
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-1 -1

-
-

-
-

-
-

-

-

-

-

-
-
-

-
-

-
-

-

-
-

-

-

-

-

-

-
-
-

-

-

-

Corg Cha Cfa Ptot NNH4+ Norg Ash Fe Mn

147 0,03 0,01 0,03 0,01 0,001 0,00 0,00

2,40 0,04 0,004 0,77 99,80 0,08

0,98 0,29 0,03 0,002 0,22 0,02

1,30 0,04 0,00 0,03 0,003 0,01 9,02 0,17 0,00

9,10 0,170 3,99 94,32 42,20 1,02

1,79 0,17 0,027 1,17 4,18 0,23

0,71 0,14 0,07 0,000 0,08 0,03 0,04

0,79 0,12 0,030 0,97 97,74

0,44 0,09 0,009 0,34 92,34 0,17
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ABSTRACT.

-

-
-

Keywords:

1. Introductioon

-

and hypereutrophic water bodies, a disbalance may 
-

-
-

-
cation..., 1982). At the same time, the current monitor-

-

characteristics.

-
total) 

and total phosphorus (Ptotal) on the Cheboksary reser-
-

catchment basins.

River by the Cheboksary hydroelectric plant, located in 
-

voir is 341 km, the area is 2190 km2, the total volume 
3

-
sand km2

2) and 

144 km, its catchment area is 3248 km2) catchments in 

-
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the Cheboksary reservoir. Moreover, karstic phenom-

-

2. Research methods

-

catchment area is mainly determined by the structure 

-

-
-

-

pilot catchments was based on the Copernicus Global 

-

-
-

-

-
-

Fig.1. -

-

-
-

2020).

water levels in the waterbody. The model has a concep-
-

lation and snowmelt, evaporation and soil moisture in 
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-

and Shmakova, 2019).

-

-

-
cultural activities in the catchment areas. The model 

nutrient load and its components on the received water 

-

include the ILLM model.

-

-

activity.

Table 1.
reservoir basin

Land cover classes Kudma River 
catchment, %

Right Bank, % Linda River 
catchment, %

Left Bank, %

Shrubs 0.00 0.00 0.00 0.00

10.49 3.18 2.94

37.00

3.73 1.73

0.00 0.00 0.00 0.00

Permanent water bodies 0.24 0.72 0.07 1.19

Herbaceous wetland 0.01 0.07 0.01

1.88 4.03 10.49 12.23

23.00 23.28 33.07 37.78

10.04

1.71

0.00 0.02 0.01 0.04

0.20 0.44

0.30

9.22 10.33

Total catchment area, km2 3248
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3. Results and Discussion

-

-

-

-

the present were used.
-
-

-

• 

the soil;
• -

• -

• 

• 
• soil type by mechanical composition;
• 

deposits).

-

catchment, the load values were recalculated in propor-
tion to the area ratio.

-

-

in the catchment area.

-

Fig.2.
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-

Cheboksary reservoir catchment, a model calibrated on 

-

load was set based on the assumption that the load is 

catchments are presented in Table 3.

2 2 year; 
2

2 -

4. Conclusion

• -
-

• 

-

in the calculations can be compensated by data on the 
-

At the same time, it should be remembered that 
-

-

Acknowledgements
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Table 3.

Calculation results Ntotal Ptotal

2287 80.8
2 year) 222

300

4111 118
2 year)

Table 2.
-

Source of information Kudma – gauge 
Kstovo 

Linda – gauge 
Vasilkovo 

Ntot, t/
year

Ptot, t/
year

Ntot, t/
year

Ptot, t/
year

data)

18.00 443.73

Calibration results 717 18.00 442 9.11
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-
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-

-

-
-

2020).

-

-

-
-

-

-

-

-
-
-

-

-

-

0.00 0.00 0.00 0.00

10.49 3.18 2.94

- 37.00

3.73 1.73

0.00 0.00 0.00 0.00

0.24 0.72 0.07 1.19

0.01 0.07 0.01

- 1.88 4.03 10.49 12.23

23.00 23.28 33.07 37.78

10.04

1.71

- 0.00 0.02 0.01 0.04

0.20 0.44

0.30

9.22 10.33

2 3248
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2 2

2 2

-
-

2020).

4. 

-
-
-

-
-
-

N P

 
2

2287 80,8

2 222

 
2

300

4111 118

2

-

Ntot Ptot Ntot Ptot

18,00 443,73

717 18,00 442 9,11
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ABSTRACT.

-

Cyprideis torosa

Tyrrhenocythere amnicola donetz
iensis

-

Keywords: Ostracoda, Holocene, brackish-water environment, Ponto-Caspian, Caspian Sea

1. Introduction

body in the world. As a Paratethyan remnant it is 

C. torosa -
-

-

the opinion that only coastal shallow-water popula-

-

occurred alive in the river deltas, bays and estuaries 
(Schornikov, 2011a). The same work notes that three 
Caspian species invaded in the Aral Sea. They inhabited 

For citation:

 (A.A. Tkach)
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Available online: June 19, 2024



143

Tkach A.A. / Limnology and Freshwater Biology 2024 (3): 142-156 SI: «Limnology in Russia»

C. torosa remains in the Aral Sea.
-

-

meant under a certain name (Schornikov, 2011b). The 

-

-

-
-

tions have been lost or appeared inaccessible. New sam-

-

-

-

completed; some samples needed additional elabora-

parts were described (Schornikov, 2011b). Saidova 

detail. It was noted that to compile the report, data was 

-

-

-
Graviacypris as a 

Candona and, since Candona elon
gata
Candona elongata
to Candona schweyeri
2019).

-

only on the species that are most widely represented 
in the studied samples, and those species that was able 

-

basin. It should be noted that the current work mainly 

-

2. Materials and methods

-

-
cantly reduced collection. Over the past decades, some 

-

-
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-
cells). These shell samples (valves or carapaces) 
preserved in the collection were studied in the 
current work.

sediments type, water temperature and salinity 

site water depth, mean annual bottom water tem-

3. Results and Discussion

-

The C. torosa

-
cies is mostly coincided with the stream beds and 

is 

spp. 

brackish species representatives, 

transported to rivers. -
water and brackish-water basins. The occurrence 

area, and 

Similar patterns were noted earlier (Naidina, 

 was 

-

Fig.1.

Fig.2.
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Caspian Sea this species was recorded at numer-

-

decreases with depth. Population peaks were also 

in such environments, where marine species can-
-

-
taceans (Schornikov, 1973). Studies by Aladin 
(1993) showed that 

 in the 

-

 became euryhaline 

 becomes 

-

-

able to live both in marine conditions and at low 

 and  were also 

-

-
ture, which allows them to live in such condi-

,  
and 

-

Fig.3.

Fig.4.
sites.
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Loxoconcha, which do not descend to depth, are 

the water parameters.
In the 

 is also widely rep-

-
-

Central Caspian Sea both adult specimens and instars 

contained sp.
and . 

The species 
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The species inhabits waters with a salin-

-
Leptocythere

, , 
 and Xestoleberis  

and A.

was previously noted in the Caspian Sea, as well as 
in the Dniester estuary and the Don delta (Naidina, 

environments.

species with a thick shell, practically not sculptured, 
were noted. Such a variability may be related to the 

-

Caspian Sea, should be noted.
The results presented allow to conclude that the 

-

and salinity. In the shallow Northern Caspian Sea, par-
-

donetziensis

annual bottom water temperature here is lower than in 

soarcuata

2024)).

Absheron Peninsula, contains both representatives 
-

-

-

4. Conclusions

shows a remarkable depth control. Overall, the near-
-

Caspian) is dominated by  and contains abun-
dant euryhaline species tolerant to reduced salinities, 

Central and Southern Caspian areas are represented 
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T
max

-

-

decrease in their values. On every date, the penetra-

1971; Stepanenko et al., 2018). In autumn, when the 
heat reaches the bottom, the overturn (that is, a vertical 
isothermia) arises, and the temperature at the bottom 

lake.

-

-

T
max

 
tT
max

 at certain 
depth ZT

max

-

-

-
-

communities (Gillis et al., 2021).

-

et al., 2008; Minns et al., 2018; Ptak et al., 2019; 
-

with the bottom temperature.
There are no publications about the vertical dis-

-

-
sidered in the article (Aslamov et al., 2024). The only 

-

T
max

-
-

-

the empirical relationship between both the absolute 
T
max

 and the date tT
max

 
ZT

max

 were established.

2. Data and Study area

have been carried out since March 1999 by Research 

NT200+ in operation) (Aynutdinov et al., 2009). 
Several stations were set up in the southern coastal 

-
-

-

-

-

this slope.

-
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parallel to the coast.

3. Results and Discussion
3.1. Basic features of vertical distribution 
of annual water temperature maxima in 
the southern coastal zone

tT
max

-

term year-round temperature measurements at certain 
-

T
max

 and its date tT
max

 

-

tT
max

 at the two upper hori-

(Troitskaya et al., 2023).

(Shimaraev, 1977; Shimaraev et al., 1994; Shimaraev 
et al., 2012).

The deeper temperature structure demonstrates 

T
max

their occurrence tT
max

-

same depth. The interannual T
max

-

matically with depth by 20 times compared to the upper 

-
tT
max

-
tT
max

tT
max

-

tT
max

-

Fig.1.

the very cold periods (2010) (C).
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-

remains constant.

-

-

T
max

 or tT
max

.

3.2. Empirical relationship of variation of 
maximum temperature by time and depth

-

-
-

the summer vertical temperature distribution is stable, 

-

-

Fig.2.

Table 1. T
max

tT
max

Parameters Z1 Z2 Z3 Z4 Z5 Z6 Z7

T
max

Minimum 10.87 8.39 4.41 3.94 3.84

7.29 4.18

7.28 3.42 1.80 1.70 1.43 0.34

Mean 8.34 4.34 3.99

Std. dev. 2.20 1.32 0.41 0.11

tT
max

Minimum Sep.23 Oct.3 Oct.12 Oct.12 Oct.12

Oct.8 Nov.2 Nov.19 Nov.24 Dec.17

41 40 44 44

Mean Sep.19 Oct.10 Oct.28 Nov.10

Std. dev. 14 13 14 19
Note: 1 2 3 4

7

T F h
max

� � �
Z F tT

max

� � �
T F t
max

� � �
where h is depth in m, t

2

It is evident that each dependence has a nonlinear 

To construct empirical relationships, we used 

-
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-
aries as the data used to construct the relationships. 
Independent observed data were compared with those 
estimated by the three empirical relationships. Root 

date tT
max

annual temperatures with time T
max
/ t  was observed 

T
max
/ h

-
ZT

max

/ t  over time. The minimum rate ZT
max

/ t  is 

In this way, the empirical dependences obtained 

4. Conclusion

-
-

T
max

 and time 
tT
max

based on the dataset used. The statistical characteris-

T
max

-
peratures do not occur at the same time at all hori-

-

Fig.3. -

-
-
-

temperature with depth have been determined. The 

Table 2.

Dependences Formula

a b c R2

 T F h
max

� � �   a b h c*Exp( *ArcTan(Log( / ) ))1000  -0.72 2.11 0.87

 Z F tT
max

� � �   a t c**( / ) )100  - 0

 T F t
max

� � �   a t b c t*POW(( / ), )*Exp( *( / ))100 100  -1.12 0.87
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-

-

3. Results and discussion

in 2023, we observed no smoke aerosol in the air above 

3 3, which 

3

3. Overall, the concentrations obtained 

3 -
tal air and were comparable with the 2022 data.

1 

1 < 

Fig.2. 3

3) in the air above the water 

Fig.1.

-
-

10
-

3 3), with the 
3). 
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3, 
3. 

3

3), close to the values above the water area 
3, mean 

3 -
3 3).

In the southern basin, the elevated PAH concen-

3 -
3, 

3

3) 
3

was low cloudiness in the atmosphere accompanied by 

-
3, sample 

-

3 -

small inversions, low cloudiness and periodical precip-
-

-
3 -

-

-
3

3

Fig.3. 3

medium (PM1 10 

Fig.4.
total PAH concentration in aerosol samples 4, 11,12, and 23 

Table 1.

PAHs TPM PM1<1 μm PM10>1 μm Mercury

PAHs 1.00

TPM 0.49 1.00

PM1 0.71 0.79 1.00

PM10 0.32 1.00

Mercury 0.21 0.23 0.48 0.09 1.00
Note: 1 10 

Fig.5. 3) in 
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3 3) above the 

3).

-
-

-
 

-

pollution in the southern basin (samples 4, 11 and 23), 

-

2

2 

2

value near Severobaikalsk. The results turned out to 

2 

-
3

3, mean 
3

3 3), and in 
3 (mean 

3 -
-

3 (Mashyanov et al., 2021) 

-
centrations in the air above the lake were observed 

-

boiler houses and thermal power plants located in the 
settlements on the coast, as well as by the transport 

3

-

3 

3 

-

4. Conclusion

10, 

-

10 determined in 

basin near the settlements (Listvyanka, Slyudyanka 

-

the medium (PM1 10 
-

3) was lower than 

3).
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1 

(PM1 

-
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-
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3

3
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3

3 -
3

3

3),).

-

3 

3 3 

-

3

3

-

3

-

3

-
-

-

3 -

3

3

-

3
1 

(PM10 

TPM PM1 PM10

1.00

TPM 0.49 1.00

PM1 0.71 0.79 1.00

PM10 0.32 1.00

0.21 0.23 0.48 0.09 1.00

1 -
10 

3), 
3) 

3 

3

3).
-

-
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-

-

-

-
cipal tributaries.

2. Materials and methods

The study was based on Roshydromet obser-

-

-

-

-

-
ter or low-water months.

-

-
sidered series were calculated, namely the mean value 

(Qo Cv), and asymmetry (Cs). 
These parameters were then used to calculate the ordi-

r -

-
-

Cs Cv

employed. The calculations were limited to 0.1 and 

-

-

content ( -

-

corresponds to catastrophically low (
-

class, etc.).

3. Results and discussion
3.1. 
Baikal

-
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The data obtained indicate that the boundaries 

water content to low water content. This is connected 

-

3

-

distribution parameters, namely Qo, Cv, and Cs.

-
3

3 and was recorded in 1932. Additionally, 

3

3

-

3

Fig.1.

Table 1.

Period of 
averaging

Distribution indicators 3

Qo, km3 Cv s 1 % 10 % 40 % 60 % 90 % 99 %

Year 0.17 0.43 49.4 41.1

January 1.13 1.07 0.93 0.81

February 0.84 1.02 0.79

March 0.92 0.18 1.48 1.14 0.92 0.84 0.72

April 0.34 4.37 2.74 2.39 1.77

May 0.23 0.71 9.90 7.82 7.31 4.39

June 11.4 0.24 0.32 11.9 8.00

July 0.31 19.9 11.0 4.39

10.2 0.32 1.08 20.4 14.4 11.3 8.92

September 8.12 0.31 8.44 7.21

October 0.81 9.17 3.74

November 0.22 2.22 2.87 2.19 2.00 1.83 1.80

December 0.18 1.8 2.48 1.88 1.39 1.22
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3

-
3 observed in February and March. 

3 was recorded in 

3.2. The annual and monthly river runoff

-

-
-

The distribution parameters and boundary water 
-

3

3

3

3

For the entire observation period (1934-2020), 

3

-
3

3

3

-

years 2004-2008 and low-water years 2013-2017 (see 

3

Cv is 0.18).

3

3

3

to year (Cv
3

Table 2.

Period of 
averaging

Distribution parameters ³/s

Qo, m
3/s Cv s 1 % 10 % 40 % 60 % 90 % 99 %

Year 0.28 0.41 1190 790

February 98.2 214 140 84.4 49,1

July 0.44 0.73 2920 2330 1730 1430

1990 0.97 1990 782

Year 272 0.18 0.29 397 282 211

March 0.14 0.21 71.3

June 871 0.24 0.11 1370 1140 922 814 413

July 0.34 0.14 1130 902 338

Year 120 0.24 0.28 192 112 84.0

March 0.24 0.07 44.9 37.3 30.1 19.7

July 0.39 374 212 130

0.47 399 202 130 84.3
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3

-
-

-

3

3

3

(1949, water content class 1), while the lowest was 
3

-
3 -

3

3

3 -
tent class 2. The minimum one was observed in 2020 

3

3.3. Maximum and minimum runoffs

-

3

3

3

3

3

class 2. It is important to note that, in certain years, the 
-

3

-
-
-

3

3

-
-

3

than the winter minimum.

3 -
-

3 3

-

3

Fig.2.

3

-

-

3

3

would occur once every 10,000 years.
-

3

-

3

Nevertheless, the indicated minimum corresponds to a 

3 3

3.4. Abnormally rare water availability 
indices
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-

3 in 1903, and it increased to 
3

-

-

A similar phenomenon can be observed in the 

3

-
melt, which may have contributed to this phenomenon. 

-
-

-

reliability.

4. Conclusion

The obtained results enabled us to estimate the 

-

-

-

-

-

certain classes as the water content class decreases.

-
-

-

allocation.

Acknowledgements

The study is carried out within the State 

References

Russian)

 (in Russian)

-

-



187

Sinyukovich V.N. / Limnology and Freshwater Biology 2024 (3): 181-194 SI: «Limnology in Russia»

-

Russian)

(in Russian)



188

Limnology and Freshwater Biology 2024 (3): 181-194 DOI:10.31951/2658-3518-2024-A-3-181

Commons Attribution-NonCommercial 4.0.

1.

-

-
-

(

-

-
-
-

-
-

-

-
-

-

-

sin@lin.irk.ru



189

Swain, 2022).
-

-

-

-

-
-

2. 
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2
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-

-

-

-
-
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s -

-
r

s Cv -
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-
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-

(
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-

-

3

-

-
Qo, Cv s.

-

3

3 -

-

3 -
-

3

-

-

-
-

3

3

-
-

3

3 -

3.2. 

-

-
-

-

-
-

3

Qo
3 Cv s 1 % 10 % 40 % 60 % 90 % 99 %

0.17 0.43 49.4 41.1

1.13 1.07 0.93 0.81

0.84 1.02 0.79

0.92 0.18 1.48 1.14 0.92 0.84 0.72

0.34 4.37 2.74 2.39 1.77

0.23 0.71 9.90 7.82 7.31 4.39

11.4 0.24 0.32 11.9 8.00

0.31 19.9 11.0 4.39

10.2 0.32 1.08 20.4 14.4 11.3 8.92

8.12 0.31 8.44 7.21

0.81 9.17 3.74

0.22 2.22 2.87 2.19 2.00 1.83 1.80

0.18 1.8 2.48 1.88 1.39 1.22
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3 -
3

-

3

3

3

3

3 -
3

-

-

3

Cv
-

3

3

Qo
3 Cv s 1 % 10 % 40 % 60 % 90 % 99 %

0.28 0.41 1190 790

98,2 214 140 84.4 49,1

0.44 0.73 2920 2330 1730 1430

1990 0.97 1990 782

272 0.18 0.29 397 282 211

0.14 0.21 71.3

871 0.24 0.11 1370 1140 922 814 413

0.34 0.14 1130 902 338

120 0.24 0.28 192 112 84.0

0.24 0.07 44.9 37.3 30.1 19.7

0.39 374 212 130

0.47 399 202 130 84.3
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-
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-

-
3

-
-

3

3

3 -
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-
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-

-

-
-

Cyanobacteria take a dominant role (Danielidis et al., 

-

-
-

-

-

-

1994).

2. Materials and methods

The studied karst lakes are located in various types 

et al., 2003).

the lake is not completely covered with ice in winter 

-
-

waters and has a constant level.

-

2020); in Lake Svyatoye Dedovskoye (2020, 2021). The 

-
-

Such parameters as temperature, electrical conductiv-

multiparameter YSI Pro1030 pH & Conductivity Meter 

-

-
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-

the bottom at every meter). A detailed 
-

-
lier works (Okhapkin et al., 2022a; 
Okhapkin et al., 2022b, Vodeneeva 

-

atlases, and keys indicated in the work 

-
tion, and their relationship to salinity, 

-

-
tions by Padisàk (Padisàk et al., 2009).

Species whose contribution to 
total abundance and biomass was at 

-

For each dominant species, such indi-

into account (Gorbulin, 2012).
These indicators were calcu-

Fig.1. -

Table 1.

body (according to Kitaev, 2007)
Lake Klyuchik* Lake Svetloyar** Lake Svyatoye 

Dedovskoye***

, m) 743.0 472.0 2100.0

293.0 338.0

2)
3)

Lake depth (D, m)
, 

, 

o  

( o

Note: 
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DF D
F

� �100

this species acted as the dominant one (biomass was 

-

Dt DF
pF

� �100

-

DF<10, Dt<10 and pF<20 is random and it is rec-

-

2003).
-

-

3. Results and discussion

The main hydrochemical and hydrophysical 

-

basin (Okhapkin et al., 2022a).
-

-
ational pressure on the reservoir in the summer months 
(Okhapkin et al., 2022b). Lake Svyatoye Dedovskoye is 

-

Lake Svyatoye Dedovskoye as an acid-neutral reservoir. 

lake. 
Lakes Svetloyar and Svyatoye Dedovskoye are 

Table 2.

Index /
Water body typology
(according to Kitaev, 

1984; 2007)

Lake Klyuchik 
19.08.2020

Lake Klyuchik
19.08.2020

Lake Svetloyar
04.08.2020

Lake Svyatoye 
Dedovskoye
31.08.2021

10 m 8 m 14 m

< 3 < 3 < 3 10 ± 3

transparency class *
4.3 4.2 2.4 

- 40.0
mesohumous

80.0
mesohumous

10.0

8.2 8.4
acid-neutral acid-neutral

1274.0 1099.0 127.0
medium-

32.0

Ionic composition
Type II Type II

hydrocarbonate 

Type I

Ca hydrocarbonate 

Type I
Note:
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-
-

-

-

Astashin, 2017). The smoothed temperature curve in 
-

-

its western part.

2

2

2

-

-
-

2

2

-

-

-

-
-

In Lake Svyatoye Dedovskoye, the vertical dis-

2
-
-

2
-

2
-

2

-

classes, and 8 divisions (Lake Svyatoye Dedovskoye, 

-

-

-

diatoms. There was a natural increase in the number 

is more noticeable than others.

Startseva, 2003) have shown that the dominant spe-

observation series.
-
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had its own characteristics. Thus, the phytoplankton 

-
-

-
-

-
-

(Tarasova, 2010).

-
Trachelomonas), 

-

terms, which may indicate an increase in the processes 

-

-

-
tonic species was 2-2.3 times lower, and the propor-

-
-

Xanthidium antilopaeum
Spondylosium planum
desmids) and northern alpine (Pinnularia episcopalis 

-

brackish water habitats, as well as halophobes that 

-

Fig.3.
-
-

 

 

 

Fig.2.
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Vacuolaria virescens 
Cienkowski, Aulacoseira distans 

-

-

-

2022b).

-
ied lakes.

-

-
-

0, Ceratium hirundinella
Peridinium cinctum

-
inant in all three lakes. It is known that C. hirundinella 

-

-

Table 3. The dominant phytoplankton species and 
Functional Groups (FG) in the studied water bodies

La
ke

s Taxa FG*
Codon

D pF DF Dt

Cyclotella 
distinguenda

71.1

Cyclotella sp. A 39.1 34.8

Cryptophyta

Cryptomonas sp. Y 17 42.7

Dinophyta

Ceratium 
hirundinella

Lo 19 22.7 17.3

Peridinium cinctum Lo 31 28.2

Sv
et

lo
ya

r

Lindavia comta 11 29

Asterionella formosa C 11 29

Dinophyta

Ceratium 
hirundinella

Lo 20 40.8

Peridinium cinctum Lo 43.4 34.2 78.8

Trachelomonas 
Rugulosa

10 21.0 13.1

Trachelomonas 
Volvocina

19 37.2

Trachelomonas 
volvocina 

var. subglobosa

12 22.4

Sv
ya

to
ye

 D
ed

ov
sk

oy
e

Cyclotella sp. A 4 12.9

Tabellaria fenestrata N 19.3 42.7

Cryptophyta

Komma caudate 19.3

Dinophyta

Peridinium cinctum Lo 13 41.9 92.7

Charophyta

Staurodesmus incus 
var. ralfsii

N 48.4 78.9

Note: -

al., 2009

C. hirundinella cells tend to occur in the ther-

P. cinctum species, as well as C. hirundinella, are wide-

are able to adapt to environmental conditions almost 
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-

-

-
imum rise in biomass in C. hirundinella in summer was 

P. cinctum, 
-

-

-

(Okhapkin et al., 2022a).

-

-
-

-

-

-
Cyclotella and Lindavia -

2009).
Cyclotella species is typical 

-

Cyclotella distinguenda

-
3). This species is considered 

-
ied reservoir indicate optimal conditions and, appar-

-

Cyclotella, 

-

Lindavia comta 

1990). In Lake Svetloyar, L. comta was noted as an 

-
-

-
Asterionella formosa Hassal 

Tabellaria fenes
trata
Svyatoe Dedovskoye).

Tabellaria 
are included in the codon N, are acidobionts, develop-

-
-

T. fenestrata -

Lake Svyatoye Dedovskoye (share in the total biomass, 
-

ervoir, its noticeable morphometric characteristics, as 

-
A. formosa, is also considered 
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-
phication processes. In the Svetloyar ecosystem, pop-

summer seasons, but their development did not reach 
-

A. formosa 

Pinnularia 
and Navicula

-

Trachelomonas 
rugulosa F.Stein, Trachelomonas volvocina

Trachelomonas volvocina var. subglobosa 

-

-
cation processes.

-
Cryptomonas 

spp. Komma cau
data

-

-

Staurodesmus incus var. 
ralfsii codon N, continuous or semi-con-

-
-

Aphanocapsa, Aphanothece), as dominants in 
the phytoplankton population, as well as small-celled 

Dactylosphaerium, 
Dictyosphaerium
In abnormally hot years (2010) with anticyclonic 

-
Dolichospermum

-

phytoplankton species involved in the composition 

-

-

-

-

Table 4.

Permanova

Dominants (by abundance) Dominants (by biomass)

F value P (>F) F value P (>F)

Lake 13.49 0,001*** 11.91 0,001***

0,001*** 9.44 0,001***

17.20 0,001*** 0,001***

0,001*** 12.71 0,001***
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4. Conclusion

-

-

-
-

-
tonic species was 2-2.3 times lower, the proportion 

-
Ceratium hirundinella, Peridinium cinctum -

0
-
-

Cyclotella

Fig.5.

Fig.4.

Table 5.
in the studied lakes

Permanova

FG (by abundance) FG (by biomass)

F value P (>F) F value P (>F)

Lakes 0,001*** 19.88 0,001***

0,001*** 0,001***

21.71 0,001*** 22.93 0,001***

0,001*** 19.34 0,001***
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-
-

-

-
-
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-
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Cyclotella distinguenda
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-
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-
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-
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-

-

-
-

Conductivity Meter (YSI Incorporated, 
-

-

-

-

- -

743.0 472.0 2100.0

293.0 338.0

2)

3)

, 
, 

o

o
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-
-

-

2022a; Okhapkin et al., 2022b, Vodeneeva et al., 2020). 
-
-

-

-
-
-

-

al., 2009).

-

-

-

-

-

DF D
F

� �100

-

Dt DF
pF

� �100

-

-

-

3. 

-

-

-
-
-

-

(Okhapkin et al., 2022).

19.08.2020 19.08.2020 04.08.2020
31.08.2021

   

< 3 < 3 < 3 10 ± 3

4.3 4.2 2.4 

40.0 80.0 10.0

8.2 8.4

1274.0
 

1099.0
 

127.0 32.0
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-
-

-

-

-

-

-

-

-

-

-

-

-

2

2 -
-

2

-

-

-
-

2
-

2 -
-

2 -

-

-

-

-

-

-

-

-

-

-
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-

-

-
Trachelomonas

-

-

-

-
-

-
-

Xanthidium 
antilopaeum Spondylosium planum 

(Pinnularia episcopalis 

-

-

-
-

 

 

-
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-

Vacuolaria virescens 
Cienkowski, Aulacoseira distans 

-
-

-
-
-

-

2022b).
-
-

-

-

-
-

-
-

0 Ceratium hirundinella
Peridinium cinctum

C. hirundinella -

-
-

D pF DF Dt

Cyclotella 
distinguenda

71.1

Cyclotella sp. A 39.1 34.8

Cryptophyta

Cryptomonas sp. Y 17 42.7

Dinophyta

Ceratium hirundinella Lo 19 22.7 17.3

Peridinium cinctum Lo 31 28.2

Lindavia comta 11 29

Asterionella formosa C 11 29

Dinophyta

Ceratium hirundinella Lo 20 40.8

Peridinium cinctum Lo 43.4 34.2 78.8

Trachelomonas 
rugulosa

10 21.0 13.1

Trachelomonas 
volvocina

19 37.2

Trachelomonas 
volvocina 

var. subglobosa

12 22.4

Cyclotella sp. A 4 12.9

Tabellaria fenestrata N 19.3 42.7

Cryptophyta

Komma caudata 19.3

Dinophyta

Peridinium cinctum Lo 13 41.9 92.7

Charophyta

Staurodesmus incus 
var. ralfsii

N 48.4 78.9

-

-

-

P. cinctum C. hirundinella
-



-

-

-

-
-

C. hirundinella
3 P. cinctum 3

-

-

-

-
-

-

-

-

-

Cyclotella, 
Lindavia,

-

Cyclotella -

-

-
Cyclotella 

distinguenda 
-
-
-

3

-
-

-

-
-

Cyclotella 
-

-
-

-
Lindavia comta 

-
-
-

L. comta -

3

-

Asterionella 
formosa 

Tabellaria fenestrata

Tabellaria -
-

-

-
-

-

Tabellaria fenestrata, 



-

-
A. formosa -

-

-
-

A. formosa
3

Pinnularia, Navicula -

-
-

Trachelomonas rugulosa F.Stein, Trachelomonas 
volvocina Trachelomonas 
volvocina var. subglobosa 

-

-

-

Cryptomonas spp

Komma caudata
-

-

-
-

-
-

Staurodesmus 
incus var. ralfsii

-

Aphanocapsa, Aphanothece

Dactylosphaerium, Dictyosphaerium), 
-

Dolichospermum
3 

-

-
-
-

-
-

-
-

Permanova

P (>F) P (>F)

13.49 0,001*** 11.91 0,001***

0,001*** 9.44 0,001***

17.20 0,001*** 0,001***

0,001*** 12.71 0,001***
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-

-

-

-

4. 

-
-
-

-
-

-

-

Permanova

P (>F) F value P (>F)

0,001*** 19.88 0,001***

0,001*** 0,001***

21.71 0,001*** 22.93 0,001***

0,001*** 19.34 0,001***

-
-
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-
-

-

Ceratium 
hirundinella, Peridinium cinctum

0

Cyclotella -

-
-

-
-

-

-
-

-

-

-

-

-

-

-
-

-

-

-
-

-

-

-

-

-

-
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-

-
-

-

-

-

-

-

-

Cyclotella distinguenda 

Galway. 

Peridinium tuberosum; 

by Ceratium hirundinella

diversity indices response the trophic state variation in 

Peridinium cinctum in a shallow urban lake. 
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Cymbopleura 
amicula stat nov. et. nom. nov. 

Ceratium 
hirundinella, Peridinium cinctum, and Peridiniopsis elpatiewskyi. 


