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ABSTRACT. Lepidocephalichthys guntea

F) was 

correlation (r2

-
cies in the wild.

Keywords:

1. Introduction

-

et al., 2011). It serves as a valuable tool for research-

-

freshwater bodies (4706171 ha) support a rich diver-

-

content of both fatty acids and micronutrients such 

-
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vide better nutrition because they are frequently con-
-

(Islam et al.,2023) These minerals are also essential for 

-

freshwater bodies is Lepidocephalichthys guntea, locally 
-

main habitat of L. guntea. The species recorded from 

(Akand et al., 2015). L. guntea found mostly in swift 

et al., 2022). They prefer bottoms that are primarily 

-

-

know more details on it.

-

-

-

-

compare reproductive condition across individuals or 

Till now, several studies have been conducted on 

L. guntea

2. Materials and Methods
2.1. Study Area and period

This research aimed to collect samples from the 

-

(L. guntea) is frequently found from the month of April 

L. guntea was collected 

Fig.1. L. guntea
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2.2. Sample collection and preservation

-

-
domly to avoid the bias. After collection, all samples 
were immediately preserved with 10% formalin solu-

2.3. Measurement of morphometric 
parameters

-

and fecundity of female species, each female species 

After collection of ovaries, those were dried with the 

-
malin to the preserve the ovaries for further analysis 

-

-

-

GSI
Gonad weight

Fish weight
� �100 .

For estimation of fecundity, we followed the 
-

lected from the ovary’s front, middle, and poste-
-

ple was counted, and fecundity was determined 

F
Gonad weight (G) Number of eggs in sub sample(n)

Sub-samp
�

�
lle weight(g)

,

F
3,

F

F close to unity.

2.4. Length-Weight Relationship of Gutum 
Fish (L. guntea)

A total of 210 specimens of L. guntea were taken 

b

-

obtain the parameters a, b, and r2 -

 vs TL, vs vs
vs -

-

2.5. Length-length relationship of L. 
guntea

-

-

vs vs vs

2.6. Relationship between GSI and other 
morphological parameters of L. guntea

vs 
vs vs -

2.7. Statistical Analysis

mean ± standard deviation.
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3. Result
3.1. Morphometric Characteristics

The body of Lepidocephalichthys guntea is char-

-

-

and 3.52 ± 0.31 cm (Table 1). It was estimated that, 

-

3.2. Gonado somatic Index and Fecundity 
of L. guntea

L. guntea starts to prepare itself for breed-
-

other months (Table 2). This indicates that the peak 

-
-

Phase), respectively. The mean value of fecundity was 

L. guntea in this study basis 

3.3. Condition Factor

F) 

-

1), 7.5-8.4 cm 
(L2 3 4) was found 0.87, 

F

and 0.84, respectively.

3.4. Length-Weight Relationship of L. guntea

male, female and the pooled (both male & female) spe-

Table 1. L. guntea

Species BW (gm) TL (cm) SL (cm) HL (cm) Post-OL (cm) BD (cm)

n = 210
6.50 5.10 0.60 0.30 3.0

10.30 8.80 1.70 0.60

6.52±0.68 0.51±0.07

4.01-4.41 7.80-8.01 6.42-6.61 1.17-1.21 0.50-0.52 3.73-3.84

% TL __ 100 82.43 15.04 6.45

Female
n = 148

2.83 6.50 5.25 0.60 0.30 3.10

10.30 8.80 1.70 0.60

8.02±0.74 6.74±0.65 1.22±0.14 0.51±0.07

6.63-6.84 0.50-0.52

% TL __ 100 82.37 6.25 47.68

n = 62
6.50 5.10 0.70 0.30 3.00

5.25 8.20 6.80 1.40 0.60 4.30

7.27±0.47 1.12±0.10 0.50±0.07 3.52±0.31

7.17-7.36

% TL __ 100 82.44 15.36 48.42
Note:
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cies of L. guntea, -

L. guntea.
2) values indicated 

-

the pooled and female samples of L. guntea
in the male specimens of L. guntea, the distribution of 

L. guntea
-

metric (Table 3).

3.5. Length-Length relationship of L. 
guntea

Table 2. Lepidocephalichthys guntea

Subject Resting Phase Preparatory 
Phase

Pre spawning 
Phase

Spawning Phase Post spawning phase

Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct.

0.0 
±0.0

0.0 
±0.0

0.1 
±0.02

1.34 
±0.37

2.77 
±0.51

5.25 
±1.03

6.58 8.63 
±1.16

5.44 
±1.42

1.6 
±0.56

0.01 
±0.00

0.0 
±0.0

0.0±0.0 0.72±0.48 4.01±0.71 0.57±0.17

Fecundity NC NC NC NC NC NC 6123 
±831.4

 
±1073.7

6210 NC NC NC

NC NC NC 7415.3±1168.54 NC
Note: NC-not counted

Table 3. Lepidocephalichthys guntea

Species
Regression parameters

Equation a b 95% CI of a 95% CI of b r2 p Growth Type

LCI UCI LCI UCI

Pooled 

n = 210

2.83 -2.14 -1.73 2.60 3.06 0.74 0.00

-1.65 2.77 -1.82 -1.48 2.56 0.76 0.00

0.52 1.07 0.55 0.75 1.40 0.17 0.00

-0.56 2.02 -0.73 1.73 2.31 0.47 0.00

Female
n = 148

2.88 -2.21 -1.74 2.63 3.14 0.77 0.00

-1.52 2.63 -1.72 -1.33 2.40 2.87 0.77 0.00

0.58 0.83 0.55 0.62 0.48 0.13 0.00

-0.43 1.85 -0.63 -0.24 1.52 2.17 0.46 0.00

n = 62
-0.86 1.55 -1.61 -0.11 0.68 2.42 0.18 0.00

-0.81 1.65 -1.37 -0.24 2.38 0.26 0.00

0.47 0.13 0.44 0.50 -0.37 0.62 0.00 0.62

0.15 0.60 -0.17 0.47 0.01 0.07 0.05
Note: 2

Fig.2. Condition factors of L. guntea 

2 -
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3.6. Relationship between Gonado-
somatic index (GSI) and morphometric 
parameter

2) values 
below 0.50 (Table 5). In contrast, relationships such as 

-
2) values close to 

-
relations (Table 5).

4. Discussion

Life history traits are very important for any spe-
cies and it’s basically carried out for the conservation 

-

L. guntea -

L. guntea 

15cm (Froese and Pauly, 2021). The environmental 

-
nual and circadian rhythms etc in the male and female 

in females than those of males may be due to the enor-

to that of testes in the males. The similar results also 
observed in other literature conducted their study in 

-

this study, the condition factor of Lepidocephalichthys 
guntea -
ues below 1. This is likely due to their detritivorous 
nature and preference for muddy habitats, which may 

-

-
L. guntea in this 

-

Table 4. Lepidocephalichthys guntea

Species
Regression parameters

Equation a b 95% CI of a 95% CI of b r2 p Growth Type

LCI UCI LCI UCI

Pooled 

n = 210

0.61 1.12 0.34 0.88 1.08 1.16 0.00

2.78 3.81 5.37 2.13 3.44 0.25 0.00

3.05 1.28 2.34 3.76 1.47 0.47 0.00

Female
n = 148

1.00 1.07 0.68 1.31 1.02 1.11 0.00

5.21 2.44 4.33 1.72 3.15 0.24 0.00

3.46 1.21 2.64 4.28 1.00 1.42 0.47 0.00

n = 62
1.51 0.74 0.83 0.00

0.07 6.13 8.25 -0.88 1.02 0.00

6.58 0.20 5.41 7.75 -0.14 0.53 0.02 0.25
Note: 2
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Lepidocephalichthys guntea
-

L. guntea

-

-

stomach fullness, health, and preservation techniques 

5. Conclusion

Lepidocephalichthys guntea
-
-

-

were found within the morphometric parameters in 
-

species in the freshwater habitats of Noakhali district, 
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Table 5. Lepidocephalichthys guntea from 

Species
Regression parameters

Equation a b 95% CI of a 95% CI of b r2 p Growth Type

LCI UCI LCI UCI

Pooled 

n = 210

2.06 -3.05 -0.86 3.16 0.05 0.00

-5.24 5.57 4.58 6.57 0.32 0.00 Pos. Allometric

0.40 0.60 0.31 0.50 0.00

Female
n = 148

-1.40 1.68 -2.52 -0.28 0.57 2.78 0.05 0.00

-5.56 -6.84 -4.28 4.62 7.21 0.32 0.00 Pos. Allometric

0.50 0.60 0.60 0.45 0.75 0.27 0.00

n = 62
0.85 -1.23 -2.13 3.83 -4.32 1.85 0.01 0.43

-2.80 2.78 -5.68 0.08 -0.46 6.02 0.04

0.10 0.48 -0.07 0.26 0.36 0.61 0.43 0.00
Note: 2
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-
lations of Trichogaster lalius

-
Osteobrama belangeri 

-

and potential contribution to recommended nutrient intakes. 

-
tionship and relative condition factor of Polynemus paradiseus 

Lepidocephalichthys guntea 

-

-

-

Lepidocephalus gantea

-
-

Congrid eel 

-

river shad, Gudusia chapra -

-

relationship and the condition factors of Lepidocephalichthys 
guntea

-

-
tionships and condition factor of the vulnerable Gudusia 
chapra

morphometric characteristics relationships, condition factor 
Neotropius atherinoi-

des

Mystus vittatus

ijfs.2022.125852
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-

Lepidocephalichthys guntea 

-

-
ical approach for analyses of data thin non-parametric con-
tinuous variable of Botia dario

Lepidocephalichthys 
guntea

-

Toxotes chatareus
Toxotes jaculatrix

-
Toxotes jaculatrix and Toxotes cha-

tareus

-

analysis invalidates macroscopically determined maturity 
Gadus morhua

tilapia (Oreochromis niloticus
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genus Rhabdochona (Spiruromorpha: 
Thelazioidea: Rhabdochonidae) in the 
metagenome of the digestive tract of a 
deep-water species: Godlewski’s sculpin 
Abyssocottus (Limnocottus) godlewskii

, 

Limnological Institute of the Siberian Branch of the Russian Academy of Sciences, Ulan-Batorskaya st., 3, Irkutsk, 664033, Russia

ABSTRACT. cox1 
-

Abyssocottus (Limnocottus) godlewskii.

Keywords: Nematoda, Rhabdochonidae, Abyssocottus (Limnocottus) godlewskii cox1 

1. Introduction

-

completion of the results obtained by traditional meth-

-

cox1) and internal transcrip-

cox1

cox1 sequences (Armenteros et al., 2014). The assess-
cox1

and assessment, but its use for nematode research is 

Abyssocottus (Limnocottus) godlewskii 

2023). The parasitic fauna of this species of lacustrine 
-

For citation:
Rhabdochona
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-

2. Materials and methods

The samples were collected from board of the 

-

were diluted with water of equal volume mQ, milled 

of the cox1

-
-
-

-

cox1 -

of sequences of the marker cox1 from the International 
) 
-

-

nucleotide sequences of the nematode representatives 

of Nematodes (Nemys, 2024) in this work.

of models for the reconstruction of evolutionary his-

-
Rhabdochona and 

Spinitectus

reconstruction of evolutionary history based on nucleo-
-

-

reconstruction of evolutionary history based on amino 

booster (1000 replicates). The nucleotide sequences of 
the cox1
(Contracaecum osculatum

Raphidascaris trichiuri and Ichtyobronema hamu-
latum

3. Results and discussion

in the detection of nematode sequences, whose number 
of nucleotide reads amounted to 2.6% of the total num-
ber of reads. The sequences obtained were represented 

with sequences of Rhabdochona kidderi

-

the sequences are clustered with representatives of 
Rhabdochona Spinitectus 

Spinitectus formed a 
-

Rhabdochona 
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Table 1. Nucleotide sequence numbers of the cox1 

Infraorder Spiruromorpha De Ley & Blaxter, 2002

Hyperfamily Family Genus Species, sequence number

Rhabdochona  Rhabdochona acuminata,
Rhabdochona adentata,

Rhabdochona ahuehuellensis,
Rhabdochona canadensis,

Rhabdochona gendrei,
Rhabdochona ictaluri,

Rhabdochona guerreroensis,
Rhabdochona kidderi,

Rhabdochona lichtenfelsi,
Rhabdochona mexicana, 

Rhabdochona osorioi,
Rhabdochona salgadoi,

Rhabdochona xiphophori,

Thelazia  Thelazia californiensis
Thelazia callipaeda,

Thelazia gulosa
Thelazia rhodesi,

Pneumospiruridae Metathelazia  Metathelazia capsulata,

Spinitectus  
Fourment, 1883

Spinitectus humbertoi,
Spinitectus mexicanus,

Spinitectus mixtecoensis,
Spinitectus osorioi,
Spinitectus petterae,

Habronema  Habronema majus,
Habronema microstoma,

Habronema muscae,

Parabronema  Parabronema skrjabini,

1885
Gongylonema  Gongylonema neoplasticum LC331044

Gongylonema nepalensis,
Gongylonema pulchrum,

Mastophorus  Mastophorus muris,

Cylicospirura  Cylicospirura felineus,
Cylicospirura subaequalis,

Cylicospirura petrowi,

Physocephalus Physocephalus lassancei,

Protospirura  Protospirura numidica,
Protospirura muricola,

Infraorder Ascaridomorpha De Ley & Blaxter, 2002

1853
Anisakidae Contracaecum Railliet Contracaecum osculatum,

Raphidascarididae Raphidascaris Railliet Raphidascaris trichiuri,

Ichtyobronema Ichtyobronema hamulatum,
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-

the cox1
(Contracaecum osculatum 

, Raphidascaris trichiuri Ichthyascaris 
trichiuri  
Ichtyobronema hamulatum 

of the evolutionary history was carried out based on 

-
pin, like the nucleotide sequences, cluster with the rep-

Rhabdochona
and Spinitectus -

Spinitectus. 
Furthermore, the Rhabdochonidae* sequences obtained 
in this study occupy a basal position in relation to these 

-

Rhabdochona.

Beaninema 

Rhabdochona 
Beaninema includes a spe-

Cichlasoma beani
Rhabdochona 

important intermediate hosts of nematodes are larvae 

Hydropsyche

al., 2002).

from its food.
-

detection in water and sediment samples (Rusch et al., 

-

Fig.2. -

-
ments of the protein Cox1. Rhabdochonidae*

Fig.1.
-
-

ments of the cox1 Rhabdochonidae*

Comephoronema werests-
chagini I. hamula-
tum, Contracaecum osculatum baicalensis

Raphidascaris (Raphidascaris) acus 

Rhabdochona were previously unknown for 

and information on intermediate hosts for nematodes 
Rhabdochona is not available. It is known 

that the most important intermediate hosts for nema-
Rhabdochona

Heptagenia and 
Ephemera,

Hydropsyche also occur as intermediate hosts for 
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Rhabdochona

et al., 2020).

-

species of the Cottidae family host Rhabdochona cotti 

Thymallus baicalensis 
-
-

isms it consumes is very broad and includes both ben-

-
Hydropsyche, are represented 

Leuciscus baicalensis 

-
Rhabdochona in them 

Rhabdochona -

and to the parasites of their food objects.

4. Conclusion

Rhabdochona were pre-

results obtained indicate the presence of parasite spe-
cies that have not yet been described in the endemic 

-

revision of the previously described parasite species in 

Funding and Acknowledgements

-

personal interests.

References

-

 (in 
Russian)

-

Limnocottus scul-

 

Caryophyllaeus laticeps 
(Pallas, 1781) in sunbleak Leucaspius delineatus

Eimeriorina) in the belica Leucaspius delineatus

Abyssocottus (Limnocottus) godlews-
kii 

cox1 performance as a 

Pterois volitans

meps11738
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Rhabdochona

Ephemera strigata

of the nematodes Rhabdochona denudata honshuensis and 
Rhabdochona coronacauda

Ephemera strigata

-

-

Nauka. (in Russian)

(Thymallus

Thymallus arcticus

-

-

-

-
ric sculpins, Cottus aleuticus and Cottus asper, in four adjacent 

-

Rhabdochona

-

Rhabdochona 
cotti (Nematoda, Rhabdochonidae) from Cottus caeruleomen-

tum
Rhabdochona spp. Acta 

Rhabdochona angusticau-
data
eel Anguilla japonica, and new records of some other nema-

-

s11686-020-00268-1

Rhabdochona hellichi

-
Rhabdochona

intermediate hosts of Rhabdochona hellichi
Rhabdochonidae), a parasite of Barbus barbus (Pisces). 

-

Rhabdochona

-

Rhabdochona, parasites of the marinka. Theory and prac-

-

 on 2024-08-08. 

(Leuciscus leuciscus baicalensis) from reservoirs of the 

-

Russian)

Gyrodactylus salaris and two of 
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its hosts, Atlantic salmon (Salmo salar) and rainbow trout 
(Oncorhynchus mykiss

for stomach content analyses in juvenile chum salmon 
Oncorhynchus keta -

s12562-016-1040-6

on the occurrence and maturation of Rhabdochona anguillae 

-

-

Russian)

-

Thymallus 
tugarinae (Thymallidae) in the Limuri R. (the Lower Amur 

51-58. (in Russian)

Zingel asper and Cottus gobio) and 

(Dissostichus mawsoni
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Abyssocottus (Limnocottus) 
godlewskii

, 

Abyssocottus 
(Limnocottus) godlewskii -

cox1 -

-
-

 Nematoda, Rhabdochonidae, Abyssocottus (Limnocottus) godlewskii cox1, 

1.

-
-
-

-
-

-

-
-

-

-

cox1 -
-

cox1

-
-
-

-

-
Abyssocottus (Limnocottus) godlewskii // Limnology and 

jsap@mail.ru
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cox1 -
cox1

-

-

Abyssocottus (Limnocottus) godlewskii 

-
-

-

-
-

-

2. 

-
-

-
-
-

-

-
cox1

-

-
-
-

-
-

-
-

cox1
-
-

cox1

-

-

-

-

(Nemys, 2024).

-
Rhabdochona 

Spinitectus 

-

-
-

-

-
-

-

-

cox1 -
Contracaecum osculatum 
, Raphidascaris trichiuri 

Ichtyobronema hamulatum 
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cox1 

Rhabdochona Rhabdochona acuminata,
Rhabdochona adentata,

Rhabdochona ahuehuellensis,
Rhabdochona canadensis,

Rhabdochona gendrei,
Rhabdochona ictaluri,

Rhabdochona guerreroensis,
Rhabdochona kidderi,

Rhabdochona lichtenfelsi,
Rhabdochona mexicana, 

Rhabdochona osorioi,
Rhabdochona salgadoi,

Rhabdochona xiphophori,

Thelazia Thelazia californiensis
Thelazia callipaeda,

Thelazia gulosa
Thelazia rhodesi,

Pneumospiruridae Metathelazia Metathelazia capsulata,

Spinitectus 
Fourment, 1883

Spinitectus humbertoi,
Spinitectus mexicanus,

Spinitectus mixtecoensis,
Spinitectus osorioi,
Spinitectus petterae,

Habronema  Habronema majus,
Habronema microstoma,

Habronema muscae,

Parabronema  Parabronema skrjabini,

1885
Gongylonema  Gongylonema neoplasticum LC331044

Gongylonema nepalensis,
Gongylonema pulchrum,

Mastophorus Mastophorus muris,

Cylicospirura  Cylicospirura felineus,
Cylicospirura subaequalis,

Cylicospirura petrowi,

Physocephalus Physocephalus lassancei,

Protospirura  Protospirura numidica,
Protospirura muricola,

1853
Anisakidae Contracaecum Contracaecum osculatum,

Raphidascarididae Raphidascaris Raphidascaris trichiuri,

Ichtyobronema Ichtyobronema hamulatum,
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3. 

-
-

-
-

-
-

Rhabdochona kidderi

-
-

Rhabdochona
Spinitectus 

Spinitectus
-

Rhabdochona -

-
-

-
-

cox1 -
Contracaecum osculatum 

, Raphidascaris trichiuri 
Ichthyascaris trichiuri

Ichtyobronema hamulatum 
-

-

-

-
Rhabdochona 

Spinitectus 
-

Spinitectus -
-

-

-
Rhabdochona.

Beaninema 

-

Cox1. Rhabdochonidae* -

-
-

cox1. Rhabdochonidae* 

Rhabdochona 
Beaninema 

Cichlasoma beani

Rhabdochona

-

Hydropsyche
-

-
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-

-
-

(Comephoronema werestschagini 
Ascaridomorpha (I. hamulatum, Contracaecum osculatum 
baicalensis Raphidascaris 
(Raphidascaris) acus 

Rhabdochona

-

-

Rhabdochona
-

Rhabdochona

Heptagenia 
Ephemera -

Hydropsyche -
Rhabdochona

-

-
-

Rhabdochona cotti 

Thymallus 
baicalensis 

-

Hydropsyche, 

Leuciscus 
baicalensis

-

-

Rhabdochona 

-
Rhabdochona

-

-

4. 

Rhabdochona

-

-
-

-

cox1 performance as a 

Pterois volitans

meps11738
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Rhabdochona

Ephemera strigata

of the nematodes Rhabdochona denudata honshuensis and 
Rhabdochona coronacauda

Ephemera strigata

-

-

-

-

-

-
ric sculpins, Cottus aleuticus and Cottus asper, in four adjacent 

-

Rhabdochona

-

Rhabdochona 
cotti (Nematoda, Rhabdochonidae) from Cottus caeruleomen-
tum

Rhabdochona spp. Acta 

Rhabdochona angusticau-
data
eel Anguilla japonica, and new records of some other nema-

-

s11686-020-00268-1

Rhabdochona hellichi

-
Rhabdochona

intermediate hosts of Rhabdochona hellichi
Rhabdochonidae), a parasite of Barbus barbus (Pisces). 

-

Rhabdochona

-

 on 2024-08-08. 

Gyrodactylus salaris and two of 
its hosts, Atlantic salmon (Salmo salar) and rainbow trout 
(Oncorhynchus mykiss

for stomach content analyses in juvenile chum salmon 
Oncorhynchus keta -

s12562-016-1040-6

on the occurrence and maturation of Rhabdochona anguillae 

-

Zingel asper and Cottus gobio) and 

(Dissostichus mawsoni



Limnocottus

-
-

Caryophyllaeus laticeps 
Leucaspius delineatus

Leucaspius delineatus 

Abyssocottus (Limnocottus) 
godlewskii 

-

-

Thymallus -
-

Thymallus arcticus

-
Rhabdochona -

-

-

143-147.

-

-

144-161.

Thymallus tugarinae 

-
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Original Article

Assessment of thermal characteristics 
of lakes in the permafrost zone by 
mathematical modelling (on the example 
of lakes in Yakutia)

ABSTRACT.
problems of quantitative assessment and prediction of hydrothermodynamic characteristics of lakes of 

to assess the retrospective interannual and intraannual dynamics of abiotic processes in water and bot-

the interannual dynamics of the studied processes in water and bottom sediments of thermokarst lakes 

Keywords: lake, mathematical model, heat transfer in water and bottom sediments, permafrost, reanalysis, climate 
scenario

1. Introduction

At present, the absolute majority of lakes with an 
area of up to 100 km2

-
surements are carried out on them. (Rumyantsev et 
al., 2021). The reason for this is their abundance and 

has become possible to obtain information about inac-

-

-

-

-

on thermal processes in the water depth. The lack of 
-

lakes and their bottom sediments under the conditions 
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Currently, from the 723 thousand lakes in the 

depth and surface area is available for less than 500 
ones, which are considered morphometrically studied 

other areas of human activity that require information 
about the characteristics of their water mass and bot-
tom sediments.

The purpose of the study is to identify the possi-

of quantitative assessment and prediction of hydro-
-

information on their morphometry. The object of the 

the morphometry of which is described in the work 

2. Object of study

2. 
In the north, the territory is washed by the Laptev and 

-

continuous permafrost, the thickness of which depends 

-
-

ness reaches up to 1500 m in the upper river of the 

m and more. In the southern and southwestern parts of 

a thickness of up to 60 m is observed.

subarctic and arctic in the north and islands. For the 

to the characteristics of the relief and distance from 
the sea, the climate has its own characteristics in dif-
ferent parts of the republic. Thus, a milder climate is 

-

(centers of mass) of the indicated areas, the location 

Fig.1.

of which will be used in subsequent calculations. The 
coordinates of the centroids of each of the climatic 

-

and other less common types. The main morphomet-

lake depth, lake surface area, water mass volume, 

2) and lake 
3 -

-
metric parameters are known for all lakes. The mutual 

shape of its basin determines the correlation between 
the morphometric parameters of water bodies of same 

-

dependencies can be used to quantify other morpho-
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metric characteristics of lakes, such as depth.
-

ation, lakes of thermokarst -

and have a round-oval shape. Their depths are equal to 
Water-

erosion
in deltas or at river mouths. These lakes are formed as a 
result of the separation of channels (branchs) and sec-
tions of the old channel (old channels) from the river, 

2

al., 2020). Erosion-thermokarst lakes were formed in 

-

Lakes of glacial

form of scars, ram’s foreheads, which are clearly visible 
on rocky shores and islands. The shores of the lakes 
are composed mainly of hard rocks, which is weakly 
erodible, which is one of the reasons for the weak sedi-
mentation process. Lakes of tectonic -

and shifts of the Earth’s crust. As a rule, they are deep 

3. Materials and methods

-

-

• 
-

atmospheric impact on lakes (reanalysis, climatic 
1

• 

processes in water and bottom sediments of lakes 

-
-

acteristics from Table 1, located at the points with 

• 

processes in water and bottom sediments of the 
most widespread thermokarst lakes located in 

(Table 1), located at points with the coordinates of 

• Assessment of prospects for further use of model-

Selection of a model of HTD processes in the 
system “atmosphere  lake  bottom sediments”, as 
well as sources of information on the atmospheric 
impact on lakes.

predominance of vertical variability of thermal char-

-

-
-

The hydrothermodynamic model of lake FLake1 

Table 1.

Number of lakes H, m A, km2 V, km3 V = f (A) 

Thermokarst 231 1.4 0.8 0.001 1.14 

Erosion-thermokarst 3.0 0.011 1.06 

1.1 0.28 0.0004 1.2 

Tectonic 8 34.2 36.3 1.64 3.2

17 4.3 35.5 0.15 3.2
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-

processes in the lake, which implements the results of 
-

• 

sections of the water area, and not so small that 

• 

• -

Currently, FLake serves as a basic tool for devel-

-

abroad. The product of a synthesis of the lake model 

-
neous estimation of the seasonal cycle of temperature 

conditions, the FLake model is widely implemented in 
-

-
2, which is used in our country 

for the whole territory of the Russian Federation, also 

of freshwater lakes on the local climate around the 
world. It follows that the model can be used a priori 

our country.
In addition, the authors’ previous studies, carried 

Lena River delta. The island contains several lakes of 

2  (date of access 15.03.2024) (Rockel et 
al., 2008).
3 ERA5 website 

we used the results of measurements of lake ice thick-
ness, bottom and surface temperatures of four lakes in 
April 2013, conducted by a team of specialists from the 

-

-
-

and consistent data set. The principle of this data com-
bination is based on data assimilation used in numeri-
cal weather prediction centers, where every few hours 
the previous forecast is optimally combined with newly 
available observations to produce a new best estimate 
of the state of the atmosphere. In this case, reanaly-
sis is not associated with the need to promptly issue 
weather forecasts, and thus there is more time to collect 
observations and to incorporate improved versions of 

quality of the reanalysis product.
In the present work, we used data from the ERA53 

family reanalysis as input information for hydrother-

-

-
ber of atmospheric parameters, of ocean waves and the 
surface of the Earth. The time step between “observa-

the calculated point. To facilitate the work of many cli-
-

Climate change scenarios in the region. In 
order to assess the consequences of possible climate 

-
-

sphere in the future, the so-called RCP (Representative 

2) 

4) emissions should decrease by 
2) emissions at about 10% 

-

at the same rate they are today. The numbers in the 
scenario abbreviations (2.6 and 8.5) indicate the addi-

2) that would be stored 



1384

Kondratyev S.A. et al. / Limnology and Freshwater Biology 2024 (6): 1380-1398

-

recommended in the Fifth Assessment Report of the 
4. 

The data required for the calculations were obtained by 
-

nates of points of interest (in our case, the coordinates 
-

variables, and the temporal resolution of the data on 

information for climate projections consists of hydro-

For simulation calculations, the hydrometeo-

forecasts were combined. The RCP scenarios were 

same time period. The method is based on the use of 

measured climatic parameters) and those calculated by 

If the necessary initial information is available, 

• heat transfer between the atmosphere, ice, water 

• 

• 

• date of ice cover formation, its duration and 

• 

4. Results and their discussion

-

on the basis of information on their morphometry are 

• -
4 Link to the report  (date of 
access 15.03.2024)

Fig.2.

-

acteristics of water mass and bottom sediments in 

• -
acteristics of water mass and bottom sediments in 

• 
-

(thermokarst, water-erosion, and erosion-thermokarst) 

only thermokarst lakes were considered in the follow-
-
-

ical lakes located at the points with the coordinates of 

of morphometric characteristics contained in Table 1.
Calculation of intra-annual dynamics of HTD 

characteristics of water mass and bottom sediments 

-
-

-

information of reanalysis for centroids of the mentioned 

water, and bottom sediments in a thermokarst lake of 
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-
ture. The lowest water mass temperatures (no more 

-
-

poral dynamics of water temperature in lakes located 
-

cantly from that in lakes without permafrost. In the lat-

to heat redistribution between warm bottom sediments 

water temperature under the ice increases in winter. 
-
-

to bottom sediments. At the same time, the temperature 
of the water mass under ice decreases. This is because, 

-

-
-

-

formation of ice cover, the small amount of heat accu-

-
-

for the period under consideration are up to 1.5 m. 

-
-

considerable part of the year, i.e. it is directed from the 
water to the bottom. And only in a short time interval 

sediments to the water (see above).
Calculation of intra-annual dynamics of HTD 

characteristics of water mass and bottom sediments 

water mass and bottom sediments was carried out for 

-
-

Fig.3.
water mass and bottom sediments (water temperature, ice 

-

-

of its basin development and such an important mor-

is an input parameter of the FLake model. As follows 

volume of water mass, the heat reserve decreases faster 
-

the temperature also decreases, but at a slower rate, and 
remains positive by the end of the ice-out period. The 

-

positive values. This is one of the reasons for the fact 

thermokarst lakes. The simplest estimation shows that 

lake by the end of the winter period (calculated accord-

2, 
-

-
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tectonic lakes warm up much slower compared to the 
-

-

At the same time absolute values of water temperature 

-
-

-

-

is directed from the water mass to the bottom sedi-
ments. At the same time, there is no noticeable tem-
perature decrease in winter. The point is that due to 

-

Retrospective and prognostic assessment of 
the dynamics of annual average HTD characteristics 
of lakes for the period 1940 2100. Calculations were 

-
istics (Table 1). Retrospective dynamics of mean annual 
water mass temperature and mean ice cover thickness 

-

up to 2100, the data of climatic forecasts (RCP 2.6 and 
RCP 8.5) for the considered climatic area were used 
as input information in the calculations. The results of 

-
-

-

a further increase in lake water mass temperature of 

Fig.4.

characteristics (mean annual water mass temperature and 

in the Arctic. Ice thickness decreases in all water bod-

mainly the result of water mass interaction with the 
atmosphere.

-

thickness in lakes, the question arises about the impact 

of bottom sediments. The point is that the water mass of 
-

lator between the atmosphere and bottom sediments. In 
addition, such a heat insulator also has an abnormally 

lakes, which will most likely increase vertical density 
-

tion of bottom layers from atmospheric heat penetra-

2

the bottom sediments will be even less. Thus, it can be 

It is reasonable to assume that the situation with 
-
-

tion, it is important to remember that the theoretical 
-
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ment and water systems in particular are under inten-

developed in the near future. Therefore, it is necessary 

-
-

-
cal and climatic conditions under the lack or absence of 
in-situ observations. Thus, one of the main purposes of 

-

5. Conclusion

-
tic calculations, the prospects for further use of mod-

lakes FLake, which is successfully used in the prepara-

we can talk about real prerequisites for the creation of 

• 
-

ical coordinates and water surface area are found.

• 

• 

-

calculations.

• 

-
-

ture distribution in water and bottom sediments, 

-
tions will make it possible to assess the main trends 

-

(area less than 100 km2) unstudied and poorly studied 
lakes in Russia. Provided that the FLake model is sup-

-
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Problems of quality assessment of 
highly colored water of Lake Onego 
urbanized tributary using hydrochemical, 
microbiological and toxicological 
indicators

ABSTRACT. -

5 was 

Cr and Fetot

-

Keywords:
bacteria, bioassay

1. Introduction

The deterioration of water quality has become 

amount of transport and active construction work, the 
-

-

-
acteristics, such as low mean annual air tempera-
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-

-

2+ 2+ 
ions and lesser Na+. Anions contain hydrocarbonates 

-

-

concentration and the acidic response of the medium. 
-

et al., 2018).

protocol of the Commission for the establishment of 

-
tance. It is heavily contaminated with storm water run-

water for the population.

2013).

-
lain by a thick pile of Quaternary sediments, such as 

-

-
taminated with an abundance of humic substances (a 

water color. Therefore, it is important to separately 
-

-

have been conducted to assess river water quality and 

The aim of the present study is to assess the qual-
-

2. Materials and Methods
2.1. Description of the study area

basin area is 46.1 km², mires make up 13%, and its 

-

2.2. Sampling and analyses

Fig.1.

a b
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water layer in the central portion of the current. The 

In 2014, seven water samples were collected at 

5 2 3 , TP, IP), 

5 Cr

tot

2.3. Methods of chemical analysis

2012). The chemical parameters of water were assessed 
-

chemical practices (Table 1). The results obtained were 

of contaminants in Russia’s water bodies used for com-

To indirectly calculate the abundance of humic 

Hum MnCOL×COD , unit of humus content

2.4. 
water contamination index

surface water contamination from hydrochemical indi-

-

site over any time interval for any set of hydrochemical 

-

-

Fig.2.

2.5. Methods for microbiological analysis

by direct calculation on black polycarbonate track 
pores -

-

pores = 0.45 
-

The water quality was assessed based on micro-

the proportion (%) of saprophytic bacteria in the total 

Fig.3.
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dirty. For a correct assessment of water quality based 
on the total abundant of bacterioplankton in accor-

microscopy), a factor of 2.06 was used to convert to the 

et al., 2022).

2.6. Bioassay

-

-
say in the same time of year. In 2014, water samples 

-
iments, 12 water samples). River water samples were 
placed in 1-litre plastic bottles and delivered immedi-
ately to the laboratory.

The crustaceans 
(synonym of Ceriodaphnia dubia

-

In 2008, the small planktonic crustacean  
was taken for bioassay from a culture donated by the 

The crustaceans -
+

+ 2+ 2+ 
3

4
-

ter varied from 8 to 8.3. The crustaceans placed in the 
Chlorella vulgaris.

subjected to bioassay by methods recommended in 

-

-
jected to bioassay under static conditions (static nonre-

day-old crustaceans -

a reference medium. Its chemical composition is shown 
above. The volume of the reference medium and that of 
the river water tested was 100 ml at each replication. 
Five crustaceans were placed in each bottle. The crus-

Table 1.

Parameters Method adopted MAC (Russian Standard)

Potentiometric determination

Color, Cr-Co scale —

Fetot 0.1 

—

Cr
determination with ferroin

—

2

5 2 2

2

3 2

2-N

ascorbinic acid reduction to phosphatomolybdic heteropolyacid, 

2 2 8 in acidic media and determi-
4-P

—

Infrared spectrometric method 0.05 
Note
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the crustaceans was assessed from the activity of their 
movement in the bottle and the availability of juveniles 
in brood pouches.

2.7. Assessment of the anthropogenic 

are presented in Table 2.
5 and oil products was 

-
5

In 2015, storm water samples were taken from 

5

2.8. Statistical analysis

were calculated as the statistical characteristics of the 

-
-

Links between the indices of hydrochemical were 

-

and to make their distribution as normal as possible 
-

-

3. Results
3.1. Chemical composition of water

In river water Ca2+ and Na+ ion concentrations 

is of a hydrocarbonate-calcium type, based on ion 

and Efremova, 2017).

dominated for many years by such metals as iron and 

were 3 and 20 times the concentrations in the suburbs 

-
Cr), the water 

color and related chemical elements (mainly iron) 

5 and oil prod-

in rapids areas of the river, and on the other hand, the 

Table 2.

Data MAC October 2014 MAC July 2015

M±m M±m

4.25
55±20.4

23.75

5

2

2.1
26.5±15.8

2.1
28.8±21.2

0.05 0.05

Chlorides, 300
25.2±10.7

300

Note
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3.1.1. Chemical indices showing the natu-
ral composition of water in the River Neglinka in 

2013).

Cr were provoked by 

tot was 
revealed.

In the urban stretch of the river, where total river 

Cr
did the water color (Table 3). Fetot decreased down the 

partial precipitation on the bottom.
3.1.2. Chemical indices of man-provoked 

water contamination in the River Neglinka
-

5 in the suburban stretch of 

5 in the urban 

(Table 3).

-

-
5 into the river water 

Table 3.

Data 2014 2015

upper stretch 
of the river

urban sites upper stretch 
of the river

urban sites

5.6±0.4 7.2±0.2 7.4±0.2 4.5±0.3 7.0±0.3 7.4±0.3

177±76 66±37 146±36

Fetot n.d. n.d. n.d.
2.7±0.4 2.1±0.3 1.4±0.2

10.34±0.84 10.1±0.4 10.3±0.5
n.d. n.d. n.d.

34±8 25±6
n.d. n.d. n.d.

Cr n.d. n.d. n.d.
27.6±3.3 20.4±4.6

2
8.2±0.3

2 saturation
84±3 86±2 68±2 56±6 80±2

n.d. n.d. n.d.
27±7 16±6 16±5

5 2
1.7±0.4 3.4±0.7 1.0±0.1 5.0±1.5 2.3±0.4

2
0.016±0.004

n.d. n.d. n.d.

3
0.21±0.06 0.67±0.61

n.d. n.d. n.d.

26±6 103±30 166±31 217±44

25±5 117±38 18±6 148±46 160±20

0.03* 0.37* 0.05* 0.05* 0.34* 0.04*

Note
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Nitrite concentration in the suburban stretch of 

urban stretches of the river increased by one order of 

entire study area.
Nitrate concentration in the river water was 

-
tent with those obtained by other workers, who took 

Total phosphorus (TP) concentration in 2014 
was much lower than in 2015 due to weather condi-
tions, because the year 2014 was drier than 2015. The 

the private sector was responsible for its increased con-
centration in the river water in the urban area. The 
data we obtained on the concentration of TP and IP in 

and Efremova (2017).

water makes up over 10% of total phosphorus concen-

2017).

-

because there is a railway depot at some distance from 

river mouth, because they are partially precipitated on 

river water than in the suburban area because they are 
partially precipitated on the bottom.

3.1.3. Analysis of the structure of relation-
ships between chemical indicators

The principal component analysis (PCA) was 

-
-

Table 4. -
ponents in the study of the relationships between hydrochem-

PC1 PC2 PC3

-0.9 -0.1 -0.1

Color 0.5 0.1 -0.7

2 0.0 0.8 0.5

2 saturation -0.7 -0.1 0.2

0.3 0.8 -0.1

5 -0.7 0.5 -0.4

2 -0.8 0.1 -0.1

3 -0.8 0.2 0.3

TP -1.0 0.0 -0.2

IP -0.9 0.0 -0.2

5.2 1.7 1.2

% in total variance 52 17 12
Note -

-

81% of the total variability of water composition indi-

2 3 , 5 in 
-

samples taken at the suburban station in all months of 

-
ples taken at the suburban station in all months of mon-

at urban stations. The position of the stations on the 
-

-

values, the low water color, the heavy nutrient matter 

in water of the river (Table 3) are characteristic of the 

The use of PCA for data on the chemical compo-
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Cr and phosphorus concentration 

water contributed to PC3 (Table 5). The positions of 

and PC2, and PC1 and PC3 values show the spatial het-

Cr, 

water, and contamination by phosphorus compounds 
-

-

seasonal variations.

Fig.4. -

shows samples from urban stretches.

Table 5. -
ponents in the study of the relationships between hydrochem-

PC1 PC2 PC3

-0.9 0.1 -0.1

Color 0.9 0.1 0.0

2 0.0 1.0 0.0

2 saturation -0.3 0.9 0.3

Cr 0.7 -0.5 -0.1

5 -0.6 -0.6 0.0

-0.1 -0.2 0.9

TP -0.8 -0.1 -0.2

-0.8 -0.1 -0.4

Fetot 0.6 0.2 -0.6

4.4 2.4 1.5

% in total variance 44 24 15
Note -

Fig.5.

a b

a b
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the middle reaches of the river. These factors deter-

-
eral, the results of the statistical analysis illustrate the 

-

Cr, Fetot
the initial data sets for 2014 and 2015. The results of 

-

-

of the two principal components clearly showed their 

-
-

3.2. Microbiological indices

The distribution of the total bacteria abundance 

-

-

-

private sector.

-
terioplankton and water temperature due to the river’s 

Table 6. -
ponents in the study of the relationships between hydrochem-

-

).

PC1 PC2

2 -0.1 -1.0

2 saturation -0.7 -0.1

5 -0.8 -0.2

2 -0.8 -0.1

3 -0.8 -0.2

TP -1.0 0.2

IP -0.9 0.3

4.2 1.15

% in total variance 60 16
Note -

Fig.6. -
ond main components of the chemical characteristics of the 

-

shows samples from urban sites.

-

indices of the suburban stretch of the river relative to 

the urban stations between each other showed that in 

-
plankton is characteristic of the summer season, when 

of bacteria in the summer and autumn seasons due to 
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the present study.
The indices of bacterioplankton in a seasonal 

aspect poorly correlated between each other due to 

3.3. 
water

of the crustaceans  in the reference medium 

-

condition.
In river water samples, the survival rate of the 

crustaceans  varied from 0 to 100% by the end 

results in two replications was complete in all series of 
-

animals in one replication survived, while in other rep-
lication 4 animals survived (mean survival rate was 

-
vival rate indices of the crustaceans , up to 
their complete death in both 2014 and 2015 were 

This station is located in the upper reach of the River 

-
ties. In 2014, crustaceans in water samples from station 

Table 7. -
ponents in the study of the relationships between hydrochem-

-

Fetot Cr). 

PC1 PC 2

2 0.5 0.8

2 saturation 0.4 0.9

5 -0.9 -0.0

0.2 -0.5

TP -0.8 0.4

IP -0.8 0.5

2.4 2.0

% in total variance 40 34
Note -

Fig.7. -
ond main components of the chemical characteristics of the 

-

shows samples from urban sites.

Table 8.

Data 2014 2015

upper stretch 
of the river

urban sites upper stretch 
of the river

urban sites

6

5.7±2.75 1.15±0.35 2.78±0.7

1.22±0.82 70.6±53.8 13.5±3.47 0.1±0.02 20.6±11.8 0.78±0.24

15±21 3545±1486 464±267 75±23

0.2±0.14 1.2±1.76 1.0±0.25 0.01±0.01 0.05±0.01
Note
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crustaceans  in river water samples from the 

-
vival rate of test-objects in river water from stations 

-

the crustaceans  in all seasons for two years.

4. Discussion
4.1. Quality of water from the River 

5

set of chemical indicators. The calculations showed 

increased level of pollution, which was associated both 

indicators associated with the impact of the swampy 
tot.) (Table 10).

tot content and low 

Fig.8.

Table 9.
between the suburban and urban stretches of the River 

Data suburban / urban urban

2014

0.006 0.110 0.035

0.006 0.002 0.085

0.004 0.006 0.142

2015

0.004 0.016 0.200

0.004 0.004 0.020

0.004 0.006 0.004
Note
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assessment of water pollution was obtained, which 
made it possible to more accurately identify anthropo-

4.2. Quality of water from the River 

indices

-
-

bacterioplankton, an essential indicator of water qual-

of human activities on water bodies is assessed without 

To solve the problem of bioindication of water 
-
-

Cr 5, 
Fetot 2 -

-
-

5 and not correlated with indi-

Cr

Fig.9.

2014 2015
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indices.

both years of studies, as indicated by median values, 

2015. In 2014, the abundance of bacterioplankton was 
-

ples were taken after precipitation responsible for the 
supply of bacteria from the residential area.

-

Thus, assessment of water quality assessed from 

-

-

is increased by the fact that the mouth of the River 

4.3. Assessment of water toxicity

-
troversial situation. River water samples, taken from 
the reference uncontaminated stretch of the river, were 

. 

-

-
ularly, evidence for the active response of the medium 

-

Fig.10. -
ics of the survival rate indices of the crustaceans  

Table 10.

SCWCI Characteristics of the state of 
water pollution

Indicators exceeding MAC

3.25 3b, very polluted tot

5.44 4a, dirty Fetot 2 5

3.67 3b, very polluted Fetot 5

0 Conditionally clean —

4a, dirty 2 5

2.63 3a, polluted 5
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-

water samples were found to be lethal for the crusta-
ceans .

-

-

found.

values between all water samples taken from the River 

death of the animals in water samples taken at station 

the crustaceans Ceriodaphnia dubia are consistent with 

-
ceans 

-
ceans 

-

values and standard errors in the median water color 

2013).

-

-

heavy metals for biota due to a decrease in their bio-

Thus, as heavy metals are bound by humic acids and 

Fig.11.
-

stations).

Table 11.

stations.

River station Water color, 
degrees

260 ± 68

7.05 ± 0.22 125 ± 35

67 ± 36

al., 2016).

in the urban area and their accumulation in bottom 

-

-

-

metal distribution pattern revealed in the river makes 

-
-

-

-
ries is directed mainly into the bottom sediments of the 

-
-
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ritory. The results of our studies show that, in addition 
to chemical analyses, bioassay should be conducted to 

natural water composition.

5. Conclusions

for three main problems in water quality assessment.
-

responsible for low water quality in the reference area 

-
-

-

-

The second problem arose from the uncertain 

water, because it was not clear whether they show the 
impact of natural or human factors. The study of the 

-
ces has proved the contribution of bacterioplankton as 

-

obtained from hydrochemical indices. The unsuitability 

which determines the need to carry out measures to 

areas.
The third problem was due to discrepancy in 

-

-

of its water were revealed due to the contribution of 

-

Acknowledgements

-
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5.6±0.4 7.2±0.2 7.4±0.2 4.5±0.3 7.0±0.3 7.4±0.3

177±76 66±37 146±36

Fe
2.7±0.4 2.1±0.3 1.4±0.2

10.34±0.84 10.1±0.4 10.3±0.5

34±8 25±6

27.6±3.3 20.4±4.6

2
8.2±0.3

2
84±3 86±2 68±2 56±6 80±2

27±7 16±6 16±5

5 2
1.7±0.4 3.4±0.7 1.0±0.1 5.0±1.5 2.3±0.4

2
0.016±0.004

3
0.21±0.06 0.67±0.61

P
26±6 103±30 166±31 217±44

Pmin
25±5 117±38 18±6 148±46 160±20

0.03* 0.37* 0.05* 0.05* 0.34* 0.04*

-
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ABSTRACT.

-
3 3), the data were com-

Keywords:

1. Introduction

-

-

obtained data with the results of other studies.

Ershova et al., 2021) and towed nets (Reisser et al., 

systems can be used to sample both from the surface 

layer of the water column and from other water lay-
ers (Tikhonova et al., 2024), while nets are more often 

et al., 2022)  and less often from other water layers 

These methods have opposite characteristics. For 

-
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may result in losses of smaller particles that are prev-
alent in water bodies (Lindeque et al., 2020). The use 

and leads to a more accurate evaluation of microplastic 
content.

-

-

(at least 1 m3). Niskin bottles and other bathometers 

-
estimation of microplastic particles in a water body, so 
it is recommended to sample as much water as possible 
to obtain more accurate results. At present, there is no 

of the I All-Russian conference with international par-
ticipation on environmental pollution with microplas-

2022) the minimum proposed sample volume is 1 m3. 

systems due to the tendency of the mesh to become 
obstructed by plankton and other suspended matter 
and for Niskin bottles due to the relatively limited vol-
ume of samples.

There is limited research on the comparison of 

most commonly used to collect water samples when 

seldom reach clear conclusions about which method 

-

The purpose of this research was to compare two 

-
ciency, and applicability to the studied water bodies 

-
plastics in samples collected by these methods were 
evaluated.

2. Materials and Methods

-
ied for microplastics content since 2018 (Ivanova and 

-

-

Fig.1.



1436

Tikhonova D.A. et al. / Limnology and Freshwater Biology 2024 (6): 1434-1453

was used. This device was developed at the Institute 

-

pumps of this type can be lowered to a depth of no more 

-

each other with connectors can be used to take water 
samples. At the bottom of the pump there was a sealed 
elastic adapter from the water intake part of the pump 

was located at the end of the hose, all connections were 

under hydrostatic pressure, and a pump removed water 

at the outlet of the pump. A valve was installed at the 
-

system was lifted.

water body either from on board the research vessel 

the sample volume was small (up to 500 liters), several 
samples were taken from the same location to increase 
the representativeness of the sample.

For comparison, samples from the water surface 

2

mm with a perimeter of 1508 mm was attached to the 

the water and towed behind the boat or the research 

-

were attached to the boat that proceeded to trawl for 
-

Fig.3.

Fig.2. -

from the system and the material was removed into a 

2) and the 
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-

values and make valid data comparisons, the concen-

arithmetic mean between the obtained concentrations. 

3, while in sam-

from 0.04 to 1.1 m3

-

-

-
-

-

-

the sample and the process continued until as much 

was repeated up to 4-5 times for samples taken by the 

-
pletely dry.

-
cessed in parallel with real samples to control the 

nearby open, after which they were processed in the 

with distilled water immediately before use.

-
cation of microplastics included visual evaluation. 
Particles with the absence of a cellular structure with 
a uniform thickness and color were selected. Particles 

mm), microplastics (less than 5 mm), or material of 

with a needle to a separate Petri dish for subsequent 
analysis of the chemical composition of the particles by 
spectral methods.

The analysis of the chemical composition of a 
-

-
pretation was based on comparison with the available 

database.
To determine the mass of microplastics, the 

an optical microscope. To determine the mass of the 

particle was calculated, which then was multiplied by 

Table 1.

Water body Volume of water, Manta trawl
system

300.7 m3 1.1 m3

3 0.17 m3

135.6 m3 1.2 m3

20.1 m3 2.16 m3

3 from 0.5 to 2.2 m3

Note:
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the density of the most common polymers in the envi-

cm3.
-
-

the third smallest dimension could not be determined 

-
-

-

total sample mass.

-

used to assess the relationship between sample volume 
and microplastics concentrations. Calculations were 

3. Results

particles in the blank sample was subtracted from the 

3 (median 0.6 
3

3

m3). The number of microplastic particles, as well as 
3) and calculated mass concen-

3) for each water body 
are presented in Table 2.

-

-

of suspended matter. The lowest concentrations were 

A comparison of estimated concentrations obtained by 

-

Table 2.

Water body Number of parti-
cles sampled by 
the Manta trawl 
after taking into 
consideration the 
external pollution

Estimated 
concen-

trations*, 
particles/
m3 (Manta 

trawl)

Mass concen-
trations, mg/m3 
(Manta trawl)

Number of parti-
cles sampled by 

system after taking 
into consider-

ation the external 
pollution

Estimated 
concen-

trations*, 
particles/
m3 (the 
pump 

system)

Mass concentra-
tions, mg/m3 (the 

system)

fragments fragments fragments fragments

Lake
128 0.4 0.004 6 5.5

0.0001 0.004 5 1 0.003 0.006 

Lake
136 1.4 0.1 5 0.004 

100 36 0.001 0.1 4 1 0.002 0.002 

21 0.15 0.0004 5 4.1

17 4 0.0001 0.0003 4 1 0.002 0.007 

24 1.2 0.0003 2 0.00008

24 - 0.0003 - 2 - 0.00008 -

0.6** 0.001 11 3.3** 0.002

88 5 0.0002 0.0008 11 - 0.002 -
Note: *concentration was calculated as the ratio of the sum of particles detected in the composite sample to the sample’s 

total water volume
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which is one of the main tributaries of the lake (1.4 
3

3 -

-

-
tem (p = 0.5).

particle masses, they were found to be within the same 
-

test, p = 0.7).

order to estimate the proportion of microplastics of the 

Fig.5.
3).

mesoplastic particles (more than 5 mm) were found 

with our previous studies (Tikhonova et al., 2024) and 

-
troscopy methods, and reliable polymer spectra were 
obtained for 44 particles. For 23 particles, only the 
spectra of various dyes were determined. 22 particles 

of spectra inconclusive. The spectra of 17 particles 
could not be determined due to either discrepancies 
with reference values in the database or due to severe 
contamination of the respective sample.

Fig.4. Quantitative concentrations of microplastics 
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polymer composition were obtained for samples from 

-
inant type of polymers was polypropylene (66%), as 
well as polyethylene (33%), polyethylene terephthalate 

polyethylene (45%) and polypropylene (41%), and 
polyethylene terephthalate and polystyrene were also 

-
rial type was determined to be a synthetic polymer, 
polypropylene predominated (83%), and polyethylene 

particles of polyethylene terephthalate were found.
-
-

ylene (34%), which are the main types of polymers in 

2022).
-

ment was determined can be conventionally accepted as 
synthetic. These particles do not have the spectrum of 

to a laser. Fluorescence may be associated with the 
-

particles do not burn out at low laser powers, they can 
also be conventionally accepted as synthetic.

4. Discussion

-
tion system can be used not only to take water samples 
from on board a vessel, but also from a pier or ice cover 

samples from various water layers. The volume of water 
-
-
-

tative samples for studies of microplastics in water. At 
-

use of both methods is recommended in future studies 
to further evaluate which method yields the most robust 
data samples. The same conclusions were reached by 

-

Concentrations of microplastics per 1 m3 obtained 
-

-

collected in multiple replicates to obtain a representa-
tive sample and allow for the statistical comparison of 

-

Fig.6.
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-
-

also necessary to take into account the seasonal char-
-
-

amount of suspended matter in summer complicates 

-

it is recommended to take samples when there is less 

should be used for surface layer samples in summer or 

-

medium in which the particle was located) and trans-
ferred to a separate Petri dish for subsequent analysis. 

-
-

plastic particles in natural environments (Acharya et 

which is successfully determined by spectral meth-
ods, are included in the samples. In the samples taken 

were found and the majority of detected particles were 

particles the spectra did not coincide with those avail-
able in the database, which may be due to both the 

in substituents for substances close in class, as well as 
limitations of the library itself.

5. Conclusion

A comparison was made of two methods of water 

had not previously been studied for the content of 

-

-

both methods, at this time it cannot be concluded that 
-

-

water layers as well as in the surface layer in conditions 
of a small content of suspended matter. To compare 

-
ble when the content of phytoplankton and water tur-
bidity are minimal.

Acknowledgements

-
vative methods for their conservation, restoration, and 

-
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-
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ABSTRACT.

-

cope with them. No attempt is made to be comprehensive.
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Preface

Houses

special interest in the diatoms. Their cell wall morpho-

microscopy, in order to, in his words, “let the cells 

-

cells that needed to be kept in cooler environments. 

-
-

vations made in his lab, and demonstrates the enthu-

unique forms of cellular behavior. It is the hope of the 
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1. Introduction

-

-
isms play a pivotal role as primary producers in aquatic 

shells, known as frustules, are adorned with ornate and 

As we commemorate the anniversary of this publica-
tion, it presents an opportune moment to not only pay 

-

over the past two decades have been profound, encom-

-

of their importance and functionality within aquatic 

-

techniques, such as electron microscopy and atomic 

the ultrastructure of diatom frustules with more detail 

-

-

-

-

-

-
-

-

transporters (involved in silicon uptake and concen-

-
toms with emphasis on reproduction and frustule devel-
opment, the past two decades have had some advance-

-
-

Fig.1.
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-

past 20 years, and we take the opportunity to discuss 
selected aspects from the video within the past devel-

-

-

may follow.

2. Results and discussion
2.1. 
Earth”

Recent applications beyond the use of Diatomaceous 

-
-

the historical use of this natural material. In fact, diato-

-
ical applications of diatomaceous frustules, it is essen-
tial to mention also some more recent advancements 

-

et al., 2024), hydrodynamic properties (Losic et al., 

-

decades, evident in their colorful appearance under 

demonstrated that certain frustule components func-

their precise nanoscale structure and ability to manip-

was laid by Fuhrmann et al., 2004, who proposed this 

of the species Coscinodiscus granii

concept of slab photonic crystals was developed in the 
-

or even hundreds of millions of years before human 

-

-
-
-

C. 
granii 

-

Table 1.

Substances ex, nm em, nm Fluorescence 
quantum yield

Medium Reference

* 525 550 0.63 In water for the cationic 
+ 

* 526 551 In water

384 540 0.31

440 0.34 

338 510 0.38 silicic acid

485 535 -

500 551 0.015

554 0.061

465 0.134

Q-N2 480 0.074 Aqueous silica nanoparti-

Flunet 455 520 Annenkov et al., 2024
Note: *
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-

as platforms for plasmonic applications, useful, for 

Tommasi and Chiara de Luca, 2022).
Fluorescent vital dyes

added new properties to the siliceous material and 
facilitated information about its formation. It was found 

-
-

-

microscopy.

Fig.2. -
-

-

Fig.3.

past 20 years, these dyes are incorporated into newly formed 

2.2.

Are frustules cell walls?

which are doubtless a type of wall-like structure. 

cell membrane. This is the case of the frustule in its 
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Nevertheless, the formation process of dia-

their unique formation process blurs the distinction 

-
inate inside the cell (i.e., within the plasmalemma) 

The nature of this internal formation of wall 
-

rior is likely related to similar processes seen in other 

formed internally then secreted. This internal mineral-

2023).
Active regulation of cell buoyancy

made, in which the centric cells appear to be able to 
actively adjust their placement within the water col-

-
nisms behind this have not been determined, it is pos-
sible that some centric cells may be able to actively 

2.3.
Pennates”

The use of the terms “centric” and “pennate” in dia-
tom taxonomy, based on DNA sequencing methods

-
eral. This is one of the most obvious characters of a 

-

described and the observational power of available 

-

-

respectively).

-

-

-
-

Nakov et al., 2018).

Fig.4.

symmetry, are indicated above the dotted line.
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-

molecular data has spurred some interest in search-
-
-

Coscinodiscus nitidus
-

nate Rhaphoneis -
Psammodiscus, on the 

Astrosyne (Ashworth et 
-

of their chloroplasts oriented into a siliceous, circu-
lar internal wall—which are bilaterally symmetrical 

consistently resolved the radially-symmetrical, circu-
lar-valved order Thalassiosirales within the clades of 

Nakov et al., 2018). Clearly, shape and symmetry alone 

reserved for descriptive purposes but not to infer classi-

2.4.
Center (Centrosome)”

Microtubule Centers as universal structures for spa-
tial control of eukaryotic cell structures

As outlined and so beautifully displayed in the 

-

from a number of diatoms to demonstrate that diatom 
microtubule centers have a number of components in 

-
-

placement of centrosomes and their centrosomal micro-
tubules are responsible for the movement and place-
ment of cellular components and endosomal particles in 
eukaryotes, mainly via motor proteins such as kinesins 

and Rusan, 2024).

2.5.

Movement of the diatoms of a Bacillaria paradoxa 
colony

The collective, synchronous movement of 
Bacillaria paradoxa colonies is commented on in the 

movement and ensures that it occurs in one direction 
-

tion of movement of diatoms in colonies in a steady 

contraction is typical for smaller colonies as they can 

the colony remains in a stretched state. Then, the dia-

the other. There is therefore always a small time delay 
between the relative movements. The colony contracts 

of movement is then reversed, and the colony returns to 

A characteristic feature of small, synchronously 

never in opposite directions. The synchronous back-
and-forth movement of the entire colonies has been 

Bacillaria
-

which is presumably due to environmental conditions. 

Fig.5.
the stretched state. The diatoms in the middle area do not yet show any relative movement.
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laser-isolated cell has also been observed to move back 

Bacillaria

-
thic diatoms (Tanabe et al., 2020), we now have indi-

positions become stationary. Its duration was chosen to 

Bacillaria

movement is described by four displacements. These 
-

which all displacements are constant over time. If the 

opposite movements occur if the sum of all phase shifts 

the duration of the rest period. If the sum of all phase 
shifts reaches the value , then there is for each diatom 
another diatom that moves in the opposite direction. 

-

apart diatoms are in the chain, the less often they move 

It should be mentioned that local mechanical 

-

Modeling the movement

Bacillaria colonies has not yet been found. A rapidly 

For the movement of diatoms, a description by 
oscillators and cell-to-cell communication was pro-

-
tion of the movement by coupled oscillators, which 

a phase shift of the adjacent movements within the 

of the information about the position of the diatoms 

-

Bacillaria has been carried out by Alicea et al. (2021) 
and Alicea et al. (2023).

Finally, it should be mentioned that the move-

not yet be decided. In particular, one hypothesis for 
Bacillaria

Fig.6. a
b

are present are outlined in black.
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the cells in a stack with no obvious mechanical stop 
-

-

other observations, it has not yet been tested directly 

Bacillaria

Continuing thoughts on the movement of Bacillaria 
paradoxa colonies

direction. 
-
-

ments inside and outside of a raphe, there is the need 

membrane, and the molecular concerted movement of 

from a review of the many models for diatom motility 
-

center of a raphe is unknown.

of motile diatoms needs ultrastructure and molecular 
work (they have a distinct spectral sensitivity, dif-

Bacillaria
-

tribution to all cells in other colonies of attached cells.
Bacillaria

them, barely visible via the detritus in it (Rines, 2001). 
-

ity is unknown.
Three species of Bacillaria

Phylogenetic notes on motility in diatoms

it should be noted that Ardissonea

shape of the frustule, is more closely related to the radi-

by Ardissonea has also been documented in a sister 
Ardissonea—Toxarium

-

Pseudohimantidium), 

-
Astrosyne

where the raphe slits are small and restricted to the 
-

that labiate processes and raphe slits are independent 

studies failed to resolve the Eunotiales as sister to all 

2015, Nakov et al., 2018). 
Movement along Actin Cables generated by myosins

-

speed as whole cell transport, and reported that this 

-

description is that both the cytoplasmic transport of 
-

-1

-1. Thus, the similarity in speeds in the 
two processes of cytoplasmic transport and cell motility 

motors.

2.6. 

Photo-regulated movement regulated by biasing 
direction change at light boundaries

-
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diatom valves contain special mycosporine-like amino 

et al., 2010), the motility of diatoms, in which they 

shown in the video, is likely an additional important 

-

The characteristics of movement responses rel-

their movement (Cohn et al., 2015). It has been discov-
-

but have motile behaviors that can be modulated by the 
presence or absence of other species (Cohn et al., 2016). 
In this way, diatoms are able to accumulate into areas 

in the classical sense of plant movement, but rather con-
sidered to be a photophobic response in which cells are 

that Pinnularia spp., which typically have mainly circu-
lar paths of cell movement, and therefore limited areas 

-

the modulation in the presence of other species, can 

2.7.
Cleavage”

Zig-zag shaped colonies

Tabellaria) is described 
-

-

-
-

-

Chain-shaped clonal colonies are formed when 
-

as well as star-shaped colonies develop in pennate dia-
toms when they fold apart after cell division but remain 

does not always occur immediately after the morpho-
-

-
rated diatoms are observed in addition to individual 
diatoms in the chain or turbulence.

diatom, the minimum time from its formation to the 

separation also depends on the position in a chain.

is used to describe the various possible connections. 

Fig.7. a b
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-

The dots indicate that it can be one diatom, or several 
diatoms connected at the entire valve. For this reason, 
capital letters have been used in contrast to the charac-

-
-

A and B, 
where the connection points are opposite each other, 

C and D
The connection pattern of a chain is character-

A, B, C, D}. The 
ABABAB. 

-

-

Also note that A can only be followed by a B or C and B 
can only be followed by an A or D.

If elements A or B are split, the newly created 

A colony or a part of it is therefore not permanently 

The position of the connection points is determined by 

or rare. In Diatoma vulgaris

-

• C and D separate into 

• -

-
ically observes the sequences of processes shown in 

Two successive processes replace A with ABA 
and B with BAB

-
-

Role of motor proteins in regulating cell division

a considerable distance in the cell to a new site, now 

centrioles, the described behavior of the centrosome 

in which the movement of the centrosome is driven 
by the coordinated activity of cellular motor proteins. 
These motor proteins (mainly kinesins and dyneins) 

attachment of other components to the microtubules 
-

-

the proper placement of mitotic spindles prior to cell 
division.

Numerous studies have help to solidify the 

-

after division. Addition of dinitrophenol (an ionophore 
that rapidly eliminates mitochondrial ATP formation) 

Surirella spp. as well 

Fig.8.
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-
tubule poison colchicine also eliminated the movement 
of the microtubule center to the corner of the cell fol-

the proper movement and activity of the microtubule 

placement and subsequent valve formation.

2.8.
Morphogenesis”

Role of osmotic pressure in Valve Morphogenesis

Pleurosira laevis
2022). Two forms have been documented in this dia-

-

-

-

cytoplasm as the new valves form after mitosis.
Cytoskeletal components and biochemicals used in 

regulation of Valve Morphogenesis
The requirement of cytoskeletal components 

-

-

treatments showed that inhibition of microtubule for-

the very abnormal placement of valve components (as 
in Surirella spp.) or abnormal raphe formation (as in 
Pinnularia spp. or Hantzschia spp.). Treatment with an 
actin inhibitor also inhibited the transport of newly 

Hantzschia
on the surface of the valve face rather than in the cor-

-

mentioned above (Table 1). In particular, submicrom-

2013) were detected, and the formation of the silica 

-
cytosis hypothesis for silicon capture from the environ-
ment (Annenkov et al., 2020). Fluorescent vital dyes 

based on vital biosilica trackers.

Morphogenesis”

-

Fig.9.

Fig.10.
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Corethron.
Rhizosolenia 

and Proboscia based on the presence or absence of a 
labiate process at the peak of the valve center has been 

-
eral Rhizosolenia and Proboscia -

-

Rhizosolenia species. In the broken valves of several 
strains, they also documented that a labiate process 

Proboscia

siliceous slabs. Thus, the labiate process is involved in 
Proboscia the labi-

-
Rhizosolenia.

the local depletion of the precipitant. The setae of dia-
toms, in their curvatures, look much like they follow 

Gamete diversity in “centrics” and “pennates”
-

toms have been shown to be far more diverse than 
was understood at the time this video was produced. 

Ardissonea with motility 

-
ual reproductive cycle in Ardissonea -

Pseudostaurosira
al., 2011) and Plagiogramma

as in Ardissonea Pseudostaurosira 

in a small fraction of the overall diversity of diatoms, 
-
-

-

Size regeneration, auxospore ultrastructure and the 
molecular phylogeny

-

Fig.11.

-

ation in diatoms, it should be noted that one level of 

-
tinued to be monophyletic in nearly all subsequent 

-

require further documentation of the early and imma-

-

Diatom pheremones in sexual reproduction
-

duction is the nature of how individuals from poten-

Recent work has pointed to the presence of diatom 

that the pairwise association is driven by compatible 

-

related to proline derivatives such as L-diproline.
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Cell Wall changes during sexual reproduction

initial cell can have a number of distinct characteristics 
in pore and striation structure compared to the normal 

-

-

3. Conclusions

-

to witness how its content remains relevant to this day. 
-

diatom research since the release of this video have 
-
-
-

and functional traits.
As we dive into some updates and developments 

presented in this video, it becomes evident that Picket 

-

of photonic properties in diatom frustules for modern 

transcends time and spans across diverse disciplines. 
The intricate movements of Bacillaria colonies, the clas-

diatom research.
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Genetic diversity of freshwater diatom 
algae populations Ulnaria danica (Kützing) 
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ABSTRACT. Ulnaria are the dominant species in many freshwater ecosys-
-
-

Ulnaria 
danica and Ulnaria ulna

analysis of cox

rbcL and cox
between closely related species Fragilaria radians, Ulnaria acus, U. danica and U. ulna was established.

Keywords: cox rbcL, Ulnaria

1. Introduction

both freshwater and marine ecosystems. The role of the 

primary food source in the primary production in the 

-

They are also the priamry link in food chains in the 

the ecosystem leads to conclusions about the need for 
their comprehensive research.

pores), processes and spines. The structure, location 

to recent studies, there are about 17,000 validly 

-
-

The wide distribution of species certainly con-

populations allows to uncover the evolutionary mech-

-
ity, which determines the amount of variation present 

For citation:
Ulnaria danica Ulnaria ulna

marchenkov.am@bk.ru
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-

-
tion depends on the duration of the life cycle, which for 

-

species of planktonic diatoms, while the majority of the 

recently, a transition has been outlined to the study 
-

the bloom period in marine ecosystems (Rynearson 

composition of 

Pseudo-
nitzschia multiseries Skeletonema mari-
noi

diatom Thalassiosira gravida

2016). For freshwater ecosystems, uneven distribution 

-
-

in both marine and freshwater diatoms and the ability 
to split into separate populations, which should con-
tribute to an increase in the ability to adapt.

Ulnaria
focused on the pennate araphid diatoms Ulnaria dan-

ica Ulnaria 
ulna

U. ulna, and 
the eastern part by U. danica (Podunay, 2022). In this 

rbcL 
and cox1 was carried out in monoclonal strains of these 

2. Materials and methods
2.1. Sampling and culturing

In this work, we used 28 monoclonal strains 

-

-

2.2. 
of marker genes

-

rbcL and cox

Taq

-

Irkutsk, Russia). Nucleotide sequence analysis was per-

(Table 1).

2.3. Phylogenetic analysis

cox1, and rbc
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). 

-

-
netic reconstruction of cox

for rbcL.

3. Results and discussion

-

Ulnaria and 
Fragilaria Ulnaria are very 

Fragilaria, are subject to 

-

-

-

of the studied specimens to U. acus or to F. radians, as 
 U. ulna and U. danica 

Fragilaria

F. radians
Ulnaria U. 
acus U. acus strains iso-

U. acus
U. danica U. ulna 

of these two species based on the analysis of data from 

al., 2023). It should be noted that U. ulna and U. dan-
ica
at the same time a number of subtle distinctive ones 

-
-

-
rbcL, 

cox1, internal tran-

in the cox
cox

Fig.1.
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Table 1. Name of the studied strains

Strain Species Sampling location 18S rRNA 
sequence num-
ber in GenBank

cox1 GenBank 
sequence number

GenBank 
sequence num-

ber of rbcL

U. acus PQ456333

U. danica

PQ456352

PQ456353

F. radians

U. acus PQ456347

U. danica PQ456366

F. radians PQ456348

PQ456351

U. acus PQ456344

U. danica

River

PQ456355

PQ456356

U. danica PQ456354

U. acus near the settlement of  
Listvyanka

PQ456334

U. acus
section

PQ456335

PQ456343

T-N578 F. radians center of the Tyya-
Nemnyanka sectionU. acus PQ456336

U. acus
section

PQ456340

PQ456337

F. radians PQ456350

U. danica center of the 

section

PQ456364

U. acus PQ456338

L-T 600 U. acus center of the Listvyanka-
Tankhoy section

PQ456341

L-T 604 PQ456342

L-T 602 U. danica PQ456365

U. ulna PQ456367

PQ456361 PQ541088

PQ456357

PQ456371

PQ456360

Lake Ritsa PQ456368

PQ456370

PQ456372

PQ456362

U. acus PQ456345
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-

-
Ulnaria 

-
tions of the species U. ulna and U. danica.

for cox

cox
U. acus
with the species U. ulna and U. danica 
(Table 2). This result led to the need to 

-
cox1 

sequences for all strains that, based on the 

U. ulna and U. danica 

The analysis showed the forma-

Ulnaria. The cox1 sequences 
of U. ulna and U. danica strains are not 
divided into separate clades of species 

Clades 1 and 2 contain sequences of U. 
ulna and U. danica

these species in Eurasia were previously 
shown (Podunay, 2022). The author 
notes that U. ulna is widespread in the 
western part of the Eurasian continent, 
while U. danica inhabits water bodies of 
the eastern part. Populations of U. ulna 

with populations of U. danica located in 

U. danica is present in the phytoplankton 

Clade 3 contains only sequences of strains 

small amount of data, we cannot reliably 

limitations in distribution. Thus, it was 
cox

U. ulna and 
U. danica

It should be noted that data on cox1 in 
Ulnaria are 

Fig.2.
Nodes for key clusters determine the support for the superfast bootstrap 

Table 2.

Primer

cox

cox

cox1_72F 

cox1_624R 
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Fig.3. cox
-

of the U. acus population refer to the northern basin of 

cox1, it 

clade of the species F. radians

U. danica and U. ulna
cox

U. acus clade 
cox1).

conditions between pairs of species F. radians and U. 
acus, U. danica and U. acus, U. ulna and U. acus, and the 

between the species U. danica and U. acus under labora-
tory conditions (Podunay et al., 2021). Also, the identi-

-
-

al., 2006). Cox1 transfer is considered to be a fairly 

-

plastids formed as a result of multiple endosymbiotic 

rbcL 

U. acus
F. radians

other representatives of the U. danica species from Lake 

U. ulna

U. ulna strains obtained from 
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Fig.4. cox

with sequences of U. danica
the distribution of rbc

Ulnaria
bcL

4. Conclusions

of marine diatoms has been studied relatively widely, 

cox U. danica 
and U. ulna

-

necessary to conduct a comparative analysis of the plas-
F. radians, U. danica, U. ulna 

and U. acus
speciation in diatoms.

Supplementary Materials

of cox1, rbc

Acknowledgements

-

carried out within the framework of the project number 
124030100100-0.

sequences.
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-

-
tion succession in the planktonic diatom Ditylum brightwellii. 

-

Ditylum brightwellii

cox1 
-

seares.2004.01.007

adaptive evolution in novel environments acts as an architect 

Association 164.

two benthic freshwater diatoms as revealed by microsatel-

mec.13336
-

Synedra acus 
Synedra arcus

Fragilaria

Synedra acus (Ulnaria acus), S. ulna 
(Ulnaria ulna) and S. goulardii (Ulnaria goulardii

Ulnaria and Fragilaria 

Ulnaria 

cox
in 
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Ulnaria danica (Kützing) Compère & 
Ulnaria ulna

Compère

1* 1 1 2 , 
2 2 1

1 

2 

Ulnaria

-

Ulnaria danica Ulnaria ulna -

cox1 
-

rbc cox -
Fragilaria radians, Ulnaria acus, U. danica U. ulna. 

cox1, 
rbcL, Ulnaria

1.

-

-
-

-

-

-

-

-

Ulnaria danica
Ulnaria ulna

marchenkov.am@bk.ru
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Skeletonema marinoi Sarno & Zingone

-

-
Thalassiosira 

gravida -
-

-

-

-
-

-

-
-

-
Ulnaria

Ulnaria danica 
Ulnaria ulna 

-
-

-
U. ulna U. danica 

-
rbc cox -

-

2. 
2.1. 

-

-

-
-

2

-

-
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-
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Hydroacoustic studies of 
macrozooplankton in Lake Baikal

Limnological Institute Siberian Branch of the Russian Academy of Sciences, Ulan-Batorskaya Str., 3, Irkutsk, 664033, Russia

ABSTRACT. Macrohectopus branickii

-

6

Keywords: Macrohectopus branickii, biomass, hydroacoustics

1. Introduction

Macrohectopus branickii

-

one of the mechanisms of their adaptation to a dynamic 
M. branickii is the 

research and resource work.

The hydroacoustic method, in combination with clas-

-

M. branickii is not only the main component of 
Coregonus migratorius

1775), but also its competitor in the consumption of 

was previously shown that the total consumption of M. 
branickii

-
tion of M. branickii, calculated on the basis of daily bio-

Previous studies of the distribution of M. branickii

As a result of the decrease in the number of the 

2018) is likely associated with a reduction in the bio-

need to assess the resources of M. branickii.

For citation:

Received: Accepted:
Available online:
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The aim of this research is to obtain the depen-

the biomass density of M. branickii to assess its reserves 

2. Materials and Methods

The work was carried out in the waters area of 
2

tow on the left side of the research vessel, at the depth 

-

TS

(MVBS
-

attenuation, the latter were calculated in accordance 

-
terers, they were close to the internal minimum of the 

MVBS values for 

MVBS

purpose, the data of the low-frequency echo sounder 

TS

-
ther analysis.

-

Fig.1.
stations,  hydroacoustic tacks, isobaths are indicated for 

samples were collected simultaneously with the hydro-

-

4% formalin, M. branickii individuals were counted, 

-

for each station were combined to obtain additional 

depths to the surface. In total, 15 values of the M. 
branickii biomass density were obtained for the hydro-

-

To assess the relationship between MVBS and the 
actual density of M. branickii biomass, the MVBS values 

performed. The density values recalculated to a cubic 
meter were compared with the MVBS value at the net 

-
tionship 10W (r2  was 
used, where MVBS is the mean volumetric backscatter-

W 3

3. Results and discussion

Vertical distribution of sound scattering layers.
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-

that even with biomass density recorded in net samples 
3, MVBS is close to the threshold values 

of the hydroacoustic system.
During the daytime

MVB

3 (mean 
3

by MVBS
which corresponded to biomass densities from 4.38 to 

3 3). Control samples showed 
M. branickii

lower layer consisted of juveniles and males up to 

M. branickii 

At night
M. branickii dispersed from the sur-

which was evidenced by an increase in the MVBS value 
-

m3 3 MVBS corre-

3 3). As we approached the 
shore, the depth decreased, which led to the concentra-

Fig.2. The relationship of MVBS  

values.

-
ture, there is an increase in water density, which is 

and contributes to the formation of dense clusters. The 

a,

al., 2016).

Table.
13-14.08.2021.

Station 
No.

Water surface 
temperature, °C

Time of 
day

Bottom 
depth, m

Fishing 
depth, m

Biomass MVBS,
dBg/m2 mg/m3

1 14.3

343 0-55 4.36 -55.8

343 55-165 144.6

0-165 20.3 122.9 -50.1

2 15.2

625 0-85 2.87 33.8 -58.3

600 85-250 4.38 26.6

0-250 7.25 29.0 -59.3

3 15.4

835 0-100 2.01 20.1

100-300 10.4 52.0 -58.3

0-300 12.4 41.4 -58.6

4 16.3

454 0-85 102.3 -52.2

466 85-220 14.1 104.5 -53.2

0-220 22.8 103.6 -52.8

5 17.3

0-85 1.43 16.8 -57.0

462 85-250 10.3 62.3 -53.8

0-250 11.7 46.8 -54.5



Makarov M.M. et al. / Limnology and Freshwater Biology 2024 (6): 1491-1502

Horizontal distribution of the SSLs. The rela-
tionship of MVBS and the M. branickii biomass den-
sity obtained in our work 10W 
(r2

10W 
(r2 , where MVBS -

W 3. The dif-

M. branickii biomass density 

value of the biomass density for daytime stations in our 
3, and in the work (Rudstam et al., 

3

3, 

3. The minimum estimates 
of biomass density were comparable and corresponded 

3

M. branickii individuals in plankton nets are 

biomass density distribution in the area of the hydro-

2, which corresponds 
2 deeper than 

MVBS

MVBS corresponded 

density of the M. branickii
m3 2 MVBS 
estimates and based on the results of plankton net, val-

3 2), while 
MVBS estimate for the surveyed area was 

3 2). Consequently, the 
total biomass of M. branickii in the surveyed water area 

The distribution of biomass density over the sur-
veyed water area is not uniform. It should be noted, 

Fig.4. a, 

Fig.3.

The obtained data allow us to estimate the bio-
mass of M. branickii

-
3 2), for the entire 

the total biomass of M. branickii 6

6

M. branickii

make an estimate of the total biomass of M. branickii 
6 3 2) for the entire 

2 below the 

6

our work. Thus, our estimate of the total biomass of M. 
branickii is reliable, and its low value indicates a lower 
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4. Conclusion

M. branickii is a key species of the lake ecosys-
tem, therefore, up-to-date information on its abundance 
and biomass, as well as on its distribution and dynam-

density of M. branickii was obtained, on the basis of 

6

is shown, as well as the fundamental possibility of 
M. 

branickii

-
mass of this species.

The conducted studies show that quantitative 
assessments of the M. branickii
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3 3 MVBS

MVBS,

2 3

1 14,3

343 0-55 4,36 -55,8

343 55-165 144,6

0-165 20,3 122,9 -50,1

2 15,2

625 0-85 2,87 33,8 -58,3

600 85-250 4,38 26,6

0-250 7,25 29,0 -59,3

3 15,4

835 0-100 2,01 20,1

100-300 10,4 52,0 -58,3

0-300 12,4 41,4 -58,6

4 16,3

454 0-85 102,3 -52,2

466 85-220 14,1 104,5 -53,2

0-220 22,8 103,6 -52,8

5 17,3

0-85 1,43 16,8 -57,0
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Original Article

Changing the appearance of underwater 
landscapes in the coastal zone of a large 

trout farming activities: a case study of 
Mustalakhti Bay, Lake Ladoga

ABSTRACT.
conducted on the structure of bottom landscapes and the transformation of the lakebed surface under 

-

-

Conclusion: The use of a landscape approach 

Keywords:

1. Introduction

-

-
-

of this issue is much more advanced for marine aquacul-

The methods used to study such impacts typically 
rely on standard approaches in hydrochemical, hydro-

-

-

For citation:

Received: Accepted:
Available online:



1504

Dudakova D.S. et al. / Limnology and Freshwater Biology 2024 (6): 1503-1524

-

the use of multi-beam echosounders and side-scan 

-
-

2. Material and methods
2.1. Study area

2.4 km.

-

temperature. In winter, when temperatures are low, the 

al., 2024).

2.2. Research methods

The landscape studies of the bay’s lakebed were 

sediments and biota of this area.

-

-

-

-
struction, additional land points with positive elevation 

these outliers were likely due to anomalous conditions 

-

For a clearer representation, the maps were created in 

-

Fig.1.
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-

et al., 2021). Its application in the study of underwater 

-

-

-

-

of elements on various types of lakebed with spatial ref-
erence and helps delineate boundaries between distinct 

-
struction were obtained in a mode that displayed the 

-

were also used.
-

-

such as lakebed slope and aspect were calculated. The 
type of soft bottom sediments was determined by sam-

assessment of the thickness of various layers of bottom 

-

Fig.2.

landscapes, the community structure and composition 

obtained from the echo sounder were used to assess the 

the nature of the bottom surface, these characteristics 

In the analysis of the feature set, distinct facies 

model of the bottom landscapes of the bay was created. 

altered water areas was calculated.

3. Results and discussion
3.1. Features of the bay basin

-
-

imum depth of 36 metres. As shown in the obtained 
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-

-

diopside skarns is located. This development area is 
-

-

-

Fig.3.

Fig.4.

Note:
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-

-

is the uplift of the bottom in a submeridional direction 

sediment distribution. The eastern and western rims 

of bottom sediments. These underwater uplifts obstruct 

them distinctive sedimentary reservoirs for local pollu-
tion sources.
3.2. Bottom sediments and underwater 
landscapes of Mustalakhti Bay

sand, aleuritic silt, clayey silt, clayey silt with an aleu-

-

meters. The majority of the bay’s bottom is composed 

both natural and with an increased sediment layer rich 

-

-

to the soil layer on land. In the skerry part of Lake 

as the sedimentation rate varies from 1 to 2 mm per 

-

soft, viscous, with some compaction downward, often 

Fig.5.
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A sandy bottom is not typical for the studied 
area of the water body. In samples from depths up to 

of sandy soil. Colluvium at the base of rock outcrops 

was noted only in the area of the southwestern uplift at 
the foot of two small islands.

with unaltered bottom sediments, primarily composed 

consistently observed (additional biotope elements that 

A distinct type of lakebed surface was character-

an increase in the thickness of soft sediments due to 

The comprehensive analysis of the collected 

studied bay.

macrophytes (Facies 1) is very minimal and is only 

facies covers no more than 4.5% of the bay’s bottom 
area.

The slopes of the lake basin with the steepest 
inclines (mainly in the eastern part of the bay) repre-
sent a distinct element of the landscapes of the stud-
ied water area (Facies 2). These slopes are composed 
of bedrock with a thin layer of soft sediments in the 

-
-

portion of Facies 2 is 15% of the total area.
In the shallow areas up to 5 meters deep in the 

the bottom is composed of various types of sediments 
(sand, silty aleurite, clayey silt, clayey silt with an aleu-

-

-
-

total area of the bay.

Fig.6.
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meters below the 5-metre depth, composed of clayey 
-

-

substrate of the deep-water part of the bay (Facies 4) 

-

been observed, which hinders the formation of the ben-
-

-
tion in community structure and a reduction in species 

Fig.7.
of side-scan sonar (2). 

Note:

Fig.8.
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-

than three times lower compared to the bottom unaf-

species, respectively). For macrobenthos, the situation 
-

recorded on untransformed substrates at depths of 

these indicators decreased by 4.4 and 1.6 times, respec-

lower, and biomass was 7.7 times lower
It has also been noted that the concentration of 

-

dispersion when fresh pollution input ceases after the 

-
system due to the presence of trophic links between 

-

-

ence of trophic links between its various components. 
-

systems (Elvines et al., 2024). It has been found that 
the impact on the benthos leads to the accumulation 

on the bottom of the water body, where they decom-

-

2003). The situation in the freshwater area we studied 
closely resembles the latter scenario.

In addition to the main facies, three other types 
of landscape units of the same level have been identi-

facies in terms of surface characteristics, sediment type, 

revealed two areas with distinct bottom characteristics 

the past (Facies 6—transitional between Facies 4 and 

surface, as evidenced by the increased thickness of the 

shape of surface objects, and color intensity on side-

presence of areas with narrow straits, where hydrody-

-
bidity near the bottom. Consequently, the bottom of 

Fig.9.
Note:
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-
rock uplift in the western part of the bay, colluvium 

facies (Facies 8).

-
-

tal impact of aquaculture facilities, which vary in cost 

(2) fauna analysis, (3) chemical analysis of bottom 

The results indicate that all methods are consistent 

-
icant method from the landscape approach toolkit was 
the hydroacoustic survey of the bottom and its surface 

-

further research.

4. Conclusion

of studies, allowed us to comprehensively combine sev-

bodies — a method that has been scarcely used previ-
ously for freshwater environments.

The data obtained demonstrated that the appli-

due to aquaculture activities. Research conducted in 

of bottom landscapes. In the case of the studied area, 

landscapes can cover a substantial portion of the water 

-
ment on the entire bay should be taken into account. 

Acknowledgements
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Peculiarities of the chemical composition 
of the snow cover in the northern basin of 
Lake Baikal 
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ABSTRACT.

-

Keywords:

1. Introduction

The use of snow cover as a study object for the 

and contribute to eutrophication of water bodies. The 
study of the chemical composition of precipitation in 

-

composition of precipitation caused by an increase 
in overall air pollution from various industrial facili-

attention has been paid to the precipitation acidity due 

elemental composition of the snow was determined in 
the Irkutsk city, the Listvyanka settlement, and on the 

The macrocomponent composition of snowmelt water 
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-
sure. For instance, in 2022, air emissions from thermal 

impact on the unique natural environment of Lake 

of snow not only in areas with developed industry but 

-

(35 mm). February was the least snowy month (6 mm). 
Northwesterly wind direction prevailed (Chronicle..., 

populated areas, with a population of ~23 and 15 
thousand people, respectively (All-Russian Census..., 
2020). The main stationary sources of air pollution in 

enterprises, automobile and rail transport, etc. In 2023, 
total emissions of pollutants from the stationary sources 

Report..., 2024).

of the chemical composition of the snow in the north-
-

2. Materials and methods

-

-

the basin of the tributaries on the north and northwest 

-

-
-

February 2023, snow was sampled in other areas of the 

settlement (stations 26 and 27), the southeast coast of 

To compare the obtained materials, data on the 
chemical composition of snow sampled in 2012, 2015, 
and 2020 at the same stations of the northern basin of 

Fig.1.
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-

on the number of samples and snow depth.

collected in the study area in 2023, and ~100 sam-

-

small, samples were taken from a certain area with a 
-

mined as the ratio of melted sample volume to the area, 

and Atmosphere Chemistry Laboratory and Collective 

(Irkutsk). The concentrations of metal cations were 
determined by atomic absorption spectroscopy (con-

-

Russia).

3. Results and discussion
3.1. pH value in the snowmelt water from 
the northern basin of Lake Baikal

7.2, which was likely due to the impact of emissions 
from thermal power plant and local boiler houses (alka-
line components of ash from burnt fuel).

the equivalent concentration ratios of major ions that 
2+ 2+

4
2-

3
-

less than 1, which indicates incomplete acidity neu-

calcium concentrations (by a factor of 4.6) compared 
to the concentrations of nitrates and sulfates (by a 
factor of 1.6. to 3.6) over the study period. The aver-

4
+ 2+ 2+ + +

4 3

Fig.2.

Table 1.

Study area Number of 
samples

Snow depth, 
cm 

ice 
6 15-35 (26)

North coast 5

Northwest coast 18-48 (32)

12 33-147 (64)

settlement) 
11 1-52 (35)

8 30-60 (47)

15 47-83 (65)
Note:

that at present the system is still in a state of equilib-

to 1.0
-

-

in 2023 was comparable with those in the southwest 
and southeast coasts of the lake that are not directly 

-
-

ues characteristic of the snow cover in the Arctic areas 
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3.2. Major ions in the snow meltwater 
from the northern basin of Lake Baikal

The distribution of major ions in the snow cover 

2+
3
-

4
2- + 2+

3
- -

+ +
4
+ 

The chemical composition of the snow cover on 

-
cantly in the relative concentrations of major cations 

predominated in the cation composition of the snow-
melt water from the coast of the northern basin of Lake 

-
4
2-

3
-

relative concentration of nitrates was 20 eq%, with the 
4
2-

3
-

-

concentrations reached 18-23 eq%, while the nitrate 

The snow cover on the coast of the northern 

4
2- 2+

3
-

2+
3
- 2+

4
2- 2+

3
-

4
+. This 

-
bution of major ions in the snow cover of the north-

-
responds to a certain value of the total amount of ions 

-

Fig.3.

Table 2.
in 2023. 

Ratio The coast of the Lake Baikal 
northern basin 

Zhigalovo-Severobaikalsk 
highway 

4
2-

3
- 0.8 0.8

4
+ 2+ 2+ + +

4
2-

3
- -

1.0 2.8

2+ 2+
4
2-

3
- 3.0



Chebunina N.S. et al. / Limnology and Freshwater Biology 2024 (6): 1525-1545

polluted areas. To compare the results, we constructed 
a similar schematic map of the spatial distribution of 

i

with the minimum values recorded on the southeast 

et al., 2020). This value was 8 to 20 times lower than 

-
-

the minimum values in the samples taken from the ice 

-

i values in the snow cover. In 

-
-

Fig.4.
concentrations in the snow cover on the coast of the northern 

Fig.5.

i 105 km away from 

i values 

i on the coast of the northern basin 
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major ions in the snow cover on the coast of the north-
ern basin for the four-year observation period (2012, 
2015, 2020, and 2023). The concentrations of most 

-
-

tion routes.

was 2 to 23 times lower than in 2012 (Table 3). A sim-

-
trations of major air pollutants and the emissions from 
stationary sources and motor vehicles mainly decreased 

from stationary and mobile sources reduced by 11%, 

state..., 2024).

3.3. Biogenic elements in the snowmelt 
water from the northern basin of Lake 
Baikal

Mineral and total nitrogen. -

-

-
-

at the 105th

Table 3.
2020, and 2023.

Study area Period 3
- SO4

2- NO3
- Cl- Na+ K+ Ca2+ Mg2+ NH4

+

Northern basin of 2012 3.6 2.33 1.64 0.17 0.21 0.08 1.80 0.28 0.05

2015 0.8 0.57 0.08 0.03 0.53 0.01

2020 3.5 1.31 1.75 0.11 0.36 0.12 1.34 0.35 0.05

2023 0 0.47 0.80 0.03 0.05 0.03 0.32 0.05 0.03

2.0 1.17 1.22 0.10 0.18 0.07 1.00 0.19 0.04

1.8 0.86 0.55 0.06 0.14 0.04 0.15 0.02

73 45 58 81 67 75 55

North coast 2012 0.4 0.64 1.06 0.21 0.1 0.11 0.07 0.11

2015 0.1 0.67 0.78 0.08 0.06 0.05 0.33 0.06 0.11

2020 0.3 0.53 1.03 0.07 0.03 0.12 0.70 0.08 0.05

2023 0 0.54 0.10 0.05 0.06 0.40 0.06 0.01

0.2 0.60 0.95 0.12 0.06 0.09 0.48 0.07 0.07

0.2 0.07 0.13 0.06 0.03 0.04 0.16 0.01 0.05

12 14 56 41 33 14 70

Northwest coast 2012 11 4.42 1.55 0.16 0.14 0.24 4.51

2015 3.4 0.88 0.17 0.10 0.56 1.03 0.23 0.34

2020 1.7 1.41 1.18 0.10 0.06 0.37 0.22 0.26

2023 1.1 0.84 0.05 0.14 0.13 0.07

4.3 2.15 1.11 0.13 0.09 0.33 1.88 0.27 0.24

4.6 1.55 0.33 0.04 0.04 0.18 1.76 0.16 0.12

106 72 30 31 47 55 58

2012 1.4 0.47 1.00 0.07 0.10

2015 0.72 0.16 0.08 0.13 0.76 0.10 0.12

2020 2.6 0.65 0.84 0.10 0.06 0.10 1.10 0.13 0.03

2023 1.8 0.44 0.83 0.07 0.07 1.01 0.07 0.02

1.9 0.54 0.85 0.14 0.07 0.10 0.87 0.10 0.07

0.5 0.10 0.12 0.05 0.01 0.02 0.23 0.03 0.05

26 18 14 36 12 24 27 26 74
Note:



1531

Chebunina N.S. et al. / Limnology and Freshwater Biology 2024 (6): 1525-1545

in comparison with other ions evidences the predomi-
-

(Table 3). In clean areas, the proportion of nitrate 

Mineral and total phosphorus. The concentra-
tion of mineral phosphorus in the snow cover of the 

3.4. Pollutant accumulation in the snow 
cover of the northern basin of Lake Baikal

-

on the results of chemical analysis of samples of the 

chemical elements in the snow cover depends on the 
stored snow moisture and the concentrations of the ele-
ments to be determined.

overall pollution of the snow cover. In the northern 
-

2. In 
i accumulation in the 

in some areas of this route (up to 135 mm). The mini-
mum accumulation in 2023 was recorded on the lake 

period of accumulation of the studied elements in the 
snow cover on the lake ice was two times lower than 
on the coast. To correctly compare the accumulation 
values on the ice and on the coast, we doubled the cal-
culated data on the accumulation in the water area of 

i 
accumulation in the snow cover of the northern basin 

-
-

The calcium (the main alkaline element) accu-
mulation in the snow cover of the northern basin for 

m2. In 2023, this value was 1.3 and 2.3 times lower 
than that on the southeast and southwest coasts of Lake 

areas is the accumulation of acidic elements such as 
sulfate sulfur 4

2-), mineral nitrogen mineral 
3
-

4
+), and hydrogen ions +). The 

2

-
-

2) 
were observed on the west coast and on the ice of 

Fig.6.
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lower.
The accumulation of sulfate sulfur in the snow 

2, with the minimum 
values recorded in 2023. Analysis of the obtained data 

three to seven times lower than on the south coast of 

respectively.
+ accumulation in the 

This is associated with both a lower stored snow mois-

snowmelt water.
The mineral accumulation in the snow cover of 

4. Conclusion

Currently, the snow cover in the northern basin 
-

nance of nitrates in the anion composition. In the inter-

chemical elements had lower concentrations than on 
the southwest coast of the lake and were comparable 

mineral phosphorus in the snow cover of some areas of 

pollution.
The accumulation of the total amount of ions, 

two-three times lower than in the southern basin and 
two to seven times lower than in the industrial cen-

of mineral phosphorus in some areas of the northern 

-

Acknowledgements

This study was carried out within the framework 

-
-

Table 4. 2

2022-2023.  

Study area HCO3
- S(SO4

2-) Nmineral Ca2+ +
mineral i Stored  

moisture, mm

Northern basin of 0 12-20
14

12-22
18

22-38
30

0.6-1.4
1.0

0.02-0.2
0.1

124-214
164

32-55
47

North coast 0 10-27 11-28
22

22-54
42

0.3-2.0 0.04-0.8
0.3 225

72-150
106

Northwest coast 0-108
45

8-25
14

7-14
11

14-70
35

0.03-1.0
0.3

0.2-1.6
0.7

76-335
180 44

0-1522 7-24
14

8-41
20

16-563
101

0.01-2.8
0.7

0.06-1.6
0.7 460

46-215
108

0-170
6

1-120
50

10-105
50

3-285
115

0-4.2 0-1.3
0.2

280-1270
610 100

33-350 20-160
60

20-235
50 40

0-0.04
0.02

0.03-1.6
0.2

260-2130
820

20-50
35

Irkutsk* 5-1055
130

15-135
66

8-66
36

25-420
150

0-0.38
0.04

0.02-3.6
0.4

175-2035
680

20-62
33

7-8100
630

17-850
105

20-60
32

35-3135
320

0-0.07
0.02

0-1.8
0.2 1460

12-45
27

0-320
120

25-340
60

15-70
35 110 0.02

0.2-2.6
0.7

200-2280
540

11-36
20

Note: *- the 2022 data.
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6 15-35 (26)

5

18-48 (32)

12 33-147 (64)

11 1-52 (35)

8 30-60 (47)

15 47-83 (65)
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-

3.4. 

-

-
-

-

-

2  

-
-

-

-

3
- SO4

2- NO3
- Cl- Na+ K+ Ca2+ Mg2+ NH4

+

2012 3,6 2,33 1,64 0,17 0,21 0,08 1,80 0,28 0,05

2015 0,8 0,57 0,08 0,03 0,53 0,01

2020 3,5 1,31 1,75 0,11 0,36 0,12 1,34 0,35 0,05

2023 0 0,47 0,80 0,03 0,05 0,03 0,32 0,05 0,03

2,0 1,17 1,22 0,10 0,18 0,07 1,00 0,19 0,04

1,8 0,86 0,55 0,06 0,14 0,04 0,15 0,02

73 45 58 81 67 75 55

2012 0,4 0,64 1,06 0,21 0,1 0,11 0,07 0,11

2015 0,1 0,67 0,78 0,08 0,06 0,05 0,33 0,06 0,11

2020 0,3 0,53 1,03 0,07 0,03 0,12 0,70 0,08 0,05

2023 0 0,54 0,10 0,05 0,06 0,40 0,06 0,01

0,2 0,60 0,95 0,12 0,06 0,09 0,48 0,07 0,07

0,2 0,07 0,13 0,06 0,03 0,04 0,16 0,01 0,05

12 14 56 41 33 14 70

2012 11 4,42 1,55 0,16 0,14 0,24 4,51

2015 3,4 0,88 0,17 0,10 0,56 1,03 0,23 0,34

2020 1,7 1,41 1,18 0,10 0,06 0,37 0,22 0,26

2023 1,1 0,84 0,05 0,14 0,13 0,07

4,3 2,15 1,11 0,13 0,09 0,33 1,88 0,27 0,24

4,6 1,55 0,33 0,04 0,04 0,18 1,76 0,16 0,12

106 72 30 31 47 55 58

2012 1,4 0,47 1,00 0,07 0,10

2015 0,72 0,16 0,08 0,13 0,76 0,10 0,12

2020 2,6 0,65 0,84 0,10 0,06 0,10 1,10 0,13 0,03

2023 1,8 0,44 0,83 0,07 0,07 1,01 0,07 0,02

1,9 0,54 0,85 0,14 0,07 0,10 0,87 0,10 0,07

0,5 0,10 0,12 0,05 0,01 0,02 0,23 0,03 0,05

26 18 14 36 12 24 27 26 74
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1. Introduction

unique properties, which are shaped by its formation 

-

at buoy stations with various types of current meters. 
-

currents. These studies required substantial material 

installation and removal work at the buoy stations. 

-

acquired by the institute in the late 2010s.

alternative approaches were employed for current 
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-

The need for spatial data on currents in Lake 

-

-

temperature data from deep thermometers and apply-

this approach saw limited application thereafter, with 

Troitskaya (2005).

lies in its capacity to calculate current directions and 
velocities solely from the spatial distribution of water 
density. Accurate water density calculations, in turn, 

-

-
lar instruments) can measure hydrophysical parameters 

the relationship between the electrical conductivity 

which depends on the chemical composition of a par-

the lake under study.

-

-
mental thermodynamic properties of seawater, such 

limited their accuracy for non-standard conditions and 
prevented their application to fresh water bodies.

adapted the seawater equation of state for freshwater. 
-

the relationship between electrical conductivity, pres-

-
-

ervoirs had raised questions about the suitability of the 

In order to address the numerous discrepan-

The new standard marked a qualitative leap forward 
-

sistency of all thermodynamic parameters of water was 

salinity to absolute salinity, ensured the applicability of 
the new standard to low-salinity water bodies.

are discrepancies in the density calculation, and the 

to correlate the calculation results with the available 

2. Materials and methods

Initial data

-
tion of hydrophysical characteristics measured under 
snow-covered ice can be considered the most perspec-

and, consequently, no drift currents and wave activ-
ity. The ice cover thermally insulates the water masses 

-
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area in 2020 were used as reference currents to verify 
the calculations.

-

-
centration of major water ions (hereafter referred to as 

In 2020, measurements of current velocities 
-

-

2 -
rent measurements.

Calculation methods

-

-

The component of current velocity normal to the direc-

fu P
dyz
z� �

�1

0�
, (1)

f uz -
ponent at depth z, Pz z, 0 -

dy
stations. The pressure for each station was found by 

P gdzz
z

z

� � �
0

, (2)

g z 

from the initial depth z0 to the depth z. Then, after sub-

of stations into equation (1), the transverse velocity 

u
f dy

gdz Cz
z

z

� �
�

��
1

0 0
�

�
, (3)

stationary eddy located in the center of the lake, away 

depth z0 was also adopted.
The described method is valid provided that the 

-

1. -
tion radius (Rrad)

2. the Rossby number (Ro=u/Lf, where u and L are 
characteristic scales of current velocity and lake 

3. 
equilibrium, so the currents should be considered 
outside the Ekman boundary layers.

Rossby baroclinic deformation radius, whose estimates 

of the Ro number for the under-ice currents of Lake 

Fig.1.
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-2 and, accord-

-

have shown that the boundary layer in which velocities 

-

-

1. 

2. 

3. 
which uses the calculation of various thermody-

function and its derivatives.

4. 

so

potential enthalpy and conservative temperature. The 

appropriate for an altitude of 456 m above sea level 

-

time.

3. Results and discussion

-

only to the values of current velocities, but also to the 

3A), both cyclonic circulation in the upper 20-meter 
-

Fig.2. -
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-
culation in the entire 100-meter layer without count-
er-currents in the near-surface layer. The currents 

-

-
cated a decrease in currents as we approach the 100-

-
acter of the distribution of current directions at the 

-
ences in current velocities. In 75% of cases, the devi-

currents.
To make a detailed comparison of the calculated 

1. Fig.4. -

Fig.3.

2. 

The 2020 stations were chosen, respectively, at 

current moduli were calculated for them.
Analysis and comparison of calculated and mea-

sured current velocities showed that circulation in the 

-
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current velocities calculated with their application are 
twice underestimated compared to measurements. In 

-

was less pronounced compared to the results obtained 

velocities at a depth of 80 meters, relative to measured 
values, are attributed to the 100-meter depth limit of 

analysis shows that, despite the diameter of the 2020 

-

-

the same area, the currents at a depth of 40 meters can 

-

Fig.6.

Fig.5. in situ data 
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-

The detailed study of the formation and develop-
-

-
responds well with the measurements obtained in this 

three weeks. This stability raises questions about pos-

4. Conclusions

the spatial variability of under-ice water temperature 

-
lar eddy in 2020 to depths of more than 100 meters, 

-

-
-

cant discrepancies between the calculated currents and 

-
-

bution of currents and their velocities.
The study of the spatial structure of under-ice 

-

-

thermocline, which in both cases was located at depths 

current velocities develop beyond the boundary of the 

-

-
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fu P
dyz
z� �

�1

0�
, (1)

f uz -
z, Pz 

z, 0 dy

-

P gdzz
z

z

� � �
0

, (2)

g
z 

z0
z -

u
f dy

gdz Cz
z

z

� �
�

��
1

0 0
�

�
, (3)

-
-

-
-

z0.
-
-
-

1. -
Rrad

2. Ro=u/Lf, u L

3. 

-

Ro -

-2 Ro 
. -

-

-
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