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ABSTRACT.

-

-1day-1

Keywords:

1.

-
-

or vessels for use in inland waters. The choice and cap-

credit, determined the type of nets, their length, 
-

-

-

-

behavior, angler skill, gear selectivity, and surrounding 

-
-

sity index is a useful tool that provides information not 
only the species number but also on the scarcity and 

2

River is a transboundary river that rises in India and 
empties into the Sandwip Channel. The river is steep 
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-

a larger degree of species variety in the mouth of the 
 

-

-
ity to maintain their biodiversity in terms of vulnera-
bility, endangered status, and critical endangered sta-
tus exist. As a result, present research on biodiversity 

-

variety, additionally to ascertain the primary gear types 

2. 
2.1. 

2.2. 

A simple random sampling method was employed 
-

chosen for an interview.

2.3. 

-
naire must be manifested and pretested in the study area 

target was paid to prepare any fresh information for the 

-

was then distributed in a manageable order so that the 
-

and the internet were the sources of the secondary data. 

-
ing, number of haul, individuals connected with each 
gear, number of species caught, number of individu-

2.4. 

seine net, the barrier net, the set bag net and the cast 

2.5. 

2.5.1 Shannon-Weaver diversity index, 

the total number of individuals in the sample.
2.5.2 Simpson’s index

N(N-1)) (Simpson, 1949)
where, n is the total number of organisms of a particular 
species, N the total number of organisms of all species.

2.5.3 Margalef’s richness index

here, d is the richness index, S is the total number of 
species and N is the total number of individuals in the 
sample.

Fig.1.
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2.5.4 Pielou’s evenness index

is the average catch rate estimated using the following 
w
n

2.6. 

data by using simple statistical tools like averages and 
percentages. The community succession at three stations 
during 6 months was summarized using the sub module 

-

tables and graphs were also prepared according to the 

3. 
3.1. 

-

Table 1.

Order Family Local Name

Clupeiformes Clupeidae Tenualosa ilisha LC

Cypriniformes Cyprinidae Labeo bata LC

Tetraodontiformes Tetraodontidae Otolithoides pama NT

Siluriformes Siluridae Gulsha Mystus bleekeri LC

Siluridae Ompok  pabda CR

Decapoda Cingri
prawn

Macrobrachium 
malcolmsonii

LC

Synbranchiformes Tire-track 
Spinyeel

Mastacembelus 
armatus

Gobiidae Chaiya Gobius schlosseri
Note:

Fig.2.

all recorded species were found available in every 
month of the study period but the intensity of abun-

and chaiya (Gobius schlosseri) are mostly threatened 
species in the study area due to habitat loss, overex-
ploitation, use of illegal nets etc. (Table 1).

In the present investigation, the dominant 

3.2. 

-
ness indices in each sampling month were recorded 
in the present investigation. Diversity was recorded 

-
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-

3.3.

Cluster analysis indicates a clear structural varia-

September November and December are closely related 
to one another and form a cluster then this cluster was 

and December and second cluster contains only October 

3.4.

or chandi net, seine net, barrier net or ghera net, cast 
net and set bag net were found in the study area. Nets 
were nylon made, operated from chandi boat, dingi 

to capture small species like cingri (Macrobrachium mal-
colmsonii) and gulsha (Mystus bleekeri)

3.5.

calculated based on kg gear-1day-1, kg gear-1person-1, kg 
gear-1 haul-1 -

gear-1day-1

Table 2.

Months Species, S Richness, d

7 0.977 0.697 0.266

August 6

September

October 6 0.969

November 7 1.699 0.699 0.242

December 0.971 0.199

7 1.720±0.139 0.973±0.002 0.699±0.112 0.248±0.034

-1person-1) was found 

net) and September (seine, barrier, cast and set bag net) 
-1haul-1

-

3.6.

-1day-1

kg gear-1person-1 -1haul-1) 

-1day-1), 
-1person-1) and again sta-

-1haul-1) in the month of 

gear-1day-1) in the study area were recorded in station 

-1person-1) was measured highest 
at station 1 in the study area but the lowest value was 

-
-1haul-1) was 

recorded at station 1 for all types of nets but the low-
est values were observed at station 2 (gill net, barrier 

Fig.3. Diagrammatic representation of percent contribu-
tion in each order of the study area
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3.7.

seen due to banning period. Tenualosa ilisha had 
-

lowed by Otolithoides pama 
Macrobrachium malcolmsonii 
Gobius schlosseri  Mystus bleekeri 

Ompok pabda , 
Labeo bata Mastacembelus 
armatus

the study area.

3.8.

-

-
-

4.
4.1.

Fig.7.
(kg gear-1haul-1)

Fig.4.
Station 1, station 2, ).

Fig.6.
(kg gear-1person-1)

Fig.5.
(kg gear-1day-1)
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similar to Rubel et al. (2016) in case of order domi-
nance where highest species belonged to the order 

the Ghaghat River, respectively. Gobius schlosseri, 

the dominant species in the study area (Table 1). The 

location of these water bodies, survey periods, choice 

4.2. 

-
gered and critically endangered at the Atrai River 

4.3. 

The  index takes 
into account both the total number of species and the 

-

-

-

Table 3.

Net Type Local Name Mesh People Species Period of opera-

Gill Net Tenualosa ilisha) Puntius 
sophore Mastacembelus armatus), 

Anabas testudineus) 

All months except 
Oct

Seine Net Gulsha (Mystus bleekeri), Cingri 
(Macrobrachium malcolmsonii)

(Otolithoides pama)

All

Cingri, Gulsha Sep,  Oct, Nov and 
Dec

Cast Net 1 Labeo bata), Dhela (Osteobrama 
cotio Wallago attu

(Glossogobius giuris

All 

Set bag Net 1-10 2 Ompok  pabda)
(Pangasius pangasius) 

All

Note:

Fig.8.



1202

Dipty A.K. et al. / Limnology and Freshwater Biology 2024 (5): 1196-1205

Ta
bl

e 
4.

N
et

A
ug

us
t

Se
pt

em
be

r
O

ct
ob

er
N

ov
em

be
r

St
. 1

St
. 2

St
. 3

St
. 1

St
. 2

St
. 3

St
. 1

St
. 2

St
. 3

St
. 1

St
. 2

St
. 3

St
. 1

St
. 2

St
. 3

St
. 1

St
. 2

St
. 3

G
ill

kg
 g

ea
r-1

da
y-1

4.
74

4.
79

4.
69

4.
00

4.
19

4.
14

kg
 g

ea
r-1

pe
rs

on
-1

0.
90

0.
69

0.
72

0.
69

kg
 g

ea
r-1

ha
ul

-1
2.

60
2.

46
2.

42
2.

44
2.

41
2.

74
2.

29
2.

11
2.

06
1.

66
1.

64

Se
in

e
kg

 g
ea

r-1
da

y-1
2.

26
2.

61
2.

46
2.

11
2.

06
1.

92
1.

91
2.

17
2.

14
2.

19
1.

76
1.

74

kg
 g

ea
r-1

pe
rs

on
-1

0.
62

0.
60

0.
90

0.
44

0.
42

kg
 g

ea
r-1

ha
ul

-1
1.

42
1.

41
1.

72
0.

94
1.

09
6

1.
07

kg
 g

ea
r-1

da
y-1

0.
74

0.
72

0.
7

0.
64

0.
77

0.
77

0.
70

0.
64

0.
71

0.
70

0.
61

kg
 g

ea
r-1

pe
rs

on
-1

0.
40

0.
40

0.
44

0.
29

0.
41

0.
71

0.
69

0.
69

0.
27

0.
29

0.
29

kg
 g

ea
r-1

ha
ul

-1
0.

71
0.

61
0.

7
0.

66
0.

60
0.

64
0.

70
0.

66
0.

6

Se
t 

ba
g

kg
 g

ea
r-1

da
y-1

0.
90

0.
76

1.
11

1.
04

1.
01

0.
94

0.
92

0.
72

0.
74

0.
70

kg
 g

ea
r-1

pe
rs

on
-1

0.
46

0.
47

0.
47

0.
46

0.
42

0.
40

kg
 g

ea
r-1

ha
ul

-1
0.

60
0.

49
0.

44
0.

41
0.

40
0.

40
0.

70
0.

66

Ca
st

kg
 g

ea
r-1

da
y-1

1.
06

1.
01

1.
00

1.
00

0.
97

0.
94

1.
07

0.
79

kg
 g

ea
r-1

pe
rs

on
-1

1.
07

1.
01

1.
00

1.
00

0.
97

0.
94

1.
06

0.
79

kg
 g

ea
r-1

ha
ul

-1
0.

01
0.

02
0.

01
2

0.
02

0.
02

0.
02

0.
01

0.
02

0.
02

0.
01

0.
02

0.
01

0.
01

1
0.

00
9

0.
01

4



Dipty A.K. et al. / Limnology and Freshwater Biology 2024 (5): 1196-1205

0 index was 
-

Simpson’s dominance index gave the possibil-
ity that any two individuals chosen at random from an 

-

2). Tikadar et al. (2021) found the highest Simpson 

and the lowest 0.21 in September with a mean value 

while the lowest value was 0.062 in December. The 

and sample size.
Margalef’s richness, which is only a count of 

basic indicator of biodiversity. The present study result 

purpose in the back of the lowest and very best richness 

depth brought on by the lack of rainfall, which caused 

-

Pielou’s evenness index measures the stabil-
ity of an ecosystem. A low level of evenness suggests 
that a small number of species dominate an ecosystem. 
During the study period, the recorded highest evenness 

o -
est as 0.199 (December) whereas the mean value was 

the Dhaleshwari River. Tikadar et al. (2021) recorded 

River.

4.4. 

-

-

-
ilar throughout the year which was higher from present 

-
-

same types and number of species were recorded in all 
-

ences so the least percentages of separation in clusters 
was observed.

4.5. 

-
-

available in the river, the physical condition of the river 
such as the presence of currents, bottom conditions, 

-1haul-1day-1

-1 day-1

among them, followed by push and lift nets. According 

-1day-1. According to Sayeed et al. 

-
mon type, followed by gill nets and set bag nets. These 

the present study due to dependence on same old gears, 

condition of the river such as the presence of currents, 
low availability of other gears etc.

4.6. 

in the Gorai River. The current study was deviated 
from reference value due to little survey period, sample 
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pattern.

5. 

-

The species selectivity associated with various types of 

meshed seine nets and gill nets were more damaging 

-

during the periods. This study is an initial attempt to 

-

-
ies investigate foundation, NGOs and the government 

gear should be designed with the intended species of 

-
-

their catch. Since it is not possible to immediately 
outlaw every kind of gear, it is crucial to determine 
which gear poses a risk to the public and ought to be 
prohibited. Simultaneously, a government-supervised 
and non-governmental organization-led awareness or 

University for the support and giving facility of using 
-

able for the work.

-
ies 6: 221-242. DOI: 

-

-

-
-

DOI: 

Macrobrachium rosenbergii

diversity and habitat relationship with environmental vari-

-
-

Construction of bridge on an intervened coastal river: 

1461. DOI: 
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-
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Abyssocottus
(Limnocottus godlewskii

, 

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

ABSTRACT. cox1
Abyssocottus 

(Limnocottus) godlewskii

nucleotide data for representatives of the genera Eimeria, Calyptospora, and Goussia

Keywords: Abyssocottus (Limnocottus) godlewskii cox1

1.

of studies on their ecology. The advantage of the molec-
-

ing technologies is the ability to analyze and identify 
relatively short fragments of foreign DNA from the con-

et al., 2017). Despite a number of drawbacks, includ-

genetic data in publicly available databases (Siddall et 

from the digestive tract of food using DNA (Sakaguchi 
et al., 2017), metabarcoding can serve as a complemen-

All members of the protozoan type Sporozoa or 
Apicomplexa of the Alveolata group are unicellular obli-
gate parasites of multicellular animals and are also con-
sidered to be among the most successful parasites in the 

of the genera Cryptosporidium, Plasmodium, Toxoplasma, 
and Babesia are causative agents of human and ani-

Despite their widespread distribution and economic 
importance, research on the evolutionary relation-
ships within this group is still in its infancy (Arisue and 

of coccidia is still evolving, with many genera being 

strict morphological and ecological traits for their clas-

for the small subunit ribosomal RNA (ssrRNA) enable to 
suggest that these are the base groups within the fam-

mtDNA cox1 -
cies: redlip blenny Ophioblennius macclurei (Silvester, 

Morone americana
and belica Leucaspius delineatus

For citation:
Abyssocottus (Limnocottus) godlewskii (Dybowski, 

Received: Accepted:
Available online:
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 Abyssocottus (Limnocottus) 
godlewskii
lake sculpins that inhabits depths ranging from 100 

of the ecology and parasite fauna of deepwater spe-

to the labor-intensive capture process. A study of the 
-

phylogenetic position of a representative of the fam-

sculpin.

2. 

The samples were collected in September 2019 

-

for the analysis.
In vitro, the contents of the entire digestive tract 

-
oughly. Total DNA was extracted using the DNA-

cox1

-
-
-

the digestive tract were pooled and used to prepare the 

-

-

length 140. The original reads were assembled into 

121. The chosen k-mer lengths allowed the aggregation 
to be brought into single contigs containing only reads 

cox1 fragments of the DNA mix-

cox1 marker 

( ) was used as a reference database 

the amplicon assembly were compared to a reference 

converted into a table of taxonomic representation in 
the DNA of the host digestive tract contents. The pri-

-

including model selection for estimating evolutionary 
divergence and reconstructing evolutionary history, 

al., 2016). The evolutionary divergence between the 

likelihood method using the Tamura-Nei model (TrN 

-

the maximum likelihood method using the Le-Gascuel 

replicates) was used to test the validity of the phyloge-
netic tree topology.

3. 

As a result of analyzing data from metagenomic 
-

cox1 gene of coccidia, 
including G. bayae
belica, and showed the highest degree of homology 

Cyclospora 
cayetanensis

very little nucleotide data is available for them. In addi-
cox1 mtDNA gene from the 

common sunbleak, which were previously obtained in 

G. bayae from the gall bladder of 

from the blood of the redlip blenny were also obtained. 
Coccidia 

-

the phylogenetic analysis. The phylogenetic tree was 
constructed using data from representatives of the 

Toxoplasma gondii mtDNA cox1 gene was represented 
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It is important to note that for all currently 

homeothermic animals and birds: G. bayae is homol-
ogous to Choleoeimeria taggarti (Amery-Gale et al., 

antechinus 

the belica are most closely related to Eimeria praecox 

Gallus gallus Isospora 
serini
Isospora serinuse 

Serinus canaria -

of similarity between representatives of the family 

marsupials (Table 2).
Analysis of phylogenetic relationships based on 

the cox1

-

-
netic reconstruction based on translated amino acid 

were the source of all known coccidia lineages in other 

-

It has been previously suggested that the cox1 

to contribute to the resolution of the apparent para-
phyly within coccidia (Ogedengbe et al., 2011). The 

this hypothesis, as data on cox1
representatives of the genera Eimeria, Calyptospora, 
and Goussia
the above reasons, it is premature to determine to 
which genus the detected representative of the family 

Table 1. The cox1

No.No. NCBI; Species

Cyclospora 
cayetanensis 

Eimeria mephitidis

Eimeria piriformis 

Eimeria zuernii 

Toxoplasma gondii

Eimeria gaimardi

Eimeria mundayi

Eimeria potoroi

Eimeria trichosuri 

Eimeria woyliei Northover et al., 2019

Reptilia Caryospora bigenetica 

Isospora amphiboluri Cannon, 1967

Isospora lunulatae

Aves Eimeria acervulina Tyzzer, 1929

Eimeria anseris

Eimeria brunetti Levine, 1942

Eimeria praecox

Eimeria tenella

Isospora gryphoni 

Isospora manorinae 

Isospora serini

Isospora serinuse 

Amphibia Lankesterella minima 

Actinopteri

Goussia bayae
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-
otes from marine and terrestrial ecosystems have shown 
the high diversity and dominance of Apicomplexa rep-

which are parasites of invertebrates and vertebrates, 

of protozoa. The main characteristic of its representa-
tives is the formation of environmentally stable oocysts, 

-
phology of the oocysts, as well as the number of spo-
rocysts and sporozoites are commonly used to identify 

-
genetic studies correlate poorly with current taxonomy. 
They have also shown that several diagnostic traits 

-

al., 2016). It is now known that members of the genera 
Eimeria, Goussia and Calyptospora are most commonly 

-

observed in representatives of the Cottidae family:
1. Goussia carpelli
 (Syn.: Eimeria carpelli (Leger et Stankovitch, 

E. cyprini Goussia carpelli sensu 

intestinal and gall bladder walls of the bighead sculpin 
Batrachocottus baicalensis
sculpin Leocottus kesslerii
snout sculpin Abyssocottus (Cyphocottus) eurystomus 

Phoxinus 
rivularis

2. Goussia leucisci
 (Syn.: Eimeria leucisci 
E. freemani

Goussia freemani
1974)). The parasite is localized in the kidneys and 
in the walls of the gall bladder of the Siberian dace 
Leuciscus baicalensis

3. Eimeria esoci  The 
parasite is localized in the intestinal and gall bladder 
walls of the northern pike Esox lucius

4. Eimeria percae  (Syn.: 
Coccidium percae Eimeria percae 

Fig.1. A phylogenetic tree of representatives of the fam-

mtDNA cox1 gene fragments. T. gondii as an outgroup

Table 2.
diagonal

1 2 3 4 5 6 7

Abyssocottus godlewskii) 0.029 0.062 0.019 0.020 0.022 0.076

Leucaspius delineatus) 0.119 0.047 0.026 0.024 0.021 0.069

 Goussia bayae 0.271 0.049

0.061 0.010 0.012 0.077

0.070 0.102 0.020 0.004

0.010 0.069

7. Toxoplasma gondii

E. rivieri -
asite is localized in the intestinal walls and kidneys of 

5. Eimeria sp. The parasite is localized in the 
Coregonus migratorius 

One species, G. carpelli, has previously been 
recorded in representatives of the family Cottidae, 
including coastal species of the bigheaded and sand 
sculpins, as well as in the deep-water species, the broad-

which are transmitted and spread by oral-fecal means, 
the resistance of the oocysts to environmental factors 
is of great importance (Clopton et al., 2016). Due to 
these properties, they can be detected in a variety of 
environmental samples, including paleontological sam-
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2022). Oocysts, including those of the genera Eimeria 
and Goussia, may be present in the external environ-

are usually released with the feces that are not spor-
ulated and are not infectious, as their development is 
terminated only in the external environment, where 
the formation of sporocysts with sporozoites occurs 

fecal contamination and indirect, which includes inver-

-
ability in two ways: directly from the external environ-

-

G. carpelli, which is found in 

parasite of the common carp Cyprinus carpio (Linnaeus, 
-

cies on its host list have their own separate coccidia 

comprehensive morphological and molecular genetic 

attention to the widespread G. carpelli

4. 

-

-
ent from all previously known. In contrast to the anal-

cox1 mtDNA, 
the phylogenetic reconstruction based on translated 

location of the branches of representatives of the fam-

detected organism remains unresolved due to the lim-
ited nucleotide data for representatives of the genera 
Eimeria, Calyptospora, and Goussia 
obtained indicate the need for targeted and complex 
studies, including molecular genetic studies, of the 

-
tance in preparing the manuscript. The work was sup-

410. DOI: 
-

and microscopic studies of Eimeria spp. (Apicomplexa: 
-

rolites: The case of study of artiodactyl coprolites from an 

Limnocottus scul-

-
cies of gregarines, Blabericola migrator and Blabericola cuben-
sis

and palaeogenetics: review and perspectives for the study of 

Caryophyllaeus laticeps
Leucaspius delineates

in the belica Leucaspius delineatus

Use of DNA metabarcoding for stomach content analysis in 
Pterois volitans

metabarcoding reveals diverse diet of the three-spined stick-

DOI: 
Goussia 

-
sity, biology, molecular phylogeny and comments on the 
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evolutionary genetics analysis version 7.0 for bigger data-

a plea for broader integration of taxonomic knowledge. 

gastrointestinal parasites from the archaeological site of 

-
terns of high alpha and low beta diversity in tropical parasitic 

DOI: 
-

tile primer set targeting a short fragment of the mitochondrial 
COI region for metabarcoding metazoan diversity: applica-

-
inate hyperdiverse soil protist communities in Neotropical 

described coccidia Goussia bayae Morone 
americana: morphology and phylogenetics support emerg-
ing taxonomy of Goussia

Goussia spp. 

-

-
Eimeria species and contributes to the phy-

Eimeria Coregonus autumnalis migra-
torius

-
-

sitic groups in terrestrial vertebrates. Infection, Genetics and 

-

Oncorhynchus keta -

of Sciences of the USSR, a series of biological and medical 

positive correlation between the diversity of Apicomplexa 
and their invertebrate hosts across alpine habitats. Soil 

Goussia obstinata sp. n. 
-

tines of the amur sleeper Perccottus glenii

-
sion of Goussia carpelli
Apicomplexa) to common carp, Cyprinus carpio

nucleotide substitutions in the control region of mitochon-

Diet metabarcoding reveals extensive dietary overlap between 
Zingel asper and Cottus gobio) and 

DOI: 

reveals high levels of diversity and insights into the evolution 

(Dissostichus mawsoni



1212

Limnology and Freshwater Biology 2024 (5): 1206-1218 DOI:10.31951/2658-3518-2024-A-5-1206

Commons Attribution-NonCommercial 4.0.

Abyssocottus (Limnocottus
godlewskii

, 

Abyssocottus 
(Limnocottus) godlewskii -

cox1 

-

Eimeria, Calyptospora
Goussia 

Abyssocottus (Limnocottus) godlewskii cox1

1.

-
-
-

-
-
-

-

-
-

-

-

Cryptosporidium, Plasmodium, Toxoplasma  Babesia

-
-

-
-

-

-

-
-

Abyssocottus (Limnocottus) godlewskii



-

-
cox1

Ophioblennius macclurei (Silvester, 
Morone americana 

Leucaspius 
delineatus

Abyssocottus 
(Limnocottus) godlewskii -

-

-
-

-

-

-

2. 

-
-

-
-
-

-

-
cox1

-

-

-

-
-

-
-

cox1

-
cox1

-

-

-

-

-
-

-

-

3. 

-
-

-
-

cox1 G. bayae
-

Cyclospora 
cayetanensis 
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cox1

-

G. bayae M. americana 

O. macclurei. , 
Coccidia -

-

cox1 Toxoplasma 
gondii

-
-

G. bayae
Choleoeimeria taggarti 

Antechinus 

Eimeria praecox

Gallus gallus Isospora serini (Aragao, 
Isospora serinuse 

 
Serinus canaria . -

-

cox1 

 Cyclospora 
cayetanensis 

Eimeria mephitidis

Eimeria piriformis 

Eimeria zuernii 

Toxoplasma gondii

Eimeria gaimardi

Eimeria mundayi

Eimeria potoroi

Eimeria trichosuri 

Eimeria woyliei Northover et al., 2019

Reptilia Caryospora bigenetica 

Isospora amphiboluri Cannon, 1967

Isospora lunulatae

Aves Eimeria acervulina Tyzzer, 1929

Eimeria anseris

Eimeria brunetti Levine, 1942

Eimeria praecox

Eimeria tenella

Isospora gryphoni 

Isospora manorinae 

Isospora serini

Isospora serinuse 

Amphibia Lankesterella minima 

Actinopteri

Goussia bayae



-
-

cox1
-

-

cox1 -

cox1
Eimeria, Calyptospora Goussia 

-

-
-

-
-

-

-
-

cox1 
T. gondii

1 2 3 4 5 6 7

Abyssocottus godlewskii) 0,029 0,062 0,019 0,020 0,022 0,076

Leucaspius delineatus) 0,119 0,047 0,026 0,024 0,021 0,069

 Goussia bayae 0,271 0,049

0,061 0,010 0,012 0,077

0,070 0,102 0,020 0,004

0,010 0,069

7. Toxoplasma gondii

-
-

Eimeria, 
Goussia Calyptospora 

1. Goussia carpelli  
(Syn.: Eimeria carpelli E. 
cyprini Goussia carpelli sensu (Dykova et 

-
-

Batrachocottus baicalensis
Leocottus kesslerii (Dybowski, 

Abyssocottus 
(Cyphocottus) eurystomus

Phoxinus rivularis
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2. Goussia leucisci
 (Syn.: Eimeria leucisci 

E. freemani
Goussia freemani

Leuciscus 
baicalensis

3. Eimeria esoci
-

Esox lucius Linnaeus, 

4. Eimeria percae  (Syn.: 
Coccidium percae Eimeria percae 

E. rivieri
-

5. Eimeria sp.
Coregonus migratorius 

-
-

G. carpelli.

-
-

Eimeria  Goussia

-
-

-

-

-

G. carpelli, -
-

Cyprinus carpio 

-
G. carpelli 

4. 

-
-

-
-
-

-
-

cox1

-

-
-

Eimeria, Calyptospora Goussia 
-
-
-

-
-

410. DOI: 
-

and microscopic studies of Eimeria spp. (Apicomplexa: 
-

rolites: The case of study of artiodactyl coprolites from an 
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-
cies of gregarines, Blabericola migrator and Blabericola cuben-
sis

and palaeogenetics: review and perspectives for the study of 

Use of DNA metabarcoding for stomach content analysis in 
Pterois volitans

metabarcoding reveals diverse diet of the three-spined stick-

DOI: 
Goussia 

-
sity, biology, molecular phylogeny and comments on the 

evolutionary genetics analysis version 7.0 for bigger data-

a plea for broader integration of taxonomic knowledge. 

gastrointestinal parasites from the archaeological site of 

-
terns of high alpha and low beta diversity in tropical parasitic 

DOI: 
-

tile primer set targeting a short fragment of the mitochondrial 
COI region for metabarcoding metazoan diversity: applica-

-
inate hyperdiverse soil protist communities in Neotropical 

described coccidia Goussia bayae Morone 
americana: morphology and phylogenetics support emerg-
ing taxonomy of Goussia

Goussia spp. 

-

-
Eimeria species and contributes to the phy-

-
-

sitic groups in terrestrial vertebrates. Infection, Genetics and 

-

Oncorhynchus keta -

positive correlation between the diversity of Apicomplexa 
and their invertebrate hosts across alpine habitats. Soil 

-
sion of Goussia carpelli
Apicomplexa) to common carp, Cyprinus carpio

nucleotide substitutions in the control region of mitochon-

Diet metabarcoding reveals extensive dietary overlap between 
Zingel asper and Cottus gobio) and 

DOI: 

reveals high levels of diversity and insights into the evolution 



(Dissostichus mawsoni

Limnocottus

-
-

Caryophyllaeus laticeps 
Leucaspius delineatus

Leucaspius delineatus 

Eimeria Coregonus autumnalis 
migratorius -

Goussia obstinata sp. n. 
-

Perccottus glenii
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Original Article

North Branch of the Fisheries Research and Production Center, LLP, Potanin str., 15/1, Astana, 101000, Kazakhstan

ABSTRACT. As a result of the research carried out in 2016-2021 on the lakes of the Shchuchinsk-

growth of perch. The absence of sexual variability was noted, which is explained by the relative sta-

of hydrological and trophic factors. In all samples, a division of the general population into two clus-

Keywords: perch, growth, variability, generations, clustering, environmental factors

1.

determining the development, behaviour and evolution 
of biological systems. Of course, this environment is not 

as temperature, food availability and light, among oth-
ers, can lead to heterogeneous conditions and hetero-

-
mance, response norms and evolutionary processes in 

Silva Lima et al., 2022).
-

tal heterogeneity can serve as a catalyst for the devel-
opment of new adaptations and traits. Organisms that 

chance of surviving and passing on their genetic char-

heterogeneity can also pose challenges for organisms. 

stress, deterioration and reduced reproductive capacity 

-
ent conditions and the diversity of populations help to 
reduce risks and maintain the viability of species.

One of the most important adaptive mechanisms 

growth are adaptive functions. The body reacts to envi-
ronmental changes and responds at the level of met-
abolic reactions. At the same time, most researchers 
agree that growth is one of the most variable proper-

This article is devoted to assessing intragroup 
variability in the growth of perch

For citation: -

Received: Accepted:
Available online:
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-
cies among the ichthyofauna of the waterbodies of the 
watershed of the Ishim River.

The dynamics of various growth indicators 

generation were assessed. An attempt was made to 
determine the belonging of individuals to various eco-
logical morphs, distinguished by growth rates, and to 

2. 

The data were collected during 2016-2021 

-
ric parameters of the waterbodies were assessed using 

An operculum was used (Le Cren, 1947) when 

al., 2020) to determine age and back-calculate length. 
The back calculation of length was carried out using 
the simple Dahl-Lea proportions method, according to 

examined.

-

Li+1 i
where Li is the length of the individual in the initial 
year of life and Li+1
year of life.

method.

the formula:
L )

formula:
k
The initial age at which the length would be 0 is 

found for each age and then averaged:
t0 ln(Li L k)

lgk lg L

the arithmetic mean of the last calculated value (lmax) to 

max  L

elongation of the theoretical size-age series and back 
calculated length. This indicator is close to that used 

calculated maximum length is used, not the observed 
one.

speed, tempo) morphs, the k-means clustering method 
was used. It was accepted that the data sets are a pri-
ori divided into two clusters, which corresponds to 
the presence of coastal and pelagic forms in perch 

growth data sets with separate endpoints for ranges of 

a particular individual was assigned based on the last, 
most extensive, aggregate in which it participated. The 
level of cluster mismatch was calculated when com-

-

otherwise these data should be treated with caution. 
Individuals under four full years of age were excluded 
from the analysis.

Statistical processing of the material was carried 

Fig.1.
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-

generation, cluster).

3. 

one is a river section (Table 1). The lakes vary in area 
(up to 1000 ha and more) and the average depth of 

Chebachie has a certain share of shallow waters and is 

content, unlike Lake Shchuchie with its pit type.
The hydrochemical regime of the bodies of water 

 
 

. The 

in the river it is of the chloride class, mainly of the 

Sexual variability in the linear growth of perch in 
the studied waters is not evident (Table 2). The existing 

-

within the same waterbody were clearly expressed in 

at all.

generation. The linear regression trend vector (contin-
uous line) is for illustrative purposes only.

-
ics of growth indicators are clearly negative, although 

improvement in performance.
The other three samples are characterized by 

increasing growth rates at certain stages. Thus, perch 

increase in the average calculated indicators at two and 
three years over 11 generations. Naturally, the increase 

-
ations were also noted.

The increase in growth rates in individuals from 

life was almost linear, and only the last two generations 
of all those studied had some deviations. Another age 

average scores.

All studied groups of perch show a stable, reliable 
division into clusters (incremental morphs) in the range 

Table 1. Description of water bodies

Water body:
Borovoe Shchuchie Chebachie

river 
Ishim

462 1000 1490 -

1000 1490 109 -

Length, km 7.4 -

2.0 1.1 -

9.7 14.6 -

Average depth, m 2.9 10.0 7.9 2.0

22.0 6.1 7.0

Degree of coastline development 0.14 0.14 -

970 247 1109

Na 124 169

Ca 40 40 120

66 7 16

Cl- 92 11 60

SO4
2- 67

- 146

7.4 2.6 7.1
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morphs are smoothed out, mainly due to the statistical 

noting a fairly strict division into morphs, shown by the 
low level of discrepancy in belonging to them between 

The ratio of clusters in the total sample is most 
-
-

dominate, and Lake Shchuchie, where individuals with 
slower linear growth dominate. This ratio has a fairly 

a whole.

should be considered as special attributes of the popu-

integral indicators of the interaction of the metabolism 
of individuals, environmental factors and more com-
plex ecological and other processes.

cases (if we still assume some kind of limit of this vari-
-

necessarily an achievable value. This is understandable 
when calculating the growth potential realization rate 

noting the twofold increase in L  for cluster 2, com-
pared to cluster 1, in the sample of perches from Lake 

-
-

Table 2. Growth sex variability at perch from investigated water bodies

Water body Sex Number

1 2 3 4 5 6 7 8 9 10 11 12 13 14

female 11.9 20.6 22.6 24.4 26.7 -

male 11.7 14,2 16,4 20,6 22,6 27,2 29,2 - 107

0 0,9 0.9 0.1 0.,2 0 0 0 1.2 - - -

female 12.0 14.2 16.1 19.9 22.0 26.4

male 12.2 14.4 16.2 - - - - - - - -

1.4 1.4 1.0 1.2 0.1 0.2 - - - - - - - -

Lake 
Shchuchie

female 16.6 22.0 - - - -

male 14.2 17.9 19.6 - - - - - - 47

0.2 0.1 0 1.6 7.4 - - - - - -

Lake Tekekol female 9.0 11.4 16.0 20.0 21.7 - - - -

male 17.9 19.7 21.2 - - - - 62

1.1 0.4 1.2 0.6 1.9 7.7 - - - -

Chebachie
female 6.0 9.1 11.9 20.7 22.6

male 6.1 12.0 16.7 20.7 22.4 24.1 26.9 - - -

1.1 4.1 0.1 0.1 1.9 2.0 0 0.7 - - -

River Ishim female 9.9 17.6 19.7 21.6 - - - - 106

male 19.1 - - - - - 46

0.2 0 1.2 2.1 0.9 0.2 - - - - -

Fig.2.
perch from Lake Shchuchie

Fig.3.
perch from Lake Tekekol
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eral, only the sample from Lake Shchuchie stands out 
somewhat from the overall picture of the relationship 

for most populations is at an average level. It is slightly 

4. 

Intra-group growth variability is undoubtedly 
of interest in terms of studying the mechanisms of the 
dynamics of linear and weight indicators during the life 

-

characteristics of commercial stocks.

-
ations, ages, sexes or ecological forms. Their manifes-
tation should be related to the heterogeneity and vari-
ability of the habitat of a group of organisms.

due to negative environmental conditions.
The data obtained by our research once again 

showed that perch populations in the region do not 
have sexual variability in growth. At present, there are 

Table 3.

Water 
body

Cluster Clusters 
ratio1 2 3 4 5 6 7 8 9 10 11 12 13 14

Lake 1 12.4 17.0 19.2 21.2 24.9 27.1 - - - 1:1

2 11.0 20.0 22.2 24.0 29.0 -

15 110.7 191.7 211.9 153.7 97.2 54.2 18.8 7.6 0 - - -

Lake 1 6.0 12.7 22.4 26.1 - - - - 1:0.7

2 11.1 19.7 21.9

23.3 100.5 157.5 77.6 36.8 10.0 2.4 0.7 0 - - - -

Lake 
Shchuchie

1 6.1 10.0 17.1 22.1 - - - -

2 16.1 17.9 20.1 21.6 - - - - -

19.6 90.7 94.8 65.5 63.9 25.9 1.4 - - - - -

Lake 
Tekekol

1 6.4 9.4 14.1 16.4 20.1 21.4 24.6 26.0 27.1 - - 1:1

2 10.7 17.6 19.6 22.9 - - - -

67.8 68.3 60.7 86.6 38.1 12.7 0.2 2.0 0.4 - - - -

Lake 

Chebachie

1 12.7 17.2 19.2 21.0 22.7 24.4 27.1 1:1

2 16.0 20.4 24.0 - - - -

46.0 162.0 382.0 463.7 231.7 113.0 39.2 4.0 0 - - - -

River 
Ishim

1 6.4 10.7 19.9 21.9 - - - - 1:1.1

2 9.0 12.1 14.9 17.0 19.1 21.0 24.4 - - - - -

50.4 137.5 97.5 52.4 35.1 15.1 19.1 2.9 - - - - -

Fig.4.

Fig.5.
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This may indirectly indicate a relatively positive char-

that, under certain conditions, sexual dimorphism in 
growth rates will not appear somewhere in the future.

Generational variability represents the dynamics 
-

cyclical nature of phenological phases.

generations, which are based on their numbers and 
the degree of trophic competition, and in some cases, 
direct predation. A high population size of one of the 
age classes leads to a decrease in growth rates within 

2016) due to tension in trophic competition. This also 

in type of nutrition.
-

ations, one can see certain trends in their variability 
and associate them with certain operating factors. The 
increase in linear sizes of perches from Lakes Tekekol, 

decade of this century.
An increase in the level of the waterbodies leads 

to an increase in feeding areas. New areas are being 

an increased development of the food supply, i.e. zoo-
plankton and zoobenthos. It is worth noting that it is 
younger generations that increase growth rates, mainly 
consuming invertebrates.

Shchuchie. The level is also rising here, and there are 

bottom of the reservoir there is a thick layer of sapro-
pel. Accordingly, there are not so many realistic possi-
bilities for the food supply to be increased.

At the same time, a decrease is already observed 
in facultatively piscivorous generations. Accordingly, 
its causes apparently lie in the food supply, and are not 
determined by the hydrological parameters of the water 
body. The food supply of these generations is largely 

similar in ecological preferences in all water bodies of 

has a certain impact on their growth.

Perca schrenkii 

expectancy, fertility and other indicators (Shatunovsky 

and the formation of these morphs is nutrition, the 

reasons (ethological, environmental, etc.) and can 

Table 4.

Water body Clusters L k t0 ’ R n
total sample: -0.74 2.29 246

1 49.0 0.076 2.26

2 -0.79 46.1 94

total sample: 0.040 -0.94 44.9

1 -0.66 2.20 61.7

2 2.40

Lake Shchuchie total sample: 0.079 -0.64 2.21 104

1 0.106 2.19

2 0.101 64

Lake Tekekol total sample: 40.9

1 0.090 -0.99 2.14 69.1

2 41.9 -0.67 2.16

total sample: 0.067 2.22

1 -0.76 2.22 172

2 0.066 174

River Ishim total sample: 2.21

1 0.147 -0.40 2.21 60

2 0.126 -0.27 2.20 69.0
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The presence of such incremental morphs indi-
cates the existence of heterogeneity of the habitat and 
the distribution into new ecological niches within each 
generation anew. The larger the waterbody, the more 

-
lihood of the genesis of these forms and the degree of 

for example, these morphs were once noted in the Aral 

a picture of intra-group division in these reservoirs 

not so pronounced.

-

-
thos in the diet occurs starting from the summer of the 

-

-
propriate food items occurs unevenly, which ensures 

In addition, within a single population there is a divi-

largely related to the type of nutrition and foraging 
behavior in age (size) groups. Trophic factors and tro-

dividing a group into incremental morphs. They further 
determine the choice of habitat stations along a chain 
of other environmental factors.

type includes cases of a longer age series and a higher 
growth rate in older generations in cluster 2 (Lakes 

L  and 

years their linear dimensions are higher than those of 
other types of populations.

The second type consists of groups in which one 
cluster throughout its life has a higher growth rate 

years, their growth rate is better than that of popula-

cycle, their growth rate decreases.
These divisions to some extent resemble the r- 

group with a scanty number (compared to taxonomic 
units), acting on scanty time periods, but not identical 

-
tion level, for the tench Tinca tinca

5. 

attention is paid to intrapopulation growth variability 

same time, if you use a number of conventional statis-
-

clusions regarding ecological and microevolutionary 
processes.

The absence of sexual variability in height in 

-
ences between generations is determined by a combi-
nation of hydrological and trophic factors.

growth rates occurs from the heterogeneity of environ-
mental factors and the distribution of food resources, 
as well as age-related (size) behavioral reactions. 

wide limits. There is no single pattern in the formation 
of these incremental morphs, as can be seen from the 
two types of populations indicated.

not be so striking, but when using statistical-analysis 

where some environmental factors contribute to the 
gradient of the intrapopulation structure.

In general, studies aimed at studying intrapopu-

to assess the state of populations and determine mecha-
nisms for their management, taking into account diver-
sity within groups.

manuscript and valuable comments.
The author also thanks editor and anonymous 

of the article.
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Cyprinus carpio L.) stock in pond 

Ontogenetic niche shifts and resource partitioning in a sub-

-
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eutrophication of perch growth, consumption, and activity 

heterogeneity in rearing sea bass (Dicentrarchus labrax): test 
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Sexual size dimorphism of walleye (Stizostedion vitreum vit-
reum

-
phological variation and ontogenetic niche shifts in perch 
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-
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of Russian Academy of Science. (in Russian)
-
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14: 69-77.
-
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DOI: 
-

tion and nutritional state of perch 
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-
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-
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-
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Relative abundance, diet and growth of perch ( -
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growth of yellow perch ( ): predictions from 
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dynamics and growth of perch in a small, humic lake over 
a 20-year period - importance of abiotic and biotic factors. 

between male and female growth and sexual maturation in 
tilapia (Oreochromis mossambicus

of reproductive strategies in perch (

-

food resources on morphology and ontogenetic growth tra-

Sverdlovsk: Academy of Science of USSR. (in Russian)
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171. (in Russian)

Nauka. (in Russian)



Limnology and Freshwater Biology 2024 (5): 1228-1242 DOI:10.31951/2658-3518-2024-A-5-1228

© Author(s) 2024. This work is distributed 
under the Creative Commons Attribution-
NonCommercial 4.0 International License.

Original Article

Institute for Water and Environmental Problems, Siberian Branch of the Russian Academy of Sciences, 1, Molodezhnaya St., Barnaul, 
656038 , Russia

ABSTRACT. The article presents the long-term experimental data on spectral water transparency in the 

study period, values of the light attenuation index calculated at the natural logarithmic base at four 
. The index of light absorption by 

. Relative transparency measured with the use of a white 
-

rophyll-a  that corresponded to the oligotrophic type of lakes. 
The concentration of yellow substance in the lake, optically determined through measuring light absorp-

. Calculations 
of the spectral contribution of the main optically active components of lake water to light attenuation 
in the surface layer of Lake Teletskoye in various sampling sites indicated that yellow substance and 

-
cesses closely related with those occurred in the lake catchment.

Keywords: spectral transparency of water, light attenuation index, index of light absorption by yellow substance, 
physical model, yellow substance, chlorophyll-a, suspension, pure water, Lake Teletskoye

1.

Traditionally, relative transparency of various natural 
waters (oceans, seas, lakes, reservoirs, rivers, etc.) is 
determined by a semi-instrumental method, i.e. maxi-
mum visibility depth of a standard Secchi disk (SD) in 
the water column until its complete disappearance from 
view (measured in meters). Close to waters of oceans 

the highest among freshwater water bodies due to few 

et al., 2001). This method, widely used by hydrobiol-
ogists because of its simplicity and practicality, is still 

more precise, electronic spectrophotometric methods 
and devices (spectrophotometers, turbidimeters, trans-
parency meters, etc.) can measure spectral water trans-
parency at any depth day and night with the provision 
of its data records.

of water (measured in reverse meters) refers to the pri-
mary (or internal, intrinsic) hydro-optical features. It is 

conditions for light propagation in water and contains 
the information about suspended organic-mineral par-
ticles and organic matter dissolved there.

For citation:

Received: Accepted:
Available online:
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The relevance of our study is dictated by the need 
to expand and improve the understanding of spectral 
transparency of Lake Teletskoye waters greatly depend-
ing on its periodically varying main optically active 

-
cial attention is worldwide paid to studying the spectral 
contribution of each optically active components of nat-
ural waters to the total light attenuation and dynamics 
of their concentrations in time and space.

The purpose of our study is to experimentally 
estimate the longstanding variations in spectral water 

of its main optically active components on the total 
light attenuation.

2. 

Object of study

reservoir of tectonic origin located at an altitude of 

2, 
2

elongated along the meridian and the northern latitudi-

(pelagic) zone, the shallow (littoral) part of the lake is 
distinguished by a considerable hydrodynamic impact 
caused by intensive wind-wave processes (maximum 

-
line is weakly rugged. There are few bays here, but the 

2 2

the shallowest and well-protected from waves. In terms 
of thermal regime and soil type, it is the most favor-

-
chemical regime, the lake is a weakly mineralized, oxy-
gen-rich mountain water body with low temperatures 
and a little content of organic and biogenic substances 
in the water (Selegey et al., 2001).

In recent years, the anthropogenic load on the 
lake (especially in its northern part) has increased 
due to intensive development of tourism in the Altai 

responsible for the low potential of biological self-pu-

Research methods
Studies of the main hydro-optical character-

istics (indicators of light attenuation by water, light 
absorption by yellow substance and relative transpar-
ency measured using a white Secchi disk) in the water 

surface layer of Lake Teletskoye using a bathometer 

the 6-year period of the lake study, a total of 126 water 
-

surements of spectral water transparency (transmis-

-

examined in the laboratory.

Fig.1. Sampling sites in the water area of Lake Teletskoye 
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The spectral light attenuation index  was cal-

law 

c
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��

1 1
ln , (1)

where L is the length of a measuring glass cuvette of 
T I I� � �� � � � � � �/

0

0
the intensity of transmitted and incident light on the 
cuvette, respectively, 
The indicator of light absorption by yellow substance 
ays was determined after measuring spectral trans-

-

absolute error in measuring  and ays  within the 
.

The spectral dependence of light absorption by 

a eys �

 �� � � �~ , (2)

where μ -

we measured ays

C a ays ys sp ys� � � � �450 450/
.

ys ,  
asp.ys

2 -
ys using 

the value asp.ys
In addition, to compare our data on spectral 

water transparency with the results of similar optical 

other researchers, we measured relative transparency 
by SD.

The concentrations of chlorophyll CChl were 
determined by a standard spectrophotometric method 

-
 and 

 in the surface layer of the studied reser-

form
c a a b b aChl ys mol s pw� � � � �� � � � � � � � � � � � � � � , (4)

where aChl  and ays  are indicators of spectral 
absorption by Chl- bmol

bs
scattering by S, apw
can be seen from this expression, spectral attenuation 
of light is described by a three-parameter model. Since 
the parameter ays

bs  can be derived 
from the formula
b c a a b as Chl ys mol pw� � � � � �� � � � � � � � � � � � � � � � ��� ��

The trophic status was assessed using the 
Carlson Trophic State Index (Carlson, 1977) and the 

-
tral index of light attenuation . The oligotrophic 
type of reservoirs corresponds to a range of values 
from 0 to 2 m , eutro-

m  or more (Sutorikhin et al., 2017).

3. 

Teletskoye allowed to estimate the primary hydro-op-
tical characteristics, i.e. indicators of light attenuation 

, light absorption by yellow substance ays , rel-
ative transparency according to SD at heterogeneous 

 at four wavelengths 

in the surface layer of the reservoir varied from 0.2 
. In summer of 2017 and 2021, this indica-

). Reduced spectral 
). At the con-

including Cape Syraktu, . Its peak 

-
pension (mainly mineral) by river waters and shoreline 

and-waves currents lifted bottom sediments and mixed 
them throughout the water column. In the pelagic 

 did not 
exceed 2.1 m -
tent (close to its average in summer).

Over a 6-year period of optical investigations, 
indicators of light absorption by yellow substance ays  

) 
) were recorded in 

ays
respectively.

During the study period, SD-measured relative 

in 2019 in the pelagic zone of the Adamysh and Taldu-

Reinart et al., 2004) that spectral transparency of water 
largely depends on the content of suspension (organic, 
mineral). Therefore, to explain inter-annual variations 
of , the data on chlorophyll-a concentrations C hl

In the course of our 6-year study, the content of 
Chl-  the main photosynthetic pigment of phytoplankton 
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),  
thereby corresponding to the oligotrophic type of 

), while 
).). In general, 

the lake is characterized by poor development of algae 
phytoplankton because of low concentrations of nutri-
ents and instability of the water column most of the 
year. In Lake Teletskoye waters, the specialists of the 

dm  that is typical for oligotrophic lakes) of biogenic 
elements of the nitrogen group dominated by nitrate 
ions as a mineral nitrogen form. The concentrations of 

micrograms), while silicon was one or two orders of 
magnitude higher than the content of other biogenic 

.

-
stance Cys in the surface layer of the lake varied greatly, 

) and reached the indicators of 2017 
).

Calculations of the spectral contribution of opti-
cally active components of the lake water in the surface 
layer of Lake Teletskoye in various sampling sites are 

on the total attenuation.
In 2017

-

littoral. Suspension made its maximum contribution 

Fig.2. Long-term dynamics of light attenuation at a wavelength of 

Fig.3.
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drastically increased in the long-wave region (up to 

the pelagic zone of the Chulyshman River).
In 2018  

-

of the pelagic zone of Cape Syraktu, which increased to 

-

The contribution of Chl-

In 2019

-

pelagic part of the Adamysh River, increasing to 

Fig.5.

Fig.4. Long-term dynamics of chlorophyll-a



Akulova O.B., Bukaty V.I. / Limnology and Freshwater Biology 2024 (5): 1228-1242

-

the green region of the spectrum. The contribution of 

In 2020

019 (the pelagic zone of Cape Syraktu), which increased 

increased in the green region of the spectrum (up to 

In 2021

-

-

In 2022

pelagic zone of the Chulyush River) and increased to 

-

observed in the study spectral range.
-

light attenuation in Lake Teletskoye waters.

calculations of spectral contributions of the main opti-
cally active components of Lake Teletskoye waters to the 
spectral index of light attenuation 

The trophic status of the lake is determined by 
limnoclimate, a type of a catchment area and its alti-

by mountain streams, low water temperature through-
-

gen saturation of the entire water column. Note that at 
the bottom saturation may be even higher than at the 
surface.

Lake Teletskoye can be characterized mainly as oligo-
trophic with the elements of mesotrophy in sites of the 

-
saprobity, mineralization and hardness of water, the 
hydrogen index and the presence of harmful substances 

-
cies number) it follows that waters of Lake Teletskoye 

-

4. 

-

semi-empirical model was applied to describe the spec-
tral contribution of the main optically active compo-
nents of natural waters to light attenuation with due 
regard for light absorption by terrigenous and biogenic 
particles. Summer studies of Lake Teletskoye demon-

of hydro-optical characteristics thus indicating good 
oligotrophic ecosystem conservation and high water 

loads on the reservoir and its drainage basin. The 
obtained results suggest that hydro-optical character-
istics can be widely used in studying large lakes, reser-
voirs and rivers to monitor the heterogeneity of water 

on relative transparency measurements and water 
sampling.

The work was carried out within the State 

AAAA-A17-117041210241-4) with assistance of the 
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-

hydro-optical characteristics of freshwater reservoirs (by the 

dissolved organic matter in the Northern Gulf of California. 

Canadian guidance framework for the management of phos-
phorus in freshwater system. Ottawa: National guidelines and 

environment Canada.

(in Russian)
GOST 17.1.1.04-77. 1977. Indicators of the state and 

-
dartov. (in Russian)

-
-

dartov. (in Russian)
-

cal properties of sea water. Ocean and atmospheric optics. 

-

of dissolved organic matter and suspended matter concen-
trations by spectral index of directional light attenuation. 

-

-

-

Institute. (in Russian)
-

-

Russian)

2001. Indicator of light attenuation and its relationship with 
hydrological characteristics and content of suspended mat-

mir. (in Russian)

of sea water with special reference to lignin sulfonates and 

Leningrad: Gidrometeoizdat. (in Russian)

Gidrometeoizdat. (in Russian)
-

tral absorption properties of phytoplankton, non-algal par-
ticles and chromophoric dissolved organic matter in Lake 

backscattering as indicators of average particle size. Applied 
Optics 24: 7264-7277.

Determination of the trophic status of freshwater lakes of the 
-

 (in Russian)

and content of suspended matter in the northwestern part of 

properties of mineral particles suspended in seawater and 
-

mation from remote sensing algorithms. Applied Optics 17: 
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Petrozavodsk, 185030, Russia

ABSTRACT.

Gmelinoides fasciatus
(Crustacea: Amphipoda) has naturalized in the littoral. Amphipoda G. fasciatus plays a dominant role 

was noted that the native species Gammarus lacustris
G. fasciatus on the littoral of the reservoir suggests that in the coming 

Keywords: macrozoobenthos, Gmelinoides fasciatus, littoral zone, Onego Lake, invasive species

1.

Intentional and unintentional introductions 
of alien species have increased dramatically world-
wide over the past century. Although studies related 
to human activities that facilitate species exchange 
have increased substantially, we know little about the 

(Seebens et al., 2017). The process of invasion of alien 

among the most active invasive species, dispersing in 
modern conditions outside their natural habitats, which 

-

G. fasciatus has been regis-

-
-

ate introduction in reservoirs and lakes. In the 1960-

G. fasciatus, 

-

To date, materials have been published on the 
distribution of G. fasciatus on the southwestern part 

in the northeastern part) of Lake Onego has not been 

materials on the distribution of the species in the lit-
toral zone in Guba Svyatukha and in the vicinity of 

The purpose of the study is to clarify the distri-
bution and role of the invasive amphipod G. fasciatus in 

of Lake Onego.

For citation: -

bolt-nastya@yandex.ru

Received: Accepted:
Available online:
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2. 

Russia and it is the second largest freshwater lake in 

common reed Phragmites australis (Cavanilles). The area 
-

with thickets of common reed. The biotope of the litto-

Samples were collected and processed in accor-
dance with freshwater benthos collection guidelines 

so that the upper edge of the cylinder was above the 

for several minutes. The contents of the net were peri-
odically transferred to a container with water. Then 
the rocks on the bottom and plants were examined. 
Animals from the rocks were also transferred to the 
sample. Collections were made at depths of up to 0.4 

stations.

2016). In the laboratory, the crude weight of G. fas-
ciatus 

was performed according to the methodological guide-

3. 

The results of the study showed that the mac-

it is represented by the main groups of benthic inver-

littoral zone of Lake Onego as in most water bodies 

-

occurrence).
The amphipod G.fasciatus

2010). The native amphipod Gammarus lacustris Sars 
was not found by us in the studied habitats. The inva-
sive amphipod G. fasciatus in Lake Onego is currently 
a mass species in the littoral of the lake on rocky and 
thicket biocenoses. In the present only coastal areas 

results, only in one habitat around Cape Chazhnavolok 
the native amphipod Gammarus lacustris 
and G. fasciatus occurred simultaneously. In this ben-
thic biocenosis, the biomass of the native species is 

G.fasciatus
(Sidorova, in press).

alien species enters new conditions where there is no 
natural limitation of its dispersal and where there are 
no predators, parasites and competitors, an ideal situ-
ation for population (or biomass) growth is created. At 

it becomes rapid, which can lead to a population explo-
sion. In the absence of constraints from environmental 

period of time. As a rule, limitation is occurred by one 
or another environmental factor or factors occurs at 

Fig.1.
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abundance. This leads to a slowdown in the growth of 
abundance (or biomass), which reaches an upper limit 
and then remains at about the same level. This type 
of population expansion into new habitats is typical of 
most amphipod species. According to Ryabinkin and 

G. fasciatus are 
a short life cycle, high fecundity and a high ecological 
plasticity, which allowed the species to disperse rapidly 
throughout the water body and to participate in the 
ecosystem processes of material and energy transfor-
mation in Lake Onego.

According to our data, the abundance of mac-

-
tively. In Guba Svyatukha the total benthos abundance 
was 2 times lower. Total biomass of bottom organisms 

mainly due to the contribution of Amphipoda.

-
-

In Guba Svyatukha, oligochaetes reliably domi-
-

In the littoral zone of all studied habitats, amphi-
pods are represented by only one species - the invasive 
G. fasciatus. The native species G. lacustris, which pre-
viously inhabited the littoral zone of Lake Onego, was 
not recorded anywhere.

In terms of biomass, G. fasciatus dominates in 

-

Svyatukha, oligochaetes are the dominant species in 
-

biomass of bottom organisms.

Fig.2. The ratio of macrozoobenthos groups by abun-

Table 1.

Station Numbers, thousand ind/m²

N total Amph. Olig. Chir. Biv. Cerat. n

1.76 1.10 0.01 0.01 0.04 6

Guba Svyatukha 0.04 1.09 - - 0.04 - 6

4.01 1.02 - 0.62 - 6

Biomass. g/m²

Amph. Olig. Chir. Biv. Cerat. n

0.01 0.01 6

Guba Svyatukha 0.02 0.27 0.04 - - 0.02 - 6

1.77 0.67 0.01 - - 6

100 100 100 67 100
Note:

Our results prove that G. fasciatus is widely 

that baikalian amphipoda was recorded in the south-

G. fas-
ciatus was registered on the littoral of Sosnovets and 

time, the amphipoda was found in the eastern part 

G. fasciatus

the share of invasive species in benthic abundance 

In 2022, we conducted a detailed study of the 

studies had been conducted before.
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G. fasciatus plays a signif-
icant role in abundance of the benthic community in 
almost all studied habitats of the reservoir. On the 

-

to this phenomenon, namely, to the study of the pos-
sibility of the species to be included in the benthic 
biocenoses to the north between the canal locks and 

In addition, a detailed study of the littoral zone 

is necessary in order to obtain up-to-date data on the 
distribution of the invasive species G. fasciatus and the 
habitat of the native species G. lacustris.

4. 

-
-

teristics of macrozoobenthos, which are related to the 
-

2.
G. fas-

ciatus was registered in the northeastern part of the 
reservoir on the littoral of Guba Svyatukha and in the 

G. fas-
ciatus plays a dominant role in terms of communities 
abundance in two studied stations of the reservoir (in 

native species G. lacustris was not registered anywhere. 
Thus, the results of our study prove that the invasive 
species has successfully naturalized in the recipient 
water body - Lake Onego. The range map for this spe-

in the northeastern part of Lake Onego. It is shown that 
G. fasciatus is included in communities and becomes a 

G. fasciatus on the litto-
ral of the reservoir suggests that in the coming years 
these amphipods may colonize the Lizhemskaya Guba 

of Sciences.

interest.

Fig.3. G. fasciatus 

press).

mysids in the inland waters of Lithuania: history of intro-
duction, current distribution and relations with native mal-

-

macroinvertebrates of the littoral, marshy shore and pud-

Micruropus possolsii Sow and Gmelinoides fasciatus Stebb. 

Gmelinoides fasciatus (Amphipoda, Crustacea) 
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-

-

-

Gmelinoides fasciatus 
(Ampipoda, Crustacea)

 (in Russian)
-

Russian)

Russian Academy of Sciences: 67-91. (in Russian)

saturation in the accumulation of alien species world-

-
ulation structure of the invasive amphipod Gmelinoides fas-
ciatus

-
ommendations on collection and processing of materials for 

USSR reservoirs. Results and prospects of acclimatization 
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-
-
2

2 Gmelinoides fasciatus (Stebbing 

Gammarus lacustris 
G. fasciatus

-

Gmelinoides fasciatus, 

1.

-
-

-
-

-

-
-

Grabowski et al., 2007).

 G. fasciatus -

-

-

G. fasciatus -

-
G. fasciatus -

-

-

bolt-nastya@yandex.ru
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-

G. fasciatus

2. 

-

-

-
Phragmites australis 

2

-

-

-

2

-

-

-
-

G. fasciatus

-

3. 

-
-
-

-

-

-

G.fasciatus
Gammarus lacustris -

-



-
G. fasciatus 

-

-

Gammarus lacustris Sars 
G. fasciatus -

G.fasciatus

-

-
-

-
-

-

-

-
G. fasciatus

-

-

2 -

2

Amph. Olig. Chir. Biv. Cerat. n

1,76 1,10 0,01 0,01 0,04 6

0,04 1,09 - - 0,04 - 6

4,01 1,02 - 0,62 - 6
2

Amph. Olig. Chir. Biv. Cerat. n

0,01 0,01 6

0,02 0,27 0,04 - - 0,02 - 6

1,77 0,67 0,01 - - 6

100 100 100 67 100
2 2

2

-
-

-

G. 
fasciatus



G. fasciatus -
-
-

-
G. fasciatus

-

G. fasciatus

-

G. fasciatus -

-

-

-

G. 
fasciatus G. lacustris.

4. 

-

-

2 2.

-
G. fasciatus -

G. fasciatus

G. lacustris

-

G. fasciatus

-

G. fasciatus

G. fasciatus -
-



mysids in the inland waters of Lithuania: history of intro-
duction, current distribution and relations with native mal-

-

-
ration in the accumulation of alien species worldwide. Nature 

-
ulation structure of the invasive amphipod Gmelinoides fas-
ciatus

-

Micruropus 
possolsii Gmelinoides fasciatus 

Gmelinoides fasciatus

-

-

-
-

-
-

-

-

-

Gmelinoides 
fasciatus (Ampipoda, Crustacea

-
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ABSTRACT.
on the one hand, depends on the optically active components contained in the water, on the other hand, 
it is important for the functioning of phytoplankton, and therefore plays an important role in the func-

depths, a new instrument was used, made on a modern elemental basis. Analysis of the obtained spectra 

natural sunlight characteristic of Lake Teletskoye.

Keywords:

1.

Sunlight penetrating into the water column is 
weakened by absorption and scattering by optically 
active substances (phytoplankton pigments, dissolved 
organic matter, suspended particles of various origins). 
The spectral variability of the optical properties of 
these components determines the resulting spectrum of 

distribution of irradiance is important for the phyto-

-
bution of underwater irradiance and the vertical atten-

especially important for bounded water bodies, such as 
lakes, which are sensitive to both climate change and 

studies were performed on Lake Teletskoye, which 
included measurements of underwater irradiance spec-

-
umn. Lake Teletskoye is located in the north-eastern 

shape and consists of two parts: a meridional part with 

-

(Selegey et al., 2001).

Teletskoye were presented by spectra of underwater 

work was to calculate the spectrum of the vertical light 

shortwave part of the spectrum and identify regional 
features characteristic of Lake Teletskoye. As an addi-
tional task, based on synchronous measurements of 

and the horizontal irradiance spectrum, to develop a 

horizontal irradiance spectrum in physical units.

For citation:

slava.suslin@mhi-ras.ru

Received: Accepted:
Available online:
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2. 

The stations positions at which synchronous 
spectral measurements of the horizontal irradiance pro-

the northern, central and southern parts of the lake, 
including its estuary areas. Thus, we have representa-

new instrument made on a modern elemental basis was 

performed synchronous measurements of irradiance 
-

-

To solve one of the listed problems, measure-

-

URL: ), which 
were carried out synchronously with the measurement 
of horizontal irradiance. An example of measurements 

Fig.1.

Fig.2.

(b)
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Let us describe a method for determining the 
integral value of photosynthetically active radiation 
immediately below the water surface using direct mea-
surements of the PAR(z z is the depth. 

(Kd) it follows that PAR(z PAR Kd · z). After 

constants a and b
y a b·z, (1)

where a PAR(0-)) and b Kd.
Kd was considered independent of z and was 

determined from PAR(z
below the surface (z

out over several minutes to minimize errors associated 
with variable illumination of the water surface, such 

a, we 
-

ately below the water surface PAR(0-

dot shows an example calculation for station 002.
The method for calibrating horizontal irradiance 

measurement bands using synchronous measurements 
of the PAR(z
instruments, we assumed that the following conditions 
were met: linearity of the scales and stability of the 
measuring scales during the expedition cycle.

2.1. 

OT( i, 
z), where i is the central wavelength of the spec-
tral band in nm, i is the number of the band from 1 
to 7, z
average value for each band for depths greater than 

O z mT
i( , )� � 30

O z mT
i( , )� � 30  was determined for depths almost 

twice as large as the photosynthesis layer, i.e., at the 
lower boundary of which the radiance incident on the 
water surface in the range from 400 to 700 nm was 
attenuated 100 times 

O z m
N

O zT
i

T
iz

z z
( , ) ( , )

max� �� � �
�

��30
1

30
, (2)

where z
zmax -

N
zmax.

To test the hypothesis of the stability of the 

seven bands, measurements were used at the station 
-

ments at these stations was 2 days. The results are pre-

value of O z mT
i( , )� � 30 , their standard deviation 

(SD) and the number of measurements N
is clear that the calibrations are stable.

2.2. 

The calculation of the signal taking into account 
the dark current Ou( i,z) is performed according to the 
expression:

O z O z O z mu
i

T
i

T
i( , ) ( , ) ( , )� � �� � � 30

where O z mT
i( , )� � 30

Table 1). Calculation of a( i) and b( i) was carried out 
for each station and for each of the seven bands accord-
ing to the formula:

ln( ( , )) ( ) ( )O z b z au
i i i� � �� � � , (4)

where the horizontal irradiance in the band with a 
central wavelength i, immediately below the water 

surface was as O O zu
i z

u
i( , ) lim( ( , ))� �0

0

�

�
�

�  or 
a Oi

u
i( ) ln( ( , ))� �� �
0 , and the vertical light atten-

i as  
Kd( i,0

- b( i -
cients a( i) and b( i
seven stations are summarized in Table 2.

Fig.3.

PAR(0-

Table 1.
and 021

Station 
number

O z mT
i( , )� � 30 N

380 nm 443 nm 490 nm 510 nm 555 nm 590 nm 620 nm 

002

021
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2.3. 

The conversion of OP( i, 0
-) into physical units of 

radiation was carried out using the expression:
O PAR wp

i i( , ) ( )� 0 0
� �� �

where w w di
i i i

i i�
�

�
��

��

�
1

2

2

�
� �

� �

� �
( )

/

/

 is the fraction of 
photons in the corresponding spectral interval (Suslin 
et al., 2020), associated with the characteristics of the 
band i i PAR(0-
measurements of the PAR
instrument. It is obvious that the form of w( ) depends 
on the altitude of the Sun and cloud conditions. In our 
case, the choice of the functional dependence of w( ) 

Then the conversion factor of telemetry into 

p O
Oi

p
i

u
i

( )
( , )

( , )
�

�
�

�
�

�

0

0

. (6)

Since we assumed that PAR is the integral of the 
number of photons lying in the spectral range from 400 

nm was excluded from the calculation. The results of 
calculating p( i

3. 

Kd -
ence from the average spectrum Kd  for all seven 
stations (Table 2) after processing according to the 

The minimum values of Kd in the band with a 

values in the spectrum short-wavelength region, indi-
cate the dominance of absorption, primarily by the col-
ored component of dissolved organic matter.

To identify the geographical features of Kd, con-
Kd Kd  above 

average in the spectrum short-wave region are observed 

021). Thus, in the upper layer of the lake there is a ten-
dency for water absorption to decrease from south to 
north (mainly related to the concentration of dissolved 
organic matter, since we are talking about a band with 

Kd
nm at stations 001 and 1s2, located in the northern part 

Kd may be associated with additional 
absorption by phytoplankton, the concentration of 

The conclusion drawn from the analysis of 
-

cient by the upper layer of water in Lake Teletskoye is 
in good agreement with the results of measurements 

Rrs

Fig.4. Test for the stability of calibrations during the 
expedition in seven bands using the example of station 002 
and 021, separated by two days.

Table 2. a( i) and b( i

Station
a i b i

380 443 490 510 555 590 620

1
001

17.64
-1.049

14.67 14.90

2
002 -1.116 -0.421 -0.400

14.00

19.99 16.27

4 20.44
-1.210

14.99 14.99

021
17.90 12.96

6
k1

16.04
-0.966 -0.670 -0.417

7
1s2

16.24 16.70
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2020). A reference to the description of the instrument 
and method for the water column Rrs measuring is 

-

Rrs 

2021 and in Lake Teletskoye at station 002 and 021 

-
phorid blooms. It is clearly seen that the value of the 
Rrs of the water column at a wavelength of 400 nm in 
Lake Teletskoye is more than three times less than in 

region of the spectrum (more than 600 nm) the Rrs of 
the water column in the lake is greater than in the sea. 

is especially noticeable for station 002, located in the 

The obtained data on Kd( ) (Table 2) can be 
used to assess the spectral dependence SCDOM of dis-

aCDOM), assuming that 
it makes the main contribution to the total absorption 
(atot) in the short-wavelength region of the spectrum 
( aCDOM aw, aph, atot bb, and addi-
tionally atot bb, where aw and aph are the light absorp-

bb is 

K const a b const a a a bd tot b w ph CDOM( ) ( ( ) ( )) ( ( ) ( ) ( )� � � � � �� � � � � � � � bb CDOMconst a( )) ( )� �� � .(7)

Taking into account that the functional relation-
ship aCDOM from 

a a SCDOM CDOM CDOM( ) ( ) exp( ( ))� � � �� � � � �
0 0

-

with a central wavelength 0
respectively, we obtain the expression for SCDOM:

S K
KCDOM
d

d

�
�

�
�

�
�

	



�

1

0

0

� �
�
�

ln
( )

( )
. (9)

The calculation results are presented in Table 4.
-

ies of the primary hydrooptical characteristics of Lake 
Teletskoye carried out a year earlier at the same time 

measured the spectral variation of the colored compo-
nent of dissolved organic matter for a similar stations 
grid and which showed that the variability of SCDOM lies 

-1 in the wavelength 

spectrum of horizontal irradiance in physical units, 

-
ior of the irradiance spectrum with depth (a sharp fail 
in the short-wavelength region of the spectrum) indi-
cates a high content of dissolved organic matter in the 

wave region of the horizontal irradiance spectrum 

with the results obtained a year earlier by employees 

Table 3. The result of calculating p( i) in bands with a central wavelength i and OP( i, 0
-) for station k1

i, nm 443 490 510 555 590 620

p( i) 1.424e-06 1.967e-06

OP( i, 0
-)

Fig.5. Kd (a) and their deviations from the average (Kd Kd ), (b) for 
the sample (Table 2).
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4. 

The spectrum of the vertical light attenuation 
-

alies of which describe regional features in the upper 
layer of water and are consistent with direct mea-

It has been demonstrated that in the case of syn-
-

zontal irradiance, it is possible to obtain irradiance 
in physical units at any horizon in the photosynthesis 
layer.

The obtained values for the spectral absorption 

maximum wavelength of the spectrum of underwater 
irradiation in the photosynthesis layer coincided with 
the previously obtained results by employees of the 

The work was carried out within the frameworks 

agreements with the administration of the Altai State 

The authors declare no competing interest.

Altai Territory). Optika Atmosfery i Okeana [Atmospheric 

 (in Russian)

 (in 
Russian)

in 2019. Results of expeditionary research in 2019 in the 
-

Russian)

Table 4.

/ 0
nm

Station number
SCDOM ±SD

nm-1001 002 005 005 021 1s2

0.017 0.016 0.021

Fig.7. An example of recovery the horizontal irradiance 
spectrum in physical units for k1 station.

Fig.6.

911. DOI: 

-



Suslin V.V. et al. / Limnology and Freshwater Biology 2024 (5): 1253-1266

-

-

 (in Russian)

Spectral bio-optical properties of Lake Teletskoye in summer. 

Geol. Sci. Annales.

Assessment of variability of optical properties of water in the 

(in Russian)

-
els and satellite ocean color products and its interannual 

-

DOI:  (in Russian)



1260

Limnology and Freshwater Biology 2024 (5): 1253-1266 DOI:10.31951/2658-3518-2024-A-5-1253

Commons Attribution-NonCommercial 4.0.

1 1 1 1, 
2 2 1

1 

2 

-

-

-
-

1.

-
-

-

-

-
-

-

al., 2020).

-

-

-

-

slava.suslin@mhi-ras.ru



1261

-

-

-

-

2. 

-

-

-

-

2024. URL: -
-

-
(z -

Kd (z (0- K z). 
-

a b
y a b·z, (1)

a (0- b Kd.
Kd z

(z
z -

-
a

(0-

-
-

(z

-

2.1. 

OT( i,z i -
i

z

O z mT
i( , )� � 30  

(б)



1262

O z mT
i( , )� � 30  

-

O z m
N

O zT
i

T
iz

z z
( , ) ( , )

max� �� � �
�

��30
1

30
, (2)

z
zmax -

N
zmax.

-
-

-

O z mT
i( , )� � 30 -

N

-

O z mT
i( , )� � 30 N

002

021

-

(0-



2.2. 

Ou( i,z
O z O z O z mu

i
T

i
T

i( , ) ( , ) ( , )� � �� � � 30
O z mT

i( , )� � 30
a( i b( i

-

ln( ( , )) ( ) ( )O z b z au
i i i� � �� � � , (4)

-

i -
O O zu

i z

u
i( , ) lim( ( , ))� �0

0

�

�
�

�

a Oi
u

i( ) ln( ( , ))� �� �
0

i Kd( i,0
- b( i

a( i b( i

2.3. 

OP( i, 0
-

O wp
i i( , ) ( )� 0 0

� �� ����

w w di
i i i

i i�
�

�
��

��

�
1

2

2

�
� �

� �

� �
( )

/

/

-
i i

(0-  
w( -

w(

p( i

p O
Oi

p
i

u
i

( )
( , )

( , )
�

�
�

�
�

�

0

0

. (6)

a( i b( i

a i b i
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1
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-1.049

14.67 14.90

2
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14.00

19.99 16.27

4 20.44
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14.99 14.99

021
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7
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Short communication

Chlorella

1,2 2 2

1 Siberian Federal University, Akademgorodok, 13a, Krasnoyarsk, 660036, Russia
2 Limnological Institute, Siberian Branch of the Russian Academy of Sciences, Ulan-Batorskaya Str., 3, Irkutsk, 664033, Russia

ABSTRACT.
from complete genome of Chlorella

C. vulgaris C. vulgaris.

Keywords: Chlorella vulgaris

1.

-
ter lake - the deepest, oldest and largest by volume in 
the world. The lake has an unusual climatic environ-

production of primary organic matter. In summer, pico-
-

-
est contribution to the phytoplankton biomass is made 

while green algae Chlorophyta are rare and represented 
by several species, with Chlorella-like algae noted only 
sporadically. Thus, authors reported the under-ice 

Chlorella-like green algae dominated under the ice in 
2020, and C. vulgaris
the studied stations of the Irkutsk reservoir, indirectly 

The mass death of endemic sponges Lubomirskia 
baikalensis

occurred in the microbial communities of the sponge 
L. baikalensis and cell culture of the primmorph. A sig-

of the main symbiotic green algae Choricystis and their 
partial replacement with other algae in sponge commu-

et al., 2020).
Chlorella sp. strain 

expand our molecular biological knowledge of these 
microalgae and for compare them in the future with an 
endosymbiotic alga strain. In this study, we assembled 
the complete mitochondrial genome of a microalgal 

like algae.

2.
2.1.

The genomic DNA was isolated as previously 

bp long.
The obtained whole-genome assembly contigs 

were aligned on the reference genomes derived from 

For citation: Chlorella sp. isolated from Lake 

sergeibelikov47@gmail.com

Received: Accepted:
Available online:
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2.2. 

(Tillich et al., 2017) with default parameters for pro-

of Chlorella vulgaris
mitochondrial genome. The protein-coding genes were 

mitogenomes from other Chlorella vulgaris strains using 

cgi

codes ( ). Complete 

-
) 

(Lehwark and Greiner, 2019).

2.3. 

To determine the phylogenetic relationship of 
Chlorella -

-
notated mitochondrial genomes belonging to the 
Chlorellales

alignments, and concatenated them. To improve align-

-

genes for intron-encoded orfs were excluded from the 
analysis).

3. 
3.1. 

The complete mitochondrial genome of 
Chlorella -

ble-stranded molecule with a length of 90770 bp and is 

Chlorella

was slightly higher than that of the two related strains, 

of protein-coding genes is 26969 bp, accounting for 

within the mitochondrial genome is identical to that of 
two related strains.

-

putative proteins. Transfer RNA genes for all 20 amino 

are triplicated, and tRNA-Ser, tRNA-Arg, and tRNA-Gly 
are duplicated.

length of 2019 bp, while the shortest is the atp9 gene 

3.2. 

genomes of Chlorellales species indicated that strain 
C. vulgaris strains 

-
tered in the Chlorella -

Table 1. Nucleotide distribution strains.

Nucleotide BAC9706

Count, bp % Count, bp % Count, bp %

Adenine (A)

Cytosine (C) 14.6 14462 14.7 14.7

Guanine (G)

Thymine (T)

49.6 49.7

29427

70.2 70.0 61246 70.0

Total length 90770
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3.3. 

strains C. vulgaris Chlorella sp. 
-

strain, the intron of cox1 gene contains orf441, which is 

region, similarly, low conservation is observed next to 
the gene encoding 16S rRNA.

closely related strains are related to the intergenic 
regions closed to rRNA genes.

4. 

In this study, we successfully assembled and ana-
lyzed the complete mitochondrial genome Chlorophyta 

and bioinformatics analysis revealed a circular dou-
ble-stranded molecule with a typical set of mitochon-
drial genes.

The constructed phylogenetic tree clearly indi-

of the representatives of the algae species C. vulgaris, 
C. vulgaris.

Fig.2.
Chlorella -
nated protein-coding genes from Chlorellales taxa.

Fig.1. Chlorella

-
putational cluster administration and computation. The 

No. 0279-2021-0011.
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new genome assembly algorithm and its applications to sin-

2020. Comparative analysis of free-living and particle-associ-
-

DOI: 

-
tern of ecologically pure non-industrialized water-bodies. 

Lubomirskia baicalensis by using cell cultures of primmorphs. 

Summer phytoplankton species composition and abundance 

graphical visualization of organellar genomes. Nucleic Acids 

-

-
-

- versatile and accurate annotation of organelle genomes. 

Fig.3. Alignment of whole genomes for three Chlorella Chlorella sp. 
-

vation of the corresponding alignment region.
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Chlorella

1,2 2 2

1 

2 

Chlorella

-

C. vulgaris C. vulgaris.

Chlorella vulgaris

1.

-

-

-
-

Chlorella 

-

-
Chlorella 

vulgaris

Lubomirskia baikalensis

L. baikalensis
-
-

Choricystis
-

2020).

Chlorella
-

-

-

2.
2.1.

Chlorella -

sergeibelikov47@gmail.com
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-

2.2. 

-

-

-
Chlorella vulgaris -

blast.ncbi.nlm.nih.

-

web. -

) (Lehwark and Greiner, 2019).

2.3. 

-

-
-

-
-

-

3. 
3.1. 

Chlorella 

-

Chlorella

-

-

-
-
-

BAC9706

% % %

14.6 14462 14.7 14.7

49.6 49.7

29427

70.2 70.0 61246 70.0

90770



-

3.2. 

-

C. vulgaris
Chlorella

3.3. 

C. vulgaris Chlorella sp. 

-
-

Chlorella
-

-
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4.

-

-

-
Chlorella-like 

Chlorella vulgaris
C. vulgaris.

-

-

new genome assembly algorithm and its applications to sin-

2020. Comparative analysis of free-living and particle-associ-
-

DOI: 

-
tern of ecologically pure non-industrialized water-bodies. 

Lubomirskia baicalensis by using cell cultures of primmorphs. 

Summer phytoplankton species composition and abundance 

Chlorella
-



graphical visualization of organellar genomes. Nucleic Acids 

-

-
-

- versatile and accurate annotation of organelle genomes. 
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ABSTRACT. This study assesses the community structure and diversity of benthic macroinvertebrates 

-

Keywords:

1.

-
-

cant risks to their biodiversity and ecological processes 

particularly vulnerable due to their role in collecting 

crucial for sustainable management and conservation 

benthic communities in lakes is imperative for assess-

to as benthic fauna, bottom fauna, zoobenthos or ben-
thic macrofauna) are visible to the unaided eye and 

or to the bottom substrate of a body of water and are 
retained by a net of sieve with an aperture of 0.6mm 

-
vertebrates are most commonly used tool in biomon-

2022).

and economic importance (Raphahlelo et al., 2022). 
They also play a key role in mineralization of organic 
matter and serve as food for economically important 

-

For citation:

clinton.enabulele@lifesci.uniben.edu

Received: Accepted:
Available online:
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environment have made many species as bio-indicators 

Their long larval life cycles allow studies conducted by 
-

to chronic pollution. The diverse assemblage of inver-
tebrate organisms inhabiting the bottom sediments of 

ecological balance and supporting the functioning of 
freshwater environments (Raphahlelo et al., 2022). 

facing unprecedented challenges due to anthropogenic 
activities (Andem et al., 2012). They integrate the 

short-term and long-term impacts on the ecosystem. 
Their limited mobility and close association with sedi-
ments make them susceptible to contaminants, habitat 

macroinvertebrates to pollution, scientists can assess 
the severity of environmental stressors and develop 

-

through their burrowing, feeding, and other activities 
(Azrina et al., 2006).

In tropical regions, particularly in developing 
countries like Nigeria, there is a pressing need for 
robust bioassessment tools to monitor freshwater eco-

regions, studies on the use of benthic macroinverte-
brates as bioindicators in lakes remain limited. This gap 
in research is especially pronounced in tropical lakes, 

to other freshwater systems.

This study aims to investigate the commu-
nity structure and diversity of benthic macroinverte-
brates in a tropical lake in Southern Nigeria, thereby 

study will enhance the understanding of the ecological 
dynamics in tropical freshwater ecosystems and inform 
management practices aimed at preserving these vital 
resources.

2. 
2.1. 

is a small water expanse positioned between latitude 

primarily receives water from groundwater sources, 

such as small earthen dams and levees have been con-
structed around the lake. These structures are designed 
to manage water levels, preventing excessive drainage 

-
ral hydrological and sedimentation patterns of the lake.

In addition, sediment analysis revealed that the 

-
iment composition was predominantly sandy, with 

The region experiences a tropical climate, with 

depending on the season. The southern parts of the state 
have a humid tropical climate, while the northern parts 

Fig.1.
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have a sub-humid climate. April is the warmest month 

2.2. 

-
sen based on their accessibility and water availability. 
These stations provide valuable insights into the eco-
logical dynamics of Ozomu Lake and help assess the 
impact of human activities and natural variations on its 

Station 1
Station 1 is located in an area with an aver-

-
tion is diverse, featuring species such as Bambusa sp., 

 sp., Azolla sp., and Nephrolepsis biser-
rate. Additionally, there is an accumulation of decom-

-
ent levels in the lake. These plant types contribute to 

organisms. Domestic activities such as bathing, wash-

source of water supply for local communities.
Station 2

at this station includes Bambusa sp., Pistia sp., Azolla 
sp., Salvinia sp., and  sp. There is also 
decomposing organic material present, contributing to 

Station 2 are more varied, involving bathing, washing, 

a higher level of anthropogenic impact, potentially 

Station 3

vegetation at this station consists of Bambusa sp., 
 sp., and Elaeis guineensis, along with 

decomposing organic material. The relatively deeper 

ecological characteristics compared to the other sta-

environment. Dredging activities are also reported, 
potentially altering sediment composition and water 

2.3. 

-
ples were systematically collected twice a month from 

for accurately assessing the community dynamics and 

weeks, we aimed to minimize any potential bias that 
could arise from temporal variability in species abun-

collected from all sampling stations and composited 

as a grab with extended arms to enable deeper pene-
tration into compacted sediments, was used to manu-
ally sample the lake substratum, reaching an average 

hand-mixing, and the sediment slurry was separated 

washed through the sieve with a low-pressure stream of 
water to avoid damaging organisms, particularly oligo-

sediment, and the slurry was sieved in small portions to 
prevent mesh clogging. In addition to bottom sediment 
sampling, macroinvertebrates were also collected from 
the bankroot zones and vegetation using the kicking 

-

positioned to capture any dislodged macroinverte-

organisms were collected in labeled benthic bottles and 
-

Gerber and Gabriel, 2002).

2.4. 

Statistical analysis was conducted using 

-

individuals and their corresponding percentages for 
various groups of benthic fauna observed in the study 

into three main groups based on their tolerance to pol-
lution and environmental disturbances: Sensitive Taxa, 

derived from Gawad (2019).

3. 
3.1. 

The overall taxonomic composition, distribu-
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the study period are summarized in Table 1. A total of 

-
-

cies of Coleoptera, 1 species of Trichoptera, 4 species 

and 2 species of Decapoda. Among these taxa, Diptera 

-
ness and individual count compared to Stations 1 and 

3.2. 

-

Coleoptera (22 individuals) and Odonata (19 individu-

and Araneida were present in smaller numbers, with 6 

individuals.
Station 2 exhibited the highest abundance of 

-

-

individuals) and Trichoptera (4 individuals) were rela-
tively less abundant.

with 14 and 6 individuals, respectively. The number of 
Trichoptera (2 individuals) was the lowest compared to 
other stations, indicating spatial variation in the habi-
tat preferences of this group.

In terms of diversity, the stations were ranked in 
the following order: Station 2, Station 1, and Station 

3.3. 

The analysis of benthic macroinvertebrate com-
munities across the three stations in Ozomu Lake 

-
lution-sensitive, moderately tolerant, and pollution-tol-

Table 1. Composition, distribution and abundance of 

Species Station 
1

Station 
2

Station 
3

Total

Nais sp. 2 2 1

Naidium sp. 1 0 1 2

Enalagma sp. 10 2 12 24

Cordulid sp. 0 1 4

Aeschna sp. 4 0 12

Libellula sp. 24 44

Baetis bicaudatus 14 7 6 27

Cloeon simplex

Centroptilum sp. 7

Epicordulia sp. 6 4

Plea striola 0 4 2 6

Dytiscus marginalis 12 16 17

Hydrophilus sp. 6 27

Coleopteran larvae 6 4

Ablabesmyia sp. 6 4 2 12

Chironomus sp. 20 10

Cricotopus sp. 2 2 9

Chironomus travalensis 7

Tanytarsus sp. 0 6 9

Lymaea natalensis 6 7 12

Agyroneta aquatica 9 7 21

Gammarus sp. 4 4 11

Caridina africana 10 2 1

Total number of 
individuals

129 162 427

Total number of species 21 20

Table 2.
Ozomu Lake

Indices Station 1 Station 2 Station 3

Taxa_S 21 20

Individuals 129 162

0.0714

2.472

0.902
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erant taxa, highlighting the ecological variability of the 

At Station 1, benthos sensitive taxa accounted 
-

-
cies that can withstand higher levels of environmental 
stress.

At Station 2, benthos sensitive taxa contributed 

were the dominant group at this station, accounting for 

-
mental stress at this station compared to others.

-
tion-tolerant species suggests that this station expe-
riences greater environmental disturbance or pollu-

the fauna, while benthos sensitive taxa accounted for 

-
ment, with fewer sensitive species present.

of the total community across all stations, moderately 
-

-
ronmental pressure across the stations, with Station 1 

-
-

ing higher levels of disturbance.

4. 

The comprehensive investigation conducted 
in Ozomu Lake, Southern Nigeria, provided valuable 
insights into the benthic macroinvertebrate commu-

ecosystem. Through a combination of taxonomic iden-
-

ces calculation, and pollution tolerance assessment, a 

the potential impacts of pollution on benthic commu-

for ecological conservation and environmental man-

among the most abundant orders, these taxa are known 
to be sensitive to environmental changes and are com-
monly used in biomonitoring programs due to their 
rapid response to pollutants.

Fig.2. -
brates in Ozomu Lake

Fig.3. Total abundance of benthic macroinvertebrates 
per stations in Ozomu Lake

Fig.4.

Lake
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The order Diptera was the most abundant taxon 
in the study, recording one family and four species: 
Chironomus sp., Chironomus travalensis, Cricotopus sp., 
and Tanytarsus sp. Among these, Chironomus sp. had 

making it the most abundant species within this taxon. 
In contrast, the other species such as Chironomus traval-
ensis, Cricotopus sp., and Tanytarsus sp. were present at 
lower densities. The dominance of dipterans could be 
attributed to their wide range of ecological adaptations, 
enabling them to thrive across varying environmental 
conditions (Abhilash et al., 2024).

was represented by three species, including Baetis sp. 
and Cloeon simplex. Baetis sp. was notably abundant 
across the stations. Similarly, the order Coleoptera 

The species Dytiscus sp. and Hydrophilus sp. were evenly 
-

species, Epicordulia sp. and Plea striola. Epicordulia sp. 

individuals, while Plea striola was absent at station 1 

The presence of Chironomus sp., a known pollu-
-

-

despite the dominance of pollution-tolerant dipterans, 
the occurrence of sensitive taxa provides a contrasting 

Sensitive taxa, including Ephemeroptera, 
Trichoptera, Coleoptera, and Odonata, were present 
across the study stations, indicating generally unpol-
luted water with low levels of organic waste (Goedkoop 

Species such as Baetis
family and Libellula sp. from the Odonata order were 
widely distributed and served as indicators of good 

-
gen content, which suggests favorable conditions in the 
lake.

The occurrence of Oligochaetes is generally 
associated with muddy, organic-rich substrates, which 
provide favorable conditions for their proliferation. 

presence of such substrates, indicates that additional 

Oligochaetes are sparse in this case, potential expla-
nations could include competition with other benthic 

local conditions, such as water chemistry, that may 
not favor their proliferation (Olomukoro and Odigie, 

-
tion to determine the precise causes of their reduced 
numbers. Species of Annelid recorded in this study 

Table 3.
invertebrates based on their tolerance level

Types of benthic fauna Total number 

Benthos Sensitive Taxa

12

Total

Moderately Tolerant Taxa

21

Decapoda  
(Shrimp and Crabs)

24

Araneida (Spiders) 21

Total

Benthos Tolerant Taxa

7

106

12

Total

have been documented elsewhere by Olomukoro and 

and Olomukoro and Odigie (2019). Trichoptera were 
sparsely recorded in this study, with only one species, 
Ablabesmyia sp. Trichoptera are typically more abun-
dant in upland streams and rivers, where oxygen levels 
are higher compared to lakes like Ozomu. Similarly, 

-
cies, Lymnaea natalensis, which was evenly distributed 
across all study stations.

studies that have utilized benthic macroinvertebrates 

in moderate to high proportions across all stations. 
Their abundance indicates a relatively low level of 
pollution in Ozomu Lake, as these taxa are known to 
decline in response to organic pollution and habitat 
degradation, a trend similarly observed in other stud-

moderately tolerant taxa, suggesting localized areas of 
slightly degraded conditions.

Conversely, the presence of taxa such as Odonata, 
-

erately tolerant to pollution, suggests that while the 

may be localized areas or stressors that contribute to 
slightly degraded conditions. Continued monitoring of 
these taxa and their abundance patterns can provide 
valuable information for identifying and mitigating 
potential sources of pollution in the lake.
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The diversity patterns observed across the sta-
tions suggest variations in species distribution and 

-

displayed the highest species richness, the dominance 
of a few taxa led to lower overall diversity, as seen in 

pattern, where a few species dominate, can indicate 
favorable conditions for certain taxa, allowing them to 

-
ances, where dominant species suppress others, sug-
gest localized environmental factors, possibly linked to 
anthropogenic disturbances like dredging that skew the 

In contrast, Station 2 demonstrated the highest 
overall diversity and evenness, suggesting a more bal-
anced and resilient macroinvertebrate community. This 
evenness is essential for maintaining ecosystem func-
tions, as more evenly distributed communities tend to 
be more stable and capable of withstanding environ-
mental changes (Suurkuukka et al., 2012). The high 

-
petitive interactions, allowing a wider range of taxa to 

range of factors, including the balance between organic 
inputs and suitable habitat complexity, which has been 
noted to improve diversity in benthic communities (Cai 
et al., 2012).

Although Station 1 ranked second in species 
diversity, it showed lower evenness compared to Station 
2. The relatively higher dominance of certain taxa, such 
as Diptera, suggests that environmental factors such as 
competition or localized stressors, including human 
activities like washing and bathing, may have reduced 

that highlight the impact of anthropogenic pressure on 
the structure of benthic communities (Abhilash et al., 
2024).

exhibited the lowest evenness, pointing to the substan-
-

ing activities. Diptera, particularly Chironomidae, are 
known for their high tolerance to organic pollution 

The dominance of pollution-tolerant taxa at this sta-
tion, coupled with a lack of sensitive groups such as 

-

and altering the habitat conditions for more sensitive 
species (Cai et al., 2012).

-

(Abhilash et al., 2024). This suggests that the station 
experiences lower pollution levels compared to Station 

Coleoptera and Odonata, alongside moderately tolerant 

The comparative analysis of taxa ratios across 
the stations underscores the varying impacts of pollu-

-
tem. Station 1 and Station 2 support a more diverse 
mix of pollution-sensitive and moderately tolerant 
taxa, indicating lower levels of pollution and health-
ier ecological conditions (Suurkuukka et al., 2012). On 

reduced presence of sensitive taxa like Coleoptera and 

demonstrate the need for ongoing monitoring and man-
-

ratios and the presence of pollution-tolerant species, 

and community dynamics in Ozomu Lake. These results 

benthic communities, emphasizing the importance of 
integrating pollution-sensitive and tolerant taxa data 

5. 

-
tribute to our understanding of benthic macroinverte-
brate communities in Ozomu Lake and provide valu-
able baseline data for future research and conservation 
initiatives. This comprehensive assessment provides 
valuable insights into the diversity and abundance 
of zoobenthos in the study area, facilitating a better 
understanding of the ecological dynamics and water 

multidisciplinary approach encompassing taxonomic, 
ecological, and pollution tolerance assessments, this 
study highlights the importance of holistic approaches 

of freshwater ecosystems.
The presence of diverse benthic macroinverte-

brate communities suggests that the lake provides suit-

organisms, with habitat heterogeneity playing a key 
role in sustaining these communities. Ongoing moni-
toring and adaptive management strategies are essen-
tial to ensure the long-term health and sustainability of 
Ozomu Lake, as well as to provide a more comprehen-

studies should aim to increase the temporal and spatial 
scope of sampling to capture seasonal variability and 

-
versity and ecological status.
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Impact Assessment and Limnological Characterization 

Anthropogenic impacts on the distribution and biodiversity of 

status, wind-induced disturbance and habitat complexity. 

-

of anthropogenic activities on the benthic macroinvertebrate 

22(6): 1-10. DOI: 

206-219. DOI: 

-
pling: profundal benthic community response to spring dia-

scale and ecological relationships between the macroin-
vertebrate communities of stony habitats of streams and 

patterns of benthic macroinvertebrate functional feed-
ing groups by stream size and gradient in Republic of 

-

macro-invertebrates fauna of rivers in southern Nigeria. African 

benthic macroinvertebrate assemblages with environmental 
-

-
bution of benthic macroinvertebrate fauna of Obazuwa Lake 

heavy metal contamination and sediment characteristics in 
Ozomu Lake, southern Nigeria: Implications for environmen-

macroinvertebrates in lake ecological assessment: A review 
of methods, intercalibration and practical recommendations. 

2022. Distribution and diversity of benthic macro-

of anthropogenic activities on benthic macroinvertebrates 

turnover in lake littorals: spatial and temporal variation of 
benthic macroinvertebrate diversity and community compo-

macroinvertebrates in relation to physical and biological 

macroinvertebrates along surfaces water ecosystems in some 
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ABSTRACT. The paper presents the results of synchronous measurements of the content of small gas 

on the content of sulfur and nitrogen oxides in the atmospheric air with high temporal resolution. The 
-

the eastern shore with the orographic features of the southern basin of the lake and local sources. The 

Keywords:

1.

Oxides of sulfur (SO2) and nitrogen 
(NO 2) are common atmospheric impuri-

lead to a number of environmental problems such 

2011). Sulfur and nitrogen oxides in the atmosphere 
are known to contribute to the generation of aerosol 

2022), contribute to a decrease in atmospheric trans-

-
tion of ground-level ozone, which leads to deterioration 

Over the last four decades, there has been an 
increase in the content of small gas impurities in the 
atmosphere of reference areas worldwide, along with 

-
ing an increase in nitrogen oxides (Golobokova et al., 

of high-altitude transport of sulfur and nitrogen oxides 

-

lake, as a rule, spread locally, and their contribution to 
the total level of atmospheric pollution over the lake 
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determining the state of the atmosphere above the 

an increase in the concentration of oxides of nitrogen 
and sulfur, persistent organic pollutants, including pol-

-
eral nitrogen, potassium), trace elements (iron, manga-
nese, vanadium, zinc, barium, lead) was recorded both 
in the atmosphere and in the surface waters of the lake. 
The long-term input of nitrogen- and sulfur-containing 

precipitation, which is the main source of supply for 
-

tion of river waters (Tomberg et al., 2016).

from 2 to 6 per cent of soluble components and from 

nitrogen content may be one of the key factors contrib-
-

gellate community Gymnodinium baicalense var. minor 

2019, mass reproduction of cyanobacteria occurred 
after four days of nitrogen- and phosphorus-enriched 

-
lation of air (Arshinov et al., 2001), impurities enter-
ing the atmosphere can be transported throughout the 
water area, contributing to the pollution of hydrosphere 

-
mulate pollutants not only from local sources but also 

essential to study environmental changes in the region 

The study aims to determine how small atmo-
spheric impurities are distributed in the atmosphere 

remote sources during the period of minimum impact 

automatic registration of the concentration of small gas 

2.
2.1.

The measurements were carried out simultane-

-
tions, which represent the largest stationary sources of 
atmospheric pollution, and a map-scheme of the study 

performed using chemiluminescent gas analyzers man-

2 2 

and a 

m

Fig.1.
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2.2. 

A receptor-based non-parametric wind regres-

sources of atmospheric pollution using meteorological 

and the Gaussian kernel smoothing method was applied 
to the resulting wind direction and speed (Carslaw and 

(1) and (2):
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where Ci is measured pollutant concentration, Ui and 
Wi are resulting wind speed and standard deviation of 
wind direction for the i-th observation. N is total num-

K1 K
u and h are 

smoothing parameters for wind direction and wind 
speed, respectively.

2.3. 

The location of remote sources of the analyzed 
pollutants was determined using the potential source 

National Oceanic and Atmospheric Administration 

of occurrence of i concentration in each grid cell, as 

PCSF
m
ni j
ij

ij
,

where m  is number of points whose concentration 
exceeds the limit value, and n  is number of endpoints 
of the return paths that pass through each grid cell 

3. 
3.1. 

The study considers the results of an analysis 

in the surface layer of the atmosphere in the area of 

surface concentrations of nitrogen and sulfur oxides at 

highest variability was recorded for sulfur dioxide. The 
-

during the observation period, concentrations of SO2 
, on the south-

, which corresponded well 
with measurements made both during ship expeditions 

The highest recorded concentration of nitrogen 

the observation period, concentrations of nitrogen diox-

that short-term spikes in nitrogen dioxide levels above 

station.

Fig.2.
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3.2.

-
orological parameters on the atmospheric concentra-
tion of impurities for all stations. The 10-minute con-
centration of impurities (NO, NO2, SO2) was selected 
as a dependent variable, and the mean wind direction 
and wind speed were selected as predictor variables 

of Listvyanka station was recorded in the night and 

sec. This is caused by the fact that emissions of nitro-
gen and sulfur oxides spreading at high altitudes (with 

atmospheric boundary layer and weakening of thermal 
convection can go lower. During the daytime hours, 

boundary layer cause turbulence to develop, creating 
ideal conditions for the dispersion of impurities. The 
wind regime becomes more diverse, which leads to 
a decrease in concentrations of sulfur and nitrogen 
oxides to the summer background values of Southern 

2024). In the daily dynamics of nitrogen oxides, the 

This increase occurred at winds of south-east, south, 
and south-west directions, which corresponded to the 
location of Listvyanka settlement and Listvennichny 

may be road and water transport.

south-west directions. These directions corresponded 
to the position of local sources of atmospheric pollu-
tion, which are situated on the south-eastern coast of 

enriched with nitrogen and sulfur oxides are trans-
-

-

sources located in the town of Gusinoozersk.

demonstrates that concentration of nitrogen monox-
ide increases between 7 a.m. and 11 p.m. local time 
regardless of wind direction. This may indicate that 
local sources of atmospheric pollution, such as motor 

hours, concentrations of NO decrease to values close to 
the detection limit of the device.

3.3.

and measurements of surface concentrations of small 
gas impurities. To estimate remote sources, the dura-

Calculations were carried out for 1,000 meters above 

of the observation stations. The air masses entering 
this sector are characterized as arctic and temperate, 
formed over the North Atlantic and transformed as they 

-

Fig.3. 2
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Fig.4.

Fig.5.

Fig.6.
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fur oxides are enterprises of the fuel and energy com-

a stable atmosphere was observed in the surface layer 

by sources of the Irutsk-Cheremkhovo industrial hub 
but also by industrial towns of Novosibirsk Region, 

is consistent with the data of surface measurements 

The second maximum probability of remote 
source locations is visualized to the south, south-east 
of the lake. It is correlated with the change of mete-

-
dominance of southern and southeastern winds at the 

Fig.9. Topographic map of the study region (
ru-ru.topographic-map.com
movement from stationary sources of Gusinoozersk at an alti-

Fig.8.

Fig.7.



1290

Shikhovtsev M.Yu. et al. / Limnology and Freshwater Biology 2024 (5): 1284-1301

4. 

of small gas pollutants, such as sulfur and nitrogen 
oxides, as well as meteorological factors, such as wind 

-

The study results demonstrated that, despite the 
proximity of the observation stations, changes in the 

other. The location of the stations, peculiarities of the 
intra-basin circulation of air and location with respect 

such changes.
-

cal parameters on the content of gas impurities in the 

showed that the maximum concentrations on the west-
ern coast of the lake were recorded at winds of a north-

shore of the lake is characterized by a gradual increase 
in concentration, with the southwestern direction in 
the same velocity range.

The potential source contribution function 

most probable contribution was made by the sources 

The work was carried out within the State 

-

Spatial-temporal characteristics of air circulation in the Lake 

Dolichospermum lemmermannii

1: 1101-1110. DOI: 

Fig.10.
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ABSTRACT. A comparative analysis of hydroacoustic data from 2011 to 2024 allowed us to determine 

the possibility of the correct use of the length-weight relationship (LWR), W=10.9(SLdm)3.02, based on 
long-term data. The obtained data predict a growth of biomass, as a more inert indicator, in four-six 

Keywords:

1.

resources increases, the latter becomes a decisive factor 

-

resource in the continental waters of the Northern 

of great socio-economic importance, being an import-
ant component of the consumer market and food secu-

environmental conditions during reproduction and 

Coregonus migratorius

restrictions in 2017 led to the decline in the living stan-

years after the ban introduction (Anoshko et al., 2020). 

and slow growth, increase their population size in at 

2021). Taking into account the demographic crisis of 

2024) and the fact that the generations capable of pro-

seven years to reach sexual maturity, their spawn will 

-

-
-

total stock of this species. The Selenga shallows form 
the basis of the commercial stock of the Selenga and 

-
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-

after the ban introduction. This study aims to conduct 
a comparative analysis of the structure of the feeding 

Selenga shallows between 2011 and 2024.

2. 

(Table 1). The work was carried out along the standard 

-
tic complex was used in the survey, representing a soft-

-

hydroacoustic complex was calibrated by the standard 

copper sphere with a calculated target strength (TS) of 

-
tings. The echo integration method was used to calcu-
late surface densities along the survey traverses. The 

sections. The NASC value (Nautical Area Scattering 

data analysis in the software package. The vertical data 

-
tion and sound-scattering layers not associated with 

from the analysis. TS
TS=28.7*L g(SL)–76.4 

-
timation) in the reconstruction of the sizes of small 

TS values with the average SL
cm, which were recorded in trawl catches compared 

SL
SL

Test trawling (Table 1) was performed with a 
pelagic trawl (vertical opening 10 m and opening along 

operation of the trawl gear (opening and movement tra-

was monitored using synchronized depth recording 
devices installed on the trawl doors, head ropes, and 
ground ropes. The devices developed in Laboratory of 

saved data from the depth sensor in non-volatile mem-
ory as well as of a wireless communication interface 

axis acceleration sensor that can record their spatial 
orientation to monitor the main parameters of the trawl 
operation. The devices were calibrated before trawling 

two-channel submersible temperature and depth log-
ger (Canada). After lifting the trawl on board, data was 

data, the ratio of the trawl working depth to the length 

warps, taking into account the operation of the main 

The standard length (SL
with an accuracy of up to 1 cm during mass measure-
ments and up to 1 mm during biological analysis. The 
weight (W) was measured with an accuracy of up to 1 
g. The length-to-weight relationship Wg=10.9(SLdm)3.02 
was used in the calculations, where Wg was the weight 
in grams and SLdm
(Anoshko et al., 2022) based on the long-term data 
analysis. The 2011 trawl catches were not used in this 
study because the selectivity of the size classes of the 

used for a comparative analysis of the distribution and 
-

lows (Table 1).

Table 1.

Year  Traverse Number of test trawls, 
pcs

Number of analyzed 

2011 10

- -

2020 296 - -

2021 - -

2022 7

217

2024 6
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3.

The distribution characteristics 

omul stocks were assessed as satisfactory, accumula-
-1 were recorded throughout the 

they were detected only in the southeastern part. In 

-1, which 
is below average. In 2022, we recorded the concentra-
tions of average density throughout the entire water 

-
tral parts of the area, but they were relatively uneven 

their redistribution from south to north, probably due 

In 2024, we recorded omul throughout the entire area 
of the shallows, and dense accumulations in its central 

Size data. The length-weight relationship (LWR) 
is an important characteristic used for calculations 
in test hydroacoustic studies. As a result of regres-
sion analysis based on the 2024 data, we obtained 
LWR W=9.6(SLdm)3.16 with a very high determination 

R2=0.99
(SL
use of our previous LWR based on long-term data, 
W=10.9(SLdm)3.02 (Anoshko et al., 2022), with such 
sizes, leads to an error in calculating the average weight 

Selenga shallows, SL

Fig.1.

Fig.2. LWR  2024 data and 

distribution of individuals by size with modes corre-
sponding to age classes.

The distribution in SL -
cates the presence of three modes: 10, 16, and 19 cm, 
that correspond to three generations of 2019, 2020, and 

21 cm was due to the demographic trough from 2016 to 

2024, the number of large individuals increased due 

highlights the boundary between small and numer-

aged one year and their higher proportion compared 
to 2022 and 2024. On the contrary, individuals aged 
two years were slightly larger with a mode of 17 cm. 
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there was an additional peak between the peaks of the 
corresponding age classes, which can be considered as 

-
als, which is three times higher than the average for 

the same time, the entry of producers in 2019 was com-

2024). The size data from our catches were not cor-
related with this anomalous number of migrated lar-

because of their growth in the relatively dynamic con-
ditions of the coastal-bay zone.

The age structure 
-

in the water area of the Selenga shallows allows us 
to conclude that, from 2022 to 2024, there were no 

the feeding period practically does not depend on the 

birds.
The data for 2022 and 2024 allowed us to esti-

-

-
ural mortality of individuals aged one to three years in 
2022, based on power exponential function, was 0.19, 

Fig.3.

Fig.4.
catches in 2022 and 2024.

These results comply with the rates calculated for the 
corresponding ages of Coregonus muksun

omul.
Stock dynamics. Comparative data analysis in 

retrospect indicated a fourfold decrease in stocks 

generations. Thus, compared to 2020, the abundance of 

next four-six years, we expect its growth thanks to the 
2019-2024 generations.

-
able period amounted to 20-26 thousand tones. 
According to the Total Allowable Catch (TAC) mate-

-
mass in 2016 was 12.6 thousand tons. It was indicated 
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that the state of the stocks, compared to the 1990s, 
reached a critical level and was at a lower limit of the 

-
lished in the TAC materials after the ban introduction 
seems inconsistent. According to these estimates, the 

0.6 thousand tons, and, taking into account expert esti-
-

Observations of the spawning stock abundance 

-

tons) than it was estimated before the ban was intro-

it remains at a consistently low level (Goncharov et al., 

where its main commercial aggregations form but 
-

ing the rest of the water area are not taken into account 
in these studies. In this regard, it is impossible to cor-
rectly compare the stock estimates before and after the 
ban introduction. Trawl-acoustic estimates for 1994, 

-
rable. Nevertheless, hydroacoustic method is optimal 
for estimating the density and biomass of coregonid 

-
ing to the agreed traverses, as well as the TS(SL) and 
LWR dependencies, is advisable. If possible, it should 
be carried out in the dark. Dispersal and more even spa-

species inhabiting relatively deep waters (Schluter and 

form of single echo signals, facilitating more accurate 
-

on catch statistics are practically useless (Schluter and 

cohort models is necessary for forecasting and making 

mainly water bodies with dynamic environmental 
conditions typical of temperate and subarctic climate 
zones. Despite the ability to survive adverse environ-
mental conditions, their stocks have experienced the 

to expand the use of resources but also one of the adap-
tations to changing habitat conditions.

The main features of populations undergoing 
structural changes resulted from intensive long-term 

-
ber of age groups, an increase in the proportion of 
slow-growing individuals, reduction in lifespan, and 
early maturation with extremely small sizes for the spe-
cies (Lukin et al., 2006). These features are not char-

shallows, except for a decrease in the number of older 
-
-

sure along spawning migration routes and high mortal-

high level of poaching along spawning migration routes. 
-

2024). This indicates that poaching in spawning rivers 

Table 2.

Year NASC Average length, cm pcs ha-1 -1 Biomass, t

2007 104.0 21.1

2011 194.2

172.2 104.0 21.1 4612

2020 72.0

2021 106.1 16.2

224.7 16.1

2024
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should have provided high biomass rates in the next 
seven years. Straile and coauthors (2007) hypothesized 
that a warm winter during the incubation period leads 

Coregonus lavaretus

larvae in the river and their migration to the coastal-bay 
zone with unfavorable feeding conditions are possible 
during warm (arid) periods. Taking into account that 
the physicochemical conditions of the habitat did not 

-

-

-
strophic increase in the number of the great cormorant, 
Phalacrocorax carbo
Selenga River delta, it invaded the colony of the great 
heron, Ardea cinerea

which inhabit the coastal zone and are accessible to the 
great cormorant. On the other hand, its food spectrum 

great cormorant is probably partially compensated.

4. 

Analysis of long-term hydroacoustic data 
allowed us to determine the distribution characteristics 

-

populations living here. Amidst the overall distribution 

localized in one of its parts, rather than throughout the 

relationship, W=10.9(SLdm)3.02, that we had obtained 
previously based on long-term data because it leads to 

with a bias to the upside.
A comparative analysis of the data revealed a 

owing to the 2019-2024 generations suggests a biomass 
growth in the next four-six years. Among the causes 

-

likely. At the same time, its impact on the decrease in 

birds, poaching during spawning migrations, and ele-

coastal-bay zone with a low development of the food 

formulate a more accurate forecast, it is necessary to 

The study of the distribution characteristics of 
-

dance and biomass is important not only for regulat-

functioning of ecosystems, including the reaction of 

anthropogenic load.

This study was carried out within the 

the collecting material.

-
Coregonus lavare-

tus

Acoustic-trawl studies of the Coregonus migratorius (Georgi, 

Coregonus 
migratorius in the fatting period of the Selenga shallow water 

Limits for Coregonus migratorius

Nesting history and abundance dynamics of the Great cormo-
rant (Phalacrocorax carbo

DOI: 

of daytime and nighttime hydroacoustic surveys in temper-
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-

Coregonus migra-
torius -

Assessment the state of the omul stock Coregonus migratorius 
-

Coregonus migra-
torius) reserves based on the results of two-year studies in the 

DOI: 

Coregonus lavaretus

DOI: 

Coregonus

-

2024. URL: 

 
(Accessed on 7 October 2024) (in Russian)

vozdeystviya na okruzhayushchuyu sredu) (dlya obshchest-
vennykh slushaniy). 2017. URL: 

-
schestvennyh-slushaniy.pdf (Accessed on 7 October 2024) (in 
Russian)

-
Coregonus 

peled

-
mate hypotheses to predict diel vertical migrations in corego-

Nauka (in Russian)

Coregonus clupeaformis abundances in 

-
nity and historical contingency in a young species lineage of 

Coregonus 
autumnalis migratorius
omul Coregonus autumnalis migratorius

Academy of Sciences. (in Russian)

-

Coregonus lavaretus) year-
class strength in a deep, warm monomictic lake. Oecologia 

-
morant (Phalacrocorax carbo) during the secondary expansion 

Asynchrony in the inter-annual recruitment of lake white-
Coregonus clupeaformis
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-

DOI: 

Coregonus lavaretus of the  
Nizhnetulomskoye Reservoir (Tuloma River basin, 
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Limnological Institute, Siberian Branch of the Russian Academy of Sciences, Ulan-Batorskaya Str., 3, Irkutsk, 664033, Russia

ABSTRACT. Bathynella baical-
ensis Baicalobathynella magna

three basins of the lake, occurring on habitats such as methane seeps, mud volcanoes and hydrothermal 

bathynellids collected at tectonic fault sites in the northern basin of the lake revealed the absence of 
any representatives of the genus Bathynella
as Baicalobathynella cf. magna comprise two genetic lineages at the species level, which diverged from 

Altainella Camacho, 2020, whose representatives 

Keywords: Baicalobathynella

1.

-

These organisms belong to highly specialized groups 
of stygobionts and interstitiobionts, mostly inhabiting 
cave, interstitial, ground, capillary, and phreatic waters 
of all continents except Antarctica, as well as the Canary 

possess transparent, worm-like bodies with short, weak 
limbs covered in long, sensitive bristles.

genera and 109 species (Camacho et al., 2021). In 
-

Antrobathynella
Baicalobathynella

Bathynella Altainella Camacho, 
Tianschanobathynella

et al., 2021). In mid-century research, two species of 
bathynellids were discovered and described in Lake 

Bathynella baicalensis
Baicalobathynella magna
in size: the length of B. baicalensis
B. magna

pleopods (up to 12 in B. magna B. baikalen-
sis
and the presence of two pairs of pleopods in B. magna

B. magna is that the morphological characters of this 
species do not fully correspond to any of the three 
families, and these characters are plesiomorphic for 

crustaceans she described were found in Listvenichny 

as at depths of 0.2 and 1440 m in the southern basin of 

For citation: -

tatiana.peretolchina@gmail.com

Received: Accepted:
Available online:
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Later, bathynellids were found in several areas of the 

-

Timoshkin et al., 2011).

repeatedly found in the upper reaches of rivers that are 
tributaries of the southern part of the lake (Chernaya, 

The diversity of bathynellid species in Lake 

lifestyle, gathering material is labor-intensive, leaving 

but also in Central Asia as a whole.
In recent decades, comprehensive studies of the 

-
lids with representatives of other faunas, as well as to 
obtain a more complete pattern of their biodiversity 

used to solve systematic problems at the high taxa level 
(genera, families) due to its high conservatism and, 

(Tang et al., 2012). The molecular genetic marker COI 
is widely used to separate species, including cryptic 

This study aims to investigate the genetic poly-
morphism and analyze phylogenetic relationships of 

-

rRNA (nuclear DNA) gene fragments, contributing to a 
deeper understanding of this intriguing and enigmatic 
crustacean group.

2. 

-
thic samples in the summer periods from 2009 to 

areas with gas and thermal water outlets.
The animals were photographed under an 

Some of the material was used for molecular 
genetic studies. DNA was extracted from the entire ani-
mal body according to the protocol described by Doyle 

primer structure are presented in Table 2. The ampl-

gel. The bands of the expected size were excised and 

-

website: -
enet.htm.

gene fragment was performed using the web version 

available at: . The most 
suitable model of molecular evolution was selected 

estimated using the ultrafast bootstrap approximation 

-

of the Leptobathynellidae, which we used as an out-

Fig.1. Baicalobathynella cf. magna B. cf. magna (A and B
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Table 1.

sample sampler
Coordinates, N.L., 

27.09.2009 Krasniy Yar, methane 
seep, 1 km from the coast bottom grab 

Oxidized brown silt, small pebbles, 
crushed rock and large stones, sand. 

Dump.

02.10.2009  section 
(center) bottom grab 

Oxidized brown silt, layer about 7 cm, 
contains inclusions of hydrotroilite.

Academician Ridge, 
mud volcanoes bottom grab 

17.06.2010 Bolshoye Goloustnoye
bottom grab 

Reduced silt.

box corer
-

nese concretions, diatomaceous (from 
senerda) detritus.

, 
methane seep box corer inclusions or layering.

Academician Ridge,
near gas hydrate 

sediment
box corer

hydrotroilite. 

Academician Ridge
box corer

of hydrotroilite, iron-manganese 
concretions.

29.06.2016. mud 
box corer silt without inclusions.

29.06.2016. mud 
box corer silt and iron-manganese concretions.

01.07.2016
oil-methane seep box corer

Oxidized silt layer 1 cm, in the lower 
layers of restored silt, oil seepage.

Begul 1169 m,
box corer

Small oxidized layer, gray sulfur 
crystals.

Begul 1169 m,
box corer

Iron-manganese concretions, smell of 

Seaward of Izhimey Cape
box corer blue silt with iron-manganese concre-

tions and sulfur crystals.

Seaward of Izhimey Cape
box corer silt with iron-manganese concretions.

04.07.2017
dredge

Sand, brown-orange diatomaceous silt, 
plant-wood detritus.

04.07.2017
box corer

Dark brown oxidized silt layer 1-2 mm, 
then homogeneous greenish silt.

Near the  
town, bubble gas 

discharge
box corer

Coarse and small sand.

Near the  town 
box corer silt is grey-black, with mica and clay 

19.06.2021 Academician Ridge
-

tom grab 
with layers of hydrotroilite.
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The matrix of p

11 (Tamura et al., 2021).

-
vergence of the results was assessed using the Tracer 

mean COI nucleotide substitution rate was utilized, 

marker, published for other crustaceans. The ucld.mean 

The ucld.Stdev was set as an exponential distribution 

3. 

Gorevoy Utes, on active and extinct mud volcanoes 

specimens were also discovered in the area of the max-

oxidized bottom sediments of light brown and brown 

of sand, pebbles, often ferromanganese crusts, detritus 
and layers of hydrotroilite. The underlying layer is usu-
ally represented by reduced gray and blue clays.

Baicalobathynella cf. magna, based on morphological 

-
oration, exept for pink specimens found in the waters 
of Cape Izhimei, and red specimens found on the 

11 individuals (nine colorless and two red) and depos-

sample sampler
Coordinates, N.L., 

Academician Ridge 

Island)
 

bottom grab

North of Shartlay Cape, Silted gray coarse-grained sand.

 (the 
northernmost point of the 

Academician Ridge)

449 m,
 

bottom grab 

Oxidized silt and reduced silt, some 
sand.

Academician Ridge
(the bank between the 

Nos peninsula and
Ushkany Islands)

dredge
Oxidized silt, a lot of copepod-diatom 

detritus.

Academician Ridge near 
dredge mica. 

Note:

Table 2.

Gene Primers References

COI

minutes on the last cycle)

(1994)

minutes on the last cycle)

(1996)
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gene fragment, whereas only two haplotypes were 

mtDNA demonstrates distinct genetic structuring 

B. 
cf. magna from Cape Shartlay collected at a depth of 

and red specimens from the Academician Ridge near 

-
-

otide substitutions, with intragroup distances being 
negligible.

statistical supports for branch topology, is illustrated 
-

ters are omitted for clarity. On the phylogenetic tree, 

Bathynella
Altainella Camacho, 2020, from Altai and 

p-distances distances for the family 
-

neric distances based on the COI fragment ranged from 

-

the Altainella inhabiting Aktru mountain river (Altai 
Altainella calcarata Camacho, 

2019 (Camacho et al., 2020), and Altainella mongoliensis 
-

p-distance between species of 
the genera Baicalobathynella and Altainella 

Table 3.
and references.

Species name 18S GB# COI GB# References

Bathynella sp. Camacho et al., 2020

Bathynella sp.

Camacho et al., 2020

B. cf. Camacho et al., 2020

Altainella calcarata Camacho et al., 2020

A. mongoliensis

Vejdovskybathynella sp.

Vejdovskybathynella sp.

V. caroloi

V. vasconica

Antrobathynella stammeri

Gallobathynella sp. Camacho et al., 2017

Camacho et al., 2017

G. boui Camacho et al., 2020

G. tarissei Camacho et al., 2017

Hobbsinella sp. Camacho et al., 2020

H. edwardensis

Paradoxiclamousella sp.

Parvulobathynella distincta 
(Leptobathynellidae)

Camacho et al., 2020

Baicalobathynella cf. magna This study
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The genus Baicalobathynella originated in the late 

divergence time estimated for the two genetic lineages 
of B. cf. magna

4. 

The data obtained on locations of bathynellid 

-
isms methane seeps, mud volcanoes, and hydrothermal 
vents within zones of active tectonic faults varying in 
length and orientation (Seminsky et al., 2022). Some 

such as the waters of Academician Ridge devoid of mud 

of any representatives of the genus Bathynella. Instead, 
individuals attributed to B. cf. magna exhibited poly-

this group do not exceed three substitutions per the 
-

Fig.2. B

Fig.3.

obtained during this study are highlighted in bright green 
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-
eages of B. cf. magna represent two independent spe-

between them. Determining whether one corresponds 
to B. magna

The divergence time of these lineages (or spe-

4), and probably aligns with the geological develop-

separation of the Northern and Central basins and the 
development of a single deep-water reservoir around 

2011). This assumption is based on the fact that the 

Shartlay, while the second is found in various parts of 
the Academician Ridge, which serves as the boundary 

Representatives of the genus Altainella from 
-

Altainella is 

substitutions. It is important to note that the minimum 
geographical distance between Cape Shartlay and the 

than the distance between the habitats of two closely 
related Altainella species.

The estimated time of existence for the common 
ancestor of Altainella
their widespread distribution across southern Siberia 

ancient in origin, and exceeds the two species described 

Fig.4. Baicalobathynella and 
Altainella

Table 4. p
p

1. 2. 3. 4. 5. 6.

1. Baicalobathynella 5,0/0,1 4,4 3,1 4,6 4,0

2. Gallobathynella 22,2 0,1/1,0 1,7 6,2

. Altainella 20,1 19,7 15 /0,8 6,0 4,0

4. Hobbsinella 21,0 21,0/1,9 4,2 6,6

. Vejdovskybathynella 21,2 16,4 20,7 14,0/1,2 6,7

6. Bathynella 19,7 20,9 20,4 13,0/0,6
Note: A. mongoliensis

distances for the genus Altainella
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basins of the lake from the interstitial to maximum 
depths, including regions with gas and thermal water 

-
acterizing the species composition of bathynellids in 

-
utaries, employing a comprehensive approach integrat-
ing morphological and molecular genetics data.

5. 

indicate their mosaic distribution in three basins of 

Baicalobathynella cf. 
magna
their closest relative is the genus Altainella Camacho, 
2020. Representatives of this genus are found in the 
interstitial water of the Aktru mountain river in Altai 

presence of two distinct lineages of B. cf. magna
average genetic distance between them, measured at 

-
gence at the species level. The evolution of genetic lin-
eages aligns with the geological period of partial geo-
graphical separation between the Northern and Central 

-

-
ples was carried out at the Collective Use Instrument 

branch support methods demonstrates accuracy, power, and 
robustness of fast likelihood-based approximation schemes. 

-

Bathynella 
-

Russian)

-

Russian Academy of Sciences. (In Russian)

and morphological taxonomy to describe a new species of 

Graellsia 69(2): 179-200. DOI: 

-

-
fauna family: a preliminary world phylogeny and an updated 

from Russia, with a revision of phylogenetic relation-

An integrated approach to re-evaluate the validity of the fam-

-

-

-

-

Uncovering the Grinnellian niche space of the cryptic species 
Gammarus roeselii

Structure and development of the Academician Ridge area 
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176. (in Russian)

Structure and development of the underwater Academichesky 

features of structure, displacements and rupture growth. 

 (In Russian)
-

-

mst024

-

Russian)
-

-
mates true diversity in biodiversity surveys of the meiofauna. 

interdisciplinary investigations, monitoring as a basic tool in 
ecological research. The bulletin of Irkutsk State University. 

-
cent countries: the level of study and research prospects. 
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18S GB# COI GB#

Bathynella sp. Camacho et al., 2020

Bathynella sp.

Camacho et al., 2020

B. cf. Camacho et al., 2020

Altainella calcarata Camacho et al., 2020

A. mongoliensis

Vejdovskybathynella sp.

Vejdovskybathynella sp.

V. caroloi

V. vasconica

Antrobathynella stammeri

Gallobathynella sp. Camacho et al., 2017

Camacho et al., 2017

G. boui Camacho et al., 2020

G. tarissei Camacho et al., 2017

Hobbsinella sp. Camacho et al., 2020

H. edwardensis

Paradoxiclamousella sp.

Parvulobathynella distincta 
(Leptobathynellidae)

Camacho et al., 2020

Baicalobathynella cf. magna
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-

B. cf. magna -
-
-

-
-

-

-

Bathynella 
Altainella 

p
p -

 -
Altainella

-

p

p

1. 2. 3. 4. 5. 6.

1. Baicalobathynella 5,0/0,1 4,4 3,1 4,6 4,0

2. Gallobathynella 22,2 0,1/1,0 1,7 6,2

. Altainella 20,1 19,7 15 6,0 4,0

4. Hobbsinella 21,0 21,0/1,9 4,2 6,6

. Vejdovskybathynella 21,2 16,4 20,7 14,0/1,2 6,7

6. Bathynella 19,7 20,9 20,4 13,0/0,6
Altainella 

A. mongoliensis
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5. 
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magna
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magna
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branch support methods demonstrates accuracy, power, and 
robustness of fast likelihood-based approximation schemes. 

Baicalobathynella Altainella



and morphological taxonomy to describe a new species of 

Graellsia 69(2): 179-200. DOI: 

stygofauna family: a preliminary world phylogeny and 

integrated approach to re-evaluate the validity of the family 

722. DOI: 

Uncovering the Grinnellian niche space of the cryptic species 
Gammarus roeselii

features of structure, displacements and rupture growth. 

 (In Russian)

mst024

msab120

true diversity in biodiversity surveys of the meiofauna. The 

-

Bathynella 
-

-

-

-

-

-



-

-
-

-

-



Limnology and Freshwater Biology 2024 (5): 1337-1356 DOI:10.31951/2658-3518-2024-A-5-1337

© Author(s) 2024. This work is distributed 
under the Creative Commons Attribution-
NonCommercial 4.0 International License.

Original Article

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

ABSTRACT. The paper presents the results of long-term studies of chemical composition of water of 

-

in terms of the content of various forms of nitrogen and phosphorus in the snow cover and water of 

mineral form. The rivers of the south-eastern coast, which are exclusively atmosphere-fed, are generally 

-
ern coast. In the water of tributaries of the south-west coast phosphorus is found in its mineral form. A 
comparison of current data with the results of previous years was carried out.

Keywords:

1.

The most detailed hydrochemical studies of the 

and concentrations of biogenic elements. The results 

region and can be used for comparison with current 
data. Recent studies indicated an increase in the input 
of phosphorus and nitrogen compounds into the litto-

increased anthropogenic load on the nearshore areas of 
the lake. The work showed that high concentrations of 
nitrate, ammonium, and phosphate were recorded in 
urbanized areas of the lake and in the water of rivers 

-

This led to the proliferation of macroalgae species that 
are not typically found in the lake, a shift in the dom-

inant species at the lake bottom, and a disruption in 
the natural distribution of species within the ecosystem 

The settlement of Listvyanka, a well-known tour-
ist destination with a well-developed infrastructure that 
includes numerous hotels, cafes, and a large number of 
motor and river transports, is one of the most import-
ant sources of nitrogen and phosphorus inputs on the 

-

-
ment is being conducted in response to the increasing 
anthropogenic load and the threat of eutrophication of 

-
-

water and surface water but also soils, vegetation, 
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-
ment, sustainable pollution of groundwater by nitrate 

River waters on the south-eastern coast of Lake 

sources of atmospheric pollution in this area are the 
railway and motorway, as well as the transfer of pol-
lutants from the Irkutsk-Angarsk industrial complex 

Sorokovikova et al., 2021). Currently, most of the nitro-
gen compounds entering terrestrial systems with precip-
itation are of anthropogenic origin and are associated 
with nitrogen emissions from industrial enterprises and 
motor transport. Throughout Russia, emissions of these 

As it is known, snow cover is a convenient indi-
cator of atmospheric air pollution. The sensitivity of 
snow cover to changes in the level of anthropogenic 
load in the region enables us to assess the impact of 
atmospheric fallout, including nitrogen and phospho-
rus, on the chemical composition of surface waters.

The aim of this work is to assess the current input 
of nitrogen and phosphorus compounds from the atmo-
sphere, to study the seasonal and interannual dynam-
ics of these components in the water of the Southern 

2. 

The content of nitrogen and phosphorus com-

-

Daban ridge, which are the most representative of the 
changes in chemical composition of river water caused 
by pollutants from the atmosphere (Sorokovikova et 
al., 2020). These tributaries are fed only by precipita-

favorable position in relation to the direction of the 
prevailing moisture transport. The largest amount of 

up to 1060-1720 mm, and snow cover thickness can 

-
tlement of Listvyanka, which is situated on the western 

River source. The streets of the settlement stretch along 

Samples were collected from the tributaries of 

pollution of littoral territories of the western coast of 
Fig.1. Sampling scheme.

at watercourses in Listvyanka settlement in two sta-
tions: above the settlement (background station) and 
in the estuary part. Snow cover samples were taken 

the atmosphere. The content of nitrogen and phospho-
rus in snow water was determined and their accumula-
tion in the basins of the studied rivers was calculated. 
The scheme of sampling of snow cover and tributaries 

The mineral forms of nitrogen - Nmin (nitrates, 
nitrites, ammonium ions) and phosphorus (phosphates) 

min and their total content (Ntot tot) were determined 

forms, the organic part (Norg org) was calculated. The 
concentrations of mineral forms in river water were 

Russia). The analysis of nitrite was conducted with 
Griess reagent, nitrate with sodium salicylic acid, 
ammonium nitrogen by the indophenol method, and 
phosphate by the Deniger-Atkins method with tin chlo-
ride as a reducing agent. In snow melts, nitrite and 
phosphate were determined in the same way as in river 
water, ammonium nitrogen was measured spectropho-

measured by ion chromatography. The total phospho-
rus and nitrogen contents of the samples were deter-
mined on a spectrophotometer following persulfate oxi-

2017).

3. 
3.1. 

As illustrated, the mean annual concentration of 
Ntot in the snow cover of the south-eastern coast of 



the transfer of gas components and impurities (nitrogen 
oxides) from industrial sources located in the Irkutsk 
agglomeration (Irkutsk, Angarsk, Shelekhov). Snow 

nitrogen in the snow cover is in its mineral form (on 

of nitrogen in the snow cover was found at the mouth 

tot content in the snow 

-

area had the lowest at 2.6 times less. The highest con-
tot, as well as Ntot, on the south-eastern 

coast were recorded in 2019. Table 1 indicates that 
the organic form of phosphorus predominates in the 
snow cover of this territory. Its content is on average 

tot was recorded in the 

-
mum content was recorded in the Utulik River basin.

The mean long-term concentration of Ntot in the 

The highest average value was observed at the mouth 

anthropogenic load during the cold period. This is due 
to the functioning of the local boiler facility burning 
fuel oil residue, stove heating and a high volume of 

been established that under certain meteorological 
conditions, polluted air masses with north-westward 
air transfer enter this region from the nearest indus-

Shikhovtsev et al., 2022). The lowest Ntot content was 
recorded in the snow cover in the upper reaches of the 

mouth. The same trend can be observed for the snow 
cover sampled in the upper and lower reaches of the 
other rivers studied in the settlement. The lowest con-
centrations of Ntot in Listvyanka were observed in 2021. 
Compared to the south-eastern coast, the Ntot content 

higher, which is related to the greater anthropogenic 
load on the air environment in the settlement. 

Table 2 demonstrates that nitrogen in the snow 
cover of Listvyanka settlement, as well as on the 
south-eastern coast, is represented predominantly by its 
mineral form. The highest content of this form of nitro-

stream. The maximum content of Norg was determined 

On both coasts, nitrate nitrogen is the predominant 
form of nitrogen in the mineral form. Its content varies 

min in the total nitrogen 
content in the snow cover of the western coast is anal-

tot in the 

average value was noted in 2022, 2 times higher than 
tot (26 

the upper reaches of the studied watercourses, above 
tot in the snow cover is 

two to four times lower than in the lower reaches of the 
rivers, on the territory of the settlement itself.

of phosphorus in the snow cover in the upper reaches 

org was the dominant form (Table 2), 
org 
-

min was recorded 

Table 1.

Rivers Range of 
concentrations

tot Range of 
concentrations

% from Ntot

tot, μg/L min org Ntot, mg/L Nmin Norg

Utulik 29 71 72

Solzan 74 26

77 72

Snezhnaya 10-46 14 0.49-0.70 69

14-109 20 27

10-60 26 74 22



tot and Ntot in the snow cover of the studied areas was 

2. 
The accumulation of this compound is, on average, 

at the estuary of the Snezhnaya River. In Listvyanka, 

accumulation of Ntot tot in snow 

lowest accumulation was recorded at the estuary of 

of the average values of phosphorus accumulation in 
-

mulation (1.9 times) on the south-western coast, which 
can be attributed to higher concentrations in the lower 

of this area, the accumulation of this compound in the 
snow cover on the two coasts is at the same level and 

According to the data of snow measurement sur-
veys and monitoring of atmospheric precipitation at 

fallout of total nitrogen and phosphorus from the atmo-
sphere to the underlying surface was calculated and 

tot do not 

tot on the eastern coast 

precipitation.
-

parison of our data with those obtained previously (in 

from long-term monitoring of atmospheric precipita-
tion at Listvyanka station showed that the concentra-
tions of Ntot

tot in warm periods is, as a rule, 
two times higher. Therefore, due to the lack of data on 
the content of the studied compounds in the rainfall in 

-

Table 2.

Watercourses Range of 
concentrations

tot Range of 
concentrations

% from Ntot

tot, μg /L min org Ntot, mg/L Nmin Norg

40-127 6 94 20

settlement
22-29 72

settlement
20 69

77 0.69-0.79 76 24

60-610 67

settlement
77 0.76-1.91 77

Fig.2. Accumulation of total phosphorus and total nitrogen in the snow cover of the south-eastern and south-western coasts 
2



-
late annual nitrogen fallout. The mean annual content 

tot in moist fallout was found taking into account 
its large values in warm periods. The concentrations 
determined in this way were multiplied by the annual 

-
ents the minimum and maximum values of inputs to the 

-
cipitation amount at the selected stations (7 times), the 

which seem to be more reliable, are calculated from 

input of Ntot

tot

of selected compounds to the water area of the whole 
-

ther, more detailed studies of the content of organic 
forms of phosphorus and nitrogen in atmospheric fall-

increase in fallout of Ntot from the atmosphere com-

nitrogen oxide emissions from stationary sources and in 
the number of motor vehicles, as they now occupy the 
leading place in environmental pollution.

3.2. 

Analysis of long-term data showed that the con-
tot

concentrations were registered only in the water of the 

This river is the largest and most abundant watercourse 
in the area, with a length of more than 170 km. An 

tot in summer in the 

is probably linked to the increase in the content of 

Table 3.

Study area Annual fallout,
2 per year

Southern basin 
2 2

tot Ntot tot Ntot tot Ntot

South- western coast 0.027 0.20 - -

South- eastern coast 0.67 0.22 - -

0.017
0.16-1.1 - -

0.6
.9

10.6

- - - -
0.7 7.1

Note:

Fig.3. Seasonal and interannual dynamics of the content 
of total phosphorus and total nitrogen in the water of tribu-

organic matter as a result of summer phytoplankton 
vegetation. No seasonal dynamics could be detected in 
other tributaries of this area. A decrease in the concen-

tot
high water content of rivers in these years.

As is the case with snow cover, the organic form 
of phosphorus dominates in tributary water, account-

-
org and 

the dynamics of concentrations basically coincide with 
tot.

min were recorded in win-

due to bioaccumulation by algae, they decreased to 
trace values (Table 4).

The content of Ntot in the water of tributaries var-

were recorded in the Utulik and Solzan rivers, with 
-

tively. The lowest recorded concentration, with mean 



In contrast to phosphorus, which was predom-

Ntot) was the dominant in the composition of nitrogen. 
Concentrations of Nmin during the study period varied 

min 
-

ton development and input of organic matter from the 
basin caused some decrease in concentrations of Nmin 
and increase in Norg
nitrogen prevailed in the water of most rivers even in 

content of Nmin) is the primary cause of the high relative 
content of Nmin

in the water of rivers during the study period varied 
-

period, while the lowest values were recorded in sum-
mer. Content of ammonia nitrogen in tributary water 

min). Nitrite nitrogen 
in the river water was either absent or recorded in trace 

of tributaries of the south-eastern coast have increased 
-

phate phosphorus remained almost unchanged.

3.3. 

tot in the estuaries than in the 

tot in 
the upper reaches.

The results of our study indicate that the con-
tot

-

-

Table 4.

Rivers Winter Spring Summer Autumn

tot min org tot min org tot min org tot min org

μg /L tot μg /L tot μg /L tot μg /L tot

Utulik 1-10 4-9 97 22 69

Solzan 1-11 11 2-6 42 77

4-9 16 19 1-4 20

Snezhnaya 2-10 70 2-12 9 91 9 91 26 74

21 79 70 2-6 72

42 20 4-6

41 79
Note:

concentration.

Table 5.

Rivers Winter Spring Summer Autumn

Ntot,  
mg/L

Nmin Norg Ntot,  
mg/L

Nmin Norg Ntot,  
mg/L

Nmin Norg Ntot,  
mg/L

Nmin Norg

% from Ntot % from Ntot % from Ntot % from Ntot

Utulik 91 9 0.42-0.44 47 71 29

Solzan 92 20 60 40 67

79 21 44 0.19-0.24 22

Snezhnaya 12 19

27 0.14-0.47 44

0.19-0.22 16 40 60 47



Our data indicate a direct correlation between 
tot) content 

decrease in total phosphorus in the water of all water-
courses of Listvyanka settlement, which was most likely 
related to restrictive measures on visiting tourist loca-

tot in all watercourses in this 

-
-

after the removal of restrictive measures, the annual 

average concentration of total phosphorus in water-
courses increased coupled with the growth of tourist 

tot in the water of the trib-

than on the south-eastern coast of the lake. The content 
of this component in the water of the Selenga River (the 
main tributary of the lake) in the period 2010-2016 

concentrations are comparable to those in the streams 
of Listvyanka settlement (Table 6). The average annual 

higher.

Table 6. 

Watercourses Range of 
concentrations

tot Range of 
concentrations

% from Ntot

tot, μg /L min org Ntot, mg/L Nmin Norg

settlement
1-62

0.74
41

71 29 0. 22

settlement
41

0.66
72

71
66 44 70

40 60
0.40

69

19
61

0.60

settlement
11-190 60 40

0.72

70
71 29

1.20

Fig.4. 



-
gen content in the water of the tributaries of Listvyanka 
settlement. Concentrations in the water of watercourses 
have decreased compared to 2019, which is proba-
bly linked to a reduction in tourist activity. The con-
tent of Ntot
Cheremshanka streams in 2021. In terms of total phos-
phorus, there is a clear increase in the concentration 
of Ntot downstream of the river. The content of Ntot in 

the groundwater study in Listvyanka settlement also 
revealed a decrease in nitrate nitrogen concentrations 

-
bute this to two factors: an increase in precipitation in 
the region, which resulted in increased groundwater 

-
tion, and the elimination of anthropogenic sources of 

The concentration of total phosphorus and nitro-
gen increases along the course of streams, as does the 
change in their form of location (Table 6). The share of 
mineral forms of phosphorus and nitrogen increases in 
all streams upstream of the estuary. In the watercourses 

min is represented by 

-

content of Nmin

respectively.
The concentration of Ntot in the waters of the trib-

utaries on the south-western coast is 2-10 times higher 
than that observed in the south-eastern coast of the 
lake.

Determination of total nitrogen in the water of 

was not carried out before, therefore the nitrate con-
tent as a component of mineral nitrogen is compared. 

-

times higher than that observed 70 years ago, and three 

Cheremshanka stream, nitrate content was recorded at 

-

4. 

Thus, a comprehensive assessment of the air and 

on a long-term study of river and snow waters, allowed 
us to conclude on the factors of formation of the chemi-

on the south-western and south-eastern coasts, identify 

of concentrations of total phosphorus and nitrogen in 

The content of Ntot on the south-western coast of 
-

ern coast, this fact is correlated to the greater anthropo-
genic load on the air environment in Listvyanka settle-

tot in the snow 

Fig.5.



-
spheric input of Ntot

tot
Low concentrations of total phosphorus and 

nitrogen were detected in the waters of tributaries on 
the south-eastern coast of the lake because of their 

-
ent years are mainly determined by climatic changes 
of regional origin. Seasonal dynamics of nitrogen and 
phosphorus concentrations for these rivers is primarily 
related to natural processes occurring in water bodies.

On the south-western coast, the anthropogenic 

chemical composition of water of the lake tributaries 
and snow cover. The content of total phosphorus and 
nitrogen in the water downstream of the rivers in the 
territory of Listvyanka settlement increases, and in the 
snow cover at the estuary areas the concentrations 
increase 2-4 times.

of all the watercourses in the Listvyanka settlement, is 

to a reduction in pollutant concentrations in the water 
due to dilution.

The inter-annual dynamics of phosphorus and 
nitrogen content in the watercourses of Listvyanka set-
tlement revealed a direct correlation of tourist load on 

restrictions on tourist visits to Listvyanka settlement 
during the pandemic in 2020-2021, the content of 
total phosphorus and nitrogen in rivers and snow cover 
decreased.

predominance of mineral forms of nitrogen and phos-
phorus in the estuaries of the rivers of the south-western 
coast was noted, which can be considered an indicator 

water formation. The predominance of organic forms 
of phosphorus in the river waters of the south-eastern 
coast is an indicator of natural processes in the river 
catchment.

The study revealed an increase in nitrate nitro-
gen concentrations in the waters of the tributaries in 
the present period. The total amount of nitrogen enter-

The study was carried out within the Stare 
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